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Abstract: We examine the motivations behind the electrical energy conservation and smart man-
agement at households to verify whether we are observing an ecological breakthrough, or a mere
continuation of the well-trodden consumption-growth path. We conducted an online survey in
France, Spain, Italy, and Denmark (n = 3200) on the subject of electricity use and generation. We
utilized a generalized structural equation model to simultaneously test the direct reasons behind dif-
ferent energy-use behaviors and intentions, as well as their motivating factors. Measures to conserve
electrical energy and install renewable energy equipment are not solely driven by ecological concerns;
a crucial role is played by openness to new technologies, which correlates with high financial status.
Saving electrical energy and new-tech eagerness go hand-in-hand with attachment to consumption
and comfort. Social environment is relevant, as it allows users to converse about electricity saving
with friends, and to observe their habits. Individuals may aim not to consume less energy, but to
enhance their standards of living by economizing energy to fund other purchases, which limits
the reduction in carbon footprint. Increasing the popularity of energy-saving solutions, therefore,
might prove insufficient in the face of environmental threats and the challenges of transforming the
energy market.

Keywords: attachment to consumption; energy usage flexibility; motivations; reducing greenhouse
gas emissions; smart grid solutions; social networks

1. Introduction

The importance of energy efficiency rises with time. Progressively more attention is
being paid to minimizing the energy consumption of buildings and electrical appliances,
and in the fuel consumption of vehicles. The need to use energy more efficiently is caused by
both the climate crisis, resulting from anthropogenic greenhouse gas (GHG) emissions [1]
and by limited availability of traditional energy sources that can be obtained in a cost-
effective manner [2]. Both of these pressures will increase in the future. Despite efforts by
the international community to reduce the scale of GHG emissions (Kyoto Protocol 1997;
Paris Agreement 2015), global consumption of fossil fuels is increasing, and the risk of
dangerous consequences of climate destabilization is growing [3]. Additionally, there is a
threat that the availability of fossil fuels may begin to decline rapidly in the coming decades,
due to the exponentially increasing cost of extraction of these fuels, further reducing the
available time to transition the economy to new energy sources [4].

In this article, we deal with electrical energy because it is the part of the energy industry
that is currently undergoing the greatest transformation. Increasingly, decarbonization
efforts are focusing on electrical energy and it is assumed that GHG reductions will occur
by gradually replacing more energy sources with low-carbon electricity [5]. For example,
the European Green Deal sets a target for European Union countries to reduce GHG

Energies 2021, 14, 6829. https://doi.org/10.3390/en14206829 https://www.mdpi.com/journal/energies

https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0002-5430-0485
https://orcid.org/0000-0002-1920-6565
https://doi.org/10.3390/en14206829
https://doi.org/10.3390/en14206829
https://doi.org/10.3390/en14206829
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/en14206829
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en14206829?type=check_update&version=2


Energies 2021, 14, 6829 2 of 21

emissions by 55% by 2030 (vs. 1990 level) and completely by 2050, and 40% of energy
consumed by 2030 is to be from renewable sources (vs. 21% in 2021). To meet such
ambitious goals, future electrical energy systems must be better integrated with consumer
behavior, and expertise from various domains must work in combination [6]. In the case
of such a complex problem, relying solely on the research of a single discipline is rarely
sufficient to develop an effective response [7,8]. The example of the transformation of two
neighborhoods in the north of England from energy consumers to energy positive ones
shows that a comprehensive approach that combines technological solutions with social
conditions can be effective [9]. Therefore, we have adopted an interdisciplinary perspective,
with consideration to economic, sociological, psychological, and technological concerns.

We look at measures that reduce household electricity demand and limit the load
on the electric grid by shifting some demand from peak grid load hours to another time
(DSM—Demand-side flexibility). Households can reduce their electric energy requirements
by replacing appliances with less energy-intensive ones, by changing the way they use
existing appliances, by enhancing thermal insulation of a building, by installing their own
energy generation equipment, or by consuming less [10]. It is also possible to reduce
electricity consumption by increasing the use of other sources of energy (e.g., heat from a
combustion furnace), but we consider here actions leading to a reduction of the demand for
energy supplied to the household, either by using it more efficiently or by self-generation
of part of the energy with renewable sources. Individual consumers can also reduce their
burden on the power grid by shifting their electric energy use away from peak hours. This
flexible approach to electric energy consumption is of increasing importance in view of the
growing share of renewable energy that is generated in fluctuating amounts, depending on
current weather conditions [11].

Our main area of interest is the energy users’ motivation behind the measures listed
above. After reviewing the literature on electricity saving in households, we observe
that there are a host of motives for such behavior [12]. Electrical energy conservation
can be inspired by ecology—a desire to reduce one’s carbon footprint, for instance [13].
Another reason is financial—namely, to reduce energy expenditure [14]. An interest in
technology and the desire to own the latest products also play a role. The influence of
the social environment is relevant to the discussion, including existing norms of behavior,
as well as the values of and actions taken by family and friends [6,15]. Some studies
reported the high awareness of individual energy consumers about the seriousness of
the challenges of the climate crisis, and showed that at least part of the society may be
ready to contribute part of their income to climate change mitigation policies [16,17]. Their
motivations, however, can differ significantly: individuals might focus less on ecology and
climate protection, and be more eager to make monetary savings; they might have a passion
for technology; or, they might be conscious of the opinions of their peers. Understanding
the motivations behind electrical energy saving among individual consumers is essential
for the effective implementation and promotion of reforms to reduce the carbon footprint.
Actions to save on energy expenditure or install renewable energy production equipment in
residential homes might or might not be driven by the intention to reduce greenhouse gas
emissions [7,18]. Furthermore, such actions might fail to lead to actual reductions in energy
consumption and carbon footprint—particularly if individuals reduce energy expenditure
in order to redirect those savings into other consumption [19]. Increases in the popularity
of electrical energy saving actions accompanied by the perpetuation of the well-established
consumption-growth path might prove inadequate in facing the impending environmental
threats and the challenges of transforming the electrical energy market [20].

Our primary contribution to this discussion comprises consideration of the complex
set of motivations that could increase the popularity of green solutions for electricity con-
sumption and generation at households, in order to establish whether we are observing an
ecological breakthrough, or a mere continuance of the well-trodden consumption-growth
path. Most literature focuses on the determinants of electrical energy saving behaviors. We
expand upon this common approach by additionally taking into consideration electrical
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energy production and storage installations, as well as interest in smart grid solutions—
including those which complement the flexibility of electrical energy demand. Current
studies are primarily based on analyses of single countries, whereas this article utilizes
an original survey conducted on representative samples from Denmark, France, Italy,
and Spain.

Our research aim and main focus is to analyze the motivations behind electrical energy
conservation and smart management at the household level. This is an important topic
of investigation, as introducing new smart grid solutions on a common scale requires
acceptance and engagement of end users. We want to underline that a growth in energy
efficiency does not have to lead to a decrease in total electricity demand, which we un-
derstand both directly (as a lack of the decrease due to larger use of a higher number of
electrical energy-efficient devices in a household) and indirectly (using savings on electric-
ity to fund higher consumption of non-electrical goods which still need energy at the stages
of production and distribution). Therefore, it is crucial to distinguish between different
motivating factors. If individual actions are driven solely by finance and aim at higher
efficiency, it potentially leads to lower energy savings as the economizing on energy may
translate to a higher general consumption. However, if ecological motivation is the major
reason to save energy, households are more likely to reduce their total demand for electric
energy and thus their total GHG emissions.

1.1. The Paradox of Energy Efficiency and the Increase in Demand for Energy-Powered Services

Effectively reducing demand for electric energy is a complex subject, which reaches
well beyond the most commonly analyzed technological issues of energy efficiency and
grid stability. A number of studies and real-world applications demonstrate that the use
of technology to reduce energy demand through improved energy efficiency has limited
effectiveness on a macro scale [19,21]. Energy efficiency is an important contributor to
higher economic growth. This relationship is clearly demonstrated both by studies on
panel data [22,23] and on individual economies [24,25]. More efficient energy use alters
consumption patterns, and most often results in increased use of energy-demanding
equipment and services [26]. As a result, energy-saving measures often prove less effective
than anticipated, or, in some cases, have even proved counterproductive. This effect is
apparent, for example, in the automotive sector, where the increase in car energy efficiency
has not led to reduced fuel consumption, but to increased vehicle weight and engine
power [27,28]. Research in Japan also shows that more fuel-efficient hybrid cars cover
greater distances [29,30]. A similar phenomenon was observed by Wilson and Boehland
in single-family house construction in the USA, where the space occupied by one person
tripled from 1950 to 2004. For this reason, the increase in energy efficiency of the new
houses was more than offset by their larger size [31].

Already in 1865, William Stanley Jevons, in his renowned article, The Coal Question,
highlighted that the more efficiently coal is used, the larger the total demand for coal
becomes; and not, as was then commonly believed, the opposite. As the cost of operating
coal-powered steam engines decreased, they became more widely used, which led to a
rapid increase in demand for the technology, and, consequently, an increase in total coal
consumption [32,33].

Modern literature alludes to a similar phenomenon, known as the rebound effect.
Lower energy requirements increase the economic effectiveness of a given service or
technology, but simultaneously increase the demand for it [34–36]. This effect is stronger in
economies with high wages and low energy prices, when technological change also brings
other positive effects, such as time savings [34]. There is no consensus in the literature on the
significance of the rebound effect on the net effectiveness of energy-saving measures. Some
researchers believe that it is a phenomenon of minor importance [37]; others claim that
the rebound effect could be even greater than the scale of energy reduction [32,38]. Sorrel
estimates that for household energy services in OECD countries the rebound effect should
be below 30% [39], Brockway reports that the economy-wide rebound effect typically
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exceeds 50% [40]. Wei’s work, based on a computable general equilibrium (CGE) model,
estimates an even higher rebound effect, at a level of 70% [41].

From the point of view of this article, however, more important than the overall energy
balance are the motivations leading to measures to improve energy efficiency. William
Rees, commenting on the currently dominant measures to guarantee sustainable economic
development (green buildings, hybrid and electric cars, green consumerism) argues that
their fundamental problem is that they try to maintain the status quo by other means. He
believes that efforts to maintain a lifestyle typical of developed economies are doomed
to failure because this lifestyle is based on unsustainable values—the constant pursuit of
increasing wealth and meeting all needs, including those created by the market economy.
From this point of view, the weak point of efforts to increase energy efficiency is the
assumption that the ever-increasing needs must be met in a more energy-efficient manner,
without questioning the legitimacy of the needs themselves. Thus, by lowering the cost of
energy use, energy efficiency efforts increase the demand for energy-powered services and
strengthen dependency on their availability [42].

A similar criticism applies to measures that increase the elasticity of energy demand.
The daily, weekly, and annual time patterns of electrical energy use correspond to the social
rhythms of activity, shaped by decades of the development of modern societies [43,44].
Technology that increases the elasticity of energy demand, while maintaining a commitment
to enable the consumption of services with unchanged quality, fails to alter the established
patterns of behavior; thus, purely technological solutions make energy demand more
flexible, but do not modify demand for the conveniences that the energy enables. By
overlooking the importance of social arrangements and relationships, the current rhythm
of the use of energy-powered services is maintained, or even reinforced [45]. As a result,
the demand for services that require energy remains steady, or even increases [46]. This
leads to similar problems as described above in which improvements in the efficiency of
energy use may consolidate energy consumption patterns—or even increase, rather than
decrease, total energy consumption [33].

Both the rebound effect and the consolidation of the rhythm of electricity consumption
by demand-side technology are examples that the technological capacity to reduce energy
consumption alone is insufficient if consumers are not motivated to reduce their overall use
of electricity. Therefore, understanding the motivations of electricity users is important to
determine their acceptance potential for reducing the total level of electricity consumption,
and not only for using it more efficiently.

1.2. Factors Driving Energy-Saving Behaviors and Intentions

This section presents the chief determinants of actions and intentions pertaining to
energy saving that can potentially lead to reductions in energy consumption or increases
in the flexibility of energy demand.

1.2.1. Ecological Motivation Based on Environmental and Climate Awareness

Ecological awareness is frequently presented as a key instrument in reducing the
carbon footprint, by implementation of smart grid solutions and saving energy [47,48], the
installation of photovoltaic panels [49], and receptivity to ‘low-carbon energy’ ideas [50].
Research indicates that for a substantial portion of individuals, concern about the state of the
natural environment influences their energy use decisions significantly. Pro-environmental
behavior is often associated with altruistic values, a focus on how to reward others and
wider communities, and biospheric values in which individuals focus on the effects of
actions that have an ecological impact [51]. According to Schwartz, for those whose
decisions are guided by environmental factors, supplementing ecological solutions with
monetary rewards can even reduce their willingness to use them [52].
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1.2.2. Financial Motivation

Attitudes towards energy use and environmental behavior can be also shaped by
finances, and might manifest themselves in attempts to reduce energy bills, for instance.
This is an egoistic motivation—one that is centered on self-interest; and may involve
allowing circumstances to deteriorate in the short term in order to maximize long term
gains [51]. Interestingly, in opposition to altruistic motives, the desire to save money was
found to be irrelevant to pro-environmental behavior [48]. Moreover, experiments on
energy conservation incentives have proved that individuals who are driven by financial
incentives react primarily to monetary feedback (how much less they have to pay), and are
not motivated by discovering the amount of energy they have saved, or the benefits to the
environment [53].

1.2.3. Technology

One factor that influences energy-saving behavior is an attitude towards technology.
Reluctance to adopt new energy-saving solutions may be caused by an unwillingness to
take the risk that an investment might not ‘pay off’ [54]. Other concerns regarding new
technologies connected to the internet and devices managed remotely—such as smart
home technologies—are privacy issues, security, and the compatibility of equipment [55].

Nevertheless, users of new technologies experience a sense of prestige and project
a social image of modernity. Owning and being familiar with technological novelties is
also frequently associated with higher expenditures—novelties cost more. The innate
willingness to pay for innovative products is preceded by higher income, a positive attitude
towards status symbols, and procession of an orientation towards spending rather than
saving [56].

1.2.4. Social Context

There is much evidence from the literature that social norms and interactions, par-
ticularly those that exist in local communities and in the closest social environments, can
affect environmental attitudes and behaviors [47,48]. This can be seen in the diffusion of
innovative ideas [57], such as the geographical clustering of solar photovoltaic panel use.
This is caused by peer effects and the marketing that utilizes them [58].

Interestingly, for the adoption of smarter energy habits, the most influential relation-
ships are those that involve the strongest ties: relatives have the most influence, followed
by friends, and the opinions of work colleagues and experts are the least relevant [59].
Additionally, transmission of pro-environmental behaviors within families has an intergen-
erational character, and the convergence is observed primarily in mutually visible, shared
areas of homes, such as kitchens and living rooms [60].

Different specific social mechanisms can be connected with the peer effects observed
in household behaviors when discussing the social influence underlying energy-related
decisions; it begins with interpersonal communication and social learning among peers,
and is supplemented by the role of social norms [61]. Some attempts have been made,
in the context of energy consumption, to distinguish the mechanism of social influence
from that of homophily, using an approach based on analysis of social network dynam-
ics [62]. The general conclusion is that embeddedness in a social environment cannot be
omitted in explaining the determinants of energy saving behaviors. This can affect energy
behavior and intentions both directly and indirectly, influencing the attitudes and their
motivating factors.

1.2.5. Hedonistic Attachment to Comfort

As discussed in Section 1.2., economizing energy can act as an instrument for enabling
increases in individual consumption that lead to higher personal satisfaction. Curiously,
receiving feedback that focuses on the value of the energy consumed (or not consumed)
may serve to increase electricity consumption [63]. This likely occurs because consumers
are made aware of the low price of energy, and are thus more prone to increasing their use
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of it. Such an incentive should work not only for those with the aforementioned egoistic
intentions—individuals who are focused on long-term individual benefits, but are also
driven by hedonistic desires; on improving their current circumstances, and on maximizing
the pleasure that can be achieved ‘here and now’ [64]. Such an attachment to comfort
correlates with a tendency to seek out new technological solutions, provided that they
enable the user to achieve higher current consumption. Simultaneously, this might act as a
barrier against energy-saving behaviors, if those behaviors are connected with restrictions
and inconvenience. Research indicates that individuals with hedonistic motivations have
a lower tendency to save [53], and are less conformant to environmental values [64]. In
addition to influencing consumers’ energy habits and intentions directly, attachment to
comfort also impacts their ecological, financial, and technological incentives.

1.2.6. Values, Life Goals, and Lifestyles

As mentioned in Sections 1.2.1, 1.2.2 and 1.2.5, energy use, conservation, and the
motivations behind associated behaviors are embedded in personal values. Hedonistic
values have been found to negatively influence pro-environmental attitudes, preferences,
and actions [64]; while biospheric values offer the strongest and most unconditional
motivation to save energy [53,64]. Those values also underlie individual life goals and
lifestyles, which, in connection with situational factors and habits, constitute an important
tool for explaining energy-saving behaviors [65]. We claim that both traditional and modern
ways of life can be receptive to incentives for pro-environmental actions and intentions; the
first being connected with attachment to nature, and the second with inclination towards
following trends and adopting new technologies. New solutions for energy saving and
flexibility must complement existing patterns, lifestyles, and habits.

1.3. Research Hypotheses and the Model Conceptualization

Based on the literature review presented in this section, we believe behaviors and inten-
tions regarding energy use to be determined by a set of complex motivational relationships
between ecology, finance, eagerness towards new technologies, social environment, attach-
ment to comfort, life goals, attitudes towards the climate crisis, and socio-demographic
backgrounds. These factors are illustrated in Figure 1.

Figure 1. Determinants of energy-saving behaviors and intentions.

The reasoning behind this conceptualization is to enable broad and thorough analysis
of pro-environmental behaviors and intentions in the context of energy use, with consid-
eration for different potential motivations, and also to encompass the underlying factors
in which they are embedded. Such an approach is in accordance with the current state
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of art, which stresses the importance of the multiplex research framework [47,48,66–68].
We drew inspiration from several economic, psychological, and sociological behavioral
models, including classical decision-making models, such as the Theory of Reasonable
Action, the Theory of Planned Behaviour, and the Norm Activation Model [68,69]; as well
as the potential role of social influence [70], which is observable as peer effects pertaining
to the adoption of pro-environmental solutions [58]. Additionally, we considered the con-
temporary approaches of various research traditions, including conventional economics,
behavioral economics, social psychology, sociology, and technology diffusion [47,71]. These
approaches differ significantly in their assumptions, variables considered, and structure;
there is no single, universal method of depicting the decision-making process. Key groups
of factors which influence decisions, however, can be distinguished, such as attitudes,
social norms, values, economic criteria, and demographic characteristics. While preparing
the structural model used in this study, we scrutinized the decision determinants reported
in earlier works to assess their influence on a range of actions and intentions that represent
different aspects of openness to smart energy management solutions.

Our logic is to cover not only current households’ behaviors and implemented so
far solutions regarding energy conservation (actions taken to save energy) but also readi-
ness for such behaviors and implementations in the future (intentions to save energy)
and openness for new, not yet functioning, smart grid ideas (interests in smart energy
management concepts). We additionally distinguish between direct reasons and obstacles
for those behaviors and intentions (those connected with impact of social environment,
ecological, financial, connected with eagerness for new technologies, and attachment to
comfort) and indirect factors, creating exogenous, earlier established, background in which
energy end users’ decisions are taken (covering life goals based on general values, specific
values regarding the environment connected with climate crises awareness, and socio-
demographics). Additionally, we assume that the social environment does not only affect
the behaviors and intentions directly (social networks serve as a source of information
and examples to follow) but also indirectly, as it has an influence on attitudes (individual
energy-conservation motivations regarding ecology, finance and openness for new tech-
nologies). Similarly, attachment to comfort is not only a decision factor regarding behaviors
and intentions, but also impacts motivations (may be detrimental for the ecological con-
cerns, but may correspond with economizing on energy to finance other consumption, and
may go hand in hand with eagerness for new technologies which often are aimed to make
life easier).

Our motivations (ecological, financial, and eagerness to technology) correspond with
attitudes from the theory of planned behavior (TPB) [72], but also are inspired by the norm
activation model (NAM) [73,74], as we connect ecological reason with altruistic behavior.
Our recognition for the importance of the social environment is in accordance with the idea
of the subjective norm from TPB [72] but also is related to the theory of social influence [70].
Additionally, we take into consideration attachment to comfort and consumption. As
connected with hedonistic motivation, this one should generally be a barrier for energy
saving [53,64]. It is expected to be detrimental towards actions leading to energy demand
reduction, but still it may support actions towards increasing electrical energy efficiency.
Therefore, it may go hand in hand with interest in some energy-saving solutions if they
enable increase in general consumption and consumer satisfaction.

As an indirect factor, we consider values, following in this aspect the value-attitude-
behavior hierarchy model (VAB) [75]. As in the value-belief-norm theory (VBN) [76], we
distinguish between biospheric values connected with environmental concern and other
values that can also affect personal norms, which follows the approach proposed in a
study of psychological and socio-demographic factors related to household energy use
and saving intentions [77]. In accordance with TPB, we assume the indirect influence
of socio-demographics on energy saving actions and intentions [78]. We do not include
TPB theory’s perceived behavioral control as a direct determinant, but we partially take it
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into consideration as an indirect factor, as a part of climate crisis awareness (convictions
regarding the possibility of effective climate-change-mitigation actions).

We pose the following hypotheses, which are in accordance with the proposed model
of dependencies:

Hypothesis 1 (H1). Actions taken to save energy, intention to engage in such actions, and interest
in smart energy management concepts are determined by both ecological and financial factors, as well
as openness to new technologies, social environment (the social networks in which the respondents
engage), and attachment to comfort and consumption.

Hypothesis 2 (H2). Motivations: ecological, financial, and eagerness to adopt new technologies
are influenced by social networks and attachment to comfort and consumption.

Hypothesis 3 (H3). Life goals (traditional and modern values) influence in which social networks
the respondents engage, their motivations, and attachment to comfort and consumption.

Hypothesis 4 (H4). Climate awareness influences in which social networks respondents engage,
their motivations, and attachment to comfort and consumption.

Hypothesis 5 (H5). Gender, age, education, place of residence, household characteristics, and
financial conditions influence in which social networks respondents engage, their motivations, and
attachment to comfort and consumption.

2. Materials and Methods
2.1. Data Source

The data was obtained during an online survey in June 2020, conducted with the
support of IQS Poland, a research agency, and addressed to respondents in four countries:
France, Spain, Italy, and Denmark. The survey was completed by 3200 respondents (800
in each of the countries). Random-quota sampling was employed, and the amounts were
set for variables including age, gender, size of the place of residence, education level,
and region.

The target group consisted of respondents who were responsible or co-responsible
for paying electricity bills or purchasing electrical appliances in their households. The
sample was gender-balanced (51% women and 49% men), and covered respondents aged
18–65 years (the average age in the sample was 42).

The questionnaire was designed to gather a wide range of information on respondents’
use of electricity. The subjects it covered included equipping homes and workplaces with
electrical appliances; ownership and opinion on electricity production and storage devices;
perception of current electricity prices; factors influencing energy saving; potential for
purchase of electric cars; and attitudes towards technology, the environment, and energy
transformation in the European Union. The questionnaire also assessed three concepts
of smart grid technology—automatic lighting control, external washing machine control,
and external charging control for an electric car. It reached beyond the notion of energy
saving in itself, and assessed solutions that reduce the load on the energy network—both
by reducing energy consumption, and by shifting energy consumption to off-peak periods
(energy flexibility).

2.2. Description of Variables
2.2.1. Actions Taken to Save Energy

Individual actions to save energy can regard direct use of electricity, gas, and fuel and
additionally may include indirect measures, associated with production, distribution and
disposal of consumed goods [18]. Our main focus is on the direct electricity consumption’s
patterns of households, but we also cover chosen aspects of general direct energy saving,
when it is connected with electrical energy management and openness to new technological
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solutions (like installation of heat pump or recuperator). We make this simplification as the
context of our analysis is about challenges regarding smart electricity management, which
should lead both to decrease in electrical energy consumption and increase in flexibility
within the time of its use. Implementation of such solutions needs acceptance on the
household level. Another reason for the focus on household electricity management is
that an important part of the decarbonization strategy for the economy is based on the
development of clean electrical energy and the electrification of energy services currently
provided to households in other ways (e.g., transport, heating) [5,79]. The same logic
stands behind the choice of variables discussed in Sections 2.2.2 and 2.2.3.

We approximated actions taken to save electricity by an aggregate variable, ‘electrical
energy saving’ (ranging between 0 and 18), which was constructed as the sum of the fol-
lowing ordinal variables (0—‘definitely not’; 1—‘rather not’; 2—‘rather yes’; 3—‘definitely
yes’. ‘Don’t know/hard to say’ indicating the absence of data):

• Control of energy spending (‘It is important for me to control exactly how much I
spend on electricity’);

• Attention to price (‘I pay attention to the price of kWh”);
• Checking the meter (‘I check the electricity meter on my own to control consumption’);
• Attempts to save electricity (‘As much as I can, I try to save electricity’);
• Warning others (‘I warn others when they waste electricity’);
• Buying energy efficient appliances (‘When buying consumer electronics, I consider

the energy efficiency labels’).

We justified the construction of this aggregate variable by performing a statistical
procedure, based on a nonparametric item response theory model, to ensure that the listed
statements comprised a Mokken scale [80,81]. This method assumes the existence of a
latent trait that differs between respondents, and cannot be observed directly. The model
predicts a cumulative scale, which means that low levels of latent variables are measured
by more common behaviors, such as attempts to save electricity; high levels are measured
by less common behaviors, such as checking the meter. Different behaviors belong to the
same scale if the fact that respondents engage in less common behaviors indicates that
they also engage in more common behaviors, and all responses that fail to conform to this
pattern result only from random errors. As soon as the scale is identified, it is possible to
construct a cumulative indicator by aggregating the individual answers belonging to a
given scale. This can be then treated as an interval variable.

Another aspect of energy saving we consider is the installation of facilities to generate
and store electricity, as well as devices limiting the demand for electricity from the network.
We utilized the binary variable, ‘prosumers’, which scored 1 one if a respondent had at
least one of the following installations: photovoltaic panels, wind microturbine, water
microturbine, energy storage system, solar water heating, heat pump, recuperator, or solar
collectors.

2.2.2. Intentions to Save Energy

‘Ecocar planned’ is a binary variable that scored 1 if a respondent intended to buy a
hybrid, plug-in-hybrid, or fully electric car within the next two years.

‘Saving by behavior’ is a binary variable that scored 1 if a respondent was considering
at least one of the following actions:

• Reducing consumption without additional equipment;
• Reducing stand-by consumption;
• Switching off appliances when they are not in use.

‘Major investments’ is a binary variable that scored 1 if a respondent was considering
at least one of the following actions:

• Photovoltaic installation;
• Solar collectors for domestic water heating;
• Installing heat pumps;
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• Recuperation (ventilation);
• Insulating the façade of his/her home.

‘Minor investments’ is a binary variable that scored 1 if a respondent was considering
at least one of the following actions:

• Replacing appliances in the home with energy efficient alternatives;
• Purchasing energy efficient devices.

2.2.3. Interest in Smart Energy Management Concepts

The respondents were presented with three concepts intended to decrease electri-
cal energy consumption and to reduce the load on the power grid during peak hours:
automatic lighting control in the home, external washing machine control, and external
charging control for an electric car. ‘Interest in concepts’ is a count of the concepts in which
respondents declared an interest. Interest in these three concepts was highly correlated,
and the answers were confirmed to behave in accordance with the Mokken model.

2.2.4. Social Environment

The potential influence of the interactions within social networks was included as
an aggregate variable, ‘social environment’—a scale ranging from 0 to 8. It considers
a set of binary variables that indicate: (1) talking about saving electricity with family
members; (2) talking about saving electricity with friends; (3) talking about saving electricity
with colleagues from work or school; (4) talking about saving electricity with neighbors;
(5) talking about saving electricity with sales people or technical experts; (6) talking about
saving electricity with further acquaintances and others; (7) at least a few friends and
family members taking action to reduce the cost of energy consumption; and (8) seeking
information on how to reduce energy consumption. All of the items were confirmed to
create a scale in accordance with the Mokken model.

Additionally, there were three binary variables included that indicate types of energy-
saving actions that respondents had observed among their friends and family members:

• ‘friends save by behavior’;
• ‘friends major investors’;
• ‘friends minor investors’.

These variables were constructed analogously to those described above, which con-
cerned respondents’ intentions towards energy saving.

2.2.5. Ecological Motivation

Respondents were asked to mark up to three reasons to save electrical energy that
were applicable to themselves. The binary variable, ‘ecological reason’ scored 1 if among
the three reasons, a respondent selected one of the following: (1) to reduce negative envi-
ronmental impact; (2) to improve energy security in the region or place of residence (such
as a municipality, city, or district); (3) to reduce CO2 emissions; or (4) social responsibility
(future children and grandchildren).

2.2.6. Financial Motivation

The binary variable, ‘financial reason’ scored 1 if among the three main reasons to
save electric energy, a respondent selected one of the following: (1) to reduce electricity
expenses (lower bills); or (2) ‘I am generally a frugal person’.

2.2.7. Eagerness for Technology

The binary variable, ‘eager new tech’ pertains to having a liking for technological
novelties. It scored 1 if respondents claimed that, among the people they know, they
were the first to experiment with new products and solutions, or decided to use them
soon after discovering their existence. They did not need to be aware of at least a few
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positive experiences from other people, and they did not wait until their peers had adopted
novel solutions.

2.2.8. Attachment to Comfort

Attachment to comfort (and thus, consumption) was measured by a count of devices
assessed by respondents as necessary for survival. ‘Comfort attachment’ scores range
between 0 and 11, and consist of the following items: fridge, washing machine, lights,
microwave, TV set, audio set, computer, mobile phone, air conditioning, heating, and air
filter/humidifier. All of the items were confirmed to create a scale in accordance with the
Mokken model.

2.2.9. Life Goals: Traditional and Modern Values

Respondents were asked how important various life goals were to them: (1) a happy
family and devoted friends; (2) love and happiness in relation to another person; (3) com-
pliance with their own principles, adhering to a moral code, (4) intellectual develop-
ment; (5) self-realization; (6) ensuring good material status for themselves or their loved
ones; (7) cheerfulness; (8) living according to nature and respecting its rights; (9) prestige;
(10) recognition of and respect for the environment; (11) being respected and admired by
other people; (12) feeling part of a group or community; (13) a peaceful life away from
the hustle and bustle and civilization; (14) spiritual development; (15) a life full of excite-
ment; (16) living on time, in modernity and current trends of civilization; (17) competition
and success; (18) enjoying the charms of a big city; (19) health and physical well-being;
and (20) security—having no fear about the future. By utilizing a method adjusted to the
ordinal variables using factor analysis, two latent traits were identified, and accordingly,
two appropriate measures were established: the first indicating a focus on modern values
(‘modern val’), which was most closely associated with prestige, being respected and
admired by other people, living a modern life, competition and success, and enjoying the
charms of a big city; and the second indicating a focus on traditional values (‘traditional
val’), for those who scored highly in the remainder of the items.

2.2.10. Climate Crisis Awareness

To account for climate awareness, two aggregate variables were constructed as a
sum of the ordinal variables (0—‘definitely not’; 1—‘rather not’; 2—‘rather yes’; and
3—definitely yes. ‘Don’t know/hard to say’ indicated the absence of data), both of which
established scales between 0 and 12, in accordance with the Mokken model. The first
variable is ‘awareness of climate’, which consists of the following items pertaining to the
perceived consequences of climate change: (1) ‘will cause extreme weather fluctuations
and other natural disasters in [France/Denmark/Spain/Italy] (e.g., floods or droughts)’;
(2) ‘will pose serious problems for animal and plant species and their environment’; (3) ‘will
have a negative impact on my health and well-being’; and (4) ‘will generally be a very
serious problem for my family and I’. The second, ‘climate change denial’, is based on the
following statements: (1) ‘I don’t focus my attention on news and data about problems like
climate change’; (2) ‘I don’t think much about the problems of the distant future, such as the
impact of climate change’; (3) ‘In my opinion, not much can effectively be done to mitigate
climate change’; and (4) ‘The CO2 emissions of my country do not have a significant impact
on the global scale of climate change’.

‘Declaration to pay’ is a binary variable that scored 1 for respondents who would
accept a €50 reduction in their monthly income if it enabled implementation of the EU
energy transition plan, which assumes a 50% reduction in EU greenhouse gas emissions by
2030, and a complete phasing out of fossil fuel use by 2060.

2.2.11. Socio-Demographic Controls

Several variables were included to control the role of the following socio-demographic
characteristics: gender (‘female’ scored 1 for women); ‘age’ (a continuous variable); ed-
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ucation (‘higher education’ scored 1 if respondents or their partners/spouses attended
university, even without obtaining a degree); place of residence (binary variables indicating
whether respondents lived in a ‘big city’ of over 500,000 inhabitants, or a ‘village’, with
the reference group in between); household characteristics (‘household size’—the number
of people living in a household, including the respondent, living in a ‘house’ and owning
their ‘own home’); financial conditions (‘rich’ for respondents stating that they lived very
well and could afford a lot without saving money, or even afford luxuries; and ‘poor’ for
respondents assessing their standard of living as modest, being required to spend money
carefully every day, or even experiencing poverty—having insufficient means even for
basic needs; with a reference group who had an average standard of living and could meet
everyday expenditures, but were required to save for major purchases).

2.3. GSEM Model Specification

We utilized generalized structural equation modelling (GSEM) [82] to verify the set of
hypotheses presented. This approach enabled us to simultaneously test the motivations
of different energy use behaviors and intentions, as well as the factors determining them,
while accounting for the predicted interconnections between the variables.

Figure 2 presents a path diagram incorporating all of the equations that were simul-
taneously estimated within the GSEM framework. For the binary dependent variables,
(‘prosumers’, ‘ecocar planned’, ‘saving by behavior’, ‘major investments’, ‘minor invest-
ments’, ‘friends save by behavior’, ‘friends major investors’, ‘friends_ minor investors’,
‘ecological reason’, ‘financial reason’, and ‘eager for tech’), logistic regressions were es-
timated. For a single ordinal dependent variable (‘interest in concepts’), ordinal logistic
regression was employed. For the continuous dependent variables (‘electrical energy
saving’, ‘social environment’, and ‘comfort attachment’), linear regressions were used.
The calculations were performed using a maximum-likelihood estimator. Accounting for
differences between the respondents from different countries and the correlations between
observations within such groups, standard errors were corrected by clustering observations
by country.

Figure 2. GSEM path diagram.

3. Results

The results of the estimations are presented in Tables 1–3. The findings we discuss
below regard the investigated sample of the survey conducted, however, as the sample was
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representative for the populations of the included four countries, a cautious generalization
is justified.

Table 1. Results from the GSEM, part I. Authors’ own analysis, based on data obtained during an online survey performed
in four countries. + p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001, the standard errors clustered in countries are reported
in parentheses.

Electrical Energy
Saving Prosumers Ecocar

Planned
Saving by
Behavior

Major
Investments

Minor
Investments

Interests
in Concepts

social 0.710 *** 0.172 *** 0.217 *** 0.125 *** 0.208 *** 0.214 *** 0.268 ***
environment (0.034) (0.02) (0.022) (0.029) (0.025) (0.053) (0.018)

friends save −0.106 −0.164 * −0.024 0.701 *** −0.046 0.023 0.192
by behavior (0.216) (0.076) (0.155) (0.034) (0.105) (0.083) (0.15)

friends major −0.358 ** 0.528 *** 0.173 *** −0.058 0.953 *** 0.007 0.206 *
investors (0.117) (0.083) (0.036) (0.106) (0.066) (0.069) (0.091)

friends minor 0.220 *** −0.012 0.328 ** 0.305 * −0.039 0.958 *** 0.072
investors (0.034) (0.093) (0.118) (0.127) (0.088) (0.072) (0.073)

ecological 0.470 ** 0.269 * 0.370 *** 0.411 *** 0.524 *** 0.396 *** 0.397 **
reason (0.159) (0.106) (0.079) (0.085) (0.024) (0.049) (0.128)

financial 0.808 *** −0.329 *** −0.056 0.720 *** −0.463 *** 0.261 + 0.184 *
reason (0.216) (0.098) (0.051) (0.109) (0.062) (0.135) (0.072)

eager 0.518 *** 0.384 *** 0.572 *** −0.015 0.321 *** 0.116 0.572 ***
new tech (0.149) (0.087) (0.062) (0.087) (0.088) (0.076) (0.032)

comfort 0.094 + 0.002 0.059 *** 0.033 *** 0.003 0.021 0.057 ***
attachment (0.052) (0.01) (0.007) (0.007) (0.016) (0.016) (0.009)

constant 8.044 *** −1.536 *** −2.519 *** −0.793 *** −1.740 *** −1.789 ***
(0.548) (0.166) (0.146) (0.172) (0.137) (0.12)

cut point (y = 1) 0.209
(0.269)

cut point (y = 2) 1.323 ***
(0.269)

cut point (y = 3) 2.468 ***
(0.309)

observations 2269 3200 3200 3200 3200 3200 3200

Table 1 illustrates the findings pertaining to Hypothesis 1, including the direct factors
that were predicted to influence actual and considered electrical energy-saving actions and
interest in smart grid concepts: ecological reasons, financial reasons, eagerness for technol-
ogy, social environment, and attachment to comfort. All of the pro-environmental energy
use behaviors and intentions in the use of electricity in homes we analyzed were revealed
to be related to ecological reasons, which conforms with findings from the literature [47–49].
As we found out, financial reasons play a less significant and less straightforward role:
they cohere with actual electrical energy-saving behaviors and intentions to save electrical
energy by behavior, as well as interest in smart energy management concepts; but correlate
negatively with actual and planned saving by major investments. This corresponds with
research stating that financial reasons, in contrast to ecological reasons, are inconsequen-
tial for pro-environmental behaviors [48]. Openness to technology matters in almost all
actual and planned actions, including electrical energy-saving behaviors, installing equip-
ment to reduce energy demand from the network, planning the purchase of ecological
cars, intentions of major pro-environmental investments, and interest in concepts. This
confirms findings from the literature regarding the importance of trust towards novel
solutions [54,55].
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Table 2. Results from the GSEM, part II. Authors’ own analysis, based on data obtained during an
online questionnaire completed in four countries. + p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001, the
standard errors clustered in countries are reported in parentheses.

Ecological Reason Financial Reason Eager New Tech

social environment 0.108 *** 0.076 0.104 ***
(0.025) (0.063) (0.025)

friends save by
behavior 0.308 ** 0.297 * 0.09

(0.099) (0.148) (0.072)

friends major
investors 0.246 −0.270 *** 0.113

(0.15) (0.049) (0.106)

friends minor
investors 0.156 * 0.194 0.064

(0.063) (0.204) (0.103)

comfort attachment −0.011 0.063 + 0.041 *
(0.024) (0.032) (0.017)

modern val −0.056 ** −0.101 0.311 ***
(0.021) (0.065) (0.037)

traditional val 0.109 *** 0.337 *** −0.026
(0.032) (0.091) (0.043)

awareness of climate 0.088 *** −0.001 0.008
(0.017) (0.023) (0.017)

climate change denial −0.072 * −0.012 −0.002
(0.029) (0.022) (0.026)

declaration to pay 0.598 *** −0.434 ** 0.230 *
(0.032) (0.132) (0.096)

female 0 0.204 * −0.395 ***
(0.082) (0.101) (0.119)

age −0.005 + 0.015 ** −0.022 ***
(0.003) (0.005) (0.002)

high education 0.302 ** −0.092 −0.014
(0.108) (0.06) (0.091)

big city 0.139 −0.096 0.135
(0.095) (0.166) (0.116)

village −0.101 0.091 0.025
(0.068) (0.137) (0.075)

household size 0.103 *** 0.019 0.070 **
(0.018) (0.044) (0.026)

house 0.045 −0.104 −0.086
(0.072) (0.079) (0.069)

own home −0.115 −0.278 * 0.109 **
(0.131) (0.113) (0.035)

rich −0.118 −0.1 0.333 ***
(0.072) (0.153) (0.026)

poor −0.356 ** 0.15 −0.185 +
(0.121) (0.147) (0.103)

constant −0.479 −0.986 * −1.090 **
(0.423) (0.496) (0.386)

observations 2464 2464 2464
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Table 3. Results from the GSEM, part III. Authors’ own analysis, based on data obtained during an online questionnaire
completed in four countries. + p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001, the standard errors clustered in countries are
reported in parentheses.

Social
Environment

Friends Save by
Behavior

Friends Major
Investors

Friends Minor
Investors

Comfort
Attachment

modern val 0.102 * −0.023 0.079 0.087 + 0.356 ***
(0.048) (0.041) (0.07) (0.05) (0.081)

traditional val 0.155 + 0.154 0.057 + 0.170 + 0.059
(0.083) (0.114) (0.032) (0.101) (0.161)

awareness of
climate 0.039 *** 0.037 −0.025 + 0.031 + 0.053 +

(0.011) (0.026) (0.013) (0.017) (0.03)

climate change
denial −0.069 *** −0.053 *** 0.058 *** −0.042 ** 0.026 +

(0.017) (0.012) (0.01) (0.014) (0.016)

declaration to pay 0.486 *** 0.289 * 0.524 *** 0.183 + −0.076
(0.078) (0.144) (0.091) (0.102) (0.083)

female −0.016 0.230 *** −0.139 *** −0.029 0.358 *
(0.04) (0.066) (0.034) (0.057) (0.172)

age 0.004 * −0.008 *** −0.012 * 0.008 ** 0.030 ***
(0.002) (0.002) (0.005) (0.003) (0.003)

high education 0.11 0.08 0.117 * −0.019 0.414 ***
(0.083) (0.066) (0.047) (0.082) (0.118)

big city 0.310 * 0.204 ** 0.097 ** 0.238 * 0.146
(0.131) (0.073) (0.035) (0.12) (0.119)

village −0.192 * −0.089 −0.138 ** −0.196 * 0.143
(0.083) (0.121) (0.052) (0.093) (0.095)

household size 0.154 *** 0.152 *** 0.082 * 0.144 *** 0.249 ***
(0.044) (0.012) (0.038) (0.034) (0.045)

house 0.114 −0.063 0.413 *** −0.082 −0.276
(0.073) (0.045) (0.086) (0.056) (0.177)

own home 0.03 −0.059 0.154 + 0.011 0.190 ***
(0.054) (0.069) (0.083) (0.125) (0.049)

rich 0.04 −0.162 ** 0.028 −0.023 −0.091
(0.057) (0.061) (0.096) (0.017) (0.092)

poor −0.099 −0.164 −0.224 −0.167 * −0.183 +
(0.137) (0.119) (0.219) (0.081) (0.101)

constant 0.647 + −0.524 −1.789 *** −2.271 *** 0.694
(0.339) (0.356) (0.201) (0.357) (0.609)

observations 2464 2464 2464 2464 2464

Another influential factor in our study is the social environment: talking about energy
and observing energy-saving behaviors is significantly connected to individual choices
and attitudes, and this was confirmed in all indicators of energy-saving behaviors and
intentions we analyzed. Interestingly, respondents tended to take actions similar to their
friends and family, and showed intentions to follow particular types of actions that were
popular in their social networks. This is in accordance with the literature, which recognizes
the importance of social context [47,48,57,58]. Attachment to comfort is unconnected with
investments in energy saving solutions, but is linked to intentions to save by changing
behavior, plans to purchase ecological cars, and interest in smart grid concepts. Attachment
to comfort, in contrast to some predictions in the literature [53], does not, therefore, seem
to contradict energy-saving behaviors and actions; on the contrary, it correlates positively
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with intentions to undertake electrical energy-saving actions. This supports the claim that
economizing on electricity consumption can be performed with a view to increasing an
individual’s consumption of other goods [32,38].

Table 2 presents the results of the factors explaining ecological, financial, and techno-
logical motivations; Table 3 presents the determinants of energy-related participation in
social networks, and personal attachment to comfort. These relate to the predictions of rela-
tionships formulated in Hypotheses 2–5, and serve to broaden the reader’s understanding
of the background of the analyzed energy-saving behaviors, intentions, and motivations.

Saving energy for environmental reasons is more common among respondents who
talk about it in their social networks, have friends who save energy through behavioral
changes and minor investments, are aware of the climate crisis, and hold traditional
values. Such individuals are aware of the threat of climate change, and are ready to pay
for its mitigation. They are well-educated, middle-income individuals who live in larger
households. Attachment to comfort is insignificant in explaining ecological reasons, which
indicates that it does not go hand-in-hand with saving energy due to pro-environmental
concerns. This corresponds with research indicating that attitudes based on hedonistic
values can hinder the adoption of energy-saving behaviors [53].

Financial considerations primarily influence those with traditional values, who are
older and are unwilling to pay to prevent the climate crisis. These individuals have friends
who save energy through changes in behavior, but decline to make major investments in
pro-environmental installations. These respondents typically do not own their homes, and
are more frequently female than male. They are primarily motivated by financial gain and
are frugal and therefore less likely to make energy-saving investments. This group reacts
principally to monetary feedback, and views arguments regarding potential environmental
gains to be less valid than others [53].

As we found out, new technologies serve as a motivator for high earners, who are
attached to comfort and own their homes. These are more often men, younger than
average, often talk about energy conservation, and adhere to modern values. They can
afford major investments in installations, are attracted by new technological solutions for
energy saving, and most probably treat them as a way of enhancing their social status and
projecting a modern image of themselves [56]. In such cases, there is no sign of higher-than-
average concern about climate change, but such individuals are ready to make financial
contributions to its mitigation. This does not mean, however, that this group is likely to
reduce its general consumption in the name of protecting the environment; they value
comfort and a high standard of living.

Participation in social networks which engage in energy-saving discussions and
give access to observations of energy-saving behaviors is connected with awareness and
acceptance of climate change challenges, as well as readiness to pay for its mitigation.
More social exposure in this context is experienced by older respondents, who live in large
cities and not villages, have larger households, and are driven by modern values. These
characteristics differ when we investigate different types of energy-saving actions taken by
family and friends; this is most probably related to the existence of different residential
districts and social circles, which can have a specific influence on individual reasons to
save energy. Attachment to comfort is specific for respondents who are older, female, better
educated, live in larger households, own their homes, and live by modern values.

We discovered that the pro-environmental energy use behaviors and intentions we
analyzed are primarily determined by ecological reasons and openness to new technologies.
The second correlates both with high attachment to consumption and high financial status.
This means that for at least some people, who can afford investments in energy-saving
installations, observed and planned pro-environmental behaviors in the use of electricity in
households are not connected with a total consumption reduction and correspond with an
increase in comfort and standards of living. A crucial role is played by social networks and
the discussion of energy saving with other people. As it can be deduced from our results,
this enforces not only the analyzed behaviors and intentions, but also their underlying
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motivations: ecological reasons and openness to new technologies. There is ample evidence
of homophily among respondents towards their social surroundings in the types of energy-
saving actions they undertake. When the intentions of respondents follow the actions
observed within social networks, we might assert that it is caused by social influence [70].
If actual actions correspond with standard solutions in the social surrounding, however,
this resemblance might be due to selection—the tendency to create friendships with like-
minded individuals—and not to social influence [83]. This is impossible to distinguish
without access to longitudinal data—the absence of which is a potential limitation of
our survey.

Our findings support that climate awareness strengthens ecological motivations for
electrical energy conservation. Modern values positively correlate with eagerness for
technology, but stand in opposition to environmental considerations; while traditional
values precede both ecological (love of nature) and financial (frugality) ones. In the case
of our respondents, higher age is a barrier to the adoption of new technologies, and
experience of higher education enhances ecological motivation. Being wealthy precedes
higher interest in technologies, and being poor spawns a lower tendency to be directed by
ecological concerns. Interestingly, as we demonstrated, being frugal and driven by financial
considerations correlates more closely with the possession of traditional values than with
the material status.

4. Discussion

We discovered that the most important reasons behind the actions and intentions
to reduce the consumption of electricity at homes are ecological concerns and interest in
new technologies. Interestingly, attachment to comfort is congruous with readiness to
engage in electrical energy-saving behaviors and interest in smart-grid solutions, which
suggests that individuals economize on electrical energy with the intention of improving
their standard of living, and not reducing their overall consumption, nor accepting the
potential inconvenience of undertaking pro-environmental measures.

Measures to conserve electrical energy and install renewable energy equipment in
residential homes are not driven solely by ecological concerns. Individuals can fail to reduce
the carbon footprint if they reduce electrical energy expenditure in order to redirect those
savings to the consumption of other goods or if they increase the electricity use efficiency
without decreasing the overall electrical energy consumption. Increasing the popularity of
electrical energy-saving solutions while maintaining the well-trodden consumption-growth
path might prove inadequate in the face of environmental threats [20] and the potential
reduction of affordable fossil fuels [84].

A key role is played by social networks. Discussions on energy conservation and the
observation of energy-saving actions taken by those in an individual’s social surroundings
are linked to energy saving behaviors and intentions. Specific actions taken by friends
also demonstrate a clear correspondence with the responses of the survey participants.
The actions of the subjects are similar: they change their behavior when their friends save
energy in the same way; they decide on major or minor investments when their friends
have opted for the same solutions. This has important implications for policies intended to
foster energy-saving attitudes and behaviors: they should be addressed towards whole
communities, rather than individual energy users.

In conclusion, we can observe that ecological motivation is a significant reason for
both actual and planned electrical energy-saving actions, which indicates that climate and
environmental awareness and the high value of nature is already present in the decisions of
electricity users. Contrarily, ecological motivation occurs alongside others, such as financial
reasons, new technologies, social environment, or comfort concerns.

This opens a variety of scenarios for the future. Meeting GHG emission reduction
targets and the associated reduction in energy consumption will require a significant
redesign not only of the energy system, but also of individual lifestyles. Some of the actions
required for a successful transformation are relatively painless, in cases in which meeting
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the requirements to reduce or shift energy consumption simultaneously brings benefits in
other areas, such as reduced expenditure, enhancement of comfort, or satisfaction from
using modern technologies. It should be remembered, however, that the actions being
taken at present are far from sufficient to meet decarbonization goals. Current efforts to
reduce electrical energy consumption and increase the flexibility of demand are being
undertaken in the reality of ever-growing global demand for energy and rising GHG
emissions [85]. Decarbonizing the energy sector will require more definitive actions to
reverse this trend [79].

It is difficult to predict at present how such solutions will be evaluated in the future.
On the one hand, we can assume that future energy reduction solutions will have similar
benefits to the current ones—that they will enable monetary savings, will be modern,
and will reduce GHG emissions; on the other, reversing the current trend of ever-growing
energy demand will require much more radical action than is currently being taken. Steps to
reduce energy consumption might become a necessity in order to enable actual reductions
in global GHG emissions and extend the time in which we have access to relatively
affordable fossil fuels, which allows us to transform the economy to use new energy
sources [4]. Decisive action to reduce energy consumption might serve to alter public
opinion on such measures. In view of the results of this study, we see a risk that the current
ecological motivations do not prove to be the launch pad for a deeper change towards
pro-environmental attitudes, but that they are perceived merely as another of the many
benefits provided by current consumer goods. It may be that when it becomes necessary to
seriously decrease consumption of fossil fuels, social acceptance for such actions will be
lower than current declarations indicate.

Individuals have different motivations for saving electrical energy, and only some
are driven by unconditional care for the environment; others value saving money more,
or living in comfort, or enhancing their social status. Although all of those reasons cur-
rently serve to increase the incidence of pro-environmental measures and interest in such
solutions, they might not work when reductions in consumption and acceptance of incon-
venience due to the needs of electrical energy-demand flexibility is required. One solution
is to deepen public awareness of climate change, and develop educational policies intended
to foster pro-ecological and energy saving attitudes, with consideration for the role of social
networks in the alteration of social norms and individual perceptions. This is a requisite
for the social support of potentially restrictive international agreements designed to ensure
reductions in energy dependence. Another potential solution involves subsidising the
development of new technologies that enable further economic growth and increases in
standards of living without threatening non-renewable resources, in the hope that they will
be invented in time to prevent the most critical consequences of global climate crisis and
the potential shortage of available fossil fuels.
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