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abstract

Untapped energy savings potential in the residential sector might lead to substan-
tial welfare losses. While several studies have focused on the role of behavioral 
biases in explaining the lack of adoption of energy-efficient durable goods, little 
is known about the role of limited energy-specific knowledge and financial liter-
acy. In this paper, we propose an integrated concept of ‘energy-related financial 
literacy’, which combines both energy cost-specific knowledge and skills needed 
to process this information. Using data from a large household survey in three 
European countries, we explore the determinants of different measures of literacy 
and, most importantly, we provide empirical evidence on the association between 
limited knowledge and skills to perform an intertemporal optimization and the 
adoption of energy-efficient light bulbs. Our findings support the promotion of 
energy-specific financial education programs and tools to increase the adoption of 
energy-efficient durable goods.
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f 1. INTRODUCTION g

The ability to optimize in intertemporal decisions affects many aspects of an indi-
vidual’s life. However, many individuals are boundedly rational. They make sub-optimal in-
ter-temporal choices due to limitations in their capacity to process available information (Si-
mon, 1955, 1959). A large literature has shown that limited cognitive abilities and knowledge 
influence several economic outcomes: individuals with relatively higher cognitive abilities and 
financial literacy are more likely to have considered their retirement saving needs (Lusardi 
and Mitchell 2014, Angrisani et al. 2016), are more likely to enroll in a supplemental health 
insurance plan that ensures various benefits (Chan and Elbel, 2012) and are less likely to make 
financially sub-optimal decisions in the domains of credit card use and applications for home 
loans (Agarwal and Mazumder, 2013).

Consumers’ decisions of investment in energy-using durables represent another type 
of intertemporal decision with important implications on household finances. In the context 
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of consumer goods more generally, it has been observed that individuals are often inattentive 
or myopic with respect to additional costs associated with the purchase of goods, such as sales 
taxes (Chetty et al., 2009) or add-on products needed for future operation (Gabaix and Laib-
son, 2006), which has also been observed for operating cost of energy-using durables (Andor 
et al., 2020; Houde and Myers, 2019). Although many investments in energy-efficient electric 
appliances, heating systems or energy-efficient home renovations ensure net savings over their 
lifetime (McKinsey & Company, 2009), households often fail to make these investments (All-
cott and Taubinsky, 2015; Houde and Myers, 2019). In the literature, this is referred to as the 
energy efficiency gap (Jaffe and Stavins, 1994). Various market and behavioral anomalies have 
been discussed in the literature as potential determinants of the energy efficiency gap (Broberg 
and Kazukauskas, 2015; Gillingham and Palmer, 2014). For instance, Allcott et al. (2014) 
refer to the presence of salience bias, biased beliefs, endogenous inattention and present bias.

What is specific to optimal investments in energy-using durables is that they require 
not only awareness of future operation costs but also a combination of specific knowledge and 
skills: information about the energy consumption and the lifetime of appliances as well as of 
possible new, more efficient, appliances that could replace the old ones. Furthermore, consum-
ers need to know the cost of electricity and make assumptions on how frequently they plan 
to use their appliances. Eventually, they need the skills to process all this knowledge in order 
to identify the possible savings from replacing their appliances by more energy-efficient ones. 
Blasch et al. (2017b) show that these processing costs are relatively high for a substantial share 
of individuals. The lack of energy-specific knowledge and skills might represent an important 
barrier to households’ energy conservation behavior, together with other internalities studied in 
the literature (Cattaneo, 2019; Allcott, 2011b; Andor and Fels, 2018; Fiorillo and Sapio, 2019).

A relatively large body of literature has recently developed around the role of finan-
cial literacy and its importance of economic decision making in several contexts (Hastings 
et al., 2013; Lusardi and Mitchell, 2014). Brent and Ward (2018) extend this literature on 
financial literacy to the energy domain and test in a stated preferences experiment whether an 
augmented measure of financial literacy — including the “Big Three” questions and questions 
on the lifetime cost and payback periods of alternative hot water systems — increases the will-
ingness to pay for energy efficiency, and hence increases the chances that consumers reap the 
benefits of investing in efficient appliances.

Other studies have considered the role of different measures of energy-related knowl-
edge, usually referred to ‘energy literacy’, on households’ electricity consumption and energy 
conservation behavior (Brounen et al., 2013; Kalmi et al., 2017; Blasch et al., 2017a, 2019, 
2017b). The US government defines energy literacy rather broadly as ‘an understanding of the 
nature and role of energy in the universe and in our lives’ as well as ‘the ability to apply this 
understanding to answer questions and solve problems.’ (U.S. Department of Energy, 2017, 
p.1) and explicitly acknowledges that an individual’s energy literacy has consequences for eco-
nomic outcomes. However, a common understanding of how to measure energy literacy has 
not developed yet. Part of the literature proposes a broad concept of energy literacy that focuses 
on energy-related knowledge, attitudes and behavior (DeWaters and Powers, 2011, 2013; van 
den Broek, 2019), whereas other studies propose a concept of energy literacy based on lifetime 
cost calculations (Brounen et al., 2013; Kalmi et al., 2017; Blasch et al., 2017a, 2019, 2017b; 
Filippini et. al. 2020).

In the first part of this paper, we therefore summarize the various possible definitions 
of the term ‘energy literacy’ as well as its relation to the concept of ‘financial literacy’ (Lusardi 
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and Mitchell, 2014). Moreover, we propose an integrated concept that we call ‘energy-related 
financial literacy’. This concept combines both (1) the energy cost-specific knowledge house-
holds need in order to take informed energy-related decisions and (2) the set of skills needed 
to process this information, which is comparable to the set of skills needed for intertemporal 
investment decisions like pension planning. We propose that the combination of these ele-
ments predicts rational energy-related investment decisions better than a pure financial liter-
acy measure, which we verify based on survey data on actual technology adoption from three 
European countries.

Using data from a large sample survey carried out in Italy, the Netherlands and Swit-
zerland, we present evidence about the level of financial literacy (as measured with the “Big 
Three” questions as in Lusardi and Mitchell 2014) and our measure of energy-related finan-
cial literacy. We document a substantial lack-of energy cost-specific knowledge among the 
respondents in our sample. We further perform two econometric analyses: First, we analyse 
the determinants of both literacy measures using multivariate regression analysis, with partic-
ular emphasis on the role of gender. The results of the multivariate regression analysis show 
the existence of a substantial gender gap in energy-related financial literacy, consistently with 
previous findings for financial literacy (Almenberg and Dreber, 2015; Lusardi and Mitchell, 
2014). Finally, we explore the role of financial literacy and ’energy-related financial literacy’ 
for the adoption of energy-efficient technologies by exploiting data on actual investment deci-
sions in durable goods. We consider the decision of consumers with respect to the adoption of 
energy-efficient light bulbs, which are especially interesting due to the large relative efficiency 
gains that consumers can achieve. The empirical analysis shows that energy-related financial 
literacy is positively associated with the lighting efficiency at home. Consumers with high en-
ergy-related financial literacy are associated with a 5 percent higher share of LED light bulbs at 
home. We do not find an influence of financial literacy on the adoption of lighting efficiency, 
which suggests that financial literacy alone is not sufficient to ensure optimal energy-related 
investment choices.

This paper contributes to the literature in several ways. We discuss various existing 
concepts and definitions of ‘energy literacy’ and propose an integrated concept of ‘energy-re-
lated financial literacy’ that combines the set of knowledge and skills needed by consumers to 
take optimal decisions of investment in energy-consuming durable goods. We provide em-
pirical evidence about the determinants of ‘energy-related financial literacy’, documenting an 
important gender gap and complementing previous findings for financial literacy. Finally, our 
study is the first to provide empirical evidence about the consequences of limited energy-spe-
cific intertemporal optimization skills for the actual adoption of energy-using durable goods. 
While our proposed measure of energy-related financial literacy captures similar dimensions as 
the augmented financial literacy measure used by Brent and Ward (2018), our study adds to 
the literature by investigating the role of literacy using revealed preference data on investment 
choices, rather stated preferences data. Further, compared to Blasch et al. (2017a) who con-
sider the role of energy literacy and basic financial literacy separately on households’ electricity 
consumption, we explore the role of a more comprehensive and integrated measure of literacy 
specifically on the adoption of efficient energy-consuming durables.

The rest of the paper is organized as follows. Section 2 discusses the concepts and 
definitions of energy and financial literacy used in the literature, the link between energy and 
financial literacy and economic outcomes, and introduces the new concept of energy-related 
financial literacy. Section 3 presents the data from the European household survey. Section 4 
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reports results on the determinants of energy-related financial literacy, while Section 5 presents 
the results on the influence of energy-related financial literacy on the adoption of energy-effi-
cient light bulbs. Section 6 concludes.

f 2. THE IMPORTANCE OF ENERGY AND FINANCIAL LITERACY FOR g 
DECISION-MAKING

2.1 Definitions of Financial and Energy Literacy

The concept of ’financial literacy’ has a longer tradition than the concept of ’energy 
literacy’ but faces a similar debate around different definitions and concepts of the term ’finan-
cial literacy’ (Hung et al., 2009). In PACFL (2008), financial literacy is defined as ’the ability 
to use knowledge and skills to manage financial resources effectively for a lifetime of financial 
well-being’ (PACFL, 2008, p.7). However, the most common concept cited in the literature 
was introduced by Lusardi and Mitchell (2008a, 2011c) who define financial literacy as the 
’knowledge of basic financial concepts, such as the working of interest compounding, the 
difference between nominal and real values, and the basics of risk diversification’ (Lusardi and 
Mitchell, 2008a, p.2). In line with their definition, financial literacy is usually measured with 
three questions related to numeracy and the capacity to do (compound) interest calculations, 
understanding the concept of inflation and understanding the concept of risk diversification— 
the “Big Three” questions as in Lusardi and Mitchell (2014).

Although the economic literature on the role of energy-related knowledge and skills 
for individuals’ investment decisions in the energy-context, usually referred to as ’energy lit-
eracy’, is growing steadily (Attari et al., 2010a; Brounen et al., 2013; Blasch et al., 2019, 
2017a,b; Kalmi et al., 2017; Brent and Ward, 2018; Andor et al., 2019, 2020), a common 
understanding of the related concept has currently not yet developed. In a recent literature re-
view, van den Broek (2019) suggests a differentiation of four types of energy literacy: 1) device 
energy literacy, 2) action energy literacy, 3) financial energy literacy and 4) multifaceted energy 
literacy, which she considers as partly overlapping concepts with multifaceted energy literacy 
being the most comprehensive concept that includes all of the other types of literacy.

This multifaceted energy literacy concept also includes knowledge about energy pro-
duction and supply as well as the environmental and societal impact of energy production and 
consumption. It is reflected in the relatively broad definition used by DeWaters and Powers 
(2011) who consider an energy-literate individual to ‘[have] a sound conceptual knowledge base 
as well as a thorough understanding of how energy is used in everyday life, [understand] the im-
pact that energy production and consumption have on all spheres of our environment and society, 
[be] sympathetic to the need for energy conservation and the need to develop alternatives to fossil 
fuel-based energy resources, [be] cognizant of the impact that personal energy-related decisions and 
actions have on the global community, and—most importantly—[strive] to make choices and ex-
hibit behaviors that reflect these attitudes with respect to energy resource development and energy 
consumption’ (p.1700). They thus define energy literacy across three domains: the cognitive 
(knowledge), affective (attitudes, values), and behavioral domain. Moreover, they refer back to 
the literature on technological literacy (Pearson and Young, 2002) and environmental literacy 
(Disinger and Roth, 1992; Roth, 1992; Hollweg et al., 2011).

However, such an encompassing definition of energy literacy may not necessarily be 
predictive for optimal energy-related investment decisions. Another stream of recent economic 
literature uses measures that are more specifically aimed to predict an individual’s performance 
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in intertemporal investment decisions. Brounen et al. (2013) and Kalmi et al. (2017) measure 
‘energy literacy’ as an individual’s ability to calculate and compare lifetime costs of energy-con-
suming durables. According to Brounen et al. (2013), energy literacy is related to ‘whether 
households are able to make a trade-off between long-term savings from energy efficiency investments 
and the upfront investments that are required to achieve improvements in energy efficiency’ (p. 43). 
They observe that less than half of the respondents in their sample are able to correctly evaluate 
investment decisions in energy-efficient equipment. Using the respondents’ choice between 
two alternative heating systems differing in lifetime cost as an indicator for energy literacy, 
they do not observe a relationship between energy literacy and energy conservation behaviors 
and self-reported energy use. Kalmi et al. (2017) use a similar, but slightly broader definition 
and include in their concept of energy literacy ‘awareness of different actions that consume energy 
and the price formation of household energy; how to evaluate the long-term decisions related to in-
vestments that improve energy efficiency; the willingness to take energy conserving measures; and the 
information needs of consumers and their willingness to gather information.’ (p.2).

2.2 Energy and Financial Literacy and Economic Outcomes

As mentioned, a relatively large literature has recently developed around the role of 
financial literacy and its importance of economic decision making in several contexts (Hast-
ings et al., 2013; Lusardi and Mitchell, 2014). Mitchell and Lusardi (2015) summarize that 
more financially literate individuals are more likely to engage in financial planning and saving, 
are more likely to invest in the stock market and in more sophisticated assets, manage their 
credit card debt and mortgages more wisely, and consequently reach higher levels of wealth 
throughout their lives. In fact, based on panel data from US households, Lusardi et al. (2017a) 
estimate that about 30 to 40 percent of retirement wealth inequality can be explained by fi-
nancial knowledge. Recent empirical evidence shows that an individual’s willingness to acquire 
financial literacy (Meier and Sprenger, 2013) and to seek financial advice (Kramer, 2016) may 
depend on characteristics such as time preferences and self-confidence.

On the contrary, the literature on the influence of energy literacy on economic out-
comes is still relatively scarce. While there is ample evidence for low levels of energy literacy 
of the population for several countries, the consequences of this lack of literacy are less under-
stood (van den Broek, 2019). Some first empirical evidence points out that a lack of knowledge 
and awareness regarding energy efficiency in residential homes negatively impacts on the finan-
cial situation of households. In Blasch et al. (2017a) it is shown that more literate households 
are more likely to tap the savings potentials in their homes: they live in households with an 
overall lower electricity consumption. The results presented in Blasch et al. (2019, 2017b) 
suggest that individuals with a higher level of energy and investment literacy are more likely 
to calculate rather than using a rule of thumb when comparing two appliances. Consequently, 
these individuals are much more likely to identify the appliances with the lowest lifetime cost. 
On the contrary, Brounen et al. (2013) do not find an association between their indicator of 
energy literacy and household energy use.

Brent and Ward (2018) test the relevance of an augmented measure of financial liter-
acy, which also includes questions on the lifetime cost and payback periods of alternative hot 
water systems, for energy-related decision making in a stated preferences experiment. They 
aim to assess whether financial literacy increases the willingness to pay for energy efficiency. 
They indeed find that individuals with a higher level of the augmented financial literacy mea-
sure express a higher willingness to pay for reduced operating cost of energy-using durables. 
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Their results also suggest that financial literacy makes choices more consistent with a model of 
consumer behavior that assumes standard preferences. In a similar stated preferences setting, 
Andor et al. (2019) find that individuals scoring higher in a standard cognitive reflection test 
display a higher willingness to pay for energy efficiency. These findings suggest that, besides 
energy literacy, also financial literacy and high cognitive abilities positively influence rational 
energy-related choices.

The overall financial implications of a low level of energy and financial literacy can 
only be estimated. Allcott and Taubinsky (2015) suggest that, in the year 2010 alone, not tap-
ping the potential energy savings from replacing all incandescent by compact fluorescent light 
bulbs cost US consumers a total of 16 billion USD. As the total expenditure on energy-using 
durables is relatively high, Allcott (2016) assumes that consumers’ inability to tap energy-effi-
ciency potentials can sum up quickly to large welfare losses.

2.3 Gender Differences in Energy and Financial Literacy

Another robust and striking insight from the literature on financial literacy is the large 
and persistent gender gap in financial literacy, which seems to be stable across countries and 
age groups (Lusardi and Mitchell, 2014). Almenberg and Dreber (2015) show that women’s 
lower levels of financial literacy can explain the gender gap in stock market participation, 
especially when accounting for the numeracy aspect of financial literacy. A conclusive explana-
tion for the gender gap in financial literacy has not been found yet. Hsu (2016) suggests that 
women’s lower level of financial literacy is a result of the division of labour between husbands 
and wives. She shows that in households in which the husband takes the role of the finan-
cial decision-maker most women catch up in financial literacy once approaching widowhood 
(Hsu, 2016). According to Lusardi and Mitchell (2014), however, also single women show 
lower levels of financial literacy, which cannot be explained by this theory. On the contrary, 
Fonseca et al. (2012) find that married women are more financially literate than unmarried 
women. Hung et al. (2012) suggest that, besides differences in education and skills, also cul-
tural aspects and societal norms assign the primary responsibility for certain aspects of financial 
decision-making to men, which gives women less exposure to financial products and less op-
portunities for learning-by-doing. As a further explanation, they suggest that men and women 
differ in the way they acquire financial knowledge, even if they dispose of the same skills and 
opportunities to learn.

Whether there is a direct analogy between financial decision-making of households 
and energy related decisions is unclear. At least for the multifaceted type of energy literacy 
there is mixed evidence for gender differences (van den Broek, 2019). Less research has been 
conducted on the decision-making processes in households when it comes to energy-related 
financial decision-making. However, findings of Albert and Escardíbul (2017), confirm the 
result of Fonseca et al. (2012) in the context of consumer durables: for a Spanish sample they 
show that a higher level of education of both spouses favors a more egalitarian decision-mak-
ing regarding expensive purchases of consumer durables. According to Albert and Escardíbul 
(2017), expensive purchases of consumer durables are mostly the result of joint decision-mak-
ing of both spouses, contrary to the daily shopping. Belch and Willis (2006), however, find 
that in the US the decisions around the purchase of new household appliances are mainly 
made by the female partner. This suggests that the women’s level of energy-related financial 
literacy could have a particularly strong influence on the energy-related purchase decisions of 
households. Yet, there is no consistent picture across countries and domains. Schneebaum and 
Mader (2013), show that in most southern European countries it is less likely that women are 



Empower the Consumer!  155

Copyright © 2021 by the IAEE. All rights reserved.

the main decision-maker in the household, irrespective of the area of decision-making. Over-
all, there is not enough evidence in the literature about the extent to which males and females 
influence the household decisions when it comes to the purchase of new electric appliances. It 
is therefore unclear how a potential gender gap in energy-related financial literacy would affect 
the overall level of energy-efficiency of a household.

2.4 The concept of energy-related financial literacy

As the different existing definitions of energy literacy and financial literacy capture 
various different dimensions of energy-related knowledge, awareness behaviors and cognitive 
skills, we propose a concept that can predict the economic outcomes of energy-related choices: 
energy-related financial literacy (ERFL). While the indicators used by DeWaters and Powers 
(2011), Brounen et al. (2013) or Brent and Ward (2018) capture part of the relevant skills, 
optimal energy-related investment decisions can only be made if the decision-maker disposes 
of financial and energy cost-related knowledge in combination with intertemporal optimiza-
tion skills. Blasch et al. (2017a) have previously proposed to explore both the role of energy 
literacy and basic financial literacy separately in residential electricity consumption. Compared 
to this work, in this paper we suggest the usage of an integrated measure of energy-related of 
financial literacy which incorporates a more comprehensive measure of financial literacy, as 
suggested in Lusardi and Mitchell (2014), as well as a lifetime cost calculation task, similar to 
Brent and Ward (2018). In addition, we include a set of questions that specifically aim at elic-
iting knowledge about the elements necessary to compute the per-period operating costs. The 
proposed concept of ‘energy-related financial literacy’ can therefore be defined as the combi-
nation of energy cost-specific knowledge, financial literacy and cognitive abilities that are needed in 
order to take decisions with respect to the investment for the production of energy services and their 
consumption. Building on previous research, we propose that these are the relevant dimensions 
for optimal energy-related investment decisions and offer an example how these dimensions 
can be measured.

f 3. DATA AND THE MEASUREMENT OF ENERGY-RELATED FINANCIAL LITERACY g

3.1 European Household Survey

In this section, we present descriptive statistics on the level of financial literacy as well 
as on the level of energy-related financial literacy for a sample of European households. The 
data used has been collected through a large household survey completed in 2017 in three 
different countries in Europe (Italy, Netherlands, Switzerland).1 The survey itself collected de-
tailed information on household characteristics, dwelling characteristics, energy consumption, 
and information on the level of energy-related financial literacy.

1.  The survey was conducted within the EU H2020 Project “PENNY” (Psychological social & financial barriers to energy effi-
ciency), which applies a behavioral science approach to better understand individual behavior in the domain of energy efficiency. 
The project runs from 2016–2019 and is funded by the European Commission, Horizon 2020 Programme and the Swiss Govern-
ment. The survey was implemented in collaboration with four different utilities (Italy: ENI, Netherlands: Qurrent, Switzerland: 
Stadtwerk Winterthur and Aziende Industriali Lugano). ENI and Qurrent serve customers everywhere in Italy and the Nether-
lands, respectively. However, note that ENI is the second largest electricity provider in Italy, and thus serves a large customer range. 
In contrast, Swiss households do not have the freedom to choose their electriciy provider, but face one single provider, that serves 
a certain area. While Stadtwerk Winterthur is a city utility located in the German part of Switzerland, Aziende Industriali Lugano 
is a regional utility serving a region in the Italian part of Switzerland. These four utilities each invited part of their customer base 
for the survey. Overall 3.22% of the households that received the invitation also completed the survey.
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In such a household survey, representativeness of the sample cannot be ensured ex-
ante, and external validity is not easily established in general. However, in Table A3 in the 
Appendix, we provide descriptive statistics about residents characteristics, household income 
and education for the three countries in the sample and compare it with the corresponding 
statistics at the national level. For the majority of the characteristics we do not find severely 
large difference between the sample and national statistics. Therefore, we can conclude that the 
sample selection bias is not large overall. However, we do find a larger share of individuals with 
tertiary education in our sample compared to that reported in the national statistics. Further 
information on the household survey, its implementation and representativeness can be found 
in the Appendix.

The empirical analyses are performed on a sample of 4450 households.2 In Table A4 in 
the Appendix, we provide descriptive statistics on the relevant socio-economic characteristics 
that we will use in the econometric analysis, such as age of the respondent, household income, 
educational attainment and the working status.

3.2 The Measurement of Energy-related Financial Literacy

We elicit the respondents’ level of energy-related financial literacy using eight survey 
questions. The first question asks about the knowledge of the average electricity price in the 
respondent’s country. The second and third questions aim at assessing the level of knowledge of 
the households about the operating costs of appliances. We ask about the approximate cost of 
using a desktop computer for one hour and that of running a washing machine with a load of 
5 kg at 60°C. The fourth question aims at understanding whether respondents are aware about 
the savings potential of LED technology. Moreover, we include a question that aims at un-
derstanding whether respondents can perform an investment calculation and identify a fridge 
that minimizes the total lifetime costs. Finally, we include the three standard financial literacy 
questions on compound interest, inflation and risk diversification introduced by Lusardi and 
Mitchell (2014) to capture the extent to which respondents are familiar with fundamental 
concepts related to investment decisions. The exact phrasing of these eight questions can be 
found in the Appendix.

For the main analysis we construct four different variables: 1) an index for energy-re-
lated financial literacy, that we create by summing the scores obtained from each of the eight 
questions (e.g. a respondent that answers four of the eight questions correctly, gets the value 
4 as his energy-related financial literacy score), 2) a dummy for energy-related financial lit-
eracy, which takes the value of 1 when a respondent is above the median score, 3) an index 
for financial literacy, that we create by summing the scores obtained from the three standard 
financial literacy question and 4) a dummy of financial literacy that takes the value of 1, when a 
respondent answers all three financial literacy questions correctly (which is the definition used 
by Lusardi and Mitchell (2008a, 2011c, 2014)).

Energy cost-specific knowledge and financial literacy

Figure 1 shows the share of respondents who answer the different questions correctly 
for the entire sample. While respondents perform well in the standard financial literacy ques-

2.  In our empirical analysis, we drop observations with missing values. For the descriptive analysis of the ERFL index, we work 
with a sample of 4450 households. For the analysis of socio-economic determinants in section 4, we work with a sample of 2895 
households, mainly due to missing values for the income variable.
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tions, a substantial share of households lack energy-specific knowledge according to our defi-
nition.

FIGURE 1
Results of survey questions on energy-related financial literacy.

Only around 20% of the respondents know about the electricity price in their coun-
try, whereas 80% either indicate a wrong value or don’t know at all.3 The data also show limited 
knowledge about the appliances’ operating cost. In fact, only around 29% of the respondents 
in our sample are aware of the monetary costs of running a washing machine cycle and, sim-
ilarly, around 37% of respondents know the costs of running a desktop PC for one hour.4 
Moreover, only about half of the respondents are aware of the energy savings potential asso-
ciated with using an LED light bulb compared to a conventional halogen bulb.5 Finally, only 
around 38% of the respondents could perform a lifetime cost calculation correctly.6

In contrast, a large majority of respondents answered correctly to the three standard 
questions that aim at measuring financial literacy as introduced by Lusardi and Mitchell (2008a, 
2011c). In particular, 91%, 84% and 81% of households in our sample answered correctly to 
the questions on compound interest rate, inflation and risk diversification, respectively.7

3.  The average electricity price per kWh actually charged to residential customers in 2017 is 20 cents for Italy and Switzerland 
(based on values published by Eurostat and ElCom), and 15 cents for the Netherlands (based on values published by Eurostat). We 
define respondents as correct in their answer when the value they estimate for electricity price in kWh ranges between ±5 cents the 
above mentioned average electricity price (meaning 15–25 cents for Italy and Switzerland and 10–20 cents for the Netherlands). 
However, in the empirical analysis we use two additional definitions as a robustness test.

4.  We define respondents as correct in their answer when they chose 0–59 cents for a washing machine cycle and 0–19 cents 
for running a desktop PC for one hour.

5.  We count a saving potential of 70–80% as correct.
6.  In order to check whether respondents did actually make a calculation and the correct solution was not only a guess, we 

ask the respondents how they reached their answer. Respondents that actually made the calculation should have reached the 
conclusion that the lower energy consumption of Fridge B is not sufficient to justify the higher price. Therefore we only count 
an answer to the lifetime cost calculation as correct in case the conclusion was correct as well. We are aware that this question is 
more complex than the other ones.

7.  These statistics compare to the 67, 75 and 52 percent of respondents answering correctly to the same three financial literacy 
questions in the 2004 HRS Planning Module for the United States, as computed by Lusardi and Mitchell (2014).
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The different components of energy-related financial literacy

When assessing the importance of jointly considering the different components of 
literacy in the context of energy-related decision making, we are interested in both the correla-
tion between (sub-groups of ) components as well as the reliability and internal consistency of 
the scales adopted.

First, we explore the correlation between the different survey items about energy-re-
lated financial literacy distinguishing between those related to energy-specific knowledge and 
those related to the skills required to perform an intertemporal optimization, typically referred 
to as financial literacy. We then build an index of energy-specific knowledge summing up the 
scores obtained from the questions about the knowledge of the average electricity price in the 
respondent’s country, the cost of running a desktop computer and a washing machine, the 
awareness of the savings potential of the LED light bulbs, as well as the indicator for whether 
the respondent could identify the appliance that minimizes the lifetime costs. The second in-
dex is obtained using the three standard financial literacy questions. The correlation between 
the two indices is 0.30.

TABLE 1
Internal consistency of indices of literacy in the context of energy-related decision making.

 Energy-specific 
knowledge  Financial literacy 

 Energy-related 
financial literacy 

Cronbach’s alpha  0.4993  0.5697  0.6111 
Observations  4450  4450  4450 

Although the correlation between these measures of literacy is moderate, the data 
suggest an adequate degree of internal consistency reliability. In Table 1, we report the values 
of Cronbach’s alpha for the components used to build the energy-specific knowledge (Column 
1), the three components of financial literacy indicator (Column 2) and the set of components 
considered to build the comprehensive energy-related financial literacy index.8 The highest 
level of internal consistency reliability (Cronbach’s alpha = 0.61) is associated with the scale 
that combines all eight components.9 Not satisfactory or low values are below 0.55 or 0.1. The 
results of this descriptive correlation analysis inform about the importance of measuring the di-
mensions of energy cost-specific knowledge and investment-related skills jointly when aiming 
at studying the implications of lack of literacy in energy-related decision making.

3.3 Level of Energy-related Financial Literacy in our Sample

Figure 2 shows the distribution of the energy-related financial literacy index, and that 
of an index built by summing only the scores from the three standard financial literacy ques-
tions.

8.  Cronbach’s alpha measures internal consistency, in particular how closely related a set of items are as a group. In addition, it 
is used to measure scale reliability. See for instance Tavakol and Dennick (2011) for further discussion.

9.  Although some studies mention 0.7 as a cut-off for a good value of the Cronbach’s alpha, there is debate in the literature. 
According to the meta-analysis in Taber (2018), a value of Cronbach’s alpha around 0.6 has been typically interpreted as either 
moderate (0.61–0.65), satisfactory (0.58–0.97), acceptable (0.45–0.98) or sufficient (0.45–0.96). Not satisfactory or low values 
are below 0.55 or 0.1.
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FI G U R E 2

Distri b uti o n of t h e e n er g y-rel at e d fi n a n ci al lit er a c y i n d e x.

Th e dis a g gre g ati o n of t h e e n er g y-rel at e d fi n a n ci al lit er a c y i n d e x b y h o us e h ol d c h ar a c -

t eristi cs gi ves first i nsi g hts i nt o its d et er mi n a nts a n d p ossi bl e c o ns e q u e n c es o n e n er g y-rel at e d 

d e cisi o n m a ki n g. Fi g ure 3 s h o ws t h e h et er o g e n eit y i n e n er g y-rel at e d fi n a n ci al lit er a c y a m o n g 

di ff ere nt a g e gr o u ps ( p a n el a), e d u c ati o n gr o u ps ( p a n el b) a n d g e n d er ( p a n el c), i n e a c h c o u n -

tr y. Th e d at a s h o w t hre e stri ki n g p att er ns: (i) t h e i n d e x is h u m p-s h a p e d i n t h e res p o n d e nt’s 

a g e, wit h l o wer l e vels of lit er a c y a m o n g t h e y o u n g a n d el d erl y; 1 0  (ii) i n di vi d u als wit h hi g h er 

e d u c ati o n l e vels are ass o ci at e d wit h hi g h er s c ores of e n er g y-rel at e d fi n a n ci al lit er a c y; (iii) m al e 

res p o n d e nts are ass o ci at e d wit h s u bst a nti all y hi g h er l e vels of lit er a c y t h a n f e m al es. Th es e re -

s ults are c o nsist e nt wit h t h os e pre vi o usl y s h o w n f or fi n a n ci al lit er a c y ( L us ar di a n d Mit c h ell, 

2 0 1 4). 1 1  Cl e arl y, wit h o ut a d diti o n al i nf or m ati o n, it is n ot p ossi bl e t o i d e ntif y dire ct li n ks b e-

t we e n i n di vi d u als’ c h ar a ct eristi cs a n d t h e l e vel of lit er a c y. Th e e c o n o m etri c a n al ysis pres e nt e d 

i n t h e n e xt s e cti o n ai ms at f or m all y i d e ntif yi n g t h e m ost rel e v a nt d et er mi n a nts of t h e l e vel of 

e n er g y-rel at e d fi n a n ci al lit er a c y.

f  4 . S O CI O- E C O N O MI C D E T E R MI N A N T S O F E N E R G Y- R E L A T E D FI N A N CI A L g 

LI T E R A C Y

Ne xt, we re gress t hre e m e as ures of lit er a c y o n s o ci o- e c o n o mi c v ari a bl es. Th e first m e a -

s ure of lit er a c y is o ur m e as ure of e n er g y-rel at e d fi n a n ci al lit er a c y ( as d e fi n e d i n Se cti o n 3. 2). 

Th e s e c o n d m e as ure is a bi n ar y i n di c at or f or w h et h er t h e res p o n d e nt s c ores a b o ve t h e m e di a n 

i n t h e e n er g y-rel at e d fi n a n ci al lit er a c y i n d e x. Th e t hir d m e as ure is t h e fi n a n ci al lit er a c y i n di-

c at or s u m mi n g u p t h e “ Bi g Thre e” q u esti o ns. We c o nsi d er t h e res p o n d e nt’s a g e, e d u c ati o n, 

g e n d er, c o u ntr y of resi d e n c e, h o us e h ol d i n c o m e a n d w h et h er t h e h o us e h ol d is a c o u pl e h o us e -

h ol d as p ossi bl e s o ci o- e c o n o mi c d et er mi n a nts. We als o i n cl u d e d welli n g c h ar a ct eristi cs, s u c h 

as n u m b er of r o o ms a n d h o m e- o w n ers hi p st at us, i n or d er t o t est w h et h er h o us e h ol ds o w ni n g 

t h eir h o m es a n d li vi n g i n l ar g er h o m es (i. e., d e di c ati n g m ore fi n a n ci al res o ur c es t o e n er g y 

1 0.   A n e xc e pti o n is t h e a g e pr o fil e of e n er g y-rel at e d fi n a n ci al lit er a c y i n t h e Net h erl a n ds, w hi c h is f o u n d t o b e d e cre asi n g wit h 
t h e a g e of t h e res p o n d e nts.

1 1.   Th e p att er ns o bs erve d are si mil ar e ve n w h e n e xcl u di n g t h e t hre e q u esti o ns t y pi c all y us e d t o m e as ure fi n a n ci al lit er a c y fr o m 
t h e c al c ul ati o n of t h e e n er g y-rel at e d fi n a n ci al lit er a c y i n d e x.
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FIGURE 3
Energy-related financial literacy by country and household characteristics.
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consumption) have stronger financial incentives to accumulate energy-related investment skills 
and knowledge.12

We report results obtained estimating the three regressions using OLS. Because two of 
the measures could be considered ordinal outcome variables, i.e. variables for which the values 
have a natural ordering, we also estimate (ordered) probit models using the same explanatory 
variables.13

In Table 2, we show the results of the estimation for the three literacy measures. Gen-
erally, the majority of the coefficients across the three model specifications are statistically 
significant and have the expected sign. The OLS estimates are consistent with those obtained 
estimating the (ordered) probit models. The results highlight age as a significant determinant 
of energy-related financial literacy, with the latter showing a hump-shaped profile over an 
individual’s lifetime. Higher income levels and higher educational attainments are associated 
with higher levels of energy-related financial literacy. We find that households with income 
between 4501 and 9’000, and above 9’000, have a higher level of literacy compared to the 
reference group (income below 4’500). Education shows a strong association with all three 
literacy measures, with more educated respondents displaying higher scores of literacy.14 Also, 
respondents living in a couple household are associated with a higher level of energy-related 
financial literacy.

Further, we find some evidence consistent with accumulation of energy-related finan-
cial literacy being driven by the incentives that individuals face. First, respondents living in 
larger houses (dwelling size in m2) are associated with a higher level of both financial literacy 
and energy-related financial literacy, conditional on other characteristics. Second, households 
living in older dwellings (built before 1970) are associated with higher level of energy-related 
financial literacy. Finally, also whether the respondents own their dwelling seems to play a role 
in the accumulation of energy-related financial literacy, with owners scoring higher than ten-
ants. This result is consistent for all three literacy measures.

Gender is found to be a strong determinant of the three measures of literacy we con-
sider. In particular, our results confirm previous findings about the gender gap in financial 
literacy, with males being associated with higher levels of the index (Lusardi and Mitchell, 
2014). We find a significant gender gap also for our measure of energy-related financial liter-
acy. Substantial heterogeneity in literacy is also found across countries. Italian respondents in 
the sample are associated with a significantly lower value of the index for energy-related finan-
cial literacy than Dutch and Swiss respondents.

f 5. IMPLICATIONS FOR THE ADOPTION OF ENERGY-EFFICIENT TECHNOLOGY g

We also investigate whether respondents that have a higher level of energy-related 
financial literacy are more likely to invest in energy-efficient durables. To this end, we consider 
households’ decisions in a revealed preference setting with respect to the adoption of energy-ef-
ficient light bulbs. We believe this is a particularly interesting decision to study for at least two 

12.  Households living in older buildings or larger homes may have additional incentive to accumulate energy-related financial 
literacy because they have more to gain (i.e., higher potential of monetary savings from energy efficiency investments) from the 
investment in knowledge.

13.  See Greene (2003) and Wooldridge (2002) for more details on the ordered probit model.
14.  Considering that the sample is over-representing highly educated individuals, this result suggests that the average level of 

literacy observed in our sample is overstating, if anything, the level of energy-related knowledge in the population.
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reasons: first, energy services for lighting account for around 10% of residential electricity con-
sumption in the EU (Mills and Schleich, 2014), which makes it a relevant decision in terms of 
its implications for the household’s overall electricity consumption. Second, the monetary sav-
ings coming from the adoption of efficient light bulbs are particularly relevant, as highlighted 
by comparing the energy costs of the different light bulb technologies reported in Table 3.

Light emitting diodes (LED) and compact fluorescent lamps (CFL) are associated 
with substantially lower annual energy costs (1.6 and 2.4 euros/year, respectively) compared 

TABLE 2
Determinants of energy-related financial literacy, financial literacy and lifetime cost calculation

Energy-related financial 
literacy index 

Dummy for energy-
related financial literacy  Financial literacy  

(OLS)
(Ordered 
probit)  (OLS)  (Probit)  (OLS) 

(Ordered 
probit) 

(1) (2) (3) (4) (5) (6) 

Age 0.022 0.001 0.004 0.004 0.017** 0.012***
(0.016) (0.000) (0.005) (0.004) (0.007) (0.004)

Age2 –0.000** –0.000** –0.000 –0.000 –0.000** –0.000***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Income: 4’501–9’000 0.113 0.003 0.056*** 0.050** 0.051* 0.041**
(0.072) (0.002) (0.020) (0.020) (0.030) (0.020)

Income: Above 9’000 0.162* 0.005* 0.071*** 0.074*** 0.044 0.045**
(0.086) (0.003) (0.025) (0.023) (0.040) (0.022)

Upper secondary school diploma 0.648*** 0.020*** 0.159*** 0.118*** 0.408*** 0.163***
(0.156) (0.005) (0.045) (0.034) (0.083) (0.031)

Vocational secondary school diploma 0.266 0.008* 0.087* 0.046 0.268*** 0.083**
(0.162) (0.005) (0.046) (0.036) (0.084) (0.033)

University degree 0.794*** 0.025*** 0.182*** 0.146*** 0.427*** 0.189***
(0.152) (0.005) (0.043) (0.033) (0.080) (0.030)

Female –1.035*** –0.032*** –0.214*** –0.196*** –0.248*** –0.152***
(0.064) (0.003) (0.019) (0.016) (0.029) (0.015)

Couple household 0.109 0.003 0.003 –0.001 0.059 0.021
(0.098) (0.003) (0.029) (0.025) (0.049) (0.024)

Multi-family house 0.132 0.004 0.005 0.002 0.071* 0.035
(0.088) (0.003) (0.025) (0.023) (0.037) (0.023)

Tenant –0.217*** –0.007*** –0.050** –0.046** –0.072** –0.040**
(0.078) (0.003) (0.023) (0.021) (0.036) (0.020)

(Log) dwelling size in m2 0.215*** 0.007*** 0.037* 0.038* 0.116*** 0.076***
(0.077) (0.002) (0.021) (0.021) (0.032) (0.021)

Dwelling built: 1970–2000 0.135 0.004 0.007 0.008 0.010 0.003
(0.092) (0.003) (0.024) (0.025) (0.037) (0.025)

Dwelling built: Before 1970 0.161** 0.005** 0.012 0.012 0.031 0.009
(0.078) (0.002) (0.021) (0.021) (0.031) (0.021)

Italy –0.574*** –0.018*** –0.126*** –0.114*** –0.170*** –0.099***
(0.086) (0.003) (0.026) (0.022) (0.039) (0.021)

Switzerland 0.365*** 0.012*** 0.041* 0.049** –0.015 –0.011
(0.081) (0.003) (0.021) (0.023) (0.033) (0.022)

Intercept 2.755*** 0.389** 1.371***
(0.591) (0.160) (0.254)

Observations 2,895 2,895 2,895 2,895 2,895 2,895
Adjusted R2 0.23 0.15 0.12
Log likelihood –5206.79 –1481.70 –2662.27
Note: Regressions additionally control for household size, savings rate, biospheric values, absence from the home, moving between 
2012–16 and working status. OLS estimates are reported in columns (1), (3) and (5). Average marginal effects for the probit model are 
reported in column (4). Average marginal effects at the median outcome are reported for the ordered probit models in columns (2) and 
(6). Robust standard errors are reported in parentheses in columns (1), (3) and (5). Standard errors are reported in parentheses in Col-
umns(2),(4) and (6). */**/*** indicate statistical significance at the 10, 5, and 1 percent level, respectively. 
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to halogen and incandescent lamps (9.6 and 12 euros/year, respectively). Assuming average 
lifetimes of 2 and 10 years, and market prices of 2 and 15 euros, for halogen and LED bulbs, 
respectively,15 a comparison of total lighting costs over a period of ten years shows that a ra-
tional and fully informed consumer would need to discount future energy costs by more than 
65 percent yearly to choose a halogen light bulb over an LED bulb. Also, light bulb purchase 
decisions are also taken by tenants who typically have, depending on the conventions in the 
respective country, limited or no influence on the efficiency of their major home appliances.

We hypothesize that households scoring high in energy-related financial literacy will 
assign more value to the energy savings coming from the adoption of the energy-efficient light 
bulbs, and therefore increase the share of efficient light bulbs at home. We exploit information 
on the efficiency of the stock of light bulbs at home, and define light bulbs as “efficient” if 
they are either a compact fluorescent lamp (CFL) or a light emitting diode (LED). The aver-
age share of energy-efficient light bulbs in our sample is around 67%. As shown in Figure 4, 
a substantial share of the respondents (around 22%) reported that all the light bulbs in their 
homes are either light emitting diode (LED) or compact fluorescent lamp (CFL). However, 
almost 27% of the respondents reported less than half of their light bulbs to be energy efficient.

FIGURE 4
Distribution of energy-efficient light bulbs in the sample.

15.  These are conservative numbers provided that the lifetime of LED bulbs typically varies between 10 and 20 years (Swiss 
Federal Office of Energy).

TABLE 3
Common bulb technologies and their characteristics.

Power use Energy cost† Lifetime Efficiency 

Incandescent lamps 60W 12.00 Euros/year 1 year 13.43 lumen/W 
Halogen incandescent lamps 48W 9.60 Euros/year 1–3 years 16.79 lumen/W 
Compact fluorescent lamps (CFLs) 12W 2.40 Euros/year 6–10 years 67.16 lumen/W 
Light emitting diodes (LEDs) 8W 1.60 Euros/year 15–20 years 100.75 lumen/W 
† We assume an electricity price of 0.20 Euros per kWh. All lamps have a comparable brightness of around 806 lumen. 
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We use the share of energy-efficient light bulbs as our main outcome variable, as well 
as an indicator for whether the share of energy-efficient light bulbs is below the first quartile, 
which we take as an indicator for low lighting efficiency at home. To provide evidence on the 
predictive power of the energy-related financial literacy measure on the adoption of efficient 
light bulbs, we estimate the following model:

α γ β ε′ ′+ ⋅ + +=i i i iy L X (1)

where iy  represents either the share of energy-efficient light bulbs in respondent i’s dwelling or 
the indicator for low lighting efficiency at home. We use either the level of financial literacy or 
the level of energy-related financial literacy as the main variable of interest, iL , to investigate 
the importance of considering both financial literacy and energy-specific knowledge. To this 
end, we consider both the corresponding index and a binary indicator for financial literacy 
and energy-related financial literacy. The financial literacy dummy takes the value 1 if the 
household answers correctly to all three questions on financial literacy. The binary indicator 
for energy-related financial literacy takes the value 1 if a household scores above the median. 
The set of controls iX  includes the variables that have been found to be correlated with the 
literacy measures such as the respondent’s age, gender, educational attainment and country of 
residence and household’s income. Moreover, we control for other relevant characteristics for 
the choice of adoption of light bulbs as the home-ownership status, dwelling type, respondent’s 
working status and household type. Finally, ε i represents the usual idiosyncratic error term. We 
estimate Equation 1 using Ordinary Least Squares (OLS) for the share of energy-efficient light 
bulbs and using a probit regression model for the indicator for low lighting efficiency.

Table 4 reports selected coefficients estimated using the different OLS and probit 
regression models.16 Columns (1)–(4) show the results for the share of energy-efficient light 
bulbs, while columns (5)–(8) report results for the indicator of a low level of energy-efficient 
lighting (share of energy-efficient light bulbs below the first quartile).17

The financial literacy indicators do not show any significant associations with the 
share of energy-efficient light bulbs (columns (1) and (2)), nor the probability to have a low 
lighting efficiency at home (columns (5) and (6)). Compared to (Brent and Ward, 2018), who 
use a stated preference approach, we do not find the standard indicator of financial literacy 
(the “Big Three” questions as in (Lusardi and Mitchell, 2014)) to be a good predictor for the 
adoption of energy-efficient durable goods in a revealed preference setting. In contrast, the 
comprehensive energy-related financial literacy indicators show a strong positive association 
with the share of energy-efficient light bulbs (columns (3) and (4)), and a coherent negative as-
sociation with the probability to have a low lighting efficiency at home (columns (7) and (8)). 
This finding suggests that, in the context of investment in energy efficiency, general financial 
literacy should be considered together with more energy cost-specific knowledge as a predictor 
of individual behavior.

In Table B3 in the Appendix we also report the estimation results obtained including 
financial literacy and energy-cost related literacy separately in Equation 1. The results show 

16.  The complete estimation results are reported in Table B1 in the Appendix.
17.  We also check for the robustness of our results to the definition of the item “Knowledge electricity price”. For this purpose, 

we use two additional definitions: We define respondents as correct in their answer when the value they estimate for electricity 
price in kWh ranges between ±10% and ±50%, respectively. The results are shown in Tables B4 and B5. It seems that there are no 
major differences in the coefficients of interest compared to the baseline results.
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that, also when we condition on energy-cost related knowledge, there is a positive but not sig-
nificant association between financial literacy and lighting efficiency. The energy cost-related 
literacy indicator is instead found to be positively associated with lighting efficiency. Together, 
these results confirm our main finding that general financial literacy needs to be comple-
mented by energy cost-specific knowledge for individuals to make efficient investment choices 
in energy-consuming durables.

A one point increase in the energy-related financial literacy index is associated with 
a 1.65 percentage points higher share of energy-efficient light bulbs and a decrease in the 
probability for low lighting efficiency of 2.35 percentage points. To provide an intuition about 
the magnitude of these estimates, moving from a low level of energy-related financial literacy 
index (equal to 3, corresponding to the value at the first quartile of the distribution), to a 
moderately high level (equal to 6, corresponding to the value at the third quartile of the distri-
bution) predicts an increase in the share of energy-efficient light bulbs of around 5 percentage 
points. Considering that the unconditional mean of the share of energy-efficient light bulbs in 
the sample is equal to 0.67, this result implies an increase in the share of around 7.5 percent. 
Further, when the respondent scores above the median in the energy-related financial literacy 
index, the share of energy-efficient light bulbs increases by around 5 percentage points, while 
the probability for low lighting efficiency decreases by almost 7 percentage points.

Clearly the interpretation of γ  in Equation (1) as the causal impact of energy-related 
financial literacy on the share of energy-efficient light bulbs relies on the validity of the follow-
ing assumptions: first, no unobservable characteristics should be correlated with both the share 
of energy-efficient light bulbs and the level of energy-related financial literacy; second, we can 
exclude the issue of reverse causality between the decision of purchase of efficient light bulbs 
and literacy and, finally, we measure literacy without error. In the context of financial literacy 
in particular, Lusardi and Mitchell (2014) discuss that potential issues of reverse causality and 
measurement error may bias the OLS estimates downwards. For these reasons, even though 
we control for a rich of socio-demographic characteristics in our regression analysis, we are 

TABLE 4
Lighting Efficiency and Literacy: Financial Literacy and Energy-Related Financial Literacy

Share of energy-efficient light bulbs Indicator of low lighting efficiency 
(Regression coefficients) (Marginal effects) 

(1) (2) (3) (4) (5) (6) (7) (8) 

Financial literacy index –0.0007 –0.0353
(0.0084) (0.0428)

Financial literacy dummy 0.0132 –0.0761
(0.0127) (0.0632)

ERFL index 0.0164*** –0.0803***
(0.0036) (0.0179)

ERFL dummy 0.0475*** –0.233***
(0.0131) (0.0641)

Constant 0.626*** 0.625*** 0.579*** 0.606*** –0.533 –0.583 –0.362 –0.504
Controls Yes Yes Yes Yes Yes Yes Yes Yes

Observations 2895 2895 2895 2895 2895 2895 2895 2895
Notes: Columns (1) to (4) report OLS estimates for the share of energy-efficient light bulbs at home. In columns (5) to (8), we report the 
estimated marginal effects from the probit models for the binary indicator of low lighting efficiency. Regressions control for respondent’s 
age, gender, education level, working status and country of residence, household type and income, home-ownership status and dwelling 
type. 
Robust standard errors are reported in parentheses in Columns (1) to (4). Standard errors are reported in parentheses in Columns (5) to 
(8). * / ** / *** indicate statistical significance at the 10, 5, and 1 percent level, respectively. 
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cautious in the interpretation of the estimated γ  as causal impact. However, our results show 
an important predictive power of our combined literacy measure on the behavior of consumers 
with respect to the investment in energy efficient durables.

5.1 Heterogeneity Analysis

Finally, we wish to explore whether the association between energy-related financial 
literacy and measures of lighting investment efficiency is different between subgroups of our 
sample. We are especially interested in testing whether this association is similar among male 
and female respondents, considering the large literacy gender gap we document in Section 4. 
To this end, we estimate Equation (1) separately for male and female respondents, respondents’ 
country of residence and tenants and homeowners. The results are reported in Table B2 in the 
Appendix. Generally, we find no statistically significant difference in the estimated coefficients 
across groups. However, we find a slightly stronger association between energy-related financial 
literacy and lighting efficiency among male respondents, individuals living in Italy and the 
Netherlands, as well as among homeowners. However, considering that the estimates across 
groups are not statistically different, we would like to be cautious in drawing conclusions from 
these results.

f 6. CONCLUSIONS g

In this study, we explore the consequences of consumers’ limited energy cost-specific 
knowledge and investment skills on the adoption of energy-consuming durables. We show 
that, while the majority of the respondents in our sample perform quite well in the standard 
financial literacy questions, a substantial lack of energy cost-specific knowledge and ability to 
compute the lifetime cost of appliances emerges. Our results are informative of a substantial 
gender gap in our measure of energy-related financial literacy, with males scoring higher levels 
of the index, consistently with previous findings about the gender gap in financial literacy 
(Lusardi and Mitchell, 2014).

Using data on actual consumers’ choices, we document a positive influence of our 
measure of energy-related financial literacy on the adoption of energy-efficient light bulbs. 
These findings are robust to using different indicators for lighting efficiency and energy-related 
financial literacy. We further show that the standard financial literacy indicator is a poor pre-
dictor of consumers’ choices in lighting efficiency, suggesting that general financial knowledge 
is not enough for individuals to invest efficiently in the energy sector. Our study is comple-
mentary to studies by that show a positive association between scores of financial literacy 
(Brent and Ward, 2018) or cognitive reflection (Andor et al., 2019), respectively, and willing-
ness to pay for energy efficiency using stated choice data.

Our results inform models of consumer behavior for the choice of energy-consuming 
durables about the importance of considering limited energy-specific knowledge and skills to 
perform an intertemporal investment calculation. We identify a lack of energy-related financial 
literacy as an important determinant of the energy-efficiency gap. In this sense, we comple-
ment previous studies highlighting the role of other behavioral anomalies on the consumers 
valuation of the monetary savings coming from energy efficiency (Allcott et al., 2014; Gilling-
ham and Palmer, 2014). Moreover, we add to previous evidence about the costs of ignorance 
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on household finances due to limited planning for retirement and participation to the financial 
markets (Lusardi and Mitchell, 2014).

While we provide evidence of the importance of limited energy-related financial lit-
eracy in explaining sub-optimal decisions of households with respect to lighting efficiency, 
future research should explore the consequences of (lack of ) energy-related financial literacy 
on households’ choices with respect to the adoption of larger energy-consuming durables, such 
as home appliances and vehicles, and energy-efficient home renovations.

Our findings support the promotion of energy-specific financial education pro-
grammes and tools to increase the adoption of energy-efficient durables. The aspects captured 
by the proposed multidimensional ERFL index can be guiding in determining the content of 
such dedicated information and education programmes to support consumers in identifying 
the optimal investments in energy-efficient equipment. In addition, easy-to-use apps, calcula-
tor tools or energy labels that indicate the average estimated lifetime cost of an appliance could 
support individuals with low energy-related financial literacy in identifying durables that mini-
mize the household’s expenditure over their lifetime. As mentioned, moving from a low level of 
the ERFL index to a moderately high level predicts an increase in the share of energy-efficient 
light bulbs of around 5 percentage points, implying an increase in the share of around 7.5 per-
cent. While the cost-efficiency of educational programmes and information interventions to 
achieve such an improvement in energy-related financial literacy in comparison to alternative 
policies—like financial incentives for energy-efficient appliances and lighting—would ideally 
have to be evaluated based on a randomized controlled trial (Allcott and Mullainathan, 2010; 
Gillingham et al., 2018), there is suggestive evidence that the per-kWh cost of education 
programmes and information interventions are lower than the per-kWh cost of subsidy or 
rebate schemes (Alberini and Towe, 2015; Gillingham et al., 2018). Houde and Aldy (2014) 
and Alberini and Towe (2015) suggest that the cost-efficiency of financial incentives may be 
reduced by freeriding, as many participating households would have replaced their devices by 
more efficient ones anyway. Yet apart from this downside of financial incentives, the opportu-
nities for digital implementation and distribution of energy-related financial information and 
educational programs and tools (webpages, apps, etc.) open up a the potential to target a large 
audience at relatively low cost.

Lastly, while strengthening energy-related financial literacy is important to reach en-
ergy-efficiency goals as the decision of adoption of durables have implications in the long-run 
electricity consumption, educational programs would be even more relevant in the light of the 
prevailing energy poverty within several EU Member States (Pye et al., 2015) and other parts 
of the world, which is often associated with further problems such as poor health of house-
hold members (Thomson et al., 2017). In the context of financial literacy, there is evidence 
that women are more aware of, and more likely to self-report, their lack of financial literacy as 
compared to men (Hung et al., 2012; Lusardi and Mitchell, 2014). If the same held true for 
energy-related decision making, it could be worthwhile to explore ways to specifically educate 
women in energy-related investment decisions. Future research should therefore explore what 
drives the differences in energy-related financial literacy across gender and countries and how 
target-specific education programs could reduce the inequality in literacy.
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f APPENDIX g

A.1 European household survey

The survey was implemented in collaboration with different utilities in the three coun-
tries (Italy: ENI, Netherlands: Qurrent, Switzerland: Stadtwerk Winterthur and Aziende In-
dustriali Lugano). ENI and Qurrent serve customers everywhere in Italy and the Netherlands, 
respectively. Stadtwerk Winterthur is a city utility located in the German part of Switzerland and 
Aziende Industriali Lugano is a regional utility serving a region in the Italian part of Switzerland.

The target population of the survey are the customers of the four electric utilities.18 
Customers of each electric utility were invited with a letter accompanying the electricity (or 
gas) bill to access an online questionnaire.19 In total 149,100 households were contacted. In 
Italy, households were selected to be representative at the customer level of ENI based on the 
place of residence, contract characteristics, and historical consumption. In the Netherlands, 
target households were those having a smart meter and that had been customers of Qurrent for 
at least 6 months at the time of the survey. In Switzerland, targeted households were randomly 
drawn from the population of customers in Winterthur and the district of Lugano.20 In Italy 
and the Netherlands, the households were contacted via e-mail, while in Switzerland postal 
letters were sent out as invitations. Table A1 reports details on the recruitment process.

In addition, Table A2 gives a summary of the number of participants in each country, 
how many individuals accessed the survey and the number of respondents that finished the 
questionnaire. Overall 3.22% of the households that received the invitation to take the survey 
completed the survey (the country-specific response rates can be found in Table A2). This low 
response rate may be due to the fact that the questionnaire was relatively long.

A total of 4,796 households took part in the survey in the three countries. Represen-
tativeness of the sample cannot be ensured ex-ante due to two reasons: (1) Part of the sample 

18.  Participants to the survey were randomly selected only in Switzerland, whereas the in the other countries customers were 
selected upon different criteria.

19.  The survey questionnaire was pre-tested among university students and employees of the participating utility companies. 
Based on feedback from the expert review and the pre-tests, the survey questionnaire was further refined and adapted.

20.  In Switzerland, the electricity market is not yet open to competition for residential customers. Thus, the partner utilities in 
Winterthur and Lugano serve the whole population in the respective service area.

TABLE A1
Implementation of the large sample survey in the different countries.

 Switzerland Netherlands Italy

No. of households contacted 28,100 19,000 102,000

Means of contact postal letter e-mail e-mail

Recruitment Random sample of customers 
of two utilities: 13,100 
in Lugano (city and 
surrounding municipalities) 
and 15,000 in Winterthur 
(city) 

 Participants with a smart 
meter. Customer for at 
least 6 monthsa 

ENI customers who have 
provided ENI with an 
explicit and written 
consent to be contacted by 
third parties for research 
purposes. The customer 
sample is layered so that it is 
representativeb based on the 
place of residence, contract 
characteristics, and historical 
consumption. 

a The research team in the Netherlands tried to go for 12 months (instead of 6 months), yet this would not have resulted in a large 
enough sample.
b Representative on the customer level of ENI.
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has not been randomly drawn from the target population, i.e. the target population in the 
Netherlands has been selected according to specific criteria (presence of smart meters) and (2) 
a self-selection might occur when invited individuals decide to take the survey. For this reason, 
we compare some relevant characteristics in the sample to corresponding statistics at the na-
tional level in order to provide indication of the representativeness of the sample.

In Table A3, we provide descriptive statistics about residents characteristics, household 
income and education for the four countries in the sample. In addition, the table reports a 
comparison with the corresponding statistics at the national level.21 We report the statistics 
at the national level as computed by Eurostat (residence characteristics, household type and 
education) and by OECD (household income).

The majority of households in the Dutch sample (around 73%) live in single-family 
houses. In contrast, only around 44% of households in the Italian sample live in single-family 
houses. This evidence is consistent with the corresponding statistics at the national level. The 

21.  Although we targeted the population of customers of local and regional utilities in Switzerland we still compare the statistics 
at the national level to inform about the differences between the characteristics of the households in the sample and in the country. 
Unfortunately, for the service area of the two Swiss utilities no official statistics are available on the important socio-economic 
characteristics reported in Table A3.

TABLE A2
Number of respondents in the sample.

 Switzerland Netherlands Italy
No. of participants in the sample    
Entered the survey  1,477  2,252  1,508 
Completed the survey  1,080  1,923  1,475 
Response rate  3.69%  11.85%  1.48% 

TABLE A3
Selected household characteristics in the sample and in the national statistics.

 Italy Netherlands Switzerland 

Sample (%) Statistic Sample (%) Statistic Sample (%) Statistic 

Residence characteristic 

Single-family house 43.63 47.20 73.21 76.50 51.62 37.00
Apartment in multi-family house 56.37 52.20 26.79 19.90 48.38 60.10

Ownership status 

Owned 84.68 72.90 73.21 67.80 58.59 44.50

Gross monthly household income (in Euro/CHF)  

below 1’500 15.12 6.16 1.01
’501 to 4’500 50.93 47.70 10.28
’501 to 6’000 8.95 19.18 11.96
’001 to 9’000 5.74 15.38 28.04
’001 to 12’000 CHF 1.75 5.73 22.46
more than 12’000 CHF 17.51 5.85 26.26
Household disposable income 4417.95 4614.34 6993.87

Education of respondent 

Lower secondary education and less 11.21 41.60 5.91 27.90 2.11 18.20
Upper secondary/Vocational 54.24 42.70 24.09 41.10 40.42 46.30
Tertiary 34.55 15.70 70.01 31.00 57.46 35.40
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share of households living in single-family houses in the Swiss sample is around 51%. This 
contrasts with the statistic at the national level showing a figure around 37%. The ownership 
rate ranges from around 59% in Switzerland to around 85% in Italy. This heterogeneity reflects 
differences in the ownership rates across countries as indicated in the national statistics. Com-
pared to the national statistics, home-owners are only slightly over-represented in the sample.

The median gross monthly household income in the sample varies substantially across 
countries: In the Italian and the Dutch sample this figure ranges between 1,500 and 4,500 
Euros, in the Swiss sample it ranges between 6,000 and 9,000 CHF. This is consistent with 
the median household income for the three countries as reported by OECD statistics. Further, 
educational attainments in the sample differ largely across the countries, with the share of 
respondents with tertiary education ranging from around 35% in Italy to around 70% in the 
Netherlands. This heterogeneity across countries in tertiary educational attainments is also 
reflected in the national statistics. However, the share of respondents with tertiary education is 
consistently higher in the sample than what is reported at the national level in each country. 
Concluding, we can say that even though there are some differences between sample character-
istics and national statistics, they are not severely large. In addition, there also some character-
istics where we can find a relatively good match between sample and national statistics, such as 
household income and ownership rate.

Finally, in Table A4, we provide descriptive statistics on the relevant socio-economic 
characteristics used in the econometric analysis.

A.1.1 Questions used to measure energy-related financial literacy

Knowledge of electricity price: How much do you think 1 Kilowatt hour (kWh) of 
electricity currently costs in [target country] (on average after taxes)? Please indicate your best 
guess without checking your bill or other resources.

• Amount in cents/Rappen (no decimals)
• Don’t know

Running cost of appliances: How much do you think it costs in terms of electricity 
to run: (a) A desktop PC for 1 hour, (b) A washing machine (load of 5 kg at 60°)

• 0–19 cents/Rappen
• 20–39 cents/Rappen
• 40–59 cents/Rappen
• 60–79 cents/Rappen
• 80–100 cents/Rappen
• More than 100 cents/Rappen
• Don’t know

Knowledge of LED technology savings: How much do you think is the energy 
saving associated with using an LED light bulb instead of a conventional Halogen bulb (with 
the same brightness)?

• 5–10 percent
• 30–50 percent
• 70–80 percent
• Don’t know

Financial literacy 1: Suppose you had 100 CHF/Euros in a savings account and the 
interest rate was 2% per year. After 5 years, how much do you think you would have in the 
account if you left the money to grow?
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• More than Euro/CHF 102
• Exactly Euro/CHF 102
• Less than Euro/CHF 102
• Don’t know

Financial literacy 2: Imagine that the interest rate on your savings account was 1% 
per year and inflation was 2% per year. After 1 year, how much would you be able to buy with 
the money in this account?

• More than today
• Exactly the same
• Less than today
• Don’t know

Financial literacy 3: Please tell me whether this statement is true or false: “Buying a 
single company’s stock usually provides a safer return than buying stocks of several companies.”

• True
• False
• Don’t know

Lifetime cost calculation: Suppose you own your home, your fridge breaks down 
and you need to replace it. As a replacement, you can choose between two alternatives that are 

TABLE A4
Summary statistics.

Variable  Mean  Std. Dev.  N
Age  51.208  14.273  4404
Income: Below 4,500 (Reference)  0.363  0.481  4384
Income: 4’501–9’000  0.235  0.424  4384
Income: Above 9’000  0.184  0.388  4384
Income: Don’t know  0.217  0.413  4384
Up to lower secondary school (Reference)  0.068  0.252  4415
Upper secondary school diploma  0.213  0.409  4415
Vocational secondary school diploma  0.168  0.374  4415
Tertiary education diploma  0.551  0.497  4415
Rented dwelling (Reference)  0.261  0.439  4450
Owned dwelling  0.261  0.439  4450
Multi-family house (Reference)  0.419  0.493  4450
Single-family house  0.581  0.493  4450
Male (Reference)  0.65  0.477  4411
Female  0.35  0.477  4411
Switzerland (Reference)  0.241  0.428  4450
Italy  0.336  0.472  4450
Netherlands  0.423  0.494  4450
Non-couple household (Reference)  0.278  0.448  4416
Couple household  0.722  0.448  4416
Working (Reference)  0.67  0.47  4416
Not working  0.33  0.47  4416
Number of rooms  7.236  2.127  4335
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identical in terms of design, capacity and quality of the cooling system. Fridge A sells for 400 
Euro/CHF and consumes electricity for the amount of 300 kWh per year. Fridge B has a retail 
price of 500 Euro/CHF and consumes electricity for the amount of 280 kWh per year.

Assume the average cost of energy is 0.20 Euro/CHF per kWh, the two models have 
both a lifespan of 15 years and that you would get a return of 0 percent from any alternative 
investment of your money.

Which choice of purchase minimizes the total costs of the fridge over its lifespan?

• Fridge A
• Fridge B
• Fridge A and B are equivalent in terms of total costs
• Don’t know

Check for lifetime cost calculation: How did you reach your conclusion?

• Fridge A has a lower retail price than Fridge B.
• The lower energy consumption of Fridge B is sufficient to justify the higher price.
•  The lower energy consumption of Fridge B is not sufficient to justify the higher 

price.
• Do not know

A.2 Additional analysis

In this Section of the Appendix we report the full estimation results from the analysis 
about the effect of energy-related financial literacy on the adoption of energy efficient light 
bulbs. Specifically, we report here the complete set of estimated coefficients associate to the 
socio-demographic variables used as controls in the econometric analysis. Further, we report 
the results of the heterogeneity analysis that we discuss in the main text as well as the results of 
the robustness analysis.

TABLE B1
Financial literacy and energy-related financial literacy

Share of energy efficient light bulbs Indicator for low lighting efficiency
(Regression coefficients) (Marginal effects)

  (1)  (2)  (3)  (4)  (5)  (6)  (7)  (8) 

Financial literacy index  –0.000     –0.035    
 (0.008)     (0.042)    

Financial literacy dummy   0.013     –0.076   
  (0.013)     (0.063)   

ERFL index    0.016***     –0.080***  
   (0.0036)     (0.018)  

ERFL dummy     0.047***     –0.233*** 
    (0.013)     (0.064) 

Age  0.012***  0.012***  0.012***  0.012***  –0.037**  –0.036**  –0.035**  –0.036** 
 (0.003)  (0.003)  (0.003)  (0.003)  (0.015)  (0.015)  (0.015)  (0.015) 

Age2

 
 –0.000***  –0.000***  –0.000***  –0.000***  0.000**  0.000**  0.000**  0.000** 

 (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000) 
Female  –0.013  –0.011  0.004  –0.003  –0.012  –0.016  –0.086  –0.056 

 (0.012)  (0.012)  (0.013)  (0.012)  (0.062)  (0.062)  (0.064)  (0.063) 
Upper secondary  –0.038  –0.041  –0.049*  –0.046*  0.051  0.053  0.092  0.077 

 (0.028)  (0.027)  (0.027)  (0.027)  (0.136)  (0.136)  (0.136)  (0.136) 

(continued)



Empower the Consumer!  173

Copyright © 2021 by the IAEE. All rights reserved.

TABLE B1 (continued)
Financial literacy and energy related financial literacy

Share of energy efficient light bulbs Indicator for low lighting efficiency
(Regression coefficients) (Marginal effects)

  (1)  (2)  (3)  (4)  (5)  (6)  (7)  (8) 

Vocational  –0.070**  –0.071**  –0.074**  –0.074**  0.244*  0.244*  0.256*  0.258* 
 (0.029)  (0.029)  (0.029)  (0.029)  (0.139)  (0.139)  (0.139)  (0.139) 

University  –0.047*  –0.051*  –0.061**  –0.056**  0.175  0.178  0.226*  0.206 
 (0.027)  (0.027)  (0.027)  (0.027)  (0.131)  (0.131)  (0.131)  (0.131) 

Household size: 2  –0.013  –0.013  –0.011  –0.014  0.008  0.010  0.004  0.015 
 (0.022)  (0.022)  (0.021)  (0.021)  (0.104)  (0.104)  (0.104)  (0.104) 

Household size: 3  –0.001  –0.001  –0.001  –0.002  –0.064  –0.064  –0.062  –0.058 
 (0.024)  (0.024)  (0.024)  (0.024)  (0.116)  (0.116)  (0.116)  (0.116) 

Household size: 4  0.019  0.019  0.021  0.019  –0.108  –0.108  –0.117  –0.106 
 (0.026)  (0.026)  (0.026)  (0.026)  (0.128)  (0.128)  (0.128)  (0.128) 

Household size: >=5  0.016  0.017  0.017  0.016  –0.293*  –0.293*  –0.290*  –0.286* 
 (0.030)  (0.030)  (0.030)  (0.030)  (0.154)  (0.154)  (0.154)  (0.154) 

Biospheric values  0.008*  0.008*  0.009*  0.009*  –0.028  –0.028  –0.031  –0.031 
 (0.005)  (0.005)  (0.005)  (0.005)  (0.023)  (0.023)  (0.023)  (0.023) 

Couple household  0.029  0.029  0.027  0.029  –0.021  –0.022  –0.013  –0.023 
 (0.019)  (0.019)  (0.019)  (0.019)  (0.091)  (0.091)  (0.091)  (0.091) 

Not working  0.002  0.002  –0.002  0.001  –0.004  –0.005  0.016  0.003 
 (0.015)  (0.015)  (0.015)  (0.015)  (0.076)  (0.076)  (0.077)  (0.076) 

Income: 4’501–9’000  –0.011  –0.012  –0.013  –0.014  0.006  0.008  0.015  0.018 
 (0.014)  (0.014)  (0.014)  (0.014)  (0.071)  (0.071)  (0.071)  (0.071) 

Income: Above 9’000  –0.002  –0.003  –0.005  –0.005  0.026  0.028  0.039  0.042 
 (0.016)  (0.016)  (0.016)  (0.016)  (0.084)  (0.084)  (0.084)  (0.084) 

Savings rate: 0%  0.029  0.028  0.026  0.026  –0.079  –0.079  –0.071  –0.069 
 (0.021)  (0.021)  (0.021)  (0.021)  (0.102)  (0.102)  (0.102)  (0.102) 

Savings rate: 1–5%  0.020  0.019  0.014  0.015  –0.084  –0.083  –0.063  –0.068 
 (0.019)  (0.019)  (0.019)  (0.019)  (0.092)  (0.092)  (0.092)  (0.092) 

Savings rate: 6–20%  0.043**  0.042**  0.034*  0.036**  –0.143  –0.142  –0.107  –0.120 
 (0.018)  (0.018)  (0.018)  (0.018)  (0.088)  (0.088)  (0.088)  (0.088) 

Savings rate: > 20%  0.017  0.015  0.007  0.010  0.014  0.017  0.055  0.045 
 (0.022)  (0.022)  (0.022)  (0.022)  (0.101)  (0.101)  (0.102)  (0.101) 

Tenant  0.025  0.025*  0.028*  0.027*  –0.147*  –0.148*  –0.166**  –0.158** 
 (0.015)  (0.015)  (0.015)  (0.015)  (0.076)  (0.076)  (0.076)  (0.076) 

(Log) size in m2  –0.036**  –0.037**  –0.039***  –0.038**  0.141*  0.142*  0.152**  0.145* 
 (0.015)  (0.015)  (0.015)  (0.015)  (0.074)  (0.074)  (0.074)  (0.074) 

Absence: <= 5 weeks  –0.012  –0.012  –0.013  –0.012  –0.084  –0.085  –0.079  –0.086 
 (0.013)  (0.013)  (0.013)  (0.013)  (0.063)  (0.063)  (0.063)  (0.063) 

Absence: <= 8 weeks  0.034  0.032  0.032  0.031  –0.213*  –0.210*  –0.209*  –0.205* 
 (0.022)  (0.022)  (0.022)  (0.022)  (0.117)  (0.117)  (0.117)  (0.117) 

Absence: > 8 weeks  –0.030  –0.030  –0.025  –0.025  –0.049  –0.050  –0.076  –0.076 
 (0.027)  (0.027)  (0.027)  (0.027)  (0.130)  (0.130)  (0.130)  (0.130) 

Absence: 1 to 3 days  –0.008  –0.008  –0.007  –0.009  0.003  0.003  –0.002  0.006 
 (0.016)  (0.016)  (0.016)  (0.016)  (0.080)  (0.080)  (0.080)  (0.080) 

Absence: > 4 days  –0.014  –0.013  –0.011  –0.013  –0.091  –0.091  –0.103  –0.091 
 (0.027)  (0.027)  (0.027)  (0.027)  (0.144)  (0.144)  (0.144)  (0.144) 

MFH  –0.063***  –0.064***  –0.065***  –0.063***  0.322***  0.322***  0.332***  0.325*** 
 (0.016)  (0.016)  (0.016)  (0.016)  (0.086)  (0.086)  (0.087)  (0.087) 

Moved in 2012–16  0.061***  0.061***  0.061***  0.060***  –0.245***  –0.246***  –0.247***  –0.242*** 
 (0.014)  (0.014)  (0.014)  (0.014)  (0.072)  (0.072)  (0.072)  (0.072) 

DB: 1970–2000  –0.048***  –0.048***  –0.050***  –0.048***  0.233***  0.233***  0.247***  0.239*** 
 (0.017)  (0.017)  (0.017)  (0.017)  (0.090)  (0.090)  (0.090)  (0.090) 

DB: Before 1970  –0.036**  –0.036**  –0.039***  –0.037**  0.142*  0.140*  0.156**  0.148* 
 (0.015)  (0.015)  (0.015)  (0.015)  (0.076)  (0.076)  (0.076)  (0.076) 

Italy  –0.038**  –0.036**  –0.028*  –0.031*  0.073  0.072  0.032  0.048 
 (0.016)  (0.016)  (0.016)  (0.016)  (0.083)  (0.082)  (0.083)  (0.083) 

Switzerland  –0.170***  –0.170***  –0.176***  –0.172***  0.582***  0.582***  0.614***  0.594*** 
 (0.016)  (0.016)  (0.016)  (0.016)  (0.076)  (0.076)  (0.076)  (0.076) 

Constant  0.626***  0.625***  0.579***  0.606***  –0.533  –0.583  –0.362  –0.504 
 (0.112)  (0.111)  (0.111)  (0.111)  (0.533)  (0.530)  (0.533)  (0.531) 

Observations  2895  2895  2895  2895  2895  2895  2895  2895 

Notes: Statistical significance at the 1%, 5% and 10% levels are denoted by *, ** and ***, respectively. Standard errors in parentheses. 
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TABLE B2
Heterogeneous associations

Gender Home-ownership Country

Male Female Homeowners Tenants Switzerland Netherlands Italy
(1) (2) (3) (4) (5) (6) (7)

Panel A: Share of energy-efficient light bulbs—OLS estimates 

ERFL dummy 0.0499*** 0.0373* 0.0548*** 0.0265 0.0316 0.0532*** 0.0541**
(0.0174) (0.0202) (0.0153) (0.0252) (0.0323) (0.0198) (0.0212)

Controls Yes Yes Yes Yes Yes Yes Yes
Observations 1986 909 2183 712 729 1338 828

Panel B: Indicator of low lighting efficiency—Marginal effects 

ERFL dummy –0.217*** –0.252** –0.263*** –0.127 –0.0913 –0.251** –0.304***
(0.0839) (0.102) (0.0744) (0.132) (0.137) (0.103) (0.108)

Controls Yes Yes Yes Yes Yes Yes Yes
Observations 1986 909 2183 712 729 1338 828
Note: Dependent variable in Panel A is the share of energy efficient light bulbs. OLS estimates are reported. Dependent variable in Panel 
B is a dummy variable indicating whether the share of energy efficient light bulbs is below the first quartile. The estimated marginal 
effects from the Probit model are reported. Standard errors in parentheses. * / ** / *** indicate statistical significance at the 10, 5, and 1 
percent level, respectively.

TABLE B3
Financial literacy and energy cost-related literacy

(1) (2) (3)
Panel A: Share of energy-efficient light bulbs—OLS estimates 
FL dummy 0.0132  0.0059 

(0.0127)  (0.0128) 
ERL dummy  0.0463*** 0.0456*** 

 (0.0113) (0.0114) 
Controls Yes Yes Yes 
Observations 2895 2895 2895 
Panel B: Indicator of low lighting efficiency—Marginal effects 
FL dummy –0.0225  –0.0123 

(0.0186)  (0.0188) 
ERL dummy  –0.0628*** –0.0612*** 

 (0.0166) (0.0167) 
Controls Yes Yes Yes 
Observations 2895 2895 2895 
Note: Dependent variable in Panel A is the share of energy efficient light bulbs. OLS estimates are reported. Dependent variable in Panel 
B is a dummy variable indicating whether the share of energy efficient light bulbs is below the first quartile. The estimated marginal 
effects from the Probit model are reported. Standard errors in parentheses. * / ** / *** indicate statistical significance at the 10, 5, and 1 
percent level, respectively.

Robustness

In order to check for the robustness of the item ‘’Knowledge electricity price”, we re-
calculated the energy-related financial literacy index in two ways. First, instead of the +/–5cents 
range for the answer to be counted as correct, we used a ±10% range (e.g. for the Netherlands 
the correct price is between 13–17 cents per kWh and for Italy and Switzerland between 18–22 
cents per kWh). The results of this can be found in Table B4. Secondly we used a a ±50% range 
for the correct electricity price (e.g. for the Netherlands the correct price is between 7.5–22.5 
cents per kWh and for Italy and Switzerland between 10–30 cents per kWh). The results are 
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shown in Table B5. Compared to the main results in Table 4 we do not see large changes in 
the coefficients of interest. Thus, the results seem to be robust to our definition of the correct 
electricity price.

TABLE B4
Robustness test of results in Table 4, ±10% range

Share of energy-efficient light bulbs Indicator of low lighting efficiency
(Regression coefficients) (Marginal effects)

 (1) (2) (3) (4) (5) (6) (7) (8)

Financial literacy index –0.001 –0.035
(0.008) (0.043)

Financial literacy dummy 0.013 –0.076
(0.013) (0.063)

ERFL index 0.018*** –0.087***
(0.004) (0.019)

ERFL dummy 0.052*** –0.255***
(0.013) (0.063)

Constant 0.626*** 0.625*** 0.579*** 0.601*** –0.533 –0.583 –0.353 –0.479
(0.112) (0.111) (0.111) (0.111) (0.533) (0.530) (0.533) (0.531)

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Observations 2895 2895 2895 2895 2895 2895 2895 2895

Notes: Columns (1) to (4) report OLS estimates for the share of energy-efficient light bulbs at home. In columns (5) to (8), we report the 
estimated marginal effects from the probit models for the binary indicator of low lighting efficiency. Regressions control for respondent’s 
age, gender, education level, working status and country of residence, household type and income, home-ownership status and dwelling 
type.
Robust standard errors are reported in parentheses in Columns (1) to (4). Standard errors are reported in parentheses in Columns (5) to 
(8). * / ** / *** indicate statistical significance at the 10, 5, and 1 percent level, respectively.

TABLE B5
Robustness test of results in Table 4, ±50% range

Share of energy-efficient light bulbs Indicator of low lighting efficiency
(Regression coefficients) (Marginal effects)

 (1) (2) (3) (4) (5) (6) (7) (8)

Financial literacy index  –0.001     –0.035    
 (0.008)     (0.043)    

Financial literacy dummy   0.013     –0.076   
  (0.013)     (0.063)   

ERFL index    0.016***     –0.073***  
   (0.003)     (0.018)  

ERFL dummy     0.056***     –0.244*** 
    (0.011)     (0.058) 

Constant  0.626***  0.625***  0.578***  0.606***  –0.533  –0.583  –0.375  –0.489 
 (0.112)  (0.111)  (0.111)  (0.111)  (0.533)  (0.530)  (0.533)  (0.531) 

Controls  Yes  Yes  Yes  Yes  Yes  Yes  Yes  Yes 

Observations  2895  2895  2895  2895  2895  2895  2895  2895 

Notes: Columns (1) to (4) report OLS estimates for the share of energy-efficient light bulbs at home. In columns (5) to (8), we report the 
estimated marginal effects from the probit models for the binary indicator of low lighting efficiency. Regressions control for respondent’s 
age, gender, education level, working status and country of residence, household type and income, home-ownership status and dwelling 
type.
Robust standard errors are reported in parentheses in Columns (1) to (4). Standard errors are reported in parentheses in Columns (5) to 
(8). * / ** / *** indicate statistical significance at the 10, 5, and 1 percent level, respectively.
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