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Abstract: Because of disruptive changes in energy businesses and services, as well as changes in
people’s lifestyles around the world, energy demand and consumption have risen quickly in recent
decades. A household energy awareness literature review was conducted. The survey was conducted
in Poland with over 1097 respondents. Additionally, it was given a qualitative analysis. At the
same time, in order to consider why energy consumption in households is increasing, a traditional
quality management tool was used—the Ishikawa diagram. The Pareto–Lorenz diagram was used
to analyze the causes of the increase in energy consumption in households. A model of the causes
of increasing energy consumption in households has been built. The researchers calculated the
chi-square test, which allows them to determine Pearson’s C coefficient. The C-Pearson coefficient can
be calculated using the Chi square value. The results of the study clearly show that the respondents
have knowledge of energy and the factors that influence the increase in its consumption but are not
aware of why energy should be saved and what it means for the environment. The authors propose
ways to build the awareness of household users through a modern quality management tool called
the interrelationship diagram.

Keywords: customer awareness; energy; Ishikawa diagram; Pareto–Lorenz diagram; model of the
causes of increasing energy consumption in households; interrelationship diagram

1. Introduction

In today’s world, energy conservation and renewable energy consumption are major
concerns for both developed and developing countries [1]. The household energy consump-
tion sector is changing as new technologies and regulations for transitioning to renewable
energy emerge [2,3]. Global warming and technological improvements are driving the
energy domain’s renewal, which has the potential to transform the way we produce and
consume energy. The role of awareness is important in affecting household energy con-
sumption and pro-environmental choices [4–8]. Both accessibility and affordability of using
energy improves social wellbeing in terms of health status. Awareness alone does not
necessarily reduce energy consumption, but subjective factors can play important roles.
Moreover, household′s subjective attitude can significantly influence decisions to purchase
more energy efficient products and encourage pro-environmental choices [5]. Research
shows that most household consumers live in outdated buildings [9–13]; thus, energy
awareness issues seem to be important. There are studies that have examined household
energy issues and their awareness [9–14] but in terms of energy saving methods, energy
efficiency or renewable energy sources. This case study aims at filling this research gap
by examining qualitative consumer energy awareness by using chosen traditional and
modern quality management tools in Poland [9,10]. Household consumers will become
respondents (1097 of respondents have taken part in the survey) for the purpose of testing
energy awareness.
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2. Review of Literature

The European Union’s energy policy emphasizes the importance of reliable energy
supply, sustainable energy usage, and reduced reliance on fossil fuels as well as increased
energy efficiency [11]. The world’s current energy consumption is around 9000 MTOE,
which has doubled between 1971 and 2014; however, total primary energy supply has
increased by nearly 2.5 times during the same period, causing serious environmental
consequences, particularly in heat and electricity production, which accounts for 25% of
global greenhouse gas emissions [12]. The following development trends affecting global
energy markets can be noticed in particular:

1. Electrification: The need for cleaner, more cost-effective energy as a result of global
warming is driving the electrification of transportation and a number of other sectors.
Power-to-X [13] is a major technology that supports this growing trend. As the amount
of electricity transmitted and delivered increases, flexibility management will become
increasingly important.

2. Renewable energy: Environmental and economic factors are driving an increase in
the use of renewable energy sources. Solar and wind energy are already low-cost
sources of new electricity generation capacity. Because solar and wind power output
are fickle and cannot be managed in the same manner as fossil-fuel power plants, this
development will make flexibility even more vital.

The trend toward embedded connectivity and processing in products and building
automation systems is enabling real-time control of distributed energy resources such as
freezers, refrigerators, water boilers, electric vehicle (EV) charging, and heating, ventilation,
and air-conditioning systems (HVAC). The party in possession of these flexibility resources
will be a crucial player in future energy markets, as demand-side flexibility will be the
primary source of flexibility. The main hurdle to energy efficiency is always a lack of
knowledge or awareness [14,15]. Dahle and Neumayer [16] identified a number of obstacles
that can hinder the greening process, including financial, cultural, and urbanization issues.
The second impediment to the greening process was lack of awareness. People cannot
be expected to change their behavior, and thus their culture, unless they are conscious of
the need to do so. This suggests that if individuals are unaware of the necessity of energy
conservation, they will not take any steps to conserve it.

Many studies [17–25] have looked at the impact of information availability and energy
awareness on consumers’ intentions to engage in energy-related behavior. Due to increased
digitalization [4–6,26–30], an increase in renewable energy sources, and rapid technological
progress, energy markets are currently developing [30,31]. To adapt to these changes,
energy companies are being driven to develop new business models and adjust their
business practices. Together with rapid technological development, the ever-increasing
amounts of energy data acquired from smart devices, appliances, and systems (hereinafter
referred to as “devices”) are enabling the emergence of new types of commercial prospects.
Energy data can be used for a variety of purposes, including developing new products and
services, monitoring and controlling devices and systems, and making real-time decisions.
Artificial intelligence (AI) technologies, in particular, are enabling intelligent services as
well as the automation of evidence-based business decision making. Smart and sensible
data utilization allows for the emergence of new actors in the domain, as well as provides
a competitive edge to existing actors playing new roles [31]. Many research studies have
shown that how families respond to energy feedback varies greatly [32,33].

Research shows that household behavior affects energy consumption [34]. Many social
and environmental psychological studies [34] have been conducted to better understand
why this is the case and how such behaviors might be altered to minimize energy use.

There are no empirical studies investigating how household awareness influences on
their energy consumption. This gap is also considered a further perspective of empirical
research to identify awareness-building methods and tools. Three key outcomes of solar
panel adoption, according to Claudy et al. [15], reflect customers’ perceptions of their
benefits: (1) energy cost savings, (2) environmental benefits, and (3) independence from
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traditional energy sources. Socioeconomic parameters such as energy price, consumer
attitude, economic position, and environmental issues such as ultrafine dust concentration
were studied in order to find factors impacting household energy usage. According to
Bhattacharjee and Reichard, it is vital to examine not only human behavior, but also non-
human factors such as weather and energy pricing in order to improve energy efficiency
and decrease the constant growth in household energy use [35]. A review of the effect
of behavioral intervention on household energy savings [36], a review of the impact of
the intervention, such as providing customized information and feedback, on changes in
household energy consumption and energy-related behavior [37], and a study that examines
which type of feedback is most effective in reducing household power consumption [38],
are all examples of behavioral intervention research.

By engaging users with issues such as attitudes, knowledge, awareness, and skills [39],
the behavioral approach to energy saving offers significant opportunity. However, raising
awareness is the first step toward behavioral changes because it is the seed for future
changes [40,41]. There will be no realistic action to conserve energy without awareness.
According to one notable report [42], it is critical to raise awareness in the energy sector.
The importance of awareness in influencing home energy use and pro-environmental
choices cannot be overstated. In terms of health, both accessibility and affordability of
energy use improve social wellbeing. Although awareness alone is not sufficient to reduce
energy consumption, subjective variables can play a significant influence. Furthermore, a
household’s subjective attitude can have a big impact on whether or not they buy more
energy-efficient products and support pro-environmental choices [3].

Energy conservation can be difficult to achieve without energy awareness, which
can lead to energy waste [43]. The use of information to encourage energy conservation
is widespread [44]. Various types of information can be presented. First, by giving in-
formation about energy-related issues, households can gain a better understanding of
topics such as global warming. Second, by offering information about behavioral options
for reducing energy use, households can gain a better understanding of how they might
save energy. Geller (1981) [44] discovered that a workshop on energy conservation re-
sulted in increased conservation knowledge but no behavioral changes. Staats, Wit, and
Midden (1996) [44] reviewed a mass media campaign on global warming and found that
public awareness of the issue had increased. Choong developed the Conceptual Model
of Energy Awareness Development Process (CMEADP) as a tool for facilities and energy
managers to increase energy awareness and behavior [43], while Mohammed et al. [45]
created a development process model. Researches Keles et al., Cao et al., Jebaraj et al.,
Bhattacharyya et al., Droste-Franke et al., and Despréset et al. [46–51] formalized energy
models, from which energy policy recommendations are derived, as useful for strategic
decision making. However, developed awareness is insufficient because awareness and
behavior do not occur simultaneously. Changing a participant’s understanding about
energy and conservation is easier than changing their attitudes [52]. Similarly, persons who
understand the necessity of energy conservation and are aware of energy saving techniques
may not put them into practice.

Between 2005 and 2017, home energy use fell by 0.6 percent per year. Improvements
in household energy efficiency offset the increased number of appliances and the increased
floor area of residences, resulting in this dropfina [53]. Figure 1 shows the evolution of
energy consumption in households in 2017–2019. It can be seen from the picture that
the most energy-intensive consumption in all years is space heating, followed by water
heating and lighting. In most European Union nations (including Poland), transportation
is the primary source of energy consumption. Industry consumes 24.6 percent of energy in
the EU, followed by transportation (31.3 percent), services (13.9 percent), and households
(26.7 percent).
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Figure 1. Energy consumption in EU households in 2017–2019 years. Source: own study, based
on [54,55].

In 2019, homes accounted for 26% of final energy consumption in the EU, or 17%
of gross inland energy consumption. In 2019, European homeowners used the bulk of
their energy to heat their houses (64 percent of total residential energy consumption), with
renewables accounting for more than a quarter (28 percent) of total residential energy
consumption. Poland produced roughly 158 TWh of electricity in 2020, which is 4.0 percent
less than in 2019. Coal was used to generate more than 70% of the electricity [11]. According
to the OECD report Towards Sustainable Household Consumption Trends and Policies in
OECD Countries, energy consumption in OECD countries increased by 36% between 1973
and 1998 and is expected to rise another 35% by 2020. Electricity usage for commercial and
residential applications accounts for 30% of overall energy consumption, making it the two
fastest expanding segments of global energy use, alongside transportation. It has also been
projected that the amount of homemade food consumed by farms has increased, which
has an indirect environmental impact in the form of mostly utilized energy and generated
trash [56,57]. In addition, according to the OECD’s Greening Household Behavior report in
2011, it was expected that public policy will play a significant impact in the years ahead [58].
Since 2006, coal’s proportion of electricity production in Poland has been declining, with
gas and renewable energy sources taking its place [59]. In Poland, transportation consumes
33% of total energy. Households are the second and third largest “consumers,” respectively.
The pandemic’s impact on the energy system was felt in Poland, particularly in spring
2020; however, its economic and energy system effects faded subsequently. Market trends
(energy, and technology prices) play an essential impact in the short term and will continue
to do so. Technological trends related to the decarbonization of the sector will play a critical
role in the evolution of the power system and its environment in the medium and long
term. Renewable energy, energy storage, and electromobility all experienced rapid growth
in 2021. In addition, new measuring methods were being tested and introduced, allowing
for the use of high frequency data (HFD) and accuracy data. Hydrogen technology may
become more popular in the long run [60,61].

3. Materials and Methods

The objective of this research is to build consumer awareness of energy consumption
in households. This study concerned only the household approach [57,58], as consumers
treat energy consumption quite differently in the workplace [59] and in public places than
at home. Despite thinking about the sustainable development of the planet, the proper use
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of resources, or the effective use of tools for energy resources, man will involuntarily place
his own economic benefit in first place. The examination of the above hypothesis-based
research question is warranted in light of the literature review and analysis. The conducted
research shows that the structure of the analyzed attitudes [60], views, and behaviors [25,61]
is derived from the knowledge about energy management [28,62].

The research used the CAWI [63] questionnaire, the aim of which was to examine the
awareness of consumers in households in terms of energy consumption [28,64,65]. The
minimum sample size was determined, and the method of communication with respon-
dents was determined. Due to the timing of the pandemic and the size of the sample,
the questionnaire was made available online [66,67]. The research was conducted over
a quarterly period in 2021 in Poland. There were 1097 respondents, of which 20% were
women and 80% were men. The gender analysis showed that men in Poland are respon-
sible for managing household energy consumption [28]. After the research, the results
were analyzed and conclusions were formulated. The research questionnaire contained
40 targeted questions, solving the research problem. The aim of the study is to conduct a
qualitative analysis of the awareness of household consumers [68–70] in the field of energy
consumption using the Ishikawa diagram [9,51], the Pareto–Lorenz chart [9,51], and the
relationship diagram [9,51], and to build a model of the causes of the increase in energy
consumption in households [51–53]. This paper poses the following research questions:

• Are people aware of how much energy they use?
• What is the model for the causes of rising home energy consumption?

The chi-square test was used by the researchers to determine Pearson’s C coefficient.
Calculating the C-Pearson coefficient is made possible by the Chi square value.

4. Results

The Ishikawa diagram is one of the traditional quality management tools [62–68],
which is often also used by other management systems. Ishikawa is used to determine the
cause and effect relationships of a given problem. It is based on a graphical representation
of the analysis of the relationship between the causes that trigger a specific problem [69].
The tool helps to locate the cause of the problem [28,70]. The following question was
analyzed: Why is energy consumption increasing among households? (Figure 2). The main
factors influencing the increase in household energy consumption have been analyzed.
The reasons for the increase in energy consumption are mainly related to: (1) remote work
introduced in connection with the pandemic, (2) introducing innovations to the market
by companies, (3) the desire of consumers to be modern, and lack of knowledge of the
signs on the products (4). Most of the respondents’ represented three or more in household
size (42%). Other respondents represented single family (35%), two family (17%) and no
family (6%).

The kind of lighting used in respondents’ houses is presented in Table 1.
Traditional light bulbs are the most commonly used kind of lighting (58%). Table 2

shows elements decisive in choosing a light source.
It can be seen that the elements most often decided about choosing lighting are

appreciation of the quality of traditional light bulbs-their color and natural (36.49%). After
that, care about environmental aspects (34.94%) and the advantages of tradi-tional bulbs
(22.37%). Table 3 presents energy eaters in respondents’ homes.

The biggest energy consumers are the heater (42.26%), air conditioner (36.08%), and
refrigerator (27.83%). Table 4 shows elements taken into account by respondents when
reading energy labels. It can be seen that the most important labels are device energy class
(47.01%) and water consumption (28.86%).
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Figure 2. Ishikawa diagram base on the question: Why is energy consumption increasing among
households?

Table 1. Kind of lighting using in respondents’ home.

Kind of Lighting Share

LED sources 34%
traditional light bulbs 58%

compact fluorescent lamps 8%
Source: own study.
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Table 2. Decisive elements of a light source.

Elements Share

taking care of environmental aspects 34.94%
appreciation the advantages of traditional light

bulbs 22.37%

appreciation the quality of traditional light
bulbs—its color and natural appearance of

illuminated objects
36.49%

appreciation the natural color of traditional
light bulbs 6.2%

Source: own study.

Table 3. Energy consumer in respondents’ home.

Elements Share

heaters 42.26%
refrigerators 27.83%
air condition 36.08%

kettles 18.55%
electric cookers 18.55%

heat blowers 10.3%
freezers 10.3%
coolers 17.52%

washing machine 10.3%
microwave 11.34%
computer 4.12%

Source: own study.

Table 4. Elements taken into account by respondents when reading energy labels.

Elements Share

device energy class 47.01%
annual energy consumption 21.54%

water consumption 28.86%
noise level 2.59%

Source: own study.

In accordance with Table 5, the electricity consumption of respondents per annum in
most cases is under 10,000 kW h (45.56%).

Table 5. Electricity consumption of respondents per annum.

Consumption/Year Share

Under 10,000 kW h 45.56%
10,000–20,000 kW h 15.46%
20,000–40,000 kW h 6.18%
Over 40,000 kW h 4.12%

I do not know 28.68%
Source: own study.

Not many respondents reported having their own energy production, consisting
mainly of solar panels (22.4%) and solar collectors (9.4%). Only 10.6% of respondents have
electric cars (Table 6).
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Table 6. Energy units use in respondents house.

Energy Units Share

Electric car 10.6%
Solar panels 22.4%

Solar collectors 9.4%
Home automation system 32.9%

Other 24.7%
Source: own study.

The electricity consumption (kWh/year) of the respondents is presented in Table 7.
Direct electrical heating was the most used heating method (38.7%), followed by gas
(22.6%).

Table 7. Heating methods use in respondents house.

Heating Methods Share

Direct electrical heating 38.7%
Storage electric heating 8.6%

Oil/wood/pellet 8.6%
Geothermal 4.3%

Exhaust air heat pump 1.1%
Air–water heat pump 4.3%

Hearth 2.2%
Gas 22.6%

Source: own study.

Table 8 shows smart grid solutions known to respondents. The table shows that the
most known consumers are fiber optic (48.4%), public cellular networks (40%), and access
to the public Internet via XDSL (30.5%).

Table 8. Smart grid solutions known to respondents.

Smart Grid Solutions Share

Fiber optic 48.4%
Copper narrowband line carrier systems for

transmitting matter 11.6%

Broadband power line support systems 22.1%
Wireless Mesh, Wimax 32.6%

Public cellular networks (GPRS, UMTS, LTE) 40%
Access to the public Internet via XDSL 30.5%

I do not know any of this 28.4%
Source: own study.

Table 9 presents the behaviors of respondents that increase energy consumption. These
include primarily leaving the devices in stand-by mode (39.65%), forgetting about turning
off the lights when leaving (22.5%), not using household appliances, and low-low electricity
consumption (20%).

Table 9. Behavior of respondents that increases energy consumption.

Behavior Share

Leaving the devices in stand-by mode 39.65%
Forget about turning off the light when leaving 22.5%

Not using energy-saving light bulbs 10.84%
Not using of households appliances and low

electricity consumption 20%

Font cook energy-saving 7.01%
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Table 10 shows the frequency of the increase in energy consumption in households.

Table 10. Reasons for increasing energy consumption by frequency of occurrence.

Reason Symbol Reasons for Occurrence Type of Reason Percentage Share Cumulative Value

P1 Leaving the devices in stand-by mode Remote work 39.65 39.65

P2 Forget about turning off the light
when leaving Energy user 22.5 62.15

P3 Not using energy-saving light bulbs Energy user 10.84 72.99

P4 Not using of households appliances
and low electricity consumption Energy user 20 92.99

P5 Font cook energy-saving Energy user 7.01 100

Source: own study.

Based on Table 10, a Pareto–Lorenz diagram was built (Figure 3) that shows the reasons
for the increasing energy consumption in households.

Figure 3. Pareto–Lorenz diagram causes of increasing energy consumption in household.

In order to determine how many reasons affect energy consumption, the Pareto–
Lorenz diagram (Table 10) was used. The Pareto–Lorenz diagram is a tool that enables the
scheduling of factors influencing the analyzed issue [61–65]. The analysis of Figure 3 shows
that 21.94% of the reasons that include leaving the devices in stand-by mode (P1) and
forgetting about turning off the lights when leaving (P2) affect 62.15% of the participation
in the increasing energy consumption in households. It seems that these reasons may be
caused by a lack of instilling in households the need for ecological thinking and concern
for the welfare of the planet. Consumers are oblivious to the importance of ecology and
energy conservation in today’s fast-paced world. It turns out that simple activities such as
turning off the lights and turning off standby mode devices are a challenge for households
on the way to low energy consumption.

On the basis of the obtained results, we can observe that remote work is the reason
that has the highest level of influence on increasing energy consumption in households.
Another important factor is energy use. After data analysis, we can build a model of reasons
connected with increasing energy consumption based on their importance. The model is in
Figure 4.
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Figure 4. The model of reasons of increasing energy consumption in household.

Regarding the two main reasons mentioned in the previous analysis, for the increasing
energy consumption in households, we can distinguish the two main groups in the model:
remote work—highest importance, total value 39.65; and energy consumer—medium
importance, total value of 62.15.

The next step of research is the calculation of the chi-square test, which allows for
the determination of Pearson’s C coefficient [71,72]. The Chi square value allows one to
calculate the C-Pearson coefficient, which takes values from 0 to 1. The values mean:

0–0.2—an extremely weak relationship
0.2–0.4—weak relationship
0.4–0.6—moderate relationship,
0.6–0.8—a strong relationship
0.8–1.0—a strong relationship.

Table 11 presents the results of the C-Pearson coefficient at a significance level of 0.05.

Table 11. The results of the C-Pearson coefficient at a significance level of 0.05.

Dependences C-Pearson Coefficient Value

type of lighting used/knowledge about intelligent
energy systems 0.74

traditional lighting/price 0.62
energy efficiency/light source price 0.53

reading energy labels/energy consumption 0.8
energy class/knowledge of symbols 0.45

bad habits/energy efficiency 0.27
electric heating/annual consumption 0.46

support for renewable energy/familiarity
with symbols 0.69

Source: own study.

The results presented in Table 11 show a strong relationship between the type of
lighting used and the knowledge about intelligent energy systems, where the value of
the C-Pearson coefficient is the highest and amounts to 0.74. The results also show a
strong relationship between support for renewable energy and familiarity with symbols on
products and between traditional lighting and the price paid for energy. The analysis of
the results shows that a great influence on building consumer awareness of households is
their desire to pay lower energy bills. In order to pay lower bills, they need to learn about
technological innovations in the field of energy.
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The last stage is to analyze the best way to build household awareness. It was made
by an interrelationship diagram (Figure 5). A dependency diagram, relationship tree, or
cause dependency diagram is another name for the diagram. It is a method of elucidating
causal links. It was created to demonstrate logical links and interconnections among
the various components that influence the issues under consideration. The relationship
diagram resembles the Ishikawa Cause and Effect Diagram in that it not only specifies and
depicts cause–effect linkages, but also cause–cause relationships [71].

Figure 5. The interrelationship diagram for the problem: building household awareness.

Analysis of the diagram shows that in order to build awareness among households,
service providers should act against them. Enterprises should change their approach to the
customer in the enterprise–customer relationship to focus on informing the customer about
the benefits of taking care of energy. The authors also believe that a new system should be
implemented that will help consumers understand how to buy products that use as little
energy as possible through educational activities and employees.

5. Discussion and Conclusions

In the modern economy, electricity has become the most important factor in ensuring
any country’s socioeconomic progress and improving the quality of life of its population.
There is an essential component of life for every modern person. It improves society’s
functioning by providing adequate conditions for labor, development, and rest. People
can live more comfortably and safely due to electricity. Electricity is used in all aspects of
human existence to aid communication, transportation, and trade.

One of the biggest problems in the electricity market in Poland is the high level of
so-called energy illiteracy, which is influenced by the significant technical, legal, economic,
and organizational complexity of this market. Consumers have an average interest in
the subject of electricity, as well as that they are not sure of their knowledge about their
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rights. Awareness of the rights of energy consumers is also low. Households must adopt
sustainable consumption patterns as a result of active government policy that is tailored
to unique national, regional, and local circumstances. One must pay special attention to
raising customer awareness and promoting energy usage behaviors. Inconsistent with
the principle of balanced consumption, the major causes are a lack of understanding,
submitting to stereotypes, as well as a lack of knowledge and comfortable life without
considering the implications of one’s actions on the environment.

Energy awareness is necessary for a person to understand his own motivations as
well as activities in the natural world. Based on our examination of the current environ-
mental threats, we may infer that one. The fundamental reason is that a big portion of the
population is unaware of the problem. Indifference, recklessness, and a lack of sense of
responsibility for the state of the environment are all manifestations of society, and often a
lack of culture in this area. Electricity has become a critical aspect in the modern economy,
ensuring each country’s socioeconomic progress and improving the quality of life of its
residents. There is an essential component of life for every modern person. It improves
society’s functioning by providing adequate conditions for labor, development, and rest.
People can live more comfortably and safely due to electricity. Electricity is used in all
aspects of human existence to aid communication, transportation, and trade. Consumers in
the energy market lack the appropriate degree of economic and expert knowledge due to
the scale and rate of change as a result of ongoing progress. Because the electrical market
in its current form is unfamiliar to Polish consumers, they lack the necessary information.

In today’s economy, the consumer is more likely to be confronted with an abundance
of market information than with a scarcity of it. Quality, as well as the completeness of
information reaching the consumer, is a major issue. As a result, in the decision-making
process, the customer should actively seek and analyze market information. It is important
to underline that this is a difficult process. Consumers are constantly bombarded with
information from a variety of sources and in a variety of formats. The following questions
were asked in the paper:

• Are people aware of how much energy they use?

Research shows that respondents have knowledge of how to conserve energy but are
not fully aware of the consequences of neglecting the aspects of turning off the lights or
not turning off the equipment when leaving the house. This is most likely related to a
comfortable life and a fast-paced lifestyle that causes them to forget to conserve energy.
Therefore, it seems that in order to reduce energy consumption, it is important to undertake
educational activities that not only build awareness but also make people aware of the
importance of creating good habits. When buying new devices, respondents pay attention
above all to the price. Their awareness that the purchased device will work has been
working in the household for years. That is why it is important in the purchase stage, as
there is a conscious estimation of the total cost they include, apart from one-off expenses.
In order to raise awareness, guides would be helpful, which could help consumers save
energy. The purchasing of a device is an example: Select a device that is the appropriate
size for your requirements. It is a waste of electricity to have a refrigerator that is too
big. Note that the class (the letter on the energy label) is a combined indicator of annual
energy usage and refrigerating plant capacity. This indicates that a large refrigerator with
an energy class of A+ will use more energy than a small refrigerator with an energy class of
A. As a result, when purchasing a device, consider its size first, and then compare devices
of the same energy class with the same capacity. Based on data analysis, the authors claim
that households should be aware of the necessity of energy conservation and that they will
take steps to conserve it.

• What is the model for the causes of rising home energy consumption?

In the energy consumption model, it is worth paying attention to the times of the
pandemic, which caused the consumer to spend more time at home (remote work), use the
equipment more and cook more. The second element is the user himself, who, in pursuit
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of an easier lifestyle, buys more equipment. According to studies, users are unaware of
all the indicators on products. The introduction of Smart Energy Grids brings with it
huge lifting opportunities and awareness of one’s own household appliances’ energy use
in homes, and may lead to major cost savings for households as well as environmental
benefits for the environment. Understanding and modifying home energy usage habits are
thought to be effective approaches to boost energy efficiency and promote conservation.
Traditional energy systems are being digitized as traditional and developing information
and communication technologies (ICTs) gain traction in the energy sector. Energy big data
offer a new way to evaluate and comprehend individual energy use patterns, allowing for
greater energy efficiency and conservation [72–75]. Energy conservation is a cost-effective
and critical method in light of the need for low-carbon society to combat global warming.
This should be on the local government’s priority list: local policymakers should start
energy-saving awareness initiatives to close the gap between awareness and practice. The
public sector should take a proactive role in influencing people’s attitudes about energy
conservation and renewable energy consumption, and employ mass media to effectively
spread the message [1,76].

Researchers must determine what key concerns are related to household energy
consumption and completely examine which issues are expected to gain attention in the
future to contribute to research in the household sector in response to policy, environmental,
and technology developments [2]. The amount of energy consumed by households accounts
for a significant share of total energy consumption. Household energy use accounts for
almost a third of global primary energy demand and has a considerable environmental
impact [77]. Individuals, households, local communities, corporate environments, local
governments, national governments, and international structures all experience changes in
the domain of consumption [35,78,79].

The findings revealed a strong link between: the type of lighting used and under-
standing of intelligent energy systems; -support for renewable energy and familiarity with
symbols on products; and conventional lighting and energy prices paid.

The examination of the data reveals that the desire to pay lower energy bills has a
significant impact on raising consumer awareness in households. They must learn about
technical developments in the sector of energy in order to pay lesser rates.

The problem presented in the introduction, described by a hypothesis and research
problems, was supported by related research described in the literature. The conducted
research allowed us to determine the reasons for the increase in energy consumption,
and the construction of the energy consumption model allowed us to determine which
factors influence the low awareness of households. Due to the use of a relationship diagram,
actions were proposed that could raise the awareness of household. The research conducted
fills the research gap, while previous research only indicated the level of awareness without
giving a way to increase it. However, there is a lack of studies comparing the level of
awareness in different countries. The selection of the research method and the use of
quality management tools allowed us to determine which behaviors cause consumers to
use more energy, what they know about energy saving, and what motivates them. The
authors decided that the next step would be to compare countries to determine which
country is more oriented toward the conscious use of water and energy resources in terms
of sustainable development.
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30. Żywiołek, J.; Rosak-Szyrocka, J.; Mrowiec, M. Knowledge Management in Households about Energy Saving as Part of the

Awareness of Sustainable Development. Energies 2021, 14, 8207. [CrossRef]

http://doi.org/10.1016/j.rser.2018.09.013
http://doi.org/10.3390/en14248446
http://doi.org/10.1002/mar.10101
http://doi.org/10.1016/0360-5442(92)90032-U
http://doi.org/10.1016/j.jclepro.2020.123734
http://doi.org/10.1006/jevp.1998.0105
http://doi.org/10.1080/09613210903186661
http://doi.org/10.1016/j.enpol.2010.05.017
http://doi.org/10.1051/shsconf/202213102009
http://doi.org/10.31580/apss.v9i1.2362
http://doi.org/10.1016/j.enpol.2012.09.045
http://doi.org/10.1080/1023697X.2002.10667866
http://doi.org/10.1108/02632770210454331
http://doi.org/10.1108/14676370110388363
http://doi.org/10.1016/j.apcbee.2014.10.061
http://doi.org/10.5539/eer.v5n2p49
http://doi.org/10.5547/01956574.39.3.pdat
http://doi.org/10.1016/j.egypro.2011.03.077
http://doi.org/10.1007/s10018-021-00311-z
http://doi.org/10.1016/j.solener.2006.06.021
http://doi.org/10.1002/mar.20515
http://doi.org/10.1177/0276146713481605
http://doi.org/10.1108/IJESM-05-2018-0009
http://doi.org/10.35808/ersj/2484
http://doi.org/10.35808/ersj/2374
http://doi.org/10.2478/czoto-2021-0012
http://doi.org/10.1007/s10098-020-01909-9
http://doi.org/10.3390/en14248207


Energies 2022, 15, 2279 15 of 16

31. Immonen, A.; Kiljander, J.; Aro, M. Consumer viewpoint on a new kind of energy market. Electr. Power Syst. Res. 2020, 180,
106153. [CrossRef]

32. Nilsson, A.; Wester, M.; Lazarevic, D.; Brandt, N. Smart homes, home energy management systems and real-time feedback:
Lessons for influencing household energy consumption from a Swedish field study. Energy Build. 2018, 179, 15–25. [CrossRef]

33. Mukai, T.; Nishio, K.; Komatsu, H.; Sasaki, M. What effect does feedback have on energy conservation? Comparing previous
household usage, neighbourhood usage, and social norms in Japan. Energy Res. Soc. Sci. 2022, 86, 102430. [CrossRef]

34. Wood, G.; Newborough, M. Energy-use information transfer for intelligent homes: Enabling energy conservation with central
and local displays. Energy Build. 2007, 39, 495–503. [CrossRef]

35. Bernard, J.; Delprat, S.; Guerra, T.M.; Büchi, F.N. Fuel efficient power management strategy for fuel cell hybrid powertrains.
Control. Eng. Pract. 2010, 18, 408–417. [CrossRef]

36. Xu, Q.; Lu, Y.; Hwang, B.-G.; Kua, H.W. Reducing residential energy consumption through a marketized behavioral intervention:
The approach of Household Energy Saving Option (HESO). Energy Build. 2021, 232, 110621. [CrossRef]

37. Abrahamse, W.; Steg, L.; Vlek, C.; Rothengatter, T. The effect of tailored information, goal setting, and tailored feedback on
household energy use, energy-related behaviors, and behavioral antecedents. J. Environ. Psychol. 2007, 27, 265–276. [CrossRef]

38. Fischer, C. Feedback on household electricity consumption: A tool for saving energy? Energy Effic. 2008, 1, 79–104. [CrossRef]
39. Du, J.; Pan, W. Examining energy saving behaviors in student dormitories using an expanded theory of planned behavior. Habitat

Int. 2021, 107, 102308. [CrossRef]
40. Chatterjee, C.; Halim, N.; Mozumder, P. Energy conservation and health risk reduction: An experimental investigation of

punishing vs. rewarding incentives. Environ. Econ. Policy Stud. 2022, 1–20. [CrossRef]
41. Wang, G. Evaluation and Analysis of High Quality Economic Development Indicators by the Analytic Hierarchy Process Model.

Sci. Program. 2022, 2022, 1042587. [CrossRef]
42. UNEP. UN Environment Programme (NaN): Global Environment Outlook 4. UN Environment. Available online: https:

//www.unep.org/resources/global-environment-outlook-4 (accessed on 20 March 2022).
43. Wai, C.W. The Conceptual Model of Energy Awareness Development Process: The transferor segment. In Proceedings of the 2009

3rd International Conference on Energy and Environment (ICEE), Malacca, Malaysia, 7–8 December 2009; IEEE: Piscataway, NJ,
USA, 2009; pp. 306–313, ISBN 978-1-4244-5144-9.

44. Winett, R.A.; Love, S.Q.; Kidd, C. The Effectiveness of An Energy Specialist and Extension Agents in Promoting Summer Energy
Conservation by Home Visits. J. Environ. Syst. 1982, 12, 61–70. [CrossRef]

45. Mohammed, A.H.; Alias, B.; Wai, C.W. Energy awareness development process model. Middle East 2005, 4, 2–7.
46. Keles, D.; Möst, D.; Fichtner, W. The development of the German energy market until 2030—A critical survey of selected scenarios.

Energy Policy 2011, 39, 812–825. [CrossRef]
47. Cao, K.-K.; Cebulla, F.; Gómez Vilchez, J.J.; Mousavi, B.; Prehofer, S. Raising awareness in model-based energy scenario studies—A

transparency checklist. Energy Sustain. Soc. 2016, 6, 28. [CrossRef]
48. Jebaraj, S.; Iniyan, S. A review of energy models. Renew. Sustain. Energy Rev. 2006, 10, 281–311. [CrossRef]
49. Bhattacharyya, S.C.; Timilsina, G.R. A review of energy system models. Int. J. Energy Sect. Manag. 2010, 4, 494–518. [CrossRef]
50. Droste-Franke, B.; Paal, B.P.; Rehtanz, C.; Sauer, D.U.; Schneider, J.-P.; Schreurs, M.; Ziesemer, T. Balancing Renewable Electricity;

Springer: Berlin/Heidelberg, Germany, 2012; Volume 40.
51. Després, J.; Hadjsaid, N.; Criqui, P.; Noirot, I. Modelling the impacts of variable renewable sources on the power sector:

Reconsidering the typology of energy modelling tools. Energy 2015, 80, 486–495. [CrossRef]
52. Chen, C.; Nelson, H.; Xu, X.; Bonilla, G.; Jones, N. Beyond technology adoption: Examining home energy management systems,

energy burdens and climate change perceptions during COVID-19 pandemic. Renew. Sustain. Energy Rev. 2021, 145, 111066.
[CrossRef]

53. Final Energy Consumption by Sector and Fuel in Europe—European Environment Agency. Available online: https://www.eea.
europa.eu/data-and-maps/indicators/final-energy-consumption-by-sector-10/assessment (accessed on 23 January 2022).

54. SEC(2011)1565 Impact assessment accompanying the Energy Roadmap 2050. Available online: https://ec.europa.eu/energy/
sites/ener/files/documents/sec_2011_1565_part2.pdf (accessed on 4 January 2022).

55. Eurostat. Available online: http://ec.europa.eu/eurostat/ (accessed on 4 January 2022).
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