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Abstract: The green economy is a form of economic progress. It promotes environmentally sustain-
able, low-carbon, and inclusive development. It ensures environmental sustainability and preserves
the conditions for social progress. The current model of resource management is not sustainable
and puts pressure on the environment. The proposed steps toward a green economy are intended
to benefit both the environment, the economy, and society. The aim of the study was to assess the
spatial differentiation of the relationship between the green economy and the zero waste concept
of Eastern Poland’s municipalities. The assessment was performed using a synthetic measure. The
choice of variables was determined by the availability of data in the Bank of Local Data of the
Central Statistical Office (BDL GUS) for the years 2010-2020 in spatial terms (709) municipalities of
Eastern Poland. The synthetic measure of green economy ranged from 0.28 to 0.56 in 2010 and from
0.28 to 0.59 in 2020; and for the waste management measure, from 0.19 to 0.55 in 2010 and
0.32 to 0.53 in 2020. Spatially, the essence of the green economy or zero waste stems from the
desire to reduce the burden on the environment by creating attractive conditions for living and
business activities. The development of the green economy is to shape the aspect of the environment,
while ensuring economic security and quality of life.

Keywords: zero waste; green economy; spatial differentiation; a synthetic measure of a commune;
eastern Poland

1. Introduction

The multitude of factors (location rent, location attractiveness of areas with developed
infrastructure, historical conditions, social, environmental, and economic aspects) influ-
encing the pace and direction of changes taking place in the local economy results in a
significant diversification of the socio-economic development of spatial units [1]. A new
approach to consider the path of socio-economic development is green economy. Defined
as a low-emission economy, efficiently using resources and socially integrated, it is the basis
for the implementation of sustainable development. It is seen as a way to economic devel-
opment while preventing environmental degradation, biodiversity loss, and unsustainable
use of natural resources. The natural environment is a source of resources necessary for the
economy and society, a source of endogenous capital.
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The natural environment in the green economy plays a production function (consti-
tuting the base of raw materials for the economy and society), supporting the absorption
of pollutants and waste storage, living space for people (determinants of the quality of
their life), as well as a place for enterprises to operate. It plays an important determinant of
changes in the transformation of the economy towards sustainable green development in
the green economy [2].

The green economy (GE) is a form of economic progress. It promotes environmentally
sustainable, low-carbon and inclusive development. The sustainable development by en-
suring environmental sustainability and maintaining the conditions for social progress [3].
Green economy is to ensure the supply of renewable resources for the development of
the economy, while ensuring the minimization of the environmental impact associated
with obtaining, using, and processing natural capital. It aims to solve ecological problems
related to increasing pollution, the generation of excessive amounts of waste, and unsus-
tainable use of resources. Green economy is a system of economic activities related to the
production, distribution, and consumption of goods. It does not expose future commu-
nities to environmental risks and shortages [4]. The implementation of green economy
is conditioned by technological development, generating eco-innovations, promoting the
sustainable use of resources, and limiting the degradation of the natural environment [5].

Efficient waste management is a key element in the transition to a circular economy.
It requires careful consideration of, inter alia, the scarcity and security of supply of spe-
cific resources, costs, energy efficiency, and environmental impact. When dealing with
environmental problems, we need to adapt measures to local conditions by analyzing
the relationship between resources, the environment and development [6]. The current
resource management model is unsustainable and puts pressure on the environment. The
proposed actions towards a circular green economy are intended to benefit both the envi-
ronment, the economy, and society by maximizing the use of all raw materials, products
and waste. It is associated with a dynamic increase in consumption and the generation of
increasing amounts of industrial and municipal waste. The zero waste concept (within the
circular economy) is an approach that reorganizes the entire life cycle of resources so that
all products can be reused. The general idea is that all consumed materials can be used by
other entities as resources, rather than creating waste [7]. The sharing economy is indicated
as an element that can be equated with the response to human needs, related to the increase
in the quality of their lives and more efficient use of resources [8].

Socio-economic development is defined as a process of positive changes in quantitative
growth and qualitative changes. It refers to the local dimension of a given territorial unit
and to the local community, its needs, preferences, and priorities as well as recognized value
systems, or the quality and quantity of endogenous territorial capital [9]. Development is a
harmonized and systematic activity aimed at creating favorable conditions for the local
economy, including ensuring spatial and ecological order [10]. Sustainable development
means promoting economic development while ensuring that natural assets continue to
provide resources and environmental services [11]. It is focused on the needs of the local
community, environmental protection, and the ability of the environment to meet current
and future social needs [12].

The endogenous potential of municipalities, i.e., the natural, economic, and social
environment and infrastructure, allows freedom of economic activity. Such activity is used
in different in relations in the local economy, i.e., economic and social, interdependently,
and occur simultaneously.

The aim of the research was to evaluate the spatial differentiation of the relationship
between the green economy and zero waste (ZW) (waste management) concept in Eastern
Poland municipalities using a synthetic measure. It enables grouping of the researched
units from the point of view of the main criterion. It also allows you to indicate to what
extent the variables of its structure determine it. The study discusses the premises of the
concepts of green economy and zero waste. Their mutual relations were indicated, and key
areas are characterized from the point of view of the commune’s economy. The authors,
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supplementing the main goal, decided to formulate research questions: What is the spatial
differentiation of the green economy and zero waste in terms of communes in Eastern
Poland? How is their level mutually determined by diagnostic variables?

2. Literature Review

Changes in the relationship between economic, environmental, social, and political
elements taking place in the world economy require a new approach to the process of
socio-economic development. One of the paths to sustainable development is GE. It has
the advantage of making sustainable development more concrete and operationalized [13].
The problems affecting the local economy (i.e., environmental, social, and economic) are in-
terrelated and complicated. They are becoming one of a serious challenge for governments,
politicians, and decision makers [14]. Greening the economy is considered in many dimen-
sions, e.g., development of clean technologies, renewable energy sources, improvement of
energy efficiency, changing the consumption and production model to a more sustainable
one (greening industry, transport). The necessity in terms of changes in the situation of
regions (as a result of the economic crisis, energy crisis, high price spike) or appropriate
management of natural resources is becoming a process of transformation towards a green
economy:. It is also necessary to point out the need to increase resource efficiency, promote
sustainable consumption and production, combat climate change, and reduce pollution as
challenges that concern regional policy [15]. It does not replace the concepts of balanced
and sustainable development regarding living conditions and improving local and regional
competitiveness [16].

Green economy is one of the important tools for ensuring sustainable development.
It is an economy characterized by a high standard of living, prudent and rational use
of natural resources [17]. It includes an ecological aspect (reduction of CO, emissions,
resource efficiency) and a social aspect (counteracting social exclusion) [4,18]. A green
economy is a sustainable economy that uses energy produced entirely from renewable
sources (Figure 1) [19]. It can be analyzed in terms of sectors (includes the sectors of
renewable energy sources, ecological building materials, ecological transport, water and
waste management) and spatially (space management) [20].

— protection of ecosystems and biodiversity

goals of the green economy

— reducing waste emissions and biodiversity

— resource efficiency

— sustainable economic development

Figure 1. Goals of the green economy. Source: study based on Iwona Bak, Katarzyna Cheba, Zielona
gospodarka jako narzedzie zréwnowazonego rozwoju, wyd. CEDEWU 2020; Marcin Rabe, Zielona
gospodarka jako narzedzie zréwnowazonego rozwoju, Studia i Prace Wydziatu Nauk Ekonomicznych
i Zarzadzania 46/2, 117-124, 2016.

The green economy increases people’s well-being and social equality, while reducing
environmental risk and the consumption of natural resources. It includes an ecological
aspect and a social aspect [4]. Deterioration of the natural environment affects the quality
of life of the population [21]. The green economy promotes a balance between environ-
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mental, social, economic factors. It strengthens the process of sustainable development,
environmental protection, and quality of life.

In spatial terms, interest in green economy results from efforts to reduce the environ-
mental burden on regional systems, and to improve regional and local competitiveness.
It is a low-carbon, resource-efficient and socially inclusive economy. The green economy
system includes sustainable production, consumption, and distribution dimensions: social,
economic, and ecological [22]. Green economy is a path of economic development that will
be possible in a sustainable manner, taking into account environmental constraints related
to the availability of resources and environmental services (Figure 2) [23].

Social (integration, social justice, reduction of inequality,
social development, quality of life)

green economy - a dimension | activity)

Economic (public investment, economic growth, economic

Environmental (reduction of ecological risk and resource
—scarcity, low-carbon resource efficiency, reduction of carbon
dioxide emissions, environmental responsibility)

Figure 2. Dimensions of the green economy. Source: study based on B. Ryszkowska, Green
economy—theoretical foundations of the concept and measurement of its implementation in the
European Union, Ed. UE in Wroctaw, Wroctaw 2013.

There are specific relationships between the elements of the green economy. They lead
to the identification of areas enabling the monitoring of the condition of the green economy,
i.e., natural capital, environmental production efficiency, environmental quality of life of
the population, economic policies, and their consequences [24]. Green economy contributes
to the reduction of environmental pollution and better use of scarce resources (including
natural resources), as well as influencing the region’s green growth (improving the region’s
green capital) [25,26]. The sustainable and environmentally friendly way of waste dis-
posal, the idea of recycling and reuse, is crucial to protect the environment and human
health [27]. However, measuring the efficiency of the green economy at the regional level
is associated with additional limitations compared to the indicators at the national level
(the authors propose their own set of diagnostic variables allowing for the assessment of
the studied area) [28].

The essence of the green economy is the creation of solutions enabling better adaptation
of the economy to the specificity of the environment [29,30]. The environment is the main
source of resources that make life easier and foster development. Green economy means an
economy focused on solving environmental problems, i.e., increasing pollution, generating
excessive amounts of waste, and unsustainable use of resources [17]. The transition from
a traditional economy to a green economy will certainly affect all sectors of the economy
(industry, trade, agriculture, tourism). The green economy promotes the concept of the
triple bottom line (profit, society, planet) [31]. It is beneficial for the region’s economy in
the social, environmental, and economic area, ensuring better ways of using resources or
eliminating environmental pollution and the region’s ecological growth [32].

While traditional economic models suggest that unequal patterns of production and
consumption are the desired outcomes of welfare, economic systems are related to the
environment [33]. Circular economy, in order to ensure sustainable development, rely
mainly on the so-called the 3R principles, i.e., reduction, reuse, recycling [34,35]. From
the economic point of view, it is in contrast to the linear economy, presented as: obtaining
raw materials, processing them, and then disposing of the product. The circular economy
also has a territorial dimension. In the context of the functioning of regions, it refers to, for
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example, the concept of the sharing economy, according to which unlimited consumption
or accumulation of property give way to their joint use, exchange or lending of goods [36].

A circular economy is the pursuit of a waste-free economy. Zero waste (ZW) is
an approach that reorganizes the entire life cycle of resources so that products can be
reused. The circular economy model is characterized by a closed structure, presenting
a new approach to the flow of resources, as opposed to the linear economy model [37].
Economic development contributed to the increase in waste production. Sustainable
municipal waste management requires comprehensive treatment, taking into account eco-
nomic, environmental, and social conditions. We should therefore start treating waste
as a raw material. Waste can be reused, recycled or, as a last resort, recovered for
energy purposes.

The source of waste in the region are consumption and production processes. Waste
is the result of inefficiency in society and evidence of a waste of resources. The increase
in the amount of waste affects the authorities to manage waste in a more sustainable way
(i.e., to reduce its quantity, to handle it in an environmentally and socially friendly way).
ZW is a response to the dynamic increase in consumption and waste, supporting the use of
raw materials and creating incentives to stop waste, avoid waste generation and protect
raw materials. ZW comes down to the application of certain rules, the so-called 5R: refuse,
reduce, reuse, recycle, compost (rot) [38]. The state of waste management and the level of
environmental pollution are presented as a complex phenomenon, and therefore described
by several variables [39]. ZW is a holistic concept of waste management that recognizes
waste as a resource that results from the use of resources [40]. The benefits of introducing
the ZW concept include the community, financial and economic, environmental, and
industry and stakeholder aspects in both macro- and microenvironments [41]. The ZW
rules communicate that the emphasis should be on resource efficiency and avoiding waste.

The hierarchy of handling raw materials according to the ZW concept means avoiding
waste generation and the recycling process [42]. Improper waste management has a
negative impact on human health, the environment, economy, and society [43—45].

Waste management should be subordinated to an environmental protection framework
of reduction and recycling, which has its own limitations [46]. Waste has become one of
the major environmental problems. There is an urgent need for a sustainable strategic
waste management system to prevent further depletion of these natural resources [47]. The
scarcity of resources and the growing amount of waste generated forces their reduction [48].
The recovery and reuse of materials from waste is ultimately becoming an important
economic issue. Waste management means waste generation and waste management [49].

Waste management is understood as collection, transport, processing, including su-
pervision over such activities, as well as, inter alia, subsequent handling of waste disposal
sites [50]. Waste management is a complex, interdisciplinary concept, covering both
planning and implementation of projects and technologies and their control [51]. Waste
management can be considered in terms of process and subject matter. In waste manage-
ment processes, waste prevention is preferred, and landfilling is the least desirable. In the
subject system, there are types of waste (municipal, household, economic) [52,53].

3. Materials and Methods

When undertaking research on the spatial differentiation of municipalities in terms of
the concept, i.e., zero west and green economy, a certain number of diagnostic variables
should be distinguished [54]. The spatial (intra-regional) polarization of the variables of
the studied areas in the contemporary economy occurs primarily between cities (regions
of growth in the region) and peripheral areas, urban and rural communes [55]. This
differentiation seems to be a natural process. However, given the lack of boundaries in the
displacement of pollutants, the strong impact of individual environmental areas on others
surrounding them is a sufficient reason to conduct research on the spatial differentiation of
selected areas in terms of selected criteria. For this purpose, the authors used the method
of multidimensional comparative analysis, for which statistical data were collected in the
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spatial terms of communes of Eastern Poland. The choice of variables was conditioned by
the availability of data in the Local Data Bank of the Central Statistical Office (BDL GUS)
for the years 2010-2020. The research was carried out dynamically (taking into account the
minimum and maximum values for the entire research period).

The main goal of a multivariate comparative analysis is the construction of a synthetic
measure that enables the comparison of units (e.g., poviats) described by means of many
diagnostic variables. The process of its construction is a series of successive stages.

Selection of research objects, selection of diagnostic variables and their verification in terms of
statistics and content. The division of variables into stimulants and destimulants: stage 1.

Difficulties related to the implementation of the study were due to, among other things,
the availability of diagnostic variables related to the main criterion of the analysis (green
economy, waste management, changes in legal regulations in the area of finance or tasks
of territorial units, changes in the administrative division, changes in the socio-economic
situation, and random events. In the article, the authors focused on selected variables

described in Table 1.

Table 1. Diagnostic variables describing zero west and green economy at the level of communes.

No. Zero Waste—Diagnostic Variables Unit S/D
Expenses in the department: Urban and rural cleansin
X1 F thepyear per 1000 capita i [PLN/pcl 5
X2 Total waste generated during the year per 1000 capita [thousand t.] D
X3 Total recycled waste per 1000 capita [thousand t.] S
X4 Total disposed waste per 1000 capita [thousand t.] S
X5 Waste stored to date (accumulated) in own facilities total per 1 km? [thousand t.] D
X6 Share of recovered waste in the amount of waste generated during the year [%] S
X7 Total mixed waste collected during the year per 1 inhabitant [kgl D
X8 Landfills—as of 31 December [pes] D
X9 Area of landfill sites not reclaimed per 1 km? [ha] D
Area of active landfills where municipal waste is
X10 disposed of—as of 31 December [hal S
X11 Area of wild landfills per 100 km? of total area [pes] D
X12 Municipal waste collected during liquidation of wild dumps—during the year [t.] D
Green economy—diagnostic variables
X13 Expenses in the department: Health care [PLN/pc] S
X14 Expenditures in the department: Utilities and environmental protection [PLN/pc] S
X15 Electricity consumption in urban households per capita [kWh] D
X16 Electricity consumption by location of consumer in rural areas per capita [kWh] D
X17 Users of installations in % of total population—water supply [%] S
X18 Users of installations in % of total population—sewerage system [%] S
X19 Distribution network per 100 km?—water supply network [km] S
X20 Distribution network per 100 kmz—sewerage network [km] S
X21 Distribution network per 100 km?—gas network [km] S
X22 Heat sales per year by location total—residential buildings offices and [GI] S
institutions (per 1 inhabitant)
X23 Forest land area in total area [%] S
X24 Water consumption per 1 inhabitant [m?3] D
X25 Share of industry in total water consumption [%] D
X26 Share of treated wastewater in total discharged wastewater [%] S
X27 Treated wastewater per year discharged per capita [dam?] D
X28 Population using wastewater treatment plants in % of total population [%] S
X29 Share of recycled waste in waste generated during the year [%] S
X30 Total mixed waste collected during the year per capita [kgl D
X31 Municipal wastewater treated per 100 km? [dam?] D
X32 Share of legally protected areas in total area [%] S

S stimulant/D destimulant. Source: own study.

The selected diagnostic variables are characterized by sufficient discriminant ability.
Diagnostic variables characterized by low variability (border value of the variation coef-
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ficient = 0.10) were selected for the study. Over-correlated variables (diagonal elements
correspond to them) were removed from the study in the case of the inverse matrix, with
values greater than 10 are eliminated from the set of variables [56,57]. Variables strongly
correlated with each other as carriers of similar information were also eliminated (threshold
level of the correlation coefficient value r* = 0.75) [58-60]. The selection of variables was
also made on the basis of factor analysis. It was made in the Statistica program. The selected
method allows to reduce the original set of diagnostic variables and to determine the set
that best describes the community according to the main criterion [61]. The advantage
of factor analysis is the possibility of determining such a number of variables that will
sufficiently explain the interrelationship between many observable variables [62,63].
The study area covers the communes of Eastern Poland, as shown in Figure 3.
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Figure 3. Study area—communes of Eastern Poland Sources: own study.

The nature of the problems affecting the socio-economic situation and development
prospects have a structural dimension and are historically conditioned. The communes in
Eastern Poland are characterized by the unfavorable financial, economic condition, the low
efficiency of the structure of the economy and the labor market, the outflow of inhabitants
to other regions, the low level of innovation [64]. Communes (subjects of research) are the
basic units of local self-government. They have legal personality. They are equipped with
their own assets and income. They can freely determine the directions of spending their
own income. The scope of activities of municipalities includes all public matters of local
importance (not reserved for other entities), meeting the collective needs of the community,
increasing attractiveness, and thus development [65].

The selected set of variables was saved as an observation matrix in the form:

X11 X12 ceo X1m
X221 X222 ... Xom
X = , 1

Xnl Xn2 ... Xnm
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Zi =

Xij — mini Xij

where: Xj—denotes the values of the j-th variable for the i-th object, matrix of dnaych
objects, i—object number i=1, 2, ..., n), j—variable number (j=1, 2,. ..., m).

The selected set of variables according to the main criterion (zero waste, green econ-
omy) was verified according to the statistical criterion. The coefficient of variation was
written by the formula:

Si
?/

Vi = ()

where, Vi—coefficient of variation for the i-th variable, S;—standard deviation for the i-th
variable, X is the arithmetic mean of the i-th variable.

Diagnostic variables that do not satisfy the inequality where V* is the critical value of
the coefficient of variation (=0.10), were removed from the set [60]. The selected diagnostic
variables are characterized by sufficient spatial variability. For the analysis of the selected
set of variables, the following were also used: minimum, maximum, positional coefficient
of variation, standard and quarter deviation, asymmetry, and kurtosis.

Standardization of features, according to zero unitarization method: stage 2.

Selected diagnostic variables are referred to as stimulants and destimulants [66,67].
If it is difficult to define the nature of the variable (in relation to the main criterion), it is
worth using Grabiriski’s procedure. It takes advantage of the fact that stimulants should
be positively correlated with stimulants (such as destimulants with destimulants) and
negatively with destimulants. For stimulants, the direction of correlation between the
variable and the decision variable should be positive, and for destimulants, we should say
the reverse [68,69].

In the process of standardizing variables, the method used a zeroed unitization proce-
dure. Its aim is to replace the varying ranges of variation of individual variables with a
fixed range. In the method is a fixed reference point, which is the gap:

R(X]) = maxixij - minixij, (3)

Diagnostic variables (selected for the construction of a synthetic measure) usually
have different titles, which makes it impossible to compare and add them directly [60,70].
The variables were normalized depending on their types, according to the following
formulas [71-74]:

max;Xjj — Min;Xj;

max; Xij — Xij

, Zl] =0 < Xjj = minixij; le =1« Xjj = mMax;Xj., when X; €5, (4)

max;Xjj — Min;X;

, Zl] =0 < Xjj = max;Xjj; le =1 & Xjj = minixij, whenx; € D, (5)

where max;x; -+ min;Xjj, max;x; > min;Xjj, S-stymulanta, D-destymulanta,i=1,2,... ,n;
i=12, ..., m, maxixij—the maximum value of the j-th variable, minixij—the mini-
mum value of the j-th variable [56,75], xj—means the value of the j-th variable for the
i-object [76,77], and Z;j the normalization value of the j-th variable for the i- of this object
(belongs to the interval [0; 1]) [78,79].

As a result of unitarization ({Z;} = {S}U{D}), we obtain a matrix of feature values
(unified with regard to the range of variability and location in the observation space),
written in the form:

Z11 Z1p cee Z1m
771 V4k) cee  ZDm

Z; = , (6)
Znl Zn2  --- Zmm

where Zij is the unitary value of the j-th variables for the i-th object.

Aggregating the value of a synthetic measure: stage 3.

In the assessment of spatial differentiation of waste management (zero waste) and
green economy, a synthetic measure was used based on the technique for order preference
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by similarity to an ideal solution (TOPSIS) method. It enables a multidimensional and
comprehensive look at the level of the studied phenomenon in spatial and temporal terms,
as well as their linear ordering [80,81]. It allows for the assessment and comparison of the
analyzed objects and indicates weaker and better areas of the unit’s operation [82-86]. The
first synthetic measure of development was proposed by Z. Hellwig [71].

The method of linear ordering technique for order preference by similarity to an ideal
solution is a model method in which two points of reference are determined - a standard
and an anti-pattern [87-89]. The Euclidean distances of the objects from the standard and
anti-standard were successively calculated, according to the formulas:

(a) distances of objects from the pattern:

di" = \/ Sz A @)

(b) distances of objects from the anti-pattern:

di = \/111 Z‘Iil (Zij - Zj_)z, 8

where n is the number of variables building the pattern or anti-pattern, z;; is the unitized
value of the j-th feature for the tested unit (or the normalized value of the j-th variable of
the i-object), and Zj+ / z; s the template or anti-pattern object.

The synthetic measure for individual objects according to the TOPSIS method was
determined on the basis of the formula:

d-

1

= —31 — odzie0<qg.<1,i=1,2,...,n, 9
FRERA e ©)

q;

with the proviso that: g; € [0; 1]; d; - means the distance of the object from the anti-pattern
(from 0), d;r means the distance of the object from the pattern (from 1). A higher value of
the measure indicates a better situation of an individual in the analyzed area [85,90-93].

Linear ordering, assessment of the relationship of diagnostic variables with a synthetic measure,
assessment of the similarity and concentration of the phenomenon: stage 4.

The value of the synthetic measure made it possible to divide the studied collective
into typological groups. The subdivision was made based on the first, second, and third
quartiles. They represented threshold values for the group. The units belonging to the first
group were characterized by a higher value of the measure (better situation in the studied
area). The following groups included weaker [66,94,95].

The assessment of similarity or dissimilarity was made on the basis of the Euclidean
distance. The distance between the objects cannot be negative. At a distance of 0, the
objects are identical. The farther away from each other, the more dissimilar the objects are
(=1). The similarity matrix was determined in the PQStat program. The Euclidean distance
between two points is equal to the length of the segment connecting these points.

The scattering plot and the bag plot presented on the basis of the synthetic measure
made it possible to show the differentiation of the units of the studied population and the
outliers (the charts were made in the Statistica program).

For the analysis and evaluation of the strength of the relationship between the variables
and the synthetic measure, Pearson’s linear correlation coefficients were used (the analyzes
were performed in the Grtel software).

The concentration factor (Gini) was calculated in the Statistica program. It is a measure
of the inequality of the distribution of the studied variable and takes a value between 0
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(indicates no inequality) and 1 (indicates complete inequality). If the observations for yi are
ordered in ascending order, then the Gini coefficient is given by the formula:

Yie1(2i—n—1)y;

n2y

G(y) = (10)
where: y; is the value of the i observation, and ¥ is the average value of all y; observa-
tions [96,97].

4. Results

The contemporary resource management model is not sustainable. It puts pressure
on the environment. Human activities in various spheres of his activity generate specific
amounts of waste. They influence the quality and changes of the natural environment.
The activities of local units, including authorities and residents, should be focused on
preventing waste generation, limiting its amount, ensuring recovery, and neutralizing
waste. The concepts of green economy and zero waste assume the preservation of the
values of the natural environment for the society. The waste management system creates
conditions ensuring the transformation of the economy towards a green economy. There is
a need to monitor the condition of the local economy.

The synthetic measure of green economy ranged from 0.28 to 0.56 in 2010, from
0.28 to 0.59 in 2020. In the analyzed period 2010-2020, there was no change in the smallest
value (0.28-0.28), whereas in the case of the highest measure, we observe an increase of
0.05 (0.56-0.59); and in the case of the waste management measure from 0.19 to 0.55 in
2010 and 0.32 to 0.53 in 2020. In the case of the lowest value in relation to 2010 to 2020, we
observe an increase (0.19-0.32; 0.68), and in the largest measure a decrease —0.04 (0.55-0.53).
Figure 4 indicates greater stability in terms of the green economy measure, with greater
differentiation of the waste management measure.

 green economy g waste management

Figure 4. The range of the synthetic measure, waste management and green economy in communes
of Eastern Poland in 2010-2020. Source: own study.

Figure 5 shows the classification due to the synthetic measure -green economy and
waste management. The back color marked a group of municipalities characterized by a
better situation in the studied area (higher value of the synthetic measure). Lighter color
indicates weaker units (lower value of the synthetic measure).
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Figure 5. Spatial differentiation of the measure of waste management and green economy in com-
munes of Eastern Poland in 2010-2020. Source: own study.
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The similarity or dissimilarity of units in the main criterion under study was expressed
using the Euclidean distance. We observe a greater degree of unit differentiation in the
green economy measure (2010/2015—0.37; 2015/2019—0.40; 2019/2020—0.43), lower
waste management (0.09; 0.10; 0.23). The statistical characteristics of the synthetic measure,
green economy, and waste management in communes of eastern Poland in 2010-2020
indicate changes in the differentiation (Table 2). Standard deviation indicates the relative
constancy of units in the aspect studied. The coefficient of variation, the range show a
decrease in the differentiation in terms of green economy, an increase in the aspect of waste
management. The higher the kurtosis, the greater the concentration of the population
around the mean value (the smaller the values the greater the spread, weaker concentration,
flattening the abundance curve). In the case of the green economy measure, we observe
left-hand skewness (As < 0) and the right-hand waste management measure (As > 0).
Left-hand skew indicates that a greater number of units have values for these variables
greater than their mean (right-hand inverse).

Table 2. Statistical characteristics of the synthetic measure, waste management and green economy
in communes of Eastern Poland in 2010-2020.

Indicator Name 2010 2015 2019 2020 2010 2015 2019 2020
q green economy (q waste management
Average 0.49 0.48 0.48 0.48 0.39 0.41 0.41 0.41
Median 0.50 0.49 0.49 0.49 0.39 0.41 0.41 0.41
Min 0.19 0.21 0.32 0.32 0.28 0.28 0.28 0.28
Max 0.55 0.57 0.58 0.53 0.56 0.56 0.59 0.59
Lower Quartile 0.48 0.48 0.47 0.48 0.36 0.37 0.38 0.38
Top Quartile 0.50 0.50 0.49 0.50 0.42 0.44 0.45 0.45
Gap 0.36 0.36 0.26 0.21 0.28 0.28 0.31 0.31
Quartile gap 0.02 0.02 0.02 0.02 0.06 0.07 0.07 0.07
Standard deviation 0.03 0.03 0.03 0.02 0.05 0.05 0.05 0.05
Coefficient of variation 5.97 5.98 5.34 4.66 13.20 12.86 13.18 13.26
Skewness (asymmetry) —3.50 —-3.27 —-2.17 —2.29 0.27 0.15 0.12 0.13
Kurtosis (measure of 20.48 18.10 7.49 8.04 0.21 0.08 0.09 0.15
concentration)
Source: own study.
The Pearson correlation coefficient between the value of the synthetic measure of
communes in eastern Poland is presented in Figure 6. Higher correlation indicators in
the year-on-year relation are observed in the case of green economy (0.933; 0.972; 0.989,
respectively) and lower waste management (0.688; 0.838; 0.892).
q green economy q waste management

2015:2010: y=0.0164 + 0.9283*x; r=0.9339; p = 0.0000; r* = 0.8722

2010
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2019:2015:y = 0.021 +0.9393*; r = 0.9722; p = 0.0000; r* = 0.9452 2019:2015: y = 0.0301 + 0.9442*; r = 0.8380; p = 0.0000; r* = 0.7022
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Figure 6. Spread of the synthetic measure, waste management and green economy in communes of
Eastern Poland in 2010-2020. Source: own study.
In the case of the relationship between the synthetic measure, green economy, and
waste management, as shown in Figure 7, we observe negative values (—0.494; —0.468;
—0.461; —0.459; an increase in the value of one variable followed by a decrease in the value
of the other). The bag chart shows groups of statistically similar municipalities (including
outliers, whose graphic shape in subsequent years indicates their differentiation).
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Figure 7. Spread of the synthetic measure of waste management in relation to the green economy of
communes in Eastern Poland in 2010-2020. Source: own study.

Figure 8 shows that the synthetic measure, green economy in 2020, in relation to
2020/2019, was subject to a low divergence, 0.120; and in relation to 2020/2010, 0.218. The
synthetic measure of waste management ranged from —0.085 to 0.057. In the case of the
relation 2020 and 2020/2019, for the measure green economy, we observe an erroneous
numerical condition, i.e., a small number of different values of at least one of the variables
taken into the chart. For a bag chart with colored areas to be created, there must be more
values so that they are scattered on the plane.
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The interdependence of the variables presented in Figure 9 (scatter plot for objects
in three-dimensional space) indicates that the synthetic measure in 2020, in relation to
2020/2010, was subject to divergence in both analyzed areas (0.654; 0.216). In the case
of the relation of the measure in 2020 to the relation 2020/2019, it was 0.872 and 0.637,
respectively. Hence, there was greater differentiation in terms of waste management.

q green economy q waste management

2020:2019:2015: R(z/xly) multivariate = 0.8729; p = 0.0000 2020:2019:2015: R(z/xly) multivariate = 0.6376; p = 0.0000

2020:2019:2010: R(z/x/y) multivariate = 0.2168; p = 0.0006

Figure 9. Differences in the space of the three-dimensional synthetic measure, waste management
and green economy in communes of Eastern Poland in 2010-2020. Source: own study.

Table 3 presents the Pearson correlation coefficient between the values of the synthetic
measure and the values of diagnostic variables in 2020. The measure of waste management,
green economy was positively and negatively correlated with diagnostic variables.

The measure of the inequality of the distribution of the values of the synthetic measure
of communes for the years 2010-2020 takes a value between 0 and 1. Figure 10 shows the
concentration of the studied phenomenon according to the synthetic measure.
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Table 3. Coefficients of correlation between the value of waste management (zero west) and ecology
and natural environment of poviats and their values in 2020.

Variables q Green Economy q Waste Management

Expenses in the department:
Urban and rural cleansing
Expenses in department:
Maintenance of greenery in cities 0.3469 —0.2991
and municipalities
Expenditures in department:

0.2074 —0.1399

- 0.3037 —0.1478
Municipal waste management
Expenditures in department:
Health protection 0.2632 —0.2878
Users of ms'tallatlons as % of total 0.3224 09523
population—water supply
Users of msta.llahons in % of total 0.8663 04725
population—sewerage
Users of mstallat.lons in % of total 0.4898 0.2556
population—gas
Distribution network per
100 km?2—water supply network 0.5302 —0.5905
Distribution network per
100 kmz—sewerage network 0.6845 —0.5727
Distribution network per
100 km?—gas network 0-5539 —0.4938
Share of industry in total 0279 02617
water consumption
Share of wastewater treated
discharged in wastewater treated 0.7669 —0.4752
Population using urban and rural 0.8465 04237

wastewater treatment plants
Share of industrial wastewater
treated in wastewater 0.3938 —0.1775
requiring treatment
Share Legally protected areas in

0.216 0.1453
total area
Share of green areas in total area 0.5146 —0.4946
Forest land area 0.1566 0.1932
Mixed waste collected during 0.4934 —0.8199
Waste col}ectlon units in the year 03786 03481
under review by area of operation
q green economy 1 —0.4591
Expenses in the department: 0.2074 —01399
Urban and rural cleansing
Exp.er?dltures in department: 0.3037 01478
Municipal waste management
Total mlxgd waste collected 0.5387 07801
during the year
Total mlx?d waste collected 0.4934 —0.8199
during the year
Household waste 0.421 —0.8242
q Waste management —0.4591 1

Linear correlation coefficients for sample observations 1-709; Critical value (with two-sided 5% critical
area) = 0.0736 for n = 709. Source: own study.
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Figure 10. Concentration of the synthetic measure, waste management and green economy in
communes of Eastern Poland in 2010-2020 (Gini's coefficient). Source: own study.

5. Discussion

While implementing economic development, we must also pay attention to environ-
mental protection. Green growth places importance on both the environment and economic
development [96]. The development of green economy means shaping the aspect of the
natural environment (in line with the specificity of the local economy), shaping ecology
(while ensuring economic security, quality of life), social stabilization, and creating condi-
tions for sustainable green development. The transition to a green economy (with today’s
energy crisis) is a challenge. Local economic adjustment can prevent the dangerous effects
of environmental degradation and climate change. The attempt to identify the effects of
green economy in the economic system indicates its particular importance for enhancing
the diversity, efficiency, and adaptability of regions (which, according to the authors, is due
to endogenous territorial potential, which should be the basis of the measures taken). As
part of the concept of green economy, development processes and accompanying activities
may be of significant importance from the perspective of strengthening the attributes of the
local economy in the economic and environmental dimension, e.g., resource saving, mini-
mizing the impact of external factors causing disruptions to regional systems, technological
changes, difficulties in accessing resources and energy sources, economic recessions [97].
The key elements of the transition to a green economy are: the value of natural capital;
appropriate regulations and economic incentives, appropriate environmental regulations,
patterns of sustainable production and consumption, or fair distribution of income and
social standards [98,99].

The concept of a green economy has been criticized for significant overlap with, or
attempts to replace, sustainable development. S. Lorek and ]J.H. Spangenberg argue that
the concept of a green economy does not support the original sustainability criteria. It
goes beyond sustainability to tackle the artificial separation between the environment and
the economy [100]. J. Hickel shows the pitfalls of exponential growth, i.e., the amount of
steel, non-ferrous metals, food, products, and energy, all of which are subject to increasing
demand. He points out that at the current rate of economic growth, a significant portion of
the new capacity from renewable energy sources is used to fuel the growth itself, not to
replace existing coal-fired power plants [101]. The authors of the article point out that as
a multi-elemental concept, described by many diagnostic variables, green economy and
waste management are difficult to clearly define and evaluate. This makes it difficult to



Energies 2023, 16, 19

19 of 24

define a model for their implementation. Processes within their framework should be
implemented according to the endogenous potential of a given unit. Vukovic et al. argue
that green economy indicators have the properties of uncertainty and blurring or lack
of rules and principles for their creation [102]. The dilemma of implementing a green
economy is exposed as an elementary struggle between entities for the management of
natural resources and access to them, as well as their benefits [103].

The concept of a green economy has an impact on politics in many countries (e.g.,
UK, France, and China) [104]. Green economy means an economy geared towards solving
environmental problems of increasing pollution, the generation of excessive waste [105].
Zero waste has become the aspirational goal of solving waste problems. Adelaide, San Fran-
cisco, and Vancouver have adopted zero waste targets as part of their waste management
strategies. The ZW concept stimulates sustainable production and consumption, optimal
recycling, and recovery of resources [106].

There is a wider limitation of both the economic measurement and indicators for the
green economy (especially access to information on green transformation processes, e.g.,
on the level of municipalities in Poland). Economic measurement should be supported by
other types of information (e.g., in terms of demography, environment, economy). For all
aspects of green economy, attention should be paid to capacity and data limitations, and to
the aspect of data availability at the level of municipalities in Poland [105].

Significant differences in the production of waste (including municipal waste) were
observed in the EU countries. The amount of waste produced depended on economic de-
velopment. The most effective tools for dealing with waste should be to enhance reduction,
reuse, and recycling behavior. Countries striving to minimize waste generation should also
pay more attention to promoting sustainable consumption and production. EU citizens
do not have a proper understanding of the relationship between waste reduction and the
conservation of natural resources [107].

The basis of sustainable municipal waste management is the comprehensive treat-
ment of waste, taking into account economic and environmental aspects as well as social
conditions. Rational management of depleted natural resources requires treating waste as
valuable raw materials. The need to change the approach to waste management also results
from the need to reduce the valuable space necessary for their disposal, processing, and
storage. Optimizing integrated waste management should be oriented towards economic,
environmental, and energy (3E) goals in the conditions of the deep complexity of the green
transformation of the economy [108].

The ZW concept fits in with a circular economy where resources are used instead of
creating waste [109]. A holistic doctrine of the circular economy, consisting in the reduction
of environmentally harmful waste and keeping the raw materials in circulation as long as
possible [110]. Waste management plays a key role in the circular economy [111].

The analysis of data from countries (Poland, Slovakia, Ukraine) showed a significant
relationship between the basic elements of everyday functioning of households related to
environmental protection through responsible consumption, reuse, and recovery of selected
products, packaging, and materials, as well as food and the zero waste concept [112].

Problems related to municipal waste management in Poland include the slowly de-
creasing amount of municipal waste. At the same time, there is an insufficient development
of the selective collection and recycling system, an increase in the number of illegal landfills,
and insufficient protection of landfills. In accordance with the principle of sustainable
development, waste should be reused [113]. The best way to manage waste is to reduce
its amount by reusing it (recycling). In the case of municipal waste, selective collection
concerns mainly the collection of secondary raw materials, such as paper, glass, plastics,
and metals [114]. Relevant efforts to develop a sustainable, integrated waste management
system will vary depending on the local situation [115].

In Croatia and Slovenia, the transition to a greener economy is positive. In Bosnia
and Herzegovina, Serbia and Slovenia, the lack of adequate policy and awareness and
the ineffective allocation of external resources remain barriers to such a greener transfor-
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mation [116]. The recycling rate, which is one of the measures of the goals of the circular
economy, is of particular importance. One of the leaders is Slovenia, which present a
recycling rate at the level of highly developed countries, i.e., more than twice as high as
Poland [117].

Waste is a symbol of the inefficiency of any modern society and a representation of
misallocated resources. To prevent further depletion of resources, we need sustainable
consumption and strategic waste management systems based on waste avoidance, material
efficiency, and resource recovery [118].

6. Conclusions

In spatial terms, the essence of green economy, or zero waste, results from striving
to reduce the burden on the natural environment, creating attractive conditions for life
and business activity. The development of a green economy means shaping the aspect of
the natural environment (in line with the specifics of the local economy) while ensuring
economic security, quality of life, intertwined stabilization, and creating conditions for
sustainable green development. The transition to a green economy (with the contemporary
energy crisis) is a challenge for the local economy.

The spatial differentiation of the development of communes suggests the existence
of an impact of natural conditions on social and economic conditions, and thus on the
process of transformation towards a green economy. Given the condition and structure of
the local economy and the quality of life, waste management (its structure and quantity) of
the local community may constitute a barrier to the development of the green economy
of communes.

In the era of the network economy, communes must shape their potential. This process
is an inseparable element of their development and functions on many levels distinguished
by economic, cultural, social, and spatial (natural) features. Resources, including the
natural, economic, and social environment and infrastructure used in economic and social
relations, are interdependent and occur at the same time. There is a correlation between
them, and they should be considered together.

The results of grouping may be a stimulus for further, in-depth research aimed at
determining which variables have a decisive impact on the transformation process towards
a green economy and zero waste. Further empirical research is needed on the implementa-
tion of zero waste, green economy, and the relationship with the variables of demography,
financial situation, and environmental changes.

The added value of the article is the results of the research focused on the evaluation
of the relationship between the waste management and green economy of municipalities
in eastern Poland in 2010-2020. The authors treated the synthetic measure used as an
instrument for monitoring and modeling the operation of municipalities, as a measure of
the choice of actions taken, or a measure of the economic situation of municipalities. A
systematic study of green economy or waste management should provide the information
necessary for authorities to assess and correct the policies pursued and the disparities
occurring between units or areas of operation. For inter-regional comparisons, it should
include the same variables in the indicated surveyed areas.
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