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Abstract

Viewed as an essential tool, which sensitizes citizens to create sustainable energy consumption habits, energy literacy has
attained a growing interest among researchers and policy makers in recent years. Energy literacy encompasses not only the
cognitive domain, but also the affective and behavioral characteristics, enabling citizens to make appropriate decisions regarding
energy. Considering its relevance, several studies have been carried out on this topic. In this paper, we seek to gather the main
contributions of the existing literature on the subject, in order to concentrate and organize them. Most of the existent research
seeks to assess the levels of literacy of the population, in the three dimensions — knowledge, affectivity and behavior —, to
perceive the relationships between them, and which factors influence literacy levels. Recently another concept has emerged
that relates energy literacy to financial literacy. Conciliating these two views, we present a proposal for a more comprehensive
assessment of energy literacy levels, which includes the evaluation of financial and energy knowledge, without neglecting the
evaluation of attitudes and behavior. This study will provide useful pointers to researchers and policy makers.

(© 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Nowadays, energy is an essential good. It is constantly produced and used, which requires a careful management
of its sources and consumption, only achieved through the bet on knowledge. Only by understanding what energy
is, which are its sources and production processes, ways of use and conservation strategies, it is possible to make
informed decisions about the best use of energy. However, knowledge alone does not determine a more conscious
use of energy. It is necessary that people be able to translate this knowledge into concrete actions.
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In recent years, various definitions of energy literacy have been presented and a number of studies have been
carried out, which the main objective was to assess the levels of energy knowledge, sensitivity to the need to adopt
energy-saving behaviors and citizens’ energy decisions, or by assessing financial and investment knowledge applied
to energy issues. In this paper, we seek to gather the main contributions of existing literature on energy literacy,
and based on them, construct a concept of energy literacy that allows to encompass the various dimensions and
sub-dimensions suggested in the literature. Our goal is also to provide suggestions for future research and to provide
researchers and policy makers with relevant material to their studies and policies.

Then, in point 2, we present the various definitions of energy literacy, showing the need to create a common and
comprehensive concept that adds the two main currents of the literature. In point 3, we present a brief explanation of
the various dimensions and sub-dimensions that integrate the concept of energy literacy, and in point 4 we explore
the relationship between them. Finally, in point 5, we have gathered the main factors that influence the levels of
energy literacy, identified in the literature, in point 6, we summarize the main conclusions, and in point 7, we present
some suggestions for future research.

2. Energy literacy: the definition

In the last decade, energy literacy has attracted increasing interest among researchers. However, until now,
no consensus has been reached on a common definition of energy literacy. DeWaters and Powers [1] define
energy literacy as the domain of basic energy-related knowledge, coupled with an understanding of the impacts
of energy production and consumption on the environment, how energy is used in everyday life and the adoption
of energy-saving behaviors. This definition adds three different dimensions: knowledge, attitude and behavior.

Brounen et al. [2] present a narrower definition and more related to the economic notion of cost-benefit.
According to these authors, energy literacy is related to the trade-off between the highest initial investment needed
to acquire more efficient equipment and the monetary and energy savings resulting from this choice in the long-term.
Kalmi et al. [3] also use a similar but somewhat more comprehensive definition. In addition to the trade-off reported
by Brounen et al. [2], Kalmi et al. [3] refer to the awareness of the individual energy consumption, the understanding
of the process that involves the formation of the final energy price, the willingness to adopt energy-saving behaviors,
and the need for information and willingness to access information related to energy.

Other authors, such as Blasch et al. [4] focus on a concept that they call energy-related financial literacy. This
concept encompasses, not only knowledge related to the energy needed to make informed decisions, but also the
skills needed to process this information, such as the ability to perform financial calculations.

Last but not least, the U.S. Department of Energy [5] provides a broader view, stating that energy literacy
encompasses not only the understanding of the nature and role of energy in the world and in everyday life, but
also the ability to apply this understanding to answer questions and solve problems.

Considering the definitions presented, we take as reference the definition provided by the U. S. Department of
Energy [5] on this paper. Given its scope, it allows incorporating the various definitions presented, including the
three dimensions of energy literacy proposed by DeWaters and Powers [1], but also the ability to perform suggested
financial calculations suggested by Blasch et al. [4].

3. Energy literacy dimensions

In the literature, the discussion on energy literacy began by focusing on knowledge [6], but researchers soon
realized that it is a more comprehensive concept. Despite the importance of knowledge, the access to it, by itself,
does not determine a more effective behavior change. Energy literacy emerges in the more recent literature, as a
broad concept encompassing three dimensions: knowledge, attitude, and behavior (see Fig. 1) [1,7,8]. According to
DeWaters et al. [7]:

e The knowledge — 1is the understanding of basic scientific concepts, rules and theories, energy transfer and
transformation processes, the influence of energy flows and the role that energy plays in ecosystems;

e The attitude — assesses the understanding of common energy supply and shut down situations, the processes
of production and use of energy and the consequent environmental impacts, the influence of energy issues on
human life, and convictions and ideologies of each person, based on the energy knowledge, which are inherent
in the decision-making process;
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Energy Literacy
(based on DeWaters and
Power [8, p. 4])

Energy Literacy
(our proposal)

Energy knowledge Energy and financial
. . . knowledge
Cognitive Domain Understanding .
. Understanding
Skills .
Skills
. . Attitude Attitude
Affective domain Sensibility Sensibility
Intention Intention
Behavior Involvement Involvement
Action Action
Fig. 1. Energy literacy dimensions and sub-dimensions.
Source: Adapted from DeWaters et al. [8, p. 4].
e The behavior — evaluates the personal awareness of the impact of day-to-day actions, the production and

use of energy, the responsibility of each one as a citizen of the world, and the commitment to effective and
truly committed actions in saving energy.

Considering the studies of Brounen et al. [2], Kalmi et al. [3] and Blasch et al. [4], we understand that the knowledge
needed to make informed energy-related decisions, can not only include the knowledge about energy, but will have
to include some basic financial concepts, that give to people the necessary skills to perform financial calculations.
In this way, we propose an integrative approach (see Fig. 1), which adds knowledge in the areas of energy and
finance, the capacities that this knowledge provides, the sensitivity to energy issues and the need to change energy
consumption habits, the perception of the individual role of each citizen and behavior or decision-making.

4. Levels of energy literacy and the relationship between its dimensions and sub-dimensions

From the best of our knowledge on the subject, we find that there is none well-defined and common scale in the
literature, which establishes a limit up to which the level of energy literacy is considered low, and from which it
is considered reasonable or good. Despite this, various authors have sought to establish their own scales and cutoff
values, taking into account the methods of data collection they used.

Studies conducted for the US, report low levels of energy literacy for US citizens [1,9,10]. Although the levels
of knowledge are satisfactory, there is little concern with regard to energy conservation [1]. The results observed
for Taiwan are more encouraging, revealing reasonable levels of energy literacy [11,12]. However, these results are
achieved mainly by the acquisition of knowledge and this does not seem to be translated into concrete actions, given
the discrepancy between attitude and behavior. In Denmark, despite the reasonable levels of knowledge that exist,
most of the respondents report that they have not yet installed more efficient equipment or sought to use renewable
energy sources [13]. New Zealand children also seem to dominate energy issues, even demonstrating a positive
attitude towards energy savings. However, most of them do not show efforts on energy saving [14]. In Portugal, the
university students seem to have also a weak commitment to energy conservation activities, spending more energy
and showing less concern with conservation initiatives [15,16]. The same happens in Switzerland and Finland, where
the levels of energy literacy registered are low, despite the satisfactory levels of financial literacy [3,4].
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Analyzing energy literacy from the point of view of the consumer/decision-maker, some difficulties related to
knowledge will emerge. Herrmann et al. [17] shows that people find it difficult to understand data on domestic
energy consumption, and to establish the relationship between their consumption and daily actions and behaviors.
According to Galesic and Garcia-Retamero [18], most people are not familiar with regarding and understanding
complex graphs and find it difficult to extract useful information from them.

The problem of low levels of energy literacy seems to be related not so much to knowledge, although this
is also very important and there is still space for improvements, but more with the behavior and the application
of knowledge in everyday situations. Attari et al. [19] and Costanza et al. [20] reinforce this view, showing that
consumers’ concerns about energy are not strong enough to commit themselves, as much as would be desirable, in
the monitoring of the energy they spend. Carlsson-Kanyama and Lindén [21] also reinforce that only being informed
is not enough to promote a behavior change.

5. (Some) Factors that influence energy literacy

Another current strand of the existing literature also seeks to analyze the factors that influence the degree of
energy literacy. One of the factors most widely analyzed by researchers is gender. While there are some studies that
point out that women have more negative attitudes towards energy or have lower levels of energy-related financial
literacy [4,22,23], other studies conclude that women have higher levels of energy literacy than men [24]. Very low
and high ages and awareness with free-riding seem to have a negative influence on levels of energy literacy [23].

Encouragement and promotion of positive environmental attitudes in childhood seems to contribute significantly
to instilling correct habits of energy consumption that last throughout life [25]. In truth, the role of schools and of
the frequency of energy-related curricular units seems to be relevant [8,13,26,27]. Other factors such as the parents’
educational level [28], the performance of evidence/games on energy [19,20], the advertising campaigns [29-31],
and socioeconomic status [12] seem to have a positive influence on energy literacy levels.

Another issue that seems to affect the awareness on saving energy is the way in which energy is paid and by
whom it is paid. When electricity is prepaid, consumers tend to consume more than those who pay the electricity
bill after consumption has been made [32,33]. According to the identified literature results, if the participant is the
person who pays the electricity bill, he is likely to show a higher level of energy literacy.

6. Conclusion

In an age when the effects of poor energy management and pollution are beginning to be felt with increasing
intensity, it is urgent to make efforts to empower people and bring them to change their energy consumption habits.
Considering the existing literature, we find that knowledge about energy issues and financial knowledge are the
cornerstones of change. In this way, we suggested a more integrative approach to the concept of energy literacy,
which encompasses financial and energy knowledge, the ability to perceive processes of energy transformation and
financial calculations, sensitivity to energy and behavioral issues. Considering all these aspects, the assessment of
energy literacy levels, will be, in our opinion, more complete and will give more precise indications of which of
the dimensions need more intervention.

We also found that most of the results and conclusions from the literature reveal low levels of energy literacy,
which are mainly explained by the lack of commitment to energy saving and by the concern with free riding.
However, the frequency of workshops or classes about energy and the domain of skills on financial calculations
seems to have a positive influence on energy literacy levels. Therefore, it seems necessary to invest in training and
empowering consumers, in order to give them the necessary tools to make the best energy-related decisions. We
also need to invest in the formation of children, because they will be the citizens of the future and as they do not
yet have defined habits, they easier adopt the correct habits.

7. Suggestions for future research

For future research, we suggest the evaluation of energy literacy levels, using the approach proposed in this
paper, the comparison of the levels of energy literacy between countries, and the realization of some experiences to
evaluate the people energy behavior in a real context. Moreover, and provided that there are already studies relating
financial with energy literacy [34] it is important to look at the relationship between financial and energy literacy
accounting for both supply and demand, provided that there is evidence establishing low financial literacy as a
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mechanism driving low investment in energy efficiency [34]. Future research should concentrate on new insights
on: (i) the level of energy literacy, financial literacy, and energy awareness in households; (ii) the range of energy
behaviors’ and attitudes towards energy consumption; and (iii) the socio-demographic and dwelling factors affecting
energy literate households by employing specific econometric models (like logit or panel data models). In addition,
the relationship between financial literacy and energy literacy should be better analyzed. This implies the specific
answer to the following questions: What is the intersection of energy and financial literacies in the community? In
what ways do people draw upon their personal energy and financial literacies when making decisions about the use
of energy? What are possible learning interventions that could influence, support, and impact decision-making and
energy use behaviors? There are already some projects ongoing which consider these questions [3]. In accordance
with Kalmi et al. [3] Finnish households have low levels of energy literacy and energy awareness, but possess good
capabilities to manage their personal finances. Moreover, no correlation between energy literate and financial literate
households has been found.
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