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Abstract: The present paper focuses primarily on investigating whether energy-vulnerable house-
holds are more prone to informative, market, and behavioral biases. In this direction, a stated
preference approach was used to elicit information about human behavior and cognitive barriers in
the context of energy poverty based on both subjective and objective indicators. For the purposes
of the survey, a questionnaire was developed that included around 40 questions about housing
conditions and information, market, and behavioral barriers related to energy efficiency, energy
vulnerability, etc., and specific survey hypotheses were tested employing non-parametric tests. The
survey was carried out between November 2020 and January 2021 involving residents of Metsovo, a
mountain settlement in Greece. In total, 303 participants took place in the survey through personal
interviews, which were conducted remotely due to the COVID-19 pandemic-related distancing
measures, using a video platform. The analysis shows that households that face thermal discomfort
or are in arrears on energy bills seem to be more prone to certain behavioral and other biases. This
conclusion is not confirmed for households that face condensation, mold and damp problems or
are classified as energy-poor under the “ten percent rule”. The main conclusion drawn is that the
income status of the household plays a greater role compared to its classification as energy vulnerable.
Nevertheless, the findings of the study need to be confirmed by future research, because the research
specifically on how energy poverty affects people’s decision making is extremely limited. In any case,
the results are worrisome and illustrate the need for more effective energy poverty policies that will
take into account the effects of scarcity on household decision making.

Keywords: energy poverty; behavioral biases; energy and investment illiteracy; present bias

1. Introduction

Energy poverty (EP) is a crucial socio-economic problem of the current society, as it
deprives people of a basic standard of living and quality of life. Access to clean energy
services remains a problem for huge parts of the population in developing countries.
Over 2.5 billion people do not have access to clean cooking services, and 750 million
people do not have access to power [1]. The problem is crucial in developed countries, as
well, though mainly related to affordability of energy rather than access to energy, and is
mainly connected with three causes: high energy costs, low household income and energy-
inefficient buildings [2—4]. In general, the problem expresses the inability of households to
meet their energy needs at an adequate level and an affordable cost.

As a multidimensional social issue, energy poverty cannot be approached by a single
indicator. For this reason, the EU Energy Poverty Observatory (EPOV) recommends
the combination of subjective and objective indicators. Indicatively, the main objective
indicators suggested by the EPOV are the 2M indicator “high share of energy expenditure
in income”, i.e., the percentage of the population whose share of energy expenditure in
income exceeds twice the national median share, and the M /2 indicator “low absolute
energy expenditure”, i.e., the percentage of the population whose energy expenditure
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(absolute) is below the national median [5]. The main subjective indicators suggested by
the EPOV are the “inability to keep home adequately warm” and “arrears on utility bills”,
which have been widely used by the scientific community (e.g., [6-8]).

There are numerous other approaches for measuring energy poverty, among which
the objective 10% indicator [9], i.e., the percentage of households that are required to spend
more than 10% of their income on all domestic energy needs, can be characterized as
the most popular one. Other subjective indicators include the “total population living
in a dwelling with a leaking roof, damp walls, floors or foundation, or rot in window
frames or floor” introduced by [10], the “restriction of other essential needs” introduced
by [11], and so on. According to the latest available data for energy poverty across Europe,
37.4 million European citizens could not afford to adequately heat their homes (7.3% of
EU28 households). Moreover, 83.2% million citizens (16.2% of EU28 households) spent a
significantly high percentage of their income on energy costs, while, on the other hand,
74.2 million (14.6% of EU28 households) presented abnormally low energy expenditure, as
a result of their low incomes [12].

Based on the above, there are two main categories of households found as energy poor.
The first one includes middle-income (or even high-income) households with high rates of
energy consumption and thus high energy costs. Although these households may have the
financial ability to take measures that will reduce their energy consumption, their decisions
most times do not maximize their benefits. The second category includes households with
no financial means to adequately cover even their basic energy needs; these households face
several adverse effects on human health and well-being, resulting in chronic psychological,
social and economic stress, which decisively affects their everyday lives.

Although around 7.3% of the European Union’s households are affected by energy
poverty. Most EU countries still do not have sufficiently effective measures to tackle the
“energy paradox”, which refers to consumers’ inability to fill the gap between optimal and
actual investment decisions concerning energy usage [13]. Policymakers are concerned
about the contradiction of the slow diffusion of ostensibly cost-effective and energy-efficient
technologies and are attempting to bring energy conservation into the spotlight. The tradi-
tional economic literature, based on Expected Utility Theory (EUT), presumes consumers’
failure in making optimal decisions to be a result of information deficiencies and market
failure. However, it has been systematically observed that people exhibit predictable
patterns of decision making that deviate from the EUT’s assumptions [14].

The energy paradox, according to the past three decades of research, has been linked
to market failures (e.g., imperfect information, split incentives, fuel price distortions, and
a lack of capital), time and risk preferences, behavioral aspects (e.g., rational inattention,
bounded rationality, biased beliefs, and heuristic decision making), and socio-demographic
characteristics. The behavioral barriers are known as cognitive biases and tend to lead
to bounded rationality [15-17]. These biases may be magnified in the case of vulnerable
households, provided that their cognitive ability is significantly affected by scarcity condi-
tions, as it is highly related to stress and negative emotions [18]. For example, debt mental
accounting creates bandwidth taxes that impair cognitive processes [19]. Furthermore, it
is argued that people who live in poverty have poor economic preferences, which may
constitute a critical factor in the persistence of poverty [20,21]. In line with these findings,
studies have shown that individuals do not make optimal decisions when they feel that it
is impossible to bridge the gap between their needs and the resources available to meet
them [13].

Much research has been carried out to date on the factors that influence the energy
paradox, as well as on the relationship between poverty and irrational decision making
(this issue is discussed in more detail in Section 2). However, it has not been specifically
studied whether energy-vulnerable households are more prone to cognitive, behavioral
or other biases and, consequently, to the energy paradox. So far, the related literature
includes a study on the impact of cognitive biases on energy-vulnerable households [13],
which analyzes recent findings from behavioral sciences, and a quantitative survey on the
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decision making of vulnerable households linked to energy efficiency, without focusing on
behavioral barriers [22]. Aiming to fill this gap, this study uses a stated preference approach
to elicit information about human behavior and cognitive barriers in the context of energy
poverty. Specifically, the main research question examined is whether energy-vulnerable
households are more prone to cognitive and other barriers compared to non-vulnerable
households. The answer to this question is not only of research interest. Studying the
cognitive and other barriers that lead to unorthodox behaviors is crucial in shaping a more
effective policy framework for economically vulnerable households, which are called to
make energy-related decisions under scarcity in their everyday lives.

The rest of the paper is structured as follows. Section 2 provides a short review of the
literature regarding the main cognitive barriers involved in decision making under poverty.
Section 3 describes the methodological approach of the study and Section 4 discusses the
results of the analysis. Finally, Section 5 concludes with the main findings of the study and
some thoughts for further research.

2. A Concise Literature Review on Decision Making under Poverty

Besides the cultural, social and environmental causes, the failure to escape from
poverty or, in this particular case, energy poverty, may be influenced by psychological
aspects that may well be addressed at the individual level, since a person’s financial
condition is regulated to some extent by the economic decisions that they make [20].

Regarding decision making under poverty, there is a paradox that in the international
literature is described as the Irony of Poverty [23]. This phenomenon refers to the condition
in which people living under poverty are called upon to make the most “right” decisions, as
the slightest mistake is going to have a crucial effect on their living conditions. In previous
studies, poverty has been linked to factors such as stress [24], cognitive load [25], worsened
cognitive functions [26], and present-oriented behavior [27]. Hence, these people are the
ones who are in the toughest position to make “right”—in the way that they are most
beneficial for them—decisions.

Cognitive tax due to scarcity by any means does not imply declined mental capacity.
Both people living in conditions of economic prosperity and those living in conditions
of scarcity or poverty can make optimal decisions. In fact, in Mani et al. study’s [26], in
the absence of the financially stressful topic, the cognitive performance of rich and poor
participants was identical. According to Shah et al. [28] and Haushofer and Fehr [24], from
the perspective of poverty studies, a growth in cognitive load has been reported to be
linked with unpleasant experiences attributed to long-term poverty [18]. In times of intense
stress and mental or emotional pressure, cognitive functions can very easily be affected
and degraded. The impact of stress on cognitive abilities is well documented [29-33].

Extensive research in behavioral economics highlights that delaying gratification and
exercising self-control [34,35] as well as paying attention [36-38] can be seen as costly
mental processes [39]. The various cognitive limitations may force the human brain to use
simplification strategies, known as heuristics, to lighten the cognitive load when making
decisions. Heuristics are mental shortcuts that can assist problem solving and probability
decisions [15]. These empirical rules or rules-of-thumb lessen the cognitive load and can
be useful for making quick decisions. However, they frequently lead to unreasonable
or incorrect conclusions. Cognitive decision-making processes are mainly influenced by
cognitive biases. Cognitive biases can be basically defined as “cases in which human
cognition reliably produces representations that are systematically distorted compared to
some aspect of objective reality” [40] and they are said to prevent individuals from making
optimal trade-offs between short- and long-term utility [41].

Risk-based decision making is also affected by chronic stress exposure [30]. According
to Simonovic et al. [42], stress reduces risky decision-making performance by interfering
with concentration and knowledge of task variables. However, Dalton et al. [43] suggest
that changes in cognitive performance do not explain the impact of financial stress on risk
preferences. It has also been reported that the interacting mechanisms of poverty, cognitive
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load, and intuitive decision making might contribute to the poor’s tendency to risk less for
a probable profit while risking more in the case of a possible loss [20,24].

Moving on to time preferences, individuals often show a strong attachment to the
present. Present bias describes the tendency to more often assess a smaller but immediate
reward, versus a larger, future reward, degrading or completely ignoring the long-term
adverse effects of current choices or decisions [15,44]. In particular, economically vul-
nerable households” willingness to delay gratification is claimed to be lower [27,45] as
they seem to prefer to experience an immediate improvement, leaving any consequences
for later. Due to higher cognitive load, lesser self-control (increased impulsivity), and an
inclination to use intuitive decision-making processes, those living in poverty are more
likely to seek smaller, early rewards that bring short-term satisfaction [18]. In literature,
this behavior is characterized as “Time Myopia” (Myopia or Tunnel Vision) and usually
describes an inconsistent behavior in time (time inconsistency) [46]. This inconsistency
lies in the fact that short-term preferences tend to contradict the long-term ones, creating a
“preferential dimension” between the present and the future self. The impact of present bias
on vulnerable households does not imply that poor individuals have different hardwired
time preferences than the rich, but it underlines the fact their impulsive self may more
easily affect behavior due to a cognitive load associated with poverty [39]. For instance,
Carvalho et al. [47] showed that financial stability is linked to a willingness to wait for a
better payout and enhanced self-control.

In terms of status quo bias, financially vulnerable households, due to a strong fear
that a change might deteriorate their living standards, tend to prefer the current situation
despite its problems, and to the detriment of alternatives. Another factor that contributes
to procrastination is a sense of futility that nothing is going to change decisively despite
the taken actions, as documented by Skeffington and Rea [48]. Finally, the aforementioned
phenomenon of “Irony of Poverty” contributes in favor of status quo bias, as under the con-
stant fear that a wrong decision may lead to worse living standards, financially vulnerable
households feel more pressure to make the right decision [13,28,48].

A factor that is taken into consideration when studying bounded rationality is rational
inattention. In terms of energy efficiency, consumers’ limited attention may allow them to
undervalue the potential savings from a more energy-efficient product [15,49]. Regarding
the effect of rational inattention on decision making under poverty, systematic research
has been recently conducted with significant findings. In economics, the theory of rational
“inattention” deals with the effects of the cost of obtaining information in decision making.
When the information needed for a decision requires much effort to obtain, people tend to
make decisions based on incomplete information. Another aspect of rational “inattention”
is related to the tendency of individuals to become informed and to devote time to aspects
that are a priority for them and to neglect others [15,49]. Basic expenses and utility bills
do not require much attention or effort to handle when financial resources are sufficient.
Yet, in times of financial hardship, these costs may seem more immediate, pressing, and
difficult to manage. The most determining contributor to the loss of cognitive performance
is the mechanism of highly focused attentional capture due to scarcity conditions [20].
Surprisingly, scarcity-induced attention appears to have certain advantages. It may improve
resource or performance efficiency, a concept known as the “focus dividend” [26]. When
pressing needs are associated with control and restriction, restricted focus can lead to
enhanced self-control, with strong working memory capacity also increasing self-regulation,
according to several findings [18,50]. While some of this attention is purposeful and
profitable, according to Mani et al. [26], much of it is not. As cognitive capacity is finite, and
money-related thoughts consume some of it, mental “bandwidth” available for other tasks
is lowered. As a result, it is argued that poverty impairs poor people’s cognitive function,
affecting decision-making quality and decreasing productivity [19].

Individuals who are aware of the effects of scarcity on their decision making could opt
to make crucial decisions when they are cash-rich, thereby reducing the effects of scarcity.
There is currently no evidence that people are aware of the effects of scarcity on their
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cognitive function [19]. A factor that could prevent individuals from impulsive behaviors
when making financial or energy-related decisions is financial literacy. Financial literacy is
characterized as the ability to process economic data and make well-informed financial
planning decisions. It is composed of certain skills, attitudes, and behaviors that are linked
to economic aspects of living [18]. Although financial literacy has a direct impact on
economic decisions [51] and people with better financial literacy experience better financial
conditions [52], financial literacy education is frequently overlooked [18,51,53].

3. Survey Design and Statistical Analysis

To answer the main research question, the conceptual framework illustrated in Figure 1
was implemented.

Questionnaire survey

Subjective and
objective Energy
Poverty indicators

Information biases Market biases Behavioural biases

Non-vulnerable Vulnerable
households households

Tests of statistical

hypotheses

Conclusions and
recommendations

Figure 1. Conceptual framework of the study.

In particular, a questionnaire survey, which is detailed hereinafter, was designed to
investigate whether several biases are differentiated with energy vulnerability. The survey
was carried out between November 2020 and January 2021 within the framework of the
EU’s Horizon 2020 research and innovation program’s “STEP-IN—Using Living Labs to
roll out Sustainable Strategies for Energy Poor Individuals” initiative. One of the project’s
three Living Labs is located in Metsovo, a mountain settlement in which the survey was
conducted. Metsovo was selected as a typical mountainous settlement of Greece, located
in the mountainous range of Pindus, at 1100 m altitude. Mountainous societies have
proved to be some of the most vulnerable population groups of the country in terms of
energy poverty, having encountered considerably increased energy costs compared to
lowlands—at least the past 11 years of the financial crisis of the country—along with lower
incomes at the same time [54,55]. Indicatively, the annual energy costs of a residence
lying at 1000 m altitude are 85% higher compared to the respective costs at sea level in
Greece [56]. In this context, the case of Metsovo stands as a representative case study for
exploring energy vulnerability. The settlement of Metsovo has a total of 2503 residents, or
else 888 households, according to the last census of the Hellenic Statistical Authority that
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took place in 2011 [57]. In particular, 303 households participated in the survey through
personal interviews, which were conducted using a video platform due to the COVID-19
pandemic-related distancing measures.

The questionnaire of the survey included around 40 questions aiming to measure the
energy vulnerability risk of the participants and evaluate their susceptibility to informative,
market, and behavioral biases related to energy efficiency. In addition, the questionnaire
collected information about housing conditions, type of heating systems, quantitative data
about energy usage and expenditure, the impact of the COVID-19 pandemic on house-
holds’ energy consumption, and typical sociodemographic data. Finally, the questionnaire
included a choice experiment to reveal the preferences of households regarding energy
efficiency investments. The latter, however, is beyond the scope of this paper.

The energy vulnerability risk was measured using both subjective and objective
indicators. As far as the subjective indicators are concerned, survey participants were faced
with three commonly used questions [4,58], which are also included in the pan-European
Survey on Income and Living Conditions (EU-SILC):

1.  Inability to keep home adequately warm;
2. Arrears in energy bills (electricity and heating bills) over the last 24 months; and
3. Dwellings with leakages and damp/mold problems.

The three questions were asked in a binary “yes” or “no” format.

Regarding the objective indicators, the so-called “ten percent rule” [9] was estimated.
Data about households” income and energy bills were gathered on a monthly or annual
basis, including electricity and space heating. Using the collected information, the ratio of
actual energy expenses to household income was calculated.

To explore the informative, market, and behavioral barriers to energy efficiency,
the survey included a series of statements that have been also used in similar surveys
(e.g., [59-61], as follows:

e I donot have the financial means to take energy-saving actions (financial barrier).

e Lack of financial incentives (tax exemption, interest-free installments, subsidies, etc.)
prevents me from taking energy-saving measures (financial barrier).

e [ keep a systematic file and carefully check the electricity and heating fuel bills
(rational inattention).

e I systematically monitor the temperature of my house with a thermometer (rat-
ional inattention).

e  Every year—or more often, if needed—I take care of the heating system’s maintenance
(rational inattention).

e I am aware of my home appliances’ electricity consumption (incomplete/inade-
quate information).

e I am informed about the prices of electricity and heating fuel (incomplete/inade-
quate information).

e  Among different providers’ offers, it is really difficult for me to distinguish the most
advantageous one (incomplete/inadequate information).

e Iam more likely to take energy-saving actions if my friends, neighbors, or colleagues
do the same (social norms)

e Saving energy reduces the environmental impact caused by my household (pro-
environmental behavior).

Zai

Respondents were asked to indicate whether they “strongly agree”, “agree”, “dis-
agree”, or “strongly disagree” with each of the above statements. The answering options
“don’t know” or “won’t tell” were also available.

The survey also included two questions aiming to measure the participants’ present
bias and energy-related financial literacy. In particular, the first question was formulated
as follows:
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“Suppose an electricity provider offers two options for a 24-month (2 years) contract.
Option A offers the first two months free while option B offers a 10% discount for the
next 2 years. Which of the two offers would you choose?”

The participants were asked to choose between the two options. The first option offers
an 8.3% discount in advance and the second one offers a 10% discount for the next 2 years.
Therefore, the first option will be selected by respondents who tend to opt for immediate
rewards than higher ones in the future.

The second question was based on [62]. More specifically, respondents are presented
with two choices (in this case, refrigerators) that differ in the purchase cost and the annual
electricity consumption. The question examines whether the respondents can identify the
appliance that has the lowest total purchase and operating cost during its lifetime and is
framed, as follows:

“Suppose you need to replace your refrigerator. As a replacement, you can choose between
two alternatives that are identical in terms of design, capacity, and cooling system
efficiency. Refrigerator A sells for EUR 400 and consumes 300 kWh per year, while
Refrigerator B sells for EUR 500 and consumes 260 kWh per year. Assuming that the
electricity cost is 0.2 EUR/kWh and that both refrigerators have a lifespan of 10 years,
which of the two refrigerators has the lowest total purchase and operating cost during its
lifetime, in your opinion?

Refrigerator A

Refrigerator B

The two refrigerators have the same total upfront and operating cost
I don’t know/I cannot estimate the total cost”

In this case, the option that presents the lowest total costs is Refrigerator A.
Towards investigating whether energy-vulnerable households are more prone to
informative, market, and behavioral biases, the following statistical hypotheses were tested:

Hypothesis 1 (H1). Energy-vulnerable and non-vulnerable people face the same financial barriers.

Hypothesis 2 (H2). Energy-vulnerable and non-vulnerable people suffer equally from ratio-
nal inattention.

Hypothesis 3 (H3). Energy-vulnerable and non-vulnerable people are equally prone to inform-
ation bias.

Hypothesis 4 (H4). Energy-vulnerable people and non-vulnerable are affected the same by
social norms.

Hypothesis 5 (H5). Energy-vulnerable and non-vulnerable people demonstrate a similar pro-
environmental attitude.

Hypothesis 6 (H6). Energy-vulnerable and non-vulnerable people are equally exposed to pre-
sent bias.

Hypothesis 7 (H7). Energy-vulnerable and non-vulnerable people are equally energy-related
financial illiterate.

It is noted that the above statements represent the null hypothesis (Hp), i.e., that there
is no difference between energy-vulnerable and non-vulnerable people. To investigate the
survey hypotheses, i.e., whether a connection between energy vulnerability and certain
market, and behavioral biases exists, non-parametric tests were conducted. Specifically,
hypotheses H1 to H5 were tested using the Mann-Whitney [63,64] and Kruskal-Wallis [65]
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tests, and the remaining hypotheses (i.e., H6 and H7) were examined using Pearson’s Chi-
square Test of Independence [66]. The Mann—-Whitney test (also known as Wilcoxon rank-
sum test) investigates the hypothesis that two independent samples are from populations
with the same distribution. The Kruskal-Wallis test is a generalization of the Mann—
Whitney test for more than two independent samples. The Pearson’s Chi-square test of
independence is used to test whether two categorical or nominal variables are associated
or not.

4. Results
4.1. Household, Housing, Heating System Characteristics and Energy Costs

A total of 303 houses took part in the socio-economic survey, with the majority (59.3%)
consisting of three or more people, 24.5% consisting of two people, and 12.6% consisting
of single-person families. Men make up 65% of the sample, while women make up 35%.
The elderly (those over 65 years old) account for 21.6% of the population. Around 67% of
the population is between the ages of 30 and 64, with the rest between 18 and 29 years old.
As regards to marital status, the majority (62.6%) are married or cohabitate with a partner,
23.8% are unmarried, 8.6% are widowed, and the rest declare separated, divorced, or
living with a friend /relative. Approximately half of the participants (44.9%) had access to
post-secondary education. Roughly 15% have not completed high school, 26% interrupted
their education before graduating from senior high school, 14.5% have completed a 2-year
vocational degree, 37% have a three-, four-, or five-year degree, and about 10% have an
MSc or Ph.D. degree. In terms of employment, 64.4% are employed (31.9% are full-time
and 32.5% are part-time employees) and 32.5% are retired. The average annual income per
household is EUR 16,560 (std. dev.: 8600). According to the responses given, 54.5% of the
participants manage to make ends meet on current income, 15.5% live comfortably, and
9.4%, on the other hand, are struggling to make ends meet.

The majority of residences (around 55%) are apartments, 37% are detached houses,
and the rest are maisonettes. Regarding the total floor area, about 87% of the residences
are less than 120 m?, 10.3% of the residences are between 121-160 m?, and the rest (2.07%)
are over 160 m2. Nearly 6% have two rooms or less, 13% have three rooms, 60.9% have
four to five rooms, and the rest have more than five rooms, except bathrooms and storage
rooms. Finally, the vast majority of houses (91.7%) have up to two floors and 63.3% of the
participants live on the first floor.

Approximately 60% of the residences were built before 1980, 22% between 1980 and
1990, and the remaining after 1990 (about 6% during the past 20 years). Considering that
the first Insulation Regulation in Greece was enacted in 1980, it appears that the lack of
fundamental building insulation criteria is a major issue in the municipality of Metsovo
(almost 60% of the dwellings were built before 1980).

Diesel oil and woods/pellets (42% and 35%, respectively) are the most common
heating fuels among the residences that participated in the study (Figure 2). In detail,
oil-fired central heating systems are used by 42% of houses, firewood and pellets central
heating systems are used by 35%, wood or pellet-fired stoves are used by 18%, and other
systems (e.g., air conditioning units, heat accumulators and fireplaces) are used by the
remaining households (Figure 1). Another drawback with Metsovo’s heating systems
is that the energy systems (mostly diesel oil central heating systems) are outdated. The
average age is 20.5 years. This element has a negative impact on energy efficiency and fuel
consumption. The respondents, on the other hand, said that they maintain their heating
systems regularly.

The survey provided findings regarding energy expenditure. Due to the general harsh
climatic conditions, thermal energy accounts for the majority of energy costs. Heating ex-
penditures account for approximately 69.5% of yearly energy costs, with electricity account-
ing for the remaining 30.5%. The average energy costs per home are mentioned below:

e  Average annual energy cost for heating per household: around EUR 2000.
e  Average annual energy cost for electricity per household: around EUR 890.
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Primary Heating System

Other m
Electric Heater
Storage Heaters 1
Air Conditioning
Gas Heater 1
LPG Gas Heater
Wood burning stove/ Pellets e — ——
Energy Fireplace m
Fireplace =
Wood- Fired/ Pellets
LPG central heating mm
Diesel oil central heating

0% 10% 20% 30% 40% 50%

Figure 2. Primary heating systems used in Metsovo.

In total, the average yearly energy cost for heating and electricity per home is roughly
EUR 2860.

More specifically, 51% spend between EUR 1000 and EUR 2000 per year on heat-
ing, 29% spend between EUR 2000 and EUR 3000 per year, and smaller portions invest
less (less than EUR 1000 per year) or more (more than EUR 3000 per year), i.e., 9% and
11%, respectively.

Another useful finding has to do with the category of energy expenses depending on
the kind of fuel used for heating. Diesel oil remains the most expensive heating fuel due to
high taxes:

Average annual expenses for oil-fired central heating system: EUR 3300.

Average annual expenses for wood-fired central heating system/pellets: EUR 2700.
Average annual expenses for LPG central heating system: EUR 2500.

Average annual expenses for wood-burning stove/pellets: EUR 2100.

Average annual expenses for electric heater: EUR 4800.

Average annual expenses for accumulators: EUR 6500.

Average annual expenses for fireplace: EUR 900.

Average annual expenses for energy fireplace: EUR 2650.

4.2. Energy Vulnerability

The answers provided by the households that participated in the survey are illustrated
in Figure 3. Nearly 30% of the households stated that they are unable to keep their homes
warm enough in the winter, exceeding by far the Greek average at the country level (16.7%)
according to EU-SILC survey 2019 data [67]. Moisture/mold problems are reported by
34% of the households, which again exceeds by far the Greek average at the country level
(12.3%). The percentage of households that reported arrears in energy bills is rather low, i.e.,
10%, and lower than the country’s average. This is attributed to the fact that heating fuels
(diesel, wood, LPG) are always paid in cash; otherwise, suppliers will refuse to supply fuel.

Finally, using the “ten percent rule”, approximately 83.5% of the households (based on
236 valid observations) are characterized as energy poor. The mean energy cost-to-income
ratio is 21.3% (5% trimmed mean: 20.7%; std. dev.: 12.3%) and the median 18.9%. Figure 4
presents the Kernel density estimate of the energy cost-to-income ratio.

4.3. Behavioral Perspectives

The overall responses regarding the behavioral statements are presented in Figure 5.
As regards to financial barriers, more than 80% of the participants state that they do not
have the means to proceed to energy efficiency interventions and the vast majority (more
than 90%) claim that the state should better help financially vulnerable households take
energy-saving actions, reporting the lack of financial incentives.
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Qualitative indicators of energy poverty

0,
Arrearsin the payment of energy bills 90%
10%
5 71%
I | k f A
Moisture / mold appears on walls / ceilings 66%
/ floors 34%

0% 20% 40% 60% 80% 100%

mNo mYes

Figure 3. Energy poverty qualitative indicators in Metsovo.

Kernel density estimate

T
0 0.2 0.4 0.6 0.8
Energy cost to income ratio
kernel = epanechnikov, bandwidth = 0.0358

Figure 4. Kernel density histogram of energy expenditure to income ratio.

As mentioned, consumers tend towards rational inattention if an action requires time,
effort, or both [14]. This tendency can often be observed in the way households keep track
of their energy bills and in their lack of commitment to taking energy-saving actions. When
asked, in total, 82% of the households claim to keep a systematic file and carefully check
the energy bills. In addition, about 87% claim to systematically monitor the temperature of
their house by using a thermometer, and a rather high number, 93%, claim to take care of
their heating system’s maintenance once a year, or even more often if needed.

In the case of vulnerable households, chronic stress in combination with limited free
time may allocate attention to other matters of a seemingly higher priority and may inhibit
obtaining information and gaining knowledge for energy-related matters. Among the
households that participated in the survey, about 80% declare being aware of their home
appliances’ electricity consumption and, in total, about 90% declare being informed about
the price of electricity and heating fuel. Finally, about 60% state that it is difficult for them
to distinguish the most advantageous one among different providers’ offers.

Social norms also form a powerful cognitive shortcut. Extensive evidence shows that,
given the limited cognitive capacity, decisions are affected by what others do. Obtaining
this kind of information provides a reference point against which people can compare
options when they are unsure about what to do [13,15]. In total, above half (about 55%)
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of the participants stated that are more likely to proceed to an energy-saving investment
if their friends, neighbors, or colleagues do the same, while around 30% claim not to be
affected by what others do.

Behavioral statements

1am aware of my home appliances' electricity consumption

I do not have the financial means to take energy saving actions

Every year - or more often if needed- | take care of the heating
system's maintenance

1am more likely to take energy saving actions if my friends,
neighbors or colleagues do the same

Among different providers' offers, it is really difficult for me to
distinguish the most advangeous one

I am informed about the prices of electricity and heating fuel
Lack of financial incentives prevents me from taking energy saving

measures

Saving energy reduces the environmental impact caused by my
household

| systematically monitor the temperature of my house with a
thermometer

| keep a systematic file and carefully check the electricity and
heating fuel bills

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Don't know/No response  m Strongly Disagree  m Disagree Agree  mStrongly Agree

Figure 5. Behavioral statement responses.

Similarly, pro-environmental beliefs also affect energy-efficient decisions [14,59]. The
more environmentally conscious the consumer is, the more likely she/he is willing to
take energy-saving actions. In general, it is argued that socio-economic status is positively
correlated with pro-environmental behavior [68]. Yet, it is not always easy to separate
self-efficacy and income restrictions when examining the pro-environmental behavior of
low-income households [69]. In this survey, about 90% of the respondents agree that saving
energy contributes to the reduction in the environmental impact.

Regarding the present bias, as illustrated in Figure 6, a rather small number of the
respondents (18%) tend to systematically overvalue the present compared to the future, by
choosing option A (option A offers immediate financial benefit, while option B provides
higher benefits in the future).

Present bias investigation

Option " -
Option ’ _

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Figure 6. Investigating present bias among respondents.
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A rather high number of participants (65.3%) chose refrigerator B, probably because
of the lower operational cost (Figure 7). However, the total purchase and operating cost for
refrigerator A are lower than that of refrigerator B, providing evidence of energy-related
financial illiteracy. In total, only 22.4% of the participants responded correctly to the
question, considering also that 4% said that the two refrigerators have the same total cost
and 8.3% claimed that they did not know how to calculate the total cost (Figure 7).

Enery literacy investigation

The two refrigerators have the same total cost .

retigeraor s
Refrigerator A || NI

Don't Know/ | can not do the calculation -
0% 10% 20% 30% 40% 50% 60% 70%

Figure 7. Investigating energy-related financial literacy among respondents.

4.4. Energy Vulnerability and Behavioral Biases

7

The following figures (Figures 8-15) summarize the responses given in the “bias”
questions by energy vulnerability for each of the subjective and objective indicators.

For conciseness reasons, only the findings of the statistical tests are discussed hereinafter.
The analysis is presented by statistical hypothesis to facilitate the drawing of conclusions.

Inability to keep house warm

1 am aware of my home appliances' electricity consumption

| do not have the financial means to take energy saving actions

Every year - or more often if needed- | take care of the heating
system's maintenance

| am more likely to take energy saving actions if my friends,
neighbors or colleagues do the same

Among different providers' offers, it is really difficult for me to
distinguish the most advangeous one

1 am informed about the prices of electricity and heating fuel

Lack of financial incentives prevents me from taking energy saving
measures
Saving energy reduces the environmental impact caused by my
household
I systematically monitor the temperature of my house witha
thermometer

| keep a systematic file and carefully check the electricity and heating
fuel bills

0.
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o
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o
=
w
N
(=]
N
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HNo HYes

Figure 8. Behavioral statements by energy-vulnerable and non-vulnerable households—*inability to
keep house adequately warm” indicator.
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Arrears in energy bill during the last 24 months

| am aware of my home appliances' electricity consumption

1 do not have the financial means to take energy saving actions
Every year - or more often if needed- | take care of the heating
system’s maintenance

I am more likely to take energy saving actions if my friends,
neighbors or colleagues do the same

Among different providers' offers, it is really difficult for me to
distinguish the most advangeous one
| am informed about the prices of electricity and heating fuel
Lack of financial incentives prevents me from taking energy saving
measures
Saving energy reduces the environmental impact caused by my
household

| systematically monitor the temperature of my house with a
thermometer

| keep a systematic file and carefully check the electricity and heating

fuel bills
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Figure 9. Behavioral statements by energy-vulnerable and non-vulnerable households—*arrears in
energy bills” indicator.

Moisture / mold appears on walls / ceilings / floors

| am aware of my home appliances’ electricity consumption

I do not have the financial means to take energy saving actions

Every year - or more often if needed- | take care of the heating
system’s maintenance

1 am more likely to take energy saving actions if my friends,
neighbors or colleagues do the same

Among different providers' offers, it is really difficult for me to
distinguish the most advangeous one
I am informed about the prices of electricity and heating fuel
Lack of financial incentives prevents me from taking energy saving
measures
Saving energy reduces the environmental impact caused by my
household
| systematically monitor the temperature of my house with a
thermometer
| keep a systematic file and carefully check the electricity and
heating fuel bills
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Figure 10. Behavioral statements by energy-vulnerable and non-vulnerable households—"dwellings
with leakages and damp/mold problems” indicator.

| am aware of my home appliances' electricity consumption

I do not have the financial means to take energy saving actions

Every year - or more often if needed- | take care of the heating
system’s maintenance

1 am more likely to take energy saving actions if my friends,
neighbors or colleagues do the same

Among different providers' offers, it is really difficult for me to
distinguish the most advangeous one
| am informed about the prices of electricity and heating fuel
Lack of financial incentives prevents me from taking energy saving
measures

Saving energy reduces the environmental impact caused by my
household
| systematically monitor the temperature of my house with a
thermometer

| keep a systematic file and carefully check the electricity and
heating fuel bills

0.0 10 20

[
o
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Y

"10% rule" classes MOver 50% ™ 30%-49% M20%-29% ™10%-19% ™0-9.9%

Figure 11. Behavioral statements by energy-vulnerable and non-vulnerable households—"ten percent
rule” indicator.
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Yes

Arrearsin the payment of energy bills No

Yes
Inability to keep house warm No

Yes
Moisture / mold appears on walls / ceilings / floors No

| | |
0% 20% 40% 60% 80% 100%
M Option A m Option B

Figure 12. Present bias investigation by energy-vulnerable and non-vulnerable households—
subjective indicators.
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Figure 13. Present bias investigation by energy-vulnerable and non-vulnerable households—*“ten
percent rule” indicator.

Arrears in the payment of energy bills

Inability to keep house warm

Moisture / mold appears on walls / ceilings / floors

0% 20% 40% 60% 80% 100%
m Don't Know/ | can not do the calculation m Refrigerator A
m Refrigerator B = The two refrigerators have the same total cost

Figure 14. Energy-related financial literacy investigation by energy-vulnerable and non-vulnerable
households—subjective indicators.
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o Over50% 22.2% 22.2% 33.3% 22.2%
=

T 30%49% 6.3% 28.1% 65.6% 0.0%
o
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N
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=
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Don't Know/ | can not do the calculation Refrigerator A

Refrigerator B The two refrigerators have the same total cost

Figure 15. Energy-related financial literacy investigation by energy-vulnerable and non-vulnerable
households—“ten percent rule” indicator.

4.4.1. Energy Vulnerability and Financial Barriers

According to the Mann-Whitney test, those who cannot keep their houses adequately
warm (U = 6796, p = 0.000) and have arrears on energy bills (U = 3109, p = 0.025) face a
lack of financial means that prevents them from taking energy-saving actions compared to
those who do not have these difficulties. On the contrary, there is no statistically significant
difference at the 5% level between those reporting and not reporting moisture or mold
problems (U = 8961, p = 0.081).

Furthermore, energy vulnerability determined by the “ten percent rule” also seems
to be connected with the existence of financial barriers to improving energy efficiency.
The null hypothesis of the Kruskal-Wallis test (i.e., the samples originate from the same
distribution) is rejected (x? =27.481,df = 4, p = 0.000). As expected, the higher the mean
energy cost-to-income ratio the higher the median value for the financial barriers statement.

Considering both the subjective and objective indicators, the results show that there is
no statistically significant difference across energy-vulnerable and non-vulnerable house-
holds as far as the role of financial incentives to energy-saving measures is concerned.

Based on the above results, H1 is partially established.

4.4.2. Energy Vulnerability and Rational Inattention

Energy vulnerability measured through the “dwellings with leakages and damp/mold
problems” indicator is not associated with rational inattention (the null hypothesis for the
Mann-Whitney test could not be rejected). On the other hand, rational inattention differs
between those who report or do not report the inability to keep their house adequately
warm. More specifically, those who live in a house that is not warm enough are less
likely to keep a systematic file and carefully check the electricity and heating fuel bills
(U = 6502, p = 0.000) or monitor the temperature inside their house (U = 7451.5, p = 0.001).
Nevertheless, no statistically significant difference exists in the maintenance of the heating
system. Those who are in arrears on energy bills do not differ from those who do not
face such difficulty, as regards to the monitoring of the energy bills or the temperature
of the house. However, there is a statistically significant difference (U = 3145, p = 0.028)
when examining the heating system’s maintenance. Households in arrears on energy bills
are less careful in maintaining their heating system. Yet, this finding should be seen with
caution because the size of the “arrears on energy bills” group is relatively small (about
30 observations).
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The null hypothesis for the Kruskal-Wallis test is rejected when testing the “ten
percent rule” against the systematic filing of energy bills (x*> = 30.031, df = 4, p = 0.000)
and the monitoring of the indoor temperature (x* = 19.71, df = 4, p = 0.001). Those who
spend a larger share of their income to cover their energy needs suffer more from rational
inattention. However, rational inattention does not affect the maintenance of heating
systems (x2=1.942, df = 4, p = 0.746).

Allin all, H2 is also partially confirmed.

4.4.3. Energy Vulnerability and Information Bias

The hypothesis that households” awareness about the electricity consumption of
household appliances and the prices of electricity and heating fuels and the ability to
compare offers from different energy providers, is affected by the energy vulnerability
is not confirmed for the “dwellings with leakages and damp/mold problems” indicator
(the null hypothesis of the Mann-Whitney test cannot be rejected). As regards to the
“inability to keep home adequately warm” indicator, the results show that vulnerable
households suffer more from information bias. More analytically, the null hypothesis for
the Mann-Whitney test is rejected when exploring the awareness about the electricity
consumption of household appliances (U = 7764.5, p = 0.050) and the prices of electricity
(U =7620, p =0.020). It cannot be rejected, however, when investigating the ability to
compare alternative offers (U = 6517.5, p = 0.600). Households who are in arrears on their
energy payments are less aware of household appliances’ energy consumption (U = 3094.5,
p = 0.046). Yet, they are as aware as other households of the prices of electricity and heating
fuels and capable of comparing alternative offers from energy providers.

Concerning the “ten percent rule”, the null hypothesis for the Kruskal-Wallis test
cannot be rejected for any of the three statements.

In general, H3 is valid only for households that may not be able to keep their homes
warm enough.

4.4.4. Energy Vulnerability and Social Norms

Social norms seem to be completely unrelated to energy vulnerability. The null hy-
pothesis that the beliefs of energy-vulnerable and non-vulnerable households are from
populations with the same distributions cannot be rejected for any of the subjective indica-
tors or the objective indicator (i.e., the “ten percent rule”).

Therefore, H4 cannot be validated.

4.4.5. Energy Vulnerability and Pro-Environmental Attitude

The hypothesis that energy-vulnerable people demonstrate a less pro-environmental
attitude is validated (i.e., the null hypothesis for the Mann—-Whitney test is rejected) only
for the “inability to keep home adequately warm” indicator (U = 6830, p = 0.004).

Thus, it could be argued that the findings do not support H5.

4.4.6. Energy Vulnerability and Present Bias

As regards to the “dwellings with leakages and damp/mold problems” indicator, the
null hypothesis (i.e., there is no relationship between energy vulnerability captured through
this specific indicator and present bias) for the Pearson’s Chi-square Test of Independence
cannot be rejected (x? = 0.503, df = 1, p = 0.478). Yet, the null hypothesis is rejected for the
other two subjective indicators (“inability to keep home adequately warm”: x? = 5.192,
df =1, p = 0.023; “arrears on energy bills”: x2 = 16.626, df =1, p = 0.000), suggesting
that there is a significant relationship between two factors, namely energy vulnerability
and present bias. More specifically, energy-vulnerable people (according to these specific
indicators) more frequently select Option A, which offers an immediate but lower reward,
confirming that they are more susceptible to present bias.
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Turning to the “ten percent rule” indicator, the statistical test is in favor of the null
hypothesis, i.e., there is no relationship between energy vulnerability and present bias
(x*>=3.10,df = 4, p = 0.541).

Again, the results are mixed and, therefore, H6 is only partially established.

4.4.7. Energy Vulnerability and Energy-Related Financial Illiteracy

Similar to the case of present bias, the results show that there is no relationship between
energy vulnerability and energy-related financial illiteracy regarding the “dwellings with
leakages and damp/mold problems” indicator (x> = 1.179, df = 3, p = 0.758) and the
“ten percent rule” indicator (x? =16.617, df = 12, p = 0.075). The null hypothesis for the
Pearson’s Chi-square Test of Independence is rejected again for the “inability to keep home
adequately warm” (x> = 9.984, df = 3, p = 0.019) and “arrears on energy bills” indicators
(x? = 15.510, df = 3, p = 0.001). The percentage of energy-vulnerable people who opted for
Refrigerator B was lower than that of the non-vulnerable (59.1% against 68.1% and 43.3%,
against 68.4%, for the “inability to keep home adequately warm” and “arrears on energy
bills” indicators, respectively).

Hence, H7 is also partially confirmed.

5. Discussion and Conclusions

The present study aimed to investigate whether energy-vulnerable households are
more prone to informative, market, and behavioral biases, and to the authors’ best knowl-
edge, this is the first attempt to investigate these issues through a primary survey. More
specifically, the survey was designed to test the following hypotheses:

Hypothesis 1 (H1). Energy-vulnerable and non-vulnerable people face the same finan-
cial barriers.

Hypothesis 2 (H2). Energy-vulnerable and non-vulnerable people suffer equally from
rational inattention.

Hypothesis 3 (H3). Energy-vulnerable and non-vulnerable people are equally prone to
information bias.

Hypothesis 4 (H4). Energy-vulnerable people and non-vulnerable are affected the same
by social norms.

Hypothesis 5 (H5). Energy-vulnerable and non-vulnerable people demonstrate a simi-
lar pro-environmental attitude.

Hypothesis 6 (H6). Enerqy-vulnerable and non-vulnerable people are equally exposed
to present bias.

Hypothesis 7 (H7). Enerqy-vulnerable and non-vulnerable people are equally energy-
related financial illiterate.

According to previous research efforts linked to the effect of different barriers on deci-
sion making related to energy efficiency investments, many factors influence households’
energy use behavior, from demographics to cognitive skills to understand the information
received [70]. As far as financial barriers are concerned (H1), many households claim that
they lack the capital to invest in new energy-efficient technology as the upfront cost is
too high, or that they have limited access to loans [71-76]. In line with these findings, a
negative correlation was found between the inability to afford energy-efficient appliances
and high performance in energy-related decision making [71]. Moreover, in accordance
with hypothesis statements H2-H6, there are many behavioral barriers affecting decision
making that have been identified in the literature. Firstly, concerning rational inatten-
tion and information bias (H2 and H3), house owners may be unaware of the need for
energy efficiency, not care about their electricity bills [77], or are just unwilling to make
changes [73,76,78]. Furthermore, when it comes to information bias, it is claimed that
information previously assessed as relevant for one’s worries is prioritized in memory,
having a greater influence on current decision making [79]. Moving on to the impact of
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social norms (H4) on energy-related decision making, individuals are reported to weigh the
actions of their social peers when investing in a new energy technology [76,78]. Neverthe-
less, when it comes to buying energy-efficient appliances, the findings reveal that the peer
impact is not that strong [59] or is negatively correlated with high-performance decision
making [71]. One of the social norms that households tend to avoid violating is that of
pro-environmental behavior [79], which leads to the next hypothesis. In a recent study
on energy-efficient investments, the regression models showed that pro-environmental
behavior is positively connected with higher performance in energy decision making [71].
Consistent with the abovementioned finding, strong evidence is reported that households
consider the environmental externalities of energy use, which may lead to a preference for
more ecologically friendly energy options [59]. Concerning H6, many surveys have been
previously conducted in order to measure the impact of time preferences on energy use
behavior. According to related studies, the high initial cost of energy-efficient equipment
mitigates efforts to promote energy efficiency [77]. In addition, households tend to weigh
more the losses of an energy-efficient investment in the present than the future electric-
ity savings [80-82]. Finally, in terms of energy literacy, findings from previous research
have shown that more than 60% of the survey respondents were unable to estimate the
exact amount they spend each year on the electricity utility for the operation of their
appliances [71].

According to the present study, hypotheses H4 and H5 cannot be validated, whereas
all other hypotheses are partially validated. In almost all statistical hypotheses tested, the
subjective indicator “dwellings with leakages and damp/mold problems” does not seem to
affect the results. This is probably because most of the houses in the study area are old, not
well insulated and, in addition, the local climate is conducive to the presence of moisture
and mold problems inside the houses. The same applies, more or less, to those households
identified as energy vulnerable under the “ten percent rule”. The proportion of households
considered to be in energy poverty under the “ten percent rule” is particularly high in
the survey area (83.5%) due to the high heating costs. Therefore, this objective indicator
does not facilitate the separation of households into vulnerable and non-vulnerable for
this survey.

Those who live in a house that is not warm enough seem to face greater financial
barriers are less careful in maintaining their heating system and are more susceptible to
information bias, present bias, and energy-related financial illiteracy. In other words, these
households seem to be more prone to informative, market, and behavioral biases. This
finding is probably related to the fact that households that are unable to keep their home
sufficiently warm are, in general, in the low-income bracket in the study area. The same
behavior is observed, more or less, in households that have fallen behind on their energy
bills. Yet, these findings should be seen with caution because the size of the “arrears on
energy bills” group is relatively small (about 30 observations).

Based on the above remarks, a conclusion that emerges from the present study is
that the income status of the household seems to play a greater role in behavioral and
other biases compared to its classification as energy vulnerable, but this conclusion is not
universal. As mentioned, some commonly used indicators, such as the “ten percent rule”,
cannot satisfactorily distinguish between energy-vulnerable and non-energy-vulnerable
households in the study area. However, these conclusions need to be confirmed by future
research. To date, there are a plethora of studies on how poverty affects people’s decision
making, but the research specifically on energy poverty is extremely limited. In this
direction, future research should investigate the role of market, behavioral, and other
biases through appropriately designed choice experiments, extending the research of [71].
Additionally, this research focused on a mountainous settlement since, as mentioned,
mountainous areas are particularly vulnerable to energy poverty. Thus, the findings of the
survey should be tested through complementary research in urban populations. Finally,
future research may focus on cognitive domains that were not thoroughly addressed in
this research, such as loss and risk aversion.



Societies 2021, 11, 126

19 of 22

In any case, however, the findings are worrisome. In general, energy-vulnerable
households are low-income households (or under poverty) and, therefore, without tailor-
made support, they may face greater difficulties in making the right decisions towards
reducing their energy costs or improving their quality of life (e.g., their thermal comfort).
The current policy measures do not help households in this direction. Indicatively, as
regards to the heating allowance policy applied by 2012, and despite the new and more
reasonable methodology introduced for quantifying subsidies during the last heating
period (2020-2021), the amounts of fuels subsidized are considered inadequate and the
beneficiaries” income and property criteria are restrictive. For example, a household
dwelling in Metsovo spends about EUR 2000 annually on heating; given that this household
has to spend on fuel at least double the amount of the subsidy to finally obtain it, a great
economic burden remains. Hence, households with increased thermal energy needs and
low-income households should be encouraged to purchase home heating fuels at lower
prices, irrespective of their consumption or property criteria.

In addition, a large part of the electricity bill is composed of taxes, levies, and charges
related to sources other than energy, i.e., municipal taxes and duties, the real estate tax,
and the countervailing duty for the Hellenic Broadcasting Corporation ERT S.A. (the
state-owned public television and radio broadcaster for Greece). These kinds of charges
included within the electricity bill create great confusion to consumers, especially energy-
vulnerable ones, affecting their susceptibility to informative and behavioral biases. Hence,
the subtraction of these charges is considered another essential direction.

Moreover, effective motivation for improving the energy efficiency of residences is
considered a key policy measure, since energy efficiency is one of the most decisive factors
for reducing energy costs. Even more, low-income households are usually unable to invest
in energy efficiency. However, the energy efficiency program for new buildings adopted
by the government during the past year failed to effectively support households, as the
online application system with a very strict submission timeframe—along with the priority
time order adopted—excluded thousands of households from the very first moments
of registering to the program. All in all, there is a need to design more targeted and
more effective policies to support energy-vulnerable households, taking into account the
difficulties in making rational decisions due to market, information, or behavioral barriers.
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