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Abstract: The growth in population and economic activities has direct implications on the deterioration
of the natural capital, especially when referring to the increase in greenhouse gas emissions. However,
improvement is possible by empowering sustainable consumption and production patterns. Through
the 2030 Agenda for Sustainable Development, the United Nations call for a mix of economic
development, environmental sustainability, and social inclusion. The agenda also provides the
instruments needed to track progress, as each Sustainable Development Goal has a set of indicators
meant to assess various dimensions of sustainability. Energy productivity is only one of many, but still
special because it reflects sustainable consumption behaviors and production patterns. The 2030
Climate Target Plan elaborated by the European Commission consolidates and brings its contribution
to the aims of the 2030 Agenda for Sustainable Development by adding weight to the importance of the
greenhouse gas emissions target. The objective of this research was to study the relationship between
energy productivity, greenhouse gas emissions, biowaste recycling and nominal GDP in the EU in
order to highlight the key of a smooth transition towards sustainable consumption behaviors and
production patterns. The results show that recycling, greening the economy and energy productivity
are the vectors of this transition.

Keywords: sustainable consumption habits; sustainable development goals; European Union;
climate target plan; green economy

1. Introduction

The future of consumption can no longer be approached without considering sustainability.
Consumption behaviors have many implications on achieving the goals and targets of sustainable
development. In the EU, sustainable development is the main orientation of development. Decision-makers
prioritize the sustainability factor when designing policies, as this contributes to the generation of
better conditions for the EU citizens.

The economic, social, and environmental dimensions need to be approached simultaneously when
designing policies, because they all influence the future of sustainable development. Decision-makers
all over the world should promote renewable energy sources and energy efficiency as means for
complying with the aims and goals of sustainable development.
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Sustainable development is a concept defined by the United Nations in the document
“Our Common Future” as “the development that meets the needs of the present without compromising
the ability of future generations to meet their own needs” [1]. The 2030 Agenda for Sustainable
Development is an action plan adopted by the General Assembly of the United Nations in 2015,
whose aim is to end poverty and hunger, to protect the planet from degradation by fighting against
it with measures that encourage sustainable consumption and production and that call for urgent
actions on climate change, so that the environment can support the needs of the present and future
generations [2]. The 2030 Agenda for Sustainable Development contains 17 Sustainable Development
Goals (SDGs), which are used to provide indications and to measure the progress made towards the
main objective of sustainable development [3]. These goals represent a shared expression of the need
for a global balanced social, economic and ecological development [4]. As for synergy, the SDGs’ logic
implies the existence of mutual dependence between the SDGs [5].

Waste generation and recycling behaviors have an impact on environmental sustainability: they
can either deepen the classic linear economy model–circular economy model gap (‘a green gap’ [6]) or
they can facilitate the transition towards a more sustainable economy [7]. Recycling is one of those
behaviors that can close the green gap and caption the power of the individual in the global challenge
for achieving sustainability [8].

Food waste has a great significance in this context. Achieving food sustainability and reducing food
waste are among the top challenges for achieving global sustainable development [9]. Food systems
can be designed to be sustainable, economically efficient, valuing natural resources and generating
very limited amounts of waste along the chain. Therefore, in order to reach sustainable development
goals, it is necessary to promote, empower and accelerate the shift towards a more sustainable food
production and consumption. One of the sustainable practices that can contribute to inspiring green
consumption habits in society is urban agriculture. The latter has many advantages, since it contributes
to food security in cities (SDG2), while bringing many benefits to the environment (SDG15) and to
human health (SDG3) [10]. Reducing food waste and loss is one of the most important factors in
mitigating the negative environmental impacts on at least three sustainability dimensions: carbon,
land, and use [11]. The reduction of food loss and waste enhances the efficiency of natural resource
utilization and reduces greenhouse gas emissions [9].

Fostering ecological knowledge and education in society influences consumption patterns,
government policy-making and contributes to building a greener and more sustainable economy
in the long term [12]. Making informed individual or collective decisions about consumption and
production requires knowledge of the consequences of consuming more sustainable products and
considering more sustainable production methods [13]. Understanding the role of the environmental–
economic–social–cultural synergy in the individuals’ decision making process and considering the
consequences of consumption habits are key factors in creating the preference patterns that people
have in their consumption choices [14–16]. In this context, not only policy makers, but also the top
management of enterprises can play an important role in assuring sustainable development, as proved
in a study concerning the case of the Visegrad countries [17].

Purchasing more, consuming more and then throwing away more, also known as consumerism [18],
is one of the key drivers of the current unsustainable development [19]. In Europe, consumer household
purchases (especially food, drinks, housing and private transportation) are responsible for about
70–80% of environmental impacts [20]. However, is the increasing environmental concern still leading
to changes of the current consumer behaviors within the context of sustainable consumption?

New research trends concerning sustainable consumption behaviors have predominantly been
conducted in developed countries like the United States, Germany, Italy and others [21]. Regarding this
field of research, the trends often refer to topics such as energy consumption and efficiency, greenhouse
gas emissions reduction, carbon and water footprint [22] growth in population and nominal GDP,
mainly because they cannot be disregarded when designing a better, sustainable socio-economic
development [23,24].
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In 2019, the European Commission elaborated a new growth strategy which includes references
to the sustainable consumption behaviors of EU citizens. With this new strategy, the European
Commission aims to shape the future of the EU economy so that it should be resource-efficient and
competitive, with no net emissions of greenhouse gases by 2050—which will contribute to meeting
the target of having economic growth decoupled from resource use [25]. This transition is no longer
a preference, but a necessity, considering that, by 2050, the generation of annual waste is projected
to increase by 70% globally [26] and the consumption of materials, including biomass, fossil fuels,
minerals and metals is expected to double in the next 40 years [27].

In relation to sustainable consumption and production models, the new Circular Economy Action
Plan for a cleaner and more competitive Europe includes initiatives meant to reshape consumption
and business models to sustainable patterns in order for waste not to be produced in the first place [28].
The European Commission’s proposals included in the 2030 Climate Target Plan consolidate the vision
of the new Circular Economy Action Plan and go even further, by highlighting the need to stimulate the
creation of ‘green’ jobs and continue with cutting greenhouse gas emissions and maintaining economic
growth simultaneously [29].

The main objective of this research was to quantify the impact of biowaste recycling, greenhouse
gas emissions and nominal GDP on energy productivity in the EU, as this impact indicates the
convergence or divergence among the EU members in meeting the targets of the European Green Deal,
the SDGs and the 2030 Climate Target Plan.

This paper brings contributions to the topic of sustainable consumption because it includes initial
discussions regarding descriptive statistics and a correlation matrix including the significance levels of
the specific indicators of sustainable consumption. Based on the initial findings resulting from the
descriptive statistics analysis and the correlation matrix, together with the conducted literature review,
this research is highly focused on designing a cross-sectional linear econometric model which validates
the link between several sustainable consumption habits in the case of the EU members, taking 2018 as
the year of reference for this study.

Additionally, an econometric model was designed in order to meet the research objective.
The novelty factor of this paper resides in the fact that the topic of sustainable consumption

behavior was approached quantitatively—but still considering the importance of each particular
observation included in the analysis, through the lens of the indicators specific to the SDG and of the
circular economy. This is one of the reasons why the research focused on the contribution of each EU
member to the convergence or divergence in achieving sustainable consumption behaviors, which also
involve respecting the principles of the circular economy. The authors bring their unique contribution
to empowering sustainable consumer behavior in the EU by designing an econometric model which
estimates the link between energy productivity and economic power (GDP), biowaste recycling and
the generation of greenhouse gas emissions. Considering the coefficient of determination of 74.21%,
the results of econometric model represent the foundation of the recommendations included in the
conclusions section of this research paper.

2. Materials and Methods

Li et al. [30] emphasize how vital it is to explore the factors that determine renewable and
sustainable energy consumption behaviors. Based on econometric modelling, the authors brought
empirical evidence which confirm that the mix of income (GDP), human capital, energy productivity,
energy prices and eco-innovation contributes to empowering sustainable consumption behaviors.
Gilg et al. [31] conducted a research which highlights that specific demographic groups with particular
behavioral attitudes are engaging differently in sustainability, yet this can be useful for policy makers
for group targeting. Moreover, in his research, Trudel [32] argues that policymakers can significantly
help and influence consumption behaviors on the road to sustainability. Consumers should be fully
aware of the effects of their decision to dispose of recyclable products in the garbage or rather choose to
recycle them in specially designed areas [33]. Batrancea et al. [34] reason that policymakers should act
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considering the importance of the elements of the adjusted net savings, with aim of increasing the GDP
and hoping for a shift in the behavior consumption models, on their potential to become sustainable.
Through this change, the greenhouse gas emissions would decrease, as they are linked to economic
growth [35].

In the case of this study, the research method used for is econometric. The multiple cross-sectional
linear regression methodology was applied in order to design a model meant to quantify the impact of
economic development, sustainable development consumption behaviors and production patterns in
the EU on energy efficiency.

Econometrics is a quantitative science which involves a harmonious statistical–economical–
mathematical mix [36]. Econometrics includes techniques and methods for analyzing the dynamics of
the variables in various fields of activity, as well as studying the interconnections among variables.
The multiple cross-sectional linear regression method offers ways to establish the existence or inexistence
of correlations between two types of variables: a dependent variable and multiple independent variables,
as well as to quantify the proportion of the variance in the dependent variable that is predictable from
among the independent variables [37].

The data used in this research were taken over from the Eurostat databases in September
2020. Table 1 contains relevant information regarding all the indicators used when constructing the
cross-sectional linear multiple regression model. Moreover, Table 1 includes information regarding
the reasons why each indicator was included in the econometric model and their associated variable
nature in the model.

Table 1. Indicators used in the multiple cross-sectional linear regression model.

Item
No. Abbreviation

Indicator Codes
Assigned by

Eurostat

Name of the
Indicator

Unit of
Measure

Variable
Type

Reasons for Including
the Variable in the

Econometric Model

1 I1 SDG_07_30 Energy
productivity

Euros per
kilogram

(oil equivalent)
Dependent

Quantifies the
sustainable energy

consumption [38,39];
the progress made

towards achieving the
SDGs [40,41]

2 I2 CEI_WM030 Recycled
biowaste

Kilograms
per capita Independent

Quantifies the nature of
consumption (food

waste, recycling habits)
[42,43] in relation with

the SDGs [44,45]

3 I3 SDG_13_10 Greenhouse
gas emissions

Tons
per capita Independent

Quantifies the nature
and intensity of

consumption
habits toward achieving

the SDGs [46–48]

4 I4 NAMA_10_PC Nominal GDP Euros
per capita Independent

Quantifies the influence
of the economic wealth

[49] on consumption
habits [50], correlated
with the SDGs [51,52]

Source: Authors’ own conceptualization, based on literature review and on the indicators available online in the
Eurostat database [53].

This research method is quantitative, based on cross-section statistic data. The indicators’ values
are considered only for the year 2018, for the EU-28 (UK was included in this study, as it was part
of the EU in 2018 [54]), individually, with the exception of Ireland, Greece and Cyprus, due to data
unavailability in the case of I2. However, discussions include references to the previously mentioned
countries when approaching the rest of the indicators part of this study. The cross-section statistical
data is characterized by multiple observations obtained at a certain single moment (in this study:
the year 2018), referring to multiple entities (in this study: EU-28, with the exception of Ireland, Greece
and Cyprus, due to data unavailability). The main limitation of this approach refers to the fact that
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this study does not encompass the historic data of the studied phenomena (the time series were
excluded) [55] and it refers only to the reality of the year 2018.

The econometric model includes multiple variables: nominal GDP, as the fundamental
socio-economic dimension; energy productivity, recycled biowaste and greenhouse gas emissions as
the fundamental variables of consumption behaviors.

Energy productivity is measured in euro per kilogram (oil equivalent) and it is a relevant indicator
in the context of sustainable consumption and production patterns, because it quantifies the amount of
economic output produced per unit of gross available energy [56]. The latter represents the quantity
of energy products necessary to satisfy the total demand of entities in the geographical area under
consideration, EU-28 in the case of this research paper.

Energy productivity is included the EU SDGs indicator set [2]. The reason behind this is that
energy productivity monitors the progress made towards SDG7 on cleaner, affordable and sustainable
energy. Moreover, energy productivity is one of the indicators supposed to assess SDG12 progress,
in relation with ensuring sustainable consumption and production patterns [57].

While SDG7 calls for providing easy access to modern energy services, for fostering energy
efficiency and for increasing the share of renewable energy [58,59], SDG12 envisions sustainable
consumption behavior and production patterns, highlighting resources efficiently, reducing global food
and other waste, including biowaste, safely disposing of toxic waste, pollutants and others. SDG7 also
refers to an accelerated transition to an affordable, reliable, and sustainable energy system, considering
that countries have to facilitate access to and encourage clean energy research, promote investment in
the energy infrastructure and in clean energy technology [60].

Additionally, there is a strong correlation between this indicator and the Europe 2020 strategy,
which highlights the need for sustainable, inclusive and smart growth, while simultaneously reducing
energy consumption and increasing energy efficiency [61–63].

Recycled biowaste is expressed in kilograms per capita. This indicator indirectly measured
as the ratio of composted/methanized municipal waste (in mass unit) over the total population
(in numbers) [64] is part of the Circular Economy indicator set [65] because it monitors the progress
made towards a circular economy, from the perspective of waste management [66,67].

The EU Commission published the Circular Economy Package containing specific proposals
regarding the EU waste legislation with the purpose of recycling and avoiding waste in the future [28].
Therefore, food waste management represents a topic of great attention, since up to 50% of the
municipal solid waste is biogenic [68].

The food waste management–use of food or sustainable biomass production–compost production
trio is a key factor for designing sustainable policies concerning the circular economy and the
bio-economy, with direct obvious socio-economic and environmental implications. Within this context,
a sustainable systems-thinking approach to policies is needed in order to minimize the impact of
unsustainable consumption habits and population growth [69].

The trend in separately collecting and biologically treating biowaste (consisting of food waste,
preponderantly) represents an essential feature of any sustainable waste management strategy [68].
Consequently, recycled biowaste is an important indicator, especially because it signals sustainable
consumption behaviors. Moreover, it is significant in terms of composting/anaerobic digestion, as it
tracks the contributions to the circular economy objectives for municipal waste [64].

The underlying assumption is that the only reasonable treatment of biowaste is composting
or anaerobic digestion. Biotic resources must be returned to both the economy and the natural
environment in an efficient and beneficial manner. R&D results highlight promising improvement
regarding the anaerobic digestion performances with direct implications on energy consumption
behaviors [70].

The greenhouse gas emission indicator measures total national emissions, including carbon
dioxide, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons, nitrogen trifluoride and sulfur
hexafluoride, from all sectors of the emission inventories. The latter include international aviation,
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excluding land use, land use change and forestry. This indicator was calculated by obtaining the
individual global warming potential of each of the gases previously mentioned and integrating the
results into a single indicator expressed in carbon dioxide equivalents [71].

Part of the EU SDGs indicator set [2], the greenhouse gas emission indicator monitors the progress
made concerning Goal 13, referring to climate action [72]. SDG13 aims to integrate climate change
measures into national policies, strategies and planning [2]. Additionally, the greenhouse gas emission
indicator can be found in the Europe 2020 strategy, where it is used to monitor the progress made
towards the EU target of reducing the greenhouse gas emissions by at least 20% by 2020 (having the
year 1990 as a baseline) [73].

The European Strategy for Low-Emission Mobility brings important contributions to reducing
greenhouse gas emissions, especially in the case of the transport system in the EU, in relation with
energy consumption and energy efficiency [74]. Furthermore, the Accelerating Clean Energy Innovation
facilitates clean energy transition through targeted research and innovation [75].

Economic growth plays an important role in increasing energy efficiency and in helping the
transition towards renewable energy consumption in the EU [76]. It has been explained that economic
development must be considered when analyzing the efficiency of SDGs 2030 [77]. The relationship
energy consumption–energy efficiency–economic growth provides insights regarding the role of
energy consumption models in ensuring sustainable economic development. Under these conditions,
suggestions for sustainable economic growth need to revolve around the promotion of energy efficiency,
sustainable consumption behaviors and the development of green renewable energy—not only in the
case of Europe, but also of other continents, such as Asia [78].

3. Results

Initially, each indicator mentioned in Table 1 and included in the econometric model was studied
from the perspective of descriptive statistics. The next step was to elaborate the correlation matrix
with significance levels (p-value), which included all the previously mentioned indicators.

Afterwards, the econometric model constructed in the case of this research went systematically
through many stages: specification, parameters setting, model testing and validation. This was
achieved with the help of the EViews software, which is a tool used in quantitative research [79].
Estimating the parameters in the cross-section linear regression was facilitated by the method of
least squares. The main tests performed on the econometric model were the t-student test (with H0:
the coefficients did not differ significantly from 0 and H1: the coefficients were significantly different
from 0), Durbin–Watson for testing the autocorrelation of test errors, Jarque–Bera to test if the errors of
the model followed (or not) a normal distribution. Additionally, the White test was applied to check
the homoskedasticity or heteroskedasticity characteristic of the model residuals.

Regarding energy productivity in the EU-28, the raw data from Eurostat [53] were processed in
Tableau Desktop 2020.3 and a map was elaborated in Figure A1 based on the values of this indicator.
Moreover, the histrogram of energy productivity in the EU-28 and the descriptive statistics were
elaborated taking the year 2018 as the reference year, both being included in Figure 1.

In 2018, on average, energy productivity in the EU-28 was 7.38 euros per kilogram of oil equivalent,
with a standard deviation of 3.65 euros per kilogram, which represents almost 50% of the mean.
The most productive country in the EU-28 concerning energy was Ireland, with an energy productivity
of 18.8 euros per kilogram—which is 2.55 times greater than the mean. On the other hand, Bulgaria
was at the bottom of the ranking of energy productivity, with only 2.41 euros per kilogram. As one can
notice from the histogram in Figure 1, the distribution of energy productivity was positively skewed,
the right tail was long and the mass of the distribution was concentrated on the left [80]. This was also
validated by the value of skewness, 1.29 in this case. Kurtosis measures the peakedness or flatness of
the distribution of a series and it signals the fact that the energy productivity distribution was peaked,
leptokurtic, as the Kurtosis value exceeded the threshold of three, specific to a normal distribution [81].
Considering skewness (1.29) and kurtosis (4.84), two types of outliers can be noticed:
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Countries with high energy productivity when compared to the EU-28 mean, such as: Ireland (18.8),
Denmark (14.81), Italy (10.12), Austria (9.83) and Germany (9.40).
Less productive countries from the standpoint of energy, such as: Bulgaria (2.41), Estonia (3.02),
Malta (3.46), Czechia (4.30) and Poland (4.47).
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Figure 1. The histogram of energy productivity in the EU-28. Descriptive statistics, year 2018. Source:
Authors’ own results (raw data source: Eurostat [53], processed in EViews 10 Student Version Lite).

Jarque–Bera is a test statistic for testing if a series is normally distributed by measuring the
difference between the skewness and kurtosis of the series and the normal distribution values.
This difference should be zero in the case of a normally distributed series [82], yet this is not the
situation for energy productivity.

With respect to the recycled biowaste in the EU, Figure A2 was elaborated with the aim of building
a map which shows how the EU members perform when approaching this indicator. Additionally,
the histogram of the recycled biowaste in the EU-28, with the exception of Ireland, Greece and Cyprus
(due to data unavailability) and the descriptive statistics were elaborated taking the year 2018 as the
reference year, both being included in Figure 2.
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Figure 2. The histogram of the recycled biowaste in the EU-28, with the exception of Ireland, Greece
and Cyprus, due to data unavailability. Descriptive statistics, year 2018. Source: Authors’ own results
(raw data source: Eurostat [53], processed in EViews 10 Student Version Lite).
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The mean of the 25 observations in terms of the recycled biowaste in 2018 was 72 kg per capita,
with a standard deviation of 51.86 (72% of the mean), which signals major discrepancies in the EU
regarding the citizens’ sustainable consumption model. This result is consolidated by the following
evidence: the average Austrian citizen recycled 187 kg of biowaste in 2018, while the average Maltese
citizen did not recycle even one kilogram of biowaste. Bulgaria and Romania could not pass the
threshold of 10 recycled kilograms of biowaste in 2018. From the perspective of this indicator, Skewness
(0.36) and Kurtosis (2.20) confirm that there are only few outlier countries which have successfully
implemented measures to help the transition towards the circular economy: Austria, the Kingdom of
the Netherlands, Denmark and Lithuania.

Regarding the greenhouse gas emissions in the EU-28, the map elaborated in Figure A3 illustrates
the amount of greenhouse gas emissions generated by each EU-28 country, based on the values of this
indicator. The histrogram and the descriptive statistics were elaborated taking the year 2018 as the
reference year, both being included in Figure 3.
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Version Lite).

In 2018, in the EU-28, the mean of the greenhouse gas emissions was 9.23 tons per capita,
with a standard deviation of 3.31 (35.86% of the mean). One of the limitations of the descriptive
statistics in the case of this indicator is the fact that the mean of the 28 observations was artificially
increased by Luxembourg (20.30 tons of greenhouse gas emissions per capita, the country situated at
the top of the ranking), because its population (602,005) represented only 0.11% of the total population
in the EU-28 in 2018 [50], while on the other hand, the population of Czechia (10,610,055) represented
2.07% of the EU-28′s total population in 2018 [53], with 12.20 tons of greenhouse gas emissions per
capita, on average. Even though Luxembourg had the highest value of greenhouse gas emissions
per capita in the EU-28, it must be considered that there were other big players, such as Czechia,
with considerable contributions to the generation of greenhouse gas emissions in the EU. Besides
Luxembourg (20.30), Estonia (15.30), Ireland (13.20), Czechia (12.20) and the Netherlands (11.60) were
the top five countries with the highest generation of greenhouse gas emissions per capita in the EU,
while Sweden (5.40), Malta (5.50), Romania (6.00), Croatia (6.00) and Latvia (6.30) placed themselves at
the bottom of the ranking. Skewness (1.50) and Kurtosis (5.66) highlight the convergence in the EU-28
towards generating as few greenhouse gas emissions as possible.

With respect to the nominal GDP in the EU-28 (2018), Figure A4 was designed with the purpose of
highlighting the differences between the EU-28 members when analyzing the values of this indicator.
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Moreover, the histogram and the descriptive statistics were elaborated taking the year 2018 as the
reference year, both being included in Figure 4.
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Authors’ own results (raw data source: Eurostat [53], processed in EViews 10 Student Version Lite).

The average nominal GDP in the EU-28 was 27,378.21 euro in 2018, with a standard deviation
of 17,128.65—which represents 62.56% of the mean, therefore highlighting discrepancies among the
EU-28 members. On the one hand, Luxembourg and Ireland are among the top countries regarding
the nominal GDP (83,470 and 57,780 euro) and the greenhouse gas emissions (20.30 and 13.20 tons
per capita) and, on the other hand, countries such as Bulgaria (6550 euro per capita) and Romania
(8740 euro per capita) are at the bottom of the ranking, deeply affected in terms of the economic power
of the individual, even though they are not necessarily generating a lot of greenhouse gas emissions
(8.30 tons per capita in the case of Bulgaria and 6.00 in the case of Romania, below the EU-28 average
of 9.23 tons per capita). Skewness (1.40), kurtosis (5.23) and Jarque–Bera confirm that this series is
not normally distributed, an unfavorable situation from a socio-economic perspective. However,
abnormality would be desirable if the distribution was to be negatively skewed and leptokurtic,
because then that would signal large numbers of EU members having high values of the nominal GDP
and only few countries that would have to catch up.

In order to follow the normal flow of the research methodology, the correlation matrix with
significance levels was included in Table 2 concerning all the analyzed indicators.

Table 2. The correlation matrix with significance levels (p-value) in case of the econometric model
variables, reference year: 2018, EU-28 with the exception of Ireland, Greece and Cyprus, due to
data unavailability.

Energy
Productivity

Recycled
Biowaste

Greenhouse
Gas Emissions

Nominal
GDP

Energy productivity 1.000
p-value –

Recycled biowaste 0.750 1.000
p-value 0.000 –

Greenhouse gas emissions 0.130 0.259 1.000
p-value 0.537 0.212 –

Nominal GDP 0.738 0.674 0.564 1.000
p-value 0.000 0.000 0.003 –

Source: Authors’ own results (raw data source: Eurostat [53], processed in EViews 10 Student Version Lite).
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The results in the correlation matrix signal the fact that energy productivity has a strong positive
correlation with the recycling of biowaste (0.75) in the case of the 28 EU members (2018) and the data
is statistically significant, considering the p-value of 0.00. The situation is similar in the case of the
energy productivity–nominal GDP relationship (strong positive correlation, 0.738) and in the case of the
recycling of biowaste–nominal GDP relationship (moderate positive correlation, 0.674). Greenhouse
gas emissions are moderately correlated with the nominal GDP (0.564), with a p-value (0.003) that
signals statistical significance [83].

Taking into account the results obtained so far, the multiple cross–sectional linear regression
method was applied and the econometric model was constructed in Table 3, considering “energy
productivity” as the dependent variable, while “recycled biowaste”, “greenhouse gas emissions” and
“nominal GDP” were considered independent variables.

Table 3. The results of the cross-sectional multiple linear regression.

Estimation Command

LS SDG_07_30 C CEI_WM030 SDG_13_10 NAMA_10_PC

Estimation Equation

SDG_07_30 = C(1) + C(2) × CEI_WM030 + C(3) × SDG_13_10 + C(4) × NAMA_10_PC + ε

Substituted Coefficients

SDG_07_30 = 4.9101 + 0.0227 × CEI_WM030 + (−0.3171 × SDG_13_10) + 0.0001 × NAMA_10_PC + ε

Dependent Variable: SDG_07_30
Method: Least Squares
Observations: EU-28 with the exception of Ireland, Greece and Cyprus, due to data unavailability
Reference year: 2018

Variable Coefficient Standard Error t-Statistic Prob.

C 4.91012 1.0063 4.8794 0.0001
CEI_WM030 0.02270 0.0090 2.5203 0.0199
SDG_13_10 −0.31716 0.1237 −2.5636 0.0181

NAMA_10_PC 0.00012 0.0000 3.7744 0.0011

R2 0.74213 Mean dependent var 6.94040
Adjusted R2 0.70529 S.D. dependent var 3.05303

S.E. of regression 1.65741 Akaike info criterion 3.99403
Sum squared resid 57.68690 Schwarz criterion 4.18905

Log likelihood −45.92539 Hannan–Quinn criter. 4.04812
F-statistic 20.14519 Durbin–Watson stat 1.27565

Prob (F-statistic) 0.00000

Source: Authors’ own results (raw data source: Eurostat [53], processed in EViews 10 Student Version Lite).

R2 indicates that 74.21% of the variation of the energy productivity was explained by the recycled
biowaste, greenhouse gas emissions and nominal GDP. In order to mitigate the mechanical increase in
the coefficient of determination [84], Adjusted R2 validated the model, taking into account that there
was a drop only from 74.21% to 70.52% between the coefficient of determination and the Adjusted
R2. The Durbin–Watson statistic, a test for autocorrelation in the residuals of the model, indicates that
successive error terms were slightly positively correlated, because the value corresponding to this
statistic is 1.27565. However, the value is considered acceptable, as the number of observations was
limited [85].

The Student-t values of the parameters are calculated in the t-Statistic column. In the case of
this econometric model, the values were below the 0.05 threshold for all the variables included in
the model. Therefore, H0 is rejected, meaning that the parameters of the variables significantly differ
from 0 and each variable has a meaningful addition to the model, because changes in the predictor’s
value are related to changes in the independent variables. This result signals the fact that sustainable
consumption behaviors (i.e., energy productivity) can be fostered by implementing strategies that have
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direct implications on biowaste recycling, greenhouse gas emissions and that consider the role of the
economic power of the individual in the context of consumption preferences.

Considering the equation of the econometric model, should the recycled biowaste per capita
in a country be situated around the mean, 72 kg for example, and the same for the greenhouse gas
emissions (9.23 tons per capita) and the nominal GDP (27,378.21 euro), then this explains an energy
productivity in the respective country of 6.9026 euro per kilogram of oil equivalent (calculated as:
4.91012 + (0.02270 × 72) + (−0.31716 × 9.23) + (0.00012 × 27,378.21)). This equation signals the fact that
sustainable consumption behaviors (e.g., energy productivity) is strongly connected with the amount
of recycled biowaste and with the economic power of the individual, while it is simultaneously and
negatively impacted by the amount of greenhouse gas emissions generated.

According to Table 4, the confidence intervals for the variables included in the econometric model
confirm the following: with a 90% confidence rate, should the average biowaste per capita recycled in
the EU supposedly increase to 100 kg, the greenhouse gas emission decrease to 8 tons per capita and
the average nominal GDP increase to 30,000 euro, then it is estimated that the respective locality has
a corresponding energy productivity situated in the following interval: 1.75816 euro per kilogram of
oil equivalent lower bound, calculated: 3.17856 + (0.00720 × 100) + (−0.53005 × 8) + (0.00007 × 30,000))
and 15.02852 euro per kilogram of oil equivalent upper bound, calculated as: 6.64168 + (0.03821 × 100)
+ (−0.10427 × 8) + (0.00018 × 30,000).

Table 4. The confidence intervals of the econometric model.

Variable Coefficient

90% Confidence 95% Confidence 99% Confidence

Lower
Bound

Upper
Bound

Lower
Bound

Upper
Bound

Lower
Bound

Upper
Bound

C 4.91012 3.17856 6.64168 2.81743 7.00281 2.06095 7.75928
CEI_WM030 0.02270 0.00720 0.03821 0.00397 0.04144 −0.00280 0.04821
SDG_13_10 −0.31716 −0.53005 −0.10427 −0.57445 −0.05987 −0.66746 0.03313
NAMA_10_PC 0.00012 0.00007 0.00018 0.00005 0.00019 0.00003 0.00021

Source: Authors’ own results (raw data source: Eurostat [53], processed in EViews 10 Student Version Lite).

With a 95% confidence rate, should the average biowaste per capita recycled in the EU supposedly
increase to 100 kg, the greenhouse gas emission decrease to 8 tons per capita and the average nominal
GDP increase to 30,000 euro, then it is estimated that the respective locality has a corresponding energy
productivity situated in the following interval: 0.11883 euro per kilogram of oil equivalent lower bound
2.81743 + (0.00397 × 100) + (−0.57445 × 8) + (0.00005 × 30,000)) and 16.36785 euro per kilogram of oil
equivalent upper bound, calculated as: 7.00281 + (0.04144 × 100) + (−0.05987 × 8) + (0.00019 × 30,000)).

In order to have a more in-depth approach of the observations included in the econometric model
(EU-28 with the exception of Ireland, Greece and Cyprus, due to data unavailability) and to continue
validating it, the residuals were studied and the White Test for heteroskedasticity was performed with
H0 of homoskedasticity. The results and details are included in Table 5.

Table 5. Testing the residuals of the econometric model for heteroskedasticity.

The White Test for Heteroskedasticity

Null Hypothesis: Homoskedasticity

F-statistic 0.95042 Prob. F(5,36) 0.51317
Obs × R2 9.07901 Prob. χ2(5) 0.43001

Scaled explained SS 6.36609 Prob. χ2(5) 0.70279

Source: Authors’ own results (raw data source: Eurostat [53], processed in EViews 10 Student Version Lite).

According to the White Test results, we accept homoskedasticity, taking into account that F-statistic
is 0.95042, with an associated probability above the 0.05 threshold [83]. In the case of this model,
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the variance of the residuals was constant and did not vary much as the value of the predictor variable
changes—a finding that validates the designed econometric model.

Going even further with the analysis of the residuals, Table 6 was constructed and it contains the
residual plot of the econometric model. Moreover, it provides a larger perspective on the impact of each
observation towards achieving an ideal R2, because Table 6 contains the ranking of the observations
with a share in the sum of the residuals (in modulum) greater than 5.00%.

Table 6. The residuals and residual plot of the econometric model. Observations with a share in the
sum of the residuals (in modulum) greater than 5.00%.

Country Residual Plot Actual Fitted Residual

1 Belgium
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6.32 7.68 −1.36
2 Bulgaria 2.41 3.23 −0.82
3 Czechia 4.30 3.82 0.48
4 Denmark 14.81 11.24 3.57
5 Germany 9.40 8.36 1.04
6 Estonia 3.02 2.23 0.79
7 Spain 8.45 7.47 0.98
8 France 8.62 8.99 −0.37
9 Croatia 5.64 4.74 0.90
10 Italy 10.12 8.24 1.88
11 Latvia 4.84 4.96 −0.12
12 Lithuania 4.66 7.17 −2.51
13 Luxembourg 11.27 11.72 −0.45
14 Hungary 4.60 5.09 −0.49
15 Malta 3.46 5.79 −2.33
16 Netherlands 8.02 9.62 −1.60
17 Austria 9.83 10.84 −1.01
18 Poland 4.47 3.55 0.92
19 Portugal 7.51 6.84 0.67
20 Romania 5.06 4.28 0.78
21 Slovenia 5.92 6.47 −0.55
22 Slovakia 4.96 5.15 −0.19
23 Finland 5.78 7.65 −1.87
24 Sweden 8.46 10.09 −1.63

25 United
Kingdom 11.58 8.28 3.30

Country Residuals (%)
in Modulum

Energy
Productivity

Recycled
Biowaste

Greenhouse Gas
Emissions

Nominal
GDP

Denmark 11.64% 14.81 143.00 8.90 48,530.00
UK 10.79% 11.58 78.00 7.50 32,640.00

Lithuania 8.19% 4.66 131.00 7.40 13,390.00
Malta 7.62% 3.46 0.00 5.50 21,580.00
Italy 6.14% 10.12 105.00 7.30 26,780.00

Finland 6.09% 5.78 72.00 10.70 36,900.00
Sweden 5.33% 8.46 69.00 5.40 43,760.00

Netherlands 5.21% 8.02 147.00 11.60 41,450.00

Mean (of the 25 observations) 4.00% 7.38 72.00 9.23 27,378.21
Maximum (of the 25

observations) 11.64% 18.80 187.00 20.30 83,470.00

Minimum (of the 25
observations) 0.40% 2.41 0.00 5.40 6550.00

Source: Authors’ own calculations (raw data source: Eurostat [53]).

Denmark, UK, Lithuania, Malta, Italy, Finland, Sweden and the Netherlands were the observations
that contributed the most to lowering the R2, because their residual values in modulum reported to
the sum of residuals in modulum were the greatest among all the 25 observations. This is caused by
various reasons, but, to be more specific, it is necessary to study the deviation from the mean per
variable and per observation, as this highlights discrepancies and outliers in the model, as described
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by the residual plot in Table 6. Consequently, Figure 5 was designed to indicate the reasons why there
are outliers in the designed econometric model.
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When reported to the mean of the 25 observations included in the econometric model, Denmark
was the absolute winner when analyzing sustainable consumption behaviors, because it had double the
energy productivity than that of the mean and the situation was similar when analyzing the amount
of biowaste recycled. Not only that, but Denmark also produced fewer greenhouse gas emissions
(−3.56%) and the Danish citizens were 77.26% more economically powerful when compared to the
rest of the countries included in the model. On the contrary, Malta was one of the EU-28 members
which encountered a lot of issues—energy productivity was 53.1% weaker, Maltese citizens did not
recycle biowaste, and their economic power was 21.18% weaker when reported to the mean of the
25 observations. However, Malta generated fewer greenhouse gas emissions (40.40% less to be more
specific). The situation of the UK was similar to that of Denmark. Lithuania, Italy and the Netherlands
generated high residual values in the model because of a favorable situation: their citizens recycled
a lot of biowaste when reported to the mean. Sweden contributed significantly to the generation of
high residual values in the econometric model because Swedish citizens had high economic power
and generated low values of greenhouse gas emissions when reported to the mean. On a small scale,
this situation was similar in the case of Finland, only that energy productivity was much lower.

4. Discussion

Humanity faces an immanent need to transform consumption behaviors and production patterns
from the ones characterized by unsustainable or hybrid practices to green, sustainable, equitable
practices, appropriate from multiple perspectives, but having the environmental dimension among the
top priorities. This involves reshaping consumption habits and lifestyles in accordance with policies
and practices that empower energy efficiency, recycling, circular economy principles, measures meant
to decrease greenhouse gas emissions.

The growing population impacts the demand and supply of food [86], fuel, consumer products,
the intensity with which goods and services are produced. It also generates an increase in waste
generation and greenhouse emissions, in the case of unsustainable consumption and production
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patterns. In the spirit of sustainable consumption and production behaviors, businesses need to
be the engines of the circular economy [87]. As unsustainable consumption patterns are negatively
affecting the environment, changes in the production models adopted by businesses all over the world
will determine changes in consumption behaviors towards sustainability. Consequently, in order
to empower sustainable consumption in society, it is important to actively engage consumers in
mutual dialogue—but more importantly, to provide examples of actions taken in the sense of building
a greener and sustainable economy. Companies can act as the first vectors of change and can influence
consumption behaviors in society by reshaping the demand structures.

The transition towards efficient consumption (wasting less), high quality consumption (carefully
selecting goods and services, based on individual preferences and standards), and sufficient consumption
(in terms of quantity) demonstrates sustainable lifestyle approaches [88]. Such characteristics of
a sustainable consumption behavior should be consolidated by collaborative consumption models [89],
such as sharing, swapping, trading of goods and services.

As demonstrated in this study concerning the situation of EU-28 in 2018, there were few outlier
countries which registered high values of greenhouse gas emissions when reported to the mean,
this situation being similar to that of the distribution of energy efficiency. These results highlight
discrepancies among the EU members in terms of achieving the goals of sustainable consumption at
the same time. Some countries such as Denmark, Sweden and Italy are closer to meeting the goals of
sustainable development in the EU, while Malta is facing major problems in this regard. Even though
this study highlighted the correlation between sustainable consumption behaviors and the economic
power of the individual, more specifically the fact that societies with high purchase power in the EU
tend to adopt sustainable consumption habits faster (such as Denmark), there are examples of countries
that are not as wealthy as others, but which still manage to adopt sustainable consumption habits
(like Lithuania). The distributions of the greenhouse gas emissions and of the nominal GDP are also
similar, signalling two kind of outliers in the EU-28:

• one that implies the following patterns: sustainable consumption models (low values of greenhouse
gas emissions per capita) with high economic power per individual (high values of the nominal
GDP)—the case of Denmark, Sweden, France and Italy

• another one that implies the following patterns: unsustainable consumption models (high values of
greenhouse gas emissions per capita) with deteriorated individual economic power (small values
of the nominal GDP)—the case of Estonia, Poland and Czechia.

As far as biowaste recycling is concerned in the EU-28, this circular economy indicator is connected
with energy efficiency and with the economic power of the individuals. Countries such as Ireland,
Denmark, Norway, Luxembourg and Italy are at the top of the list when ranking energy efficiency
and the nominal GDP. These countries are also the leaders of biowaste recycling, with the exception
of Norway—which is situated just at the mean of the EU-28. Austria is the big winner of biowaste
recycling, with 187 recycled kilograms per capita, which is 2.59 times greater than the mean in 2018,
at the level of EU-28. Even though Austria is also energy efficient, it is not as efficient as Denmark
or Norway. In this context, further research directions can focus on studying trends in terms of the
evolution of the indicators included in this research paper. This could highlight emerging countries
when analyzing European sustainable consumption behavior trends, as well as the convergence or
divergence of the effects of implementing environmental policies in the EU. The econometric model
constructed in this paper can be used when analyzing the sustainable consumption patterns in relation
to energy efficiency, greenhouse gas emissions and nominal GDP in the case of other localities, cities,
regions, countries, etc. Moreover, the model can be updated when more recent data become available
and can be upgraded by including more indicators.
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5. Conclusions

Empowering sustainable consumption behaviors and production patters in the EU by greening
the economic development through reducing the amount of greenhouse gas emissions, recycling
and focusing on energy productivity are just some directions that can improve the quality of life in
the EU and that contribute to stepping into a cleaner and wealthier future. On a voluntary basis,
EU members are trying to mitigate their negative impact on the environment, while harmonizing
their economic, social, and environmental development towards sustainability. Through the SDGs,
significant measures and actions are recommended in order to ensure sustainable development,
consumption behaviors included.

Reducing energy consumption and greenhouse gas emissions is possible, especially when
considering efficiency. Decision makers in the field of sustainable development should take advantage
of this synergy. Regarding the citizens, they should reexamine their way of living, more particularly
the way they consume goods and services. Were the latter produced in a sustainable manner? Are they
easily recyclable? Do they observe the principles of the circular economy? These are just some questions
to be considered when purchasing, because through their preferences and consumption behaviors,
consumers play a central role in reshaping the economy towards sustainability.

The collection and use of biowaste from households, food and beverage industry restaurants,
slaughterhouses and other sources represent a central component in the development of a more
responsible society with sustainable consumption behaviors. If biowaste recycling becomes generally
accepted at the level of society as a solution in order to achieve a more circular economy and as
a practice that generates eco-friendly habits, then this would translate into many socio-economic and
environmental benefits. Additionally, regarding agriculture, the implementation of such practices has
many benefits, especially when considering the results of biowaste recycling (compost) and the cleaner
approach to doing agriculture.

Through its strategies and policies, the EU supports the transition towards a resource-efficient,
low-carbon economy, sustainable consumption models and production patterns. This approach ensures
sustainable socio-economic growth. Relevant legislation has been proposed and adopted in order to
support this transition. According to the 2030 Climate Target Plan, the European Commission proposes
to rethink the EU ambition of reducing greenhouse gas emissions from 50% to at least 55% below the
1990 levels by 2030—therefore highlighting once more the importance of empowering sustainable
consumption models and production patterns.

In order for the European Green Deal to be delivered, EU citizens play an essential role. Mutual
understanding between EU citizens and EU institutions is highly valuable in this context, but another
aspect that needs to be considered in order to meet the European Green Deal targets is rethinking
and adapting EU policies in order to ensure the transition towards clean energy supply across the
EU economy, industry, transport, agriculture and other sectors, but most importantly—to empower
sustainable consumption and production models.

Achieving the 55% reduction target in the case of greenhouse gas emissions would result in a new
and greener energy mix in the EU. Correlated with the emergence of fostering sustainable consumption
models, the European Commission estimated that coal consumption would be reduced by more than
70%, oil consumption by 30% and gas consumption by 25% respectively, by 2030, having the year 2015
as the point of reference. Additionally, renewable energy would increase its share: 38% to 40% of gross
final consumption by 2030. The European citizen is the engine of change. By adopting sustainable
consumption models, European citizens can lead the trend towards a balanced path towards climate
neutrality by 2050.

The main limitation of this research resides in the fact that the data included in the econometric
model refers only to the year 2018 and provides deeper perspectives from a structural point of view
but ignores trends and the evolution of the indicators. Taking this into account, further studies could
focus on sustainable consumption behaviors from the perspective of indicators included in this study
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and, more importantly, research their dynamic in time and possibly determine trends. Additionally,
the research could also be extended by considering more geographical locations.
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