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Abstract

The use of energy is one of the most important anthropogenic environmental issues of our century, as from
its production, disposal and use there are many negative effects on the biotic and abiotic elements of the
ecosphere. Reducing the environmental impact of the use of matter and energy is a key educational issue.
Students are the future adult citizens, who will make decisions for themselves and their fellow human beings.
For these key reasons, Primary Education plays an important role in raising environmental awareness and
shaping the behaviours of critical children, who need to be oriented towards a sustainable future through
their energy literacy, in the context of sustainability education. The purpose of this study is to capture and
highlight the basic knowledge, perceptions and daily practical functions of children in the use of direct-visible
or otherwise functional energy, which is perceived in children relatively easily, directly and quickly and then
their correlation of the findings on the effectiveness of children's taught energy literacy in their school
education. The sample of the study consisted of 132 students of 5th grade of 3 Primary Schools in the city of
Rhodes. The data collection was done using a structured and anonymous questionnaire and the questions
were mainly closed type. Issues of anonymity and ethics were observed. Data were analyzed using the
statistical program SPSS 25. The results of the study reveal lack of knowledge and misunderstandings in
matters of forms and sources of energy, in the view of oil by several children wrongly as a Renewable
Energy Source, in the knowledge of the unit of measurement of electricity, in the type of main energy
sources in Greece and Solar energy as a form applied in Greece, a country with more than 300 days of
sunshine per year. The concepts of energy efficiency and climate change also indicate the need for
retraining, while carbon dioxide emissions are wrongly linked to the use of solar energy. Regarding the
individual practices of energy austerity, saving and rational use of energy, they seem to be at a fairly
satisfactory level compared to knowledge. In particular, children state that they reduce electricity as they turn
off most electrical appliances after use, they turn off the lights in places they do not use while the use of
energy-saving lamps seems to prevail. In cases where heating is needed due to cold weather, children state
that they prefer to wear more clothes than to increase the heating degrees of the thermostat, while, when
ventilating the premises, they turn off the heating (or cooling) sources, contributing significantly to the energy
and environmental economy. Undoubtedly, there is still, albeit to a limited extent, the possibility of further
improving them for a small number of students. The results briefly show significant misunderstandings in
matters of knowledge and deficient energy behaviour regarding the use and reduction of energy by a small
number of children. The need arises for the retraining of children in an active experiential way through well-
designed Education and Sustainability Education programs, as the development of ecological awareness is
an important educational goal for the formation of energetically literate students.
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1 INTRODUCTION

Energy is one of the most important issues of the 21st century and one of the biggest challenges is global
warming (Lichtenwoehrer et al., 2019). Energy consumption has brought economic growth. It is also a
central issue of the economy, as it is related to investments and jobs that enhance the economic
development of countries (Tong et al., 2020). Dependence on conventional fuels, high consumption and their
use has created modern bases of development in industrial, economic and social level and continues to
support them, while it seems that the production and consumption of fossil fuels will continue to increase.
(Provornaya et al., 2020). Ensuring these is still a field of competition, claims and counter-claims to this day,
as a period is passing which is occupied by issues related to their provision, as they are still associated with
the socio-economic development of a state (IES, 2015). The search and provision of these create a variety
of environmental, developmental and geopolitical issues (Lekka & Kyriazes, 2013). Their use seems to be
significantly linked to a non-sustainable development model that exacerbates abiotic factors, which are
essential for the living of all living things (European Environment Agency, 2019). Therefore, addressing the
issue of energy consumption, greenhouse gas emissions and maintaining a stable economy would
significantly improve the present in favour of a truly sustainable future, as it would reduce carbon dioxide
(CO2) emissions and improve energy efficiency (Pao & Chen, 2019).

According to recent data from the European Environment Agency (EEA, 2019), the average European
citizen consumes 27 Megawatts per hour (MWh) and this concerns the residential, industrial and transport
sectors. This magnitude varies considerably from country to country, and the same is true for the relative
CO:2 emissions, which depend directly on the penetration rate of Renewable Energy Sources (RES) and
existing nuclear energy in several European countries. In Greece, during the year 2019, the total electricity
produced by all forms in the production system amounted to 36167.504 MWh (Independent Power
Transmission Operator, 2019, p. 36), not counting network losses. Transport, the sector with the fastest-
growing energy consumption since 1990, is now at the top of energy consumption. Fossil fuels still dominate
the fuel mix: About 77% of the average European needs energy, oil, gas and coal. As a result, the
concentrations of carbon dioxide (CO2) in the atmosphere increase, resulting in climate change and the
simultaneous increase of the global average temperature (EEA, 2019).

Contemporary environmental issues are intertwined with the globalization of development and directly
related to their globalization, as issues beyond the local environment (Amodu, 2019). They exist as a small
or larger part, different for each country and a problem of local, regional and global dimension. However,
from the globalization of environmental issues and problems, man must be led to the "need to globalize
responsibility and environmental protection” (Tang et al., 2020; Pereira, 2015).

The development sectors of modern society seem to be obliged to make solutions for the widespread
adoption of RES technologies that contribute significantly to sustainable development (Karatayev & Clarke,
2016; Van der Horst et al.,, 2016) with simultaneous and gradual decoupling of dependence on non-
renewable energy resources (Van der Horst et al., 2016). The use of these resources has been shown to
create a host of environmental issues (Chen et al., 2013). The development of simple energy technologies
for daily living and human activities across the spectrum, combined with the reduction of energy use
(Moriarty & Honnery, 2019) and the increase of energy efficiency (UNECE, 2019), are the second important
pole of development of a model of accelerating progress towards sustainable development. Technologies for
these purposes exist and are available at relatively low cost. However, energy efficiency depends, in addition
to the availability of cheap technologies or policy interventions, to a large extent on individual behaviour, as,
for example, the purchase of efficient appliances is not adopted or used in the most efficient way (Boogen et
al., 2016).

1.1 The Energy Dimension In Formal Education

Sustainable development, which depends on the rational use and limitation of the use of natural resources,
means the existence of serious challenges but also prospects in the field of energy in general (Ingaldi &
Klimecka-Tatar, 2020). Lack of basic energy skills by citizens also seems to be an issue that needs to be
addressed in detail, as energy consumption sectors cover a wide range of uses and citizens' skills,
perceptions and attitudes are directly related to reducing or worsening the energy footprint (Bloom &
Fuentes, 2018). Therefore, the "economy" of energy, reflects exactly what is happening in society and
schools themselves.

The interdisciplinary approach to the issue at the level of school education connects education with a
differentiated framework of values, which aims at the formation of integrated citizens and not simply at the
creation of "trained or intelligent workers" (Hellenic Ministry of Education, Lifelong Learning and Religions,
2003). In the case of energy literacy and energy education of children, it should focus on making the student
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energy literate (Cotton et al., 2015). Thus, the student, in addition to knowledge, will understand how energy
is used daily, the social and environmental impact of overconsumption, the need to save and rational use,
will be able to make decisions oriented towards simple energy choices to access energy challenges and
difficulties while undertaking actions in favour of sustainability (Akitsu et al., 2017). The cognitive factor is not
an end in itself to education but a "first vehicle" in the direction of children's energy literacy and active
environmental citizenship.

Energy literacy programs, therefore, should increasingly focus on raising awareness for taking action to
reduce energy (Brounen et al., 2013) across the spectrum of children's daily lives. The society of the future
depends on the formation of the current student/citizen, through education, that is, on the type of citizen that
is formed today, through the educational process. On the issue of energy, in particular, to enable it to
understand:

a. The unsustainable behaviour of the average person today and the impact on both themselves and the
environment from the reckless use of energy,

b. The vicious circle between the quality of life and environmental degradation (with the existing
unsustainable conditions and ways of realizing the average person),

c. Its dynamics for the reduction of energy consumption, the improvement of energy efficiency and the
promotion of RES by taking individual responsibility for action and

d. The interconnection of the individual, local, regional and global dimension of the issues.

Energy literacy, then, is the understanding of the nature and role of energy in everyday life, the ability to
answer questions and the ability to solve problems (US Department of Energy, 2019).

In recent years, children's energy literacy programs have focused on the personal field of students in terms
of reducing use and saving energy. Furthermore, it is observed that organized educational interventions for
students can improve issues of energy saving and rational use in the same children and their parents
(Greonhgj, 2015). Therefore, education for sustainability, in the sense of the holistic approach and the
connection of the school with the local community and local issues, is an important educational necessity
(Papavasileiou, 2015; Papavasileiou et al., 2017; Papavasileiou et al., 2018).

In general, children as energy consumers consume less energy compared to adults. A study in Japan
(Yamaguchi et al., 2012) found that children consume less energy than adults, using between 1/3 and 1/2 of
the total energy an adult consumes at home, at work or in its transport. Of course, this is precarious, as few
studies have focused on children as the main energy consumers, while at the same time the consumer
culture plays an important role (Fell & Chiu, 2014). This discrepancy exists and children should be treated as
co-consumers of energy. According to this, their energy practice during their daily life can be indirectly
evaluated, as at the level of purchasing decisions and adoption of energy-efficient technologies they can,
with a relatively small range of responsibilities, make corresponding purchases.

However, they can be informed and sensitized through education, use energy rationally and learn to apply
energy reduction practices in their daily lives (Lefkeli et al., 2018) or to put pressure on parents and adults to
the adoption of energy lean technologies market or adoption of broader energy lean approaches.
Furthermore, their energy background and awareness of energy austerity and energy choices will be the key
to their future energy behaviours and choices as adults, as energy-educated people are expected to take
responsible action, to the best of their knowledge. and their shaped perceptions (Yeh et al., 2017).

2 METHODOLOGY

This study examines a variety of aspects of the daily energy practice, management and behaviour of primary
school students, based on their energy literacy. The areas of research are general data on energy, heating,
electricity and transportation in their daily lives.

The research was carried out on 5th-grade students of an elementary school in an urban area, after the
completion of the course in the chapter "Energy" of the subject of Physics, while there were 132 random
samples. The knowledge and perceptions of students, as well as the feasible successful energy reduction
practices in their daily life, present the degree of success and effectiveness of teaching regarding their
energy literacy and materialized energy behaviour, as an objective result of their energy education.

The study is quantitative with qualitative characteristics. The data were analysed with the statistical package
SPSS Statistics 25. It was implemented through a structured and anonymous questionnaire, as this is
regarded as the most appropriate methodological tool for investigating the issues under consideration
(Cohen et al., 2011). It includes a total of 23 questions/statements, mainly closed-ended that contain
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individual sub-questions. Its ultimate goal is to highlight the existing energy literacy of children in this class. It
also adapted to the children's language level to safely extract data on exploratory issues.

Issues of anonymity and ethics were observed. The research is a case study while the generalization of its
results is treated with relative reservation.

3 RESULTS

The sample of the study consists of boys at a rate of 57.6% and girls 42.4%, students of the 5th grade. The
results of the study are analysed in terms of their percentage of descriptive analysis and presentation.

Regarding the energy sources that are considered renewable, with options given in combinations in groups,
among which there was some form of energy that was not included in RES, many students (51.5%)
answered correctly referring to RES as wind energy, solar energy, water, biomass and geothermal energy.
However, several children (36.4%) referred to nuclear energy as RES, while a few (12.1%) incorrectly
referred to oil as RES.

When asked which energy source is a fossil fuel with biogas, natural gas and nuclear energy options, the
students' answers were given without any significant percentage difference or deviation but with quite
incorrect answers. Thus, biogas (30.3%), natural gas (30.3%) and nuclear energy (39.4%) are incorrectly
mentioned as fossil fuels.

In a separate statement, which specifically concerns whether oil is a renewable or non-renewable energy
source, many students (51.5%) incorrectly refer to it as RES, while several students (48.5%) correctly state
that oil does not belong to the category of RES.

When asked about energy sources that can release carbon dioxide (CO2) into the atmosphere, several
children (42.4%) correctly mention fossil fuels. Others (36.4%) also incorrectly answer that solar energy
releases carbon dioxide (COz2) into the environment, while a few children (21.2%) incorrectly answer that
wind energy releases carbon dioxide (CO3) in the atmosphere. Combined with their answers, many children
(57.6%) report that RES release carbon dioxide (CO32) into the atmosphere. This is a serious issue of
retraining students to remove this misunderstanding.

Regarding the question of whether students have received education and are aware of the issue of energy
efficiency of energy sources and the effects of energy use on the issue of climate change, several students
(45.5%) state how references and didactic approaches were made during the lesson on these issues, while
many students (54.5%) maintain that no references and didactic approaches were made on this issue.

Regarding the question of what the greenhouse effect is, for several children (42.4%) it is defined as a
natural process that regulates the earth's temperature. Several children (36.4%) also define it as the
increase in global warming due to anthropogenic activities, which emit greenhouse gases. Few of them cite it
as synonymous with climate change (21.2%). In any case, many students as a whole report it as a human-
centred problem by 57.6% and not an issue that arises from the environment itself or some natural process.

Children also associate the intensity of the greenhouse effect with the production of carbon dioxide (CO2)
(48.5%) and methane (CH4) (30.3%), known greenhouse gases which are responsible for the intensification
of. Of course, there is a misunderstanding by children, as they report to a small extent (21.2%) and
incorrectly, that oxygen also has a positive effect on the intensification of the greenhouse effect.

Room heating, in general, is a highly energy-intensive sector, especially in winter, as in Greece the summer
is particularly hot. In the scenario that states that the windows of the house are closed, the heating is on, but
we are still cold, they are asked to choose from the given statements what they would do as an immediate
and first thought. Many children (69.7%) reported that they prefer to wear another layer of clothing in order to
dress better to face the cold they feel aware of this possibility and the cost reduction of the energy that will
be converted. The remaining pupils (30.3%) simply stated that they would increase the intensity of the
heating in their room to keep warm.

As for the practice of refreshing the air in their classroom at school, which is implemented with a short
opening of the windows for health reasons, the majority of students (75.8%) report that the heating is
stopped properly for as long as the indoor air is refreshed and that brings about quite a large energy
reduction. Few of them (24.2%) report that the heating in their classrooms works without interruption during
the ventilation of their classroom, causing energy waste.

The same practice of air renewal with the heating off is very much implemented in the environment of the
children's home and to a greater extent compared to the school unit according to their statements (81.2%).
Few students (18.25%) report that this energy-saving practice is not applied in general and heating
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continues to work.

The existence of heating in conditions of relative comfort is an important parameter of energy savings. An
increase in temperature of 2 degrees Celsius (°C), puts a considerable burden on energy costs. The heating
in the school is mainly regulated at 20 °C (60.6%), while some children report 18 °C (21.2%), or 22 °C
(18.2%). The temperature in the house is generally lower, as the answers are evenly distributed at 18 °C
(45.5%) and 20 °C (45.5%), while a few children (9.1%) report 22 °C. It seems that the cost of energy is
rather taken into account, since the house is more strictly observed the reduction of energy, which is paid by
the parents and, obviously, in the home environment, they save more energy and money.

The assumption of individual energy restraint practices by children is the ultimate goal of environmentally
conscious behaviour. The aim is to educate them in the context of sustainability education and to adopt
practices of saving, reduction, rational use or non-use of energy.

As children, in general, also consume energy, it seems that they adopt a saving practice to a significant
degree, as they always close the screens of devices after their use (72.7%) or sometimes (27.3%). No child
leaves a computer or TV screen on at all times. In the case of gaming machines, however, their practices
seem to differ significantly, as only 18.2% of children turn them off completely, while a few of them (21.2%)
sometimes. Most students (60.6%) do not suspend their function, so they can play at any time.

As for the lighting of the spaces of their house, they make a significant degree of closing of the lights (78.8%)
when they leave the room or the space in which they were and the lighting operation is not necessary. Some
children (12.1%) apply this practice occasionally, while, in general, very few children (9.1%) are indifferent to
doing so and leave the lights on.

Students are very ignorant about the unit of measurement of electricity consumption since only 21.2% of
children correctly report kWh as the unit of measurement, while the rest of them report a significant degree
(60.6%) incorrectly Volt or Hertz (18.2%).

Among the energy sources used in the local system for energy production, few children (6.1%) correctly
report the exploitation of solar energy which, of course, exists in a small percentage, while many children
(60.6%) do not know the energy source locally which is oil. The remaining children (33.3%) answer
incorrectly. This means that the issue of huge oil consumption in the local system for electricity generation is
not known.

As for the practice of saving energy by children, regarding the closing of the computer after its use, it seems
to be implemented to a significant degree, as many children (81.8%) turn it off immediately after its use,
while few of them either leave it in standby mode (9.1%) or just leave it running without needing it (9.1%),
wasting energy.

Regarding the use of energy-saving light bulbs, many children report that energy-saving light bulbs are used
both in their school (63.6%) and at home (57.6%). The rest of them report that both at school (36.4%) and
home (42.4%) they use old technology lamps, which are not environmentally friendly, as a result of which
electricity is wasted. This issue should be another field of didactic approach aimed at informing the students.
Of course, in this issue, there is the issue of ignorance on the part of children about whether such lamps are
actually used and additional research on whether there are indeed several houses (42.4%) that use
environmentally friendly lamps.

Regarding the energy-saving behaviour, which goes back to the use of electrical appliances in an
environmentally friendly way, many children report that electrical appliances turn off or unplug after use, both
at school (75.8%) and in their home (72.7%), thus contributing significantly to energy savings. Few children
report that such practices are not implemented in the school unit (24.2%) and at home (27.3%), indicating
that there is still room for improvement in this practice.

Furthermore, the control of the energy labelling of electrical appliances as a basic condition for their
purchase choice seems to be implemented considerably (57.6%). This practice is an important parameter for
measuring energy austerity and energy savings. The declared percentages would be expected to be
significantly higher and this is not the case. Therefore, there is still a considerable scope (42.4%) to enhance
this dimension through an educational intervention that can lead to further energy savings in the long run.

4 DISCUSSION AND CONCLUSIONS

Clarifying and understanding children's behaviour regarding energy saving and rational use is something that
can make a positive contribution to making appropriate policy and educational choices. The information
collected from the survey with a questionnaire, highlights the existing cognitive misunderstandings,
deficiencies and the need for restraint, in order to strengthen the cognitive background of students and
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strengthen their energy-saving practices, which are absolutely necessary in the context of sustainability.
(Ntona et al., 2015).

In particular, the serious misunderstandings in matters of knowledge of forms and sources of energy, but
also the misunderstanding that oil is considered a renewable energy source by about half of the students,
shows that the cognitive factor of basic elements of energy literacy lags significantly. This demonstrates the
need to change the approach and the way of teaching children and, of course, marks the re-teaching of the
respective issues for the restoration of the cognitive deficit. Children's energy literacy is broadly reduced to
knowledge about the production and consumption of energy, the effects of its production and use on the
environment and society, but also their attitudes and values, their emotional and behavioural characteristics
to get the right and appropriate decisions on the issue of energy (Martins et al., 2020).

Respectively, there are serious cognitive deficiencies in the type of units of measurement of electricity, as
few children know the unit of measurement (kWh) correctly. Also, a very serious cognitive deficit is observed
in the type of basic sources used in our country for energy production. Few students cite solar energy as one
of the existing forms of energy production. This is a critical feedback issue.

The production of carbon dioxide, associated with the greenhouse effect (and at the same time an issue that
is often raised in the media), is little known in relation to the type of fuel that causes and aggravates the
phenomenon. As might be expected, the serious issue that arises is the completely wrong connection of
carbon dioxide (COz) production with RES and this is a matter for a feedback approach and teaching.
Furthermore, children's knowledge of the natural (and man-made) effect of the greenhouse, although
diffused in its manifestations, is nevertheless in the right direction. This is because there is no prior
knowledge taught in school education (Rosidin & Suyatna, 2017). The concepts of climate change and
energy efficiency are also an additional issue of the need for retraining and feedback of students.

Regarding the individual practices in the fields of energy austerity, saving and rational use of energy, they
seem to be at a much better and sufficiently satisfactory level compared to the aforementioned knowledge.
The reports of the children present particularly positive results for the heating and cooling practices of the
spaces where the children are, not only good practices for reducing energy when these spaces are
ventilated but also the thermal comfort that must exist in these spaces. These findings are consistent with
similar findings in students in the Philippines (Cruz, 2017). Thermal comfort should be at the limit of standard
comfort so that the lesson is implemented indefinitely (when the children are at school) or at home during the
remaining hours. The prevailing temperatures are appropriate and operate both at school and at home with
some variation, comparatively higher in the school, in the area of thermal elementary comfort (Lefkeli et al.,
2018).

In matters of saving and rational use of electricity, too, children show considerable energy sensitivity, in the
sense of reducing electricity, being consumers either at school or at home. They know and generally turn off
the screens of the devices they used after the activity. They turn off the light bulbs in their living spaces and
their computer when they complete their tasks and activities. They appear oriented in favour of energy
reduction (Yeh et al., 2017). An exception in favour of energy-consuming behaviour is the use of slot
machines. Their operation and use by children differs significantly from the other electricity reduction
practices they have generally adopted. This is another important issue for changing their attitudes, in favour
of reducing energy, through educational intervention.

Moreover, the use of energy-saving light bulbs is well known and adopted as a practice, either at school or at
home, but there is some room for strengthening the tendency to put pressure on adults to use such light
bulbs by everyone. Corresponding "pressure” can be exerted by children on their parents, with the aim of
purchasing, exclusively energy-efficient devices, which bear the appropriate energy label. After all, choosing
a cheaper device, in the long run, proves to be more expensive, depending on its long-term daily use
(NEED, 2018).

After completing the review, the electrical appliances, after their use, "unplug" or "close" the power strip,
which supplies power, either at home or school, completely reducing even the smallest amounts of electricity
consumed by the situation waiting. Of course, there is still ability for improvement and targeted educational
intervention can maximize this practice (Lee et al., 2015, 2017).

The exploration of knowledge and practices in the daily life of children highlights, the need for retraining and
strengthening the cognitive background and perceptions and practices of children, through targeted
educational interventions. Also, more teaching time in educational practice (Rosidin & Suyatna, 2017). The
adoption of educational activities and the active participation of students through them in teaching are more
likely to enhance the change of behaviour in favour of energy saving (Platis & Romanowicz, 2020). An
informed and energy-conscious public is more likely to participate in decision-making processes.
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Furthermore, it will be better trained to make careful and responsible decisions, choices and actions related
to energy (Polikovsky et al., 2018). The students of the study, in terms of energy management practices and
their knowledge of basic energy and resource issues, ranging from "moderate to satisfactory sustainable
management and behaviour”, if we can give a formal gradation in the concept of sustainability, general
issues that need cognitive reinforcement and empowerment (Chen et al., 2015). The ultimate goal is to adopt
"strong sustainable management" in the broader context of sustainability education, in favour of creating and
maintaining conditions in which nature and humans "can coexist in productive harmony to support present
and future generations" (EPA, 2018).
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