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Abstract: In the era of limited resources and progressive environmental degradation, the circular
economy is a practical application of sustainable development. It is an alternative, but also competi-
tive way to achieve economic growth in accordance with the principles of sustainable development.
This issue was considered in this paper in the context of the Ukrainian economy. The Ukrainian
economy’s transformation into a circular one needs to find ways to choose practical tools for such a
transition, considering the destructive impact of economic activities on the environment, population,
and economy. The goal was to develop a method of choosing tools for the circular transformations of
economic activities for each cluster and to reduce man-made damage to the environment. Cluster
analysis, fuzzy C-means method, and grouping of economic activities were used. Two analyzed
sectors turned out to be the most interesting: mining and quarrying, and electricity, gas, steam, and
air conditioning supply, which were finally assigned to the cluster with a high level of destructive
impact, defined as ‘environmentally unfriendly’. The proposed method allows the choice of circular
transformation tools for economic activities depending on the destructive impact of these economic
activities within each cluster.

Keywords: economic activity sectors; sustainable development; circular economy; national economy
transformation; fuzzy-logic cluster analysis; emission

1. Introduction

The problem of effective management of the national economy requires a solution to
issues of logically managing nature use, a search for effective nature protection measures,
and methods to determine their economic efficiency at the level of economic activity. The
solution to these problems involves forming a favorable environment for transforming
production under a “green” economy to a circular type. A critical aspect in this context is
the search for new systems of state regulation of economic activity (EA) at the national level.
Today, the economy of Ukraine does not have an integrated financial mechanism that would
allow the development of a new high-tech EA with low-waste and nonwaste production.
The lack of a methodology for transforming the national economy of Ukraine into a
circular economy is also visible. However, under the influence of European integration, the
development of the Ukrainian economy began to shift to the principles of the new natural
economy.

The benefits of European integration were discussed in [1] at the investment and
institutional levels. Attention is also paid to the changing priorities of Ukraine’s economic
development due to European integration processes [2]. Many works are devoted to the
general principles of sustainable development and environmental policy [3–5], but the
trends and realities of Ukraine in building sustainable development are also analyzed [6].
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Effective management decisions are indicated as a condition for achieving sustainable
development [7–10].

An alternative but competitive way to achieve economic growth according to sus-
tainable development principles in the era of limited resources and progressive environ-
mental degradation is the circular economy [11]. An example can be an intelligent waste
management system in Indonesia, where sustainable development goals are based on
Industry 4.0. [12] or projects implemented in Chinese cities, where resource efficiency was
recorded while reducing pollution [10].

On the part of enterprises, the problem is the efficient use of productive assets, the
logical supply of resources, and the profit from business activities. On the part of the
state and society, the need to form a circular economy determines the need for economic
assessment of man-made (technogenic) damage, losses, and costs in quantitative and
monetary values, which enterprises cause due to their business activities. The original
system of economic assessment of losses in the economic sectors and a modern state
regulation mechanism built based on the study of man-made damage caused by the
production of goods and services in the environment can be found in [13–15]. In particular,
models of the economic assessment of the technogenic damage caused to the Ukrainian
national economy are presented [13]. Morally obsolete production technologies cause a
high level of environmental pollution. In addition, emergency damage or destruction of
fixed assets leads to a decline in the profitability of the workforce and natural resources.
It leads to negative trends in the growth of manufactured influence on the environment,
society, and economy, as evidenced by man-made damage, losses, and costs, constituting
the national economy’s technogenic damage concept. The Ukrainian critical information
infrastructure is also investigated [16], as are ore mining and its consequences for national
economies [17].

Many works are devoted to overcoming the destructive consequences of man-made
load. For example, the impact of innovation in high-tech sectors of the economy on
reducing social and economic challenges, among which high consumption of natural
resources plays a significant role, was proved [18–23]. The long-term link between the
ecological footprint, natural resources, technological innovation, and economic growth
is highlighted [24,25]. The impact of innovation on structural changes in the economy
was also studied [26]. As shown by foreign and Ukrainian experiences, the integration
of economic entities is becoming an indispensable tool for stimulating the engagement of
enterprises with innovations, and the creation of industrial clusters is one of the current
trends of economic transformation [27]. Eco-innovations and their contribution to the
development of the environmental economy are also investigated, where attention is paid
to the specific role of regulatory instruments [28]. In the case of Ukraine, the problem
of creating a financial mechanism for the implementation of ecological innovations of
the fourth industrial revolution is being solved, both at the level of the general economic
system [29] and the level of development of agricultural enterprises [30].

Attention is also paid to the ecological and socioeconomic aspects of management that
arise in the course of human life and activity [31,32]. Unfortunately, many of the actions
prove the ineffectiveness of the adopted policy. An example is the Chinese fight against air
pollution [33] or the ecological and economic greening management system in Ukraine,
where negative trends are also observed [34]. On the other hand, energy innovations are
indicated as one of the critical determinants of economic and environmental development.
Examples of successful innovations are biomass energy in Asia [35], clean energy produc-
tion in the United States [36], and proposals for solutions to energy infrastructure problems
in Ukraine [37].

One of the barriers to the implementation of sustainable developmental standards is
the lack of awareness and understanding of the concept of sustainable development [38].
Moreover, to facilitate and accelerate this process, investment support for environmental
changes [39] and sound green transition principles from ordinary business to genuinely
sustainable business development are essential. Firms should solve sustainability prob-



Energies 2021, 14, 5951 3 of 17

lems, even if more economically attractive but unsustainable alternatives are available [40].
The implementation of the concept of sustainable development requires social, ecological,
and economic cooperation, as well as the introduction of strategic action programs and
mechanisms of their performance [41]. Environmental integration is necessary, and integra-
tive nature management can accelerate economic transformation while ensuring optimal
resource use to ensure a better quality of the environment [42].

The development of green energy may contribute to this process, which is visible in
many studies on the development of a green economy [43–45]. Effective green investment
is indicated as a priority factor shaping the direction of sustainable development [46].
Moreover, in a broader context, the ecological modernization of regions is considered a
critical factor in changing socioeconomic standards [47]. This statement is confirmed by
studies of the socioeconomic potential of Polish cities [48] and Spanish cities [49], as well
as studies in terms of the so-called geosocial network [50]. The literature also emphasizes
the importance of considering natural hazards in the assessment of socioeconomic poten-
tial [51]. Ways of impacting investment support on industrial sectors and their entities are
also investigated, taking into account environmental financing [52,53].

A comprehensive analysis of economic activity (EA) aimed at transforming state
economies into a circular economy is, therefore, a very complex problem and requires
modern economic and mathematical methods [54]. Some authors analyze economic devel-
opment based on the technique of taxonomy [55]. Considering the specifics of the dataset
on natural resources and waste allowed, for example, the use of economic simulation
methods to predict the development of agriculture in Ukraine [56]. In recent decades,
cluster analysis was widely used in the public administration system [57–59] and it reached
peak popularity in state regulation with the advent of fuzzy sets and fuzzy clustering
methods [60–62].

In this article, we focus on making circular economy management decisions. Such
decisions and their scientific justification require the analysis of large amounts of infor-
mation and the construction of complex (dynamic) economic and mathematical models,
and the study of quantitative and qualitative quantities. Although it is generally accepted
that more reliable and effective results are obtained when working with homogeneous
data groups, it is not easy to achieve this at the national economy level. Each EA has its
differences from others, so in [63–65], it was proposed to use the method of fuzzy cluster
analysis to build a mechanism for state regulation of man-made losses. It made it possible
to obtain the same type of EA groups, which have the same problems by their nature. More-
over, the improvement of the quality of implementation of regulatory measures to prevent
technogenic damage, the analysis of which was carried out by fuzzy-logical clustering, was
demonstrated [63].

Economic clusters are identified in an attractive, promising form of self-organization
of the financial system [66], where solving environmental problems is an essential task at
the macro-level of the state and at the meso-level of cities [67,68]. To solve the complex
issues of the circular economy in waste disposal management, modern methods of mathe-
matical statistics are used [65,69]. The need to implement the anthropocentric concept of
ecology applied by various means to solve environmental problems is indicated [70–73].
Many researchers [74–78] link the rise and fall of the development economy with the
institutional development of environmental economies, the ecological security of critical
infrastructure [79–82], and their institutional transmission [83] to the circular type.

Our goal is to develop a method of choosing tools to transform the EA to a circular
type and reduce man-made damage to the environment. Since we deal with a significant
set of significant features in the national economy, we use cluster analysis, which allows the
selection of tools for the circular transformation of EA depending on the destructive impact
of these activities within each cluster. Firstly, to construct clusters, we use the methods
of fuzzy cluster analysis logic. Then, in each cluster, we propose a method of a choice of
circular transformation tools of EA depending on their destructive influence.
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2. Methods
2.1. Cluster Analysis

In shaping a circular economy, there are many input indicators which complicate
the effectiveness of the results. Determining homogeneous aggregates gives better results
when analyzing one indicator (sometimes integral or complex). In the national economy,
we deal with a significant set of essential characteristics, so multidimensional ranking or
clustering methods should be used.

Methods of multidimensional ranking are divided into hierarchical and iterative,
which allows them to be used in various research fields. Among the examples of successful
application of cluster analysis in the study of the national economy to justify management
decisions are the works of the following scientists: J. Grabmeyer [84], A. Jane [85], A.
Sylvester [86]. The possibilities of cluster analysis were not yet sufficiently used to analyze
technogenic losses in the national economy due to EA in Ukraine.

In essence, cluster analysis is a set of mathematical methods aimed at finding similari-
ties in their different elements by characteristics (distance, information, etc.), relationships,
properties, etc., to form certain groups (clusters) [84]. The best-known and -used methods
of cluster analysis are the following [85,87]:

1. K-means;
2. Fuzzy clustering (C-means method);
3. Graph clustering algorithms;
4. Statistical clustering algorithms;
5. Algorithms of the FOREL family;
6. Hierarchical clustering or taxonomy;
7. Kohonen neural network;
8. Ensemble of congestion clusters;
9. Algorithms of the KRAB family;
10. EM-algorithm (expectation-maximization);
11. Data dredging (or data fishing, data snooping, data butchery), also known as signifi-

cance chasing, significance questing, selective inference, and p-hacking.

The main task of cluster analysis is the division of elements into groups. In mathe-
matical terms, cluster analysis is splitting the original sample of objects into subsets called
clusters. The cluster consists of similar things, and objects from different clusters must
differ significantly. Cluster analysis methods are used primarily when there is uncertainty
during the research regarding the number of classes, their composition or structure, etc.

According to A.S. Taraskina in [87], the choice of clustering method should be con-
ducted first between groups of one-dimensional or multidimensional ranking. For example,
in complex arrays of input data—between types of algorithms: hierarchical or iterative.
Thus, a feature of hierarchical algorithms integrates individual objects, which are consid-
ered separate clusters, into larger clusters. Firstly, a pair of the most interconnected clusters
are searched for and merged into a new cluster. Then, this procedure is repeated until all
the objects merge into one cluster, resulting in a dendrogram. The disadvantage of this
hierarchical cluster analysis is the peculiarity of the agglomeration algorithm, which allows
processing small data sets due to its high complexity and the complexity of working with
large dendrograms, the construction of which at a certain stage of integration should be
stopped. Using iterative algorithms, the data set is first divided into several clusters, the
number of which is determined by some (initial) conditions. Then, the objects are arranged
in clusters so that a specific criterion is (optimized) met (mainly it consists in minimizing
the variability in the center of the clusters [85]).

Cluster analysis methods are used primarily when in the research process there is
some uncertainty about the number of classes, their composition or structure, etc. This
method is successfully used to manage the national economy for research on the spatial
concentration of economic activity (EA). There is a whole layer of scientific research in
which the results of cluster analysis concerning the spatial concentration of EA allowed
to make effective financial decisions in the regional economy [57–59]. Practical economic
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conclusions in the sphere of state regulation regarding the development of nature exploring
EA were also formulated using the clustering method [59]. The use of clustering to assess
and predict the impact of territories is becoming more and more frequent [61,88]. In a
situation where the uncertainty of information borders on its vagueness, fuzzy cluster
analysis, called the C-means method, works best [60,85,88]. This method was used to
analyze statistical data [61,88], and it allows to obtain the most effective and possible
solutions in the face of the uncertainty of information, which borders on its vagueness. As
a result of clustering, carried out in [62,63], sets of clusters were obtained, in the middle of
which the objects were as similar as possible. However, each cluster differed significantly
from the other as a result of the optimization task.

The need to create mechanisms of state regulation of losses caused by human activity,
in this article, resulted in an analysis of the development of the economic activity (EA)
of the national economy and their impact on the environment, as well as the population
of Ukraine based on their clustering by fuzzy C-means. A more thorough analysis of the
theoretical foundations and practical application of the method of fuzzy clustering of large
arrays of these data is presented in works from various scientific fields [59,61,85,87–89].
An essential advantage of the fuzzy C-shells clustering method is the ability to combine
elements on the principle of “weaker-stronger”, “worse-medium-better”, and so on [87].
Moreover, for analyzing the national economy’s EA, clustering is a practically necessary
procedure.

2.2. Investigation of Membership Measures by the Fuzzy C-Means Method

Based on the justifications given in [59,61,85,87–89], fuzzy C-mean clustering was
used. It is hypothesized that each object can be to some extent in several groups, and the
number of possible groups C is considered in advance.

The database for fuzzy clustering formed a matrix of characteristics of size l × n, the
form of which is given in Formula (1):

X =


x11 x12 . . . x1n
x21 x22 . . . x2n
. . . . . . . . . . . .
xl1 xl2 . . . xln

 (1)

where l = 1, l is the number of researched object, n = 1, n is the number of features (charac-
teristics) for each researched object.

The result of such fuzzy clustering is determined by the membership matrix M with
dimension c × l (2) [87]:

M =


m11 m12 . . . m1l
m21 m22 . . . m2l
. . . . . . . . . . . .
mc1 mc2 . . . mcl

 (2)

where mij is a measure of the j-th object membership to the i-th cluster.
The membership matrix M must satisfy the following three conditions [87]:

(1) Each of its elements mij must be in the range from 0 to 1 (mij ε [0,1] for i = 1, c, j = 1, l);

(2) Each object must be distributed among all clusters
c
∑

i=1
mij = 1, j = 1, l);

(3) None of the clusters can be empty or contain all elements 0 <
l

∑
j=1

mij < l, i = 1, c).

The quality of a division of objects into clusters is determined by the scatter criterion J
according to the Formula (3) [87]:

J =
c

∑
i=1

l

∑
j=1

(mij)
wd(vi, xj), (3)
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where d(vi,xj) is the Euclidean distance between the j-th object xj = (xj1, xj2, . . . , xjn) and the
i-th center of the cluster vi = (vi1, vi2, . . . , vin); w ε (1,∞) is an exponential weight, which
determines the fuzziness of clusters.

In Refs [59,61,85,87–89], the choice of weight w = 2 is justified because for large (w→
∞), the membership matrix will be so blurred that all objects will be equally distributed
among all clusters in a wrong solution.

Based on the need to study the man-made losses caused by the development of EA,
fuzzy clustering of objects was obtained by finding the membership matrix M = {mij}, the
elements of which determine the degree of membership of the j-th EA to the i-th cluster.
The matrix of membership measures M, which satisfies the three above conditions and
minimizes the scatter criterion J, was found by the fuzzy C-means method as a result of
iterative recalculation of both its elements and the coordinates of cluster centers based on
Lagrange multipliers (4) and (5) [87]:

mij =
1

(dij)
2

w−1
c
∑

k=1

1

(dkj)
2

w−1

by dij > 0, (4)

mkj =

{
1, k = i
0, k 6= i

by dij = 0, (5)

where dij = d(vi,xj) for i = 1, c, j = 1, l. This method allows to find only the local optimum,
i.e., for a different number of iterations, there may be different results, so the calculations
are continued until the changes in the matrix M are less than the predetermined stop
parameter ε (6):

||M −M*||2 < ε, (6)

where M* is the matrix obtained in the previous iteration.

3. Experiments and Results

The source of man-made losses in the national economy of Ukraine is manufacturing,
transportation, and provision of certain types of services related to waste collection and
storage, electricity, gas, steam and air conditioning supply, etc. The consequences of
human economic activity are the loss of nonrenewable natural resources, a significant
deterioration in the state of renewable resources, the accumulation of hazardous waste,
and, as a consequence, a decrease in the quality of labor resources, including their loss. The
problem of optimizing the flow of material, financial, and time resources differs significantly
between EA, so it requires the formation of appropriate mechanisms of state regulation. The
study on the objective reduction of the man-made impact on the environment and society
until its complete elimination is associated with the peculiarities of economic management
by the existing structure of the economic activity (EA).

To analyze man-made damage, we used data from statistical studies on the impact of
human economic activity on the environment, collected from relevant sources of statistical
information [90–92]. The composition of the system of indicators listed in Table 1 includes
indicators characterizing the EA results (block “economic activity”), indicators of environ-
mental pollution (block “man-made damage”), and paid environmental taxes and fines
(block “environmental payments”), as well as capital investment and environmental costs
activity (block “environmental protection activities”). Table 1 shows the key indicators of
production activity and its impact on the environment in 2020 for only 15 EA, including EA
such as “J—Information and communication”, “M—Professional, scientific and technical
activities”, “N—Administrative and support service activities”, and “S—Other service
activities” are deleted due to zero values of the listed characteristics. In total, the following
ten indicators for each research subject were distinguished (Table 1):

1. Production of goods and services at actual prices, UAH million.
2. Volumes of pollutants emissions, thousands of tons.
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3. Volumes of carbon dioxide emissions, thousands of tons.
4. Volumes of discharges of polluted return waters, million cubic meters.
5. Volumes of waste generation, thousand tons.
6. Environmental tax, thousand UAH.
7. Fines, thousand UAH.
8. Capital investments, UAH million.
9. Overhaul costs, thousand UAH.
10. Current costs of environmental protection activities, thousand UAH.

Table 1. Database for fuzzy clustering of EA by indicators describing man-made damage.

Code

Economic
Activity Man-Made Damage Environmental

Payments Environmental Protection Activities

1 2 3 4 5 6 7 8 9 10

A 388,726 82.1 1162.2 34.57 6750.5 72,853.9 183.9 5912.2 1381.3 434,784.7
B 190,343 418.9 3105.0 143.65 390,563.8 790,659.9 1052.6 2,136,228.6 334,666.0 7,234,863.3
C 425,067 890.3 48,782.3 272.68 30,751.8 1,457,376.4 5894.0 4,184,494.0 683,211.2 7,493,216.4
D 122,752 960.7 63,274.0 10.23 5959.2 2,616,481.0 534.3 7,780,151.7 55,423.7 1,678,016.2
E 16,451 18.9 240.7 261.97 411.8 90,409.3 241.7 1,239,776.2 252,744.4 8,457,868.2
F 120,274 2.5 38.0 2.92 188.7 22,625.1 65.5 88.9 8.9 85,815.6
G 585,344 3.4 76.4 4.97 400.75 139,852.6 227.3 24,857.3 0.01 117,696.1
H 262,408 53.9 3703.9 1.46 227.26 79,306.0 509.9 64,000.3 1607.8 754,972.7
I 26,907 0.06 6.3 0.01 0.01 335.3 0.01 212.2 0.01 2972.6
K 132,683 0.16 9.1 0.02 1.73 604.1 0.01 0.01 0.01 25,377.0
L 267,661 3.78 222.7 0.52 42.17 14,715.9 65.5 218,669.9 29,535.5 116,618.8
O 303,059 13.1 148.6 0.33 26.21 9147.9 35.9 339,222.4 83,660.1 178,217.6
P 180,980 5.1 330.4 0.16 12.43 4339.2 12.6 429.0 415.0 13,438.2
Q 113,280 0.49 13.8 0.26 21.38 7462.1 1.5 7020.0 6709.3 14,629.4
R 22,803 6.11 169.5 3.25 262.06 91,450.4 247.3 172,579.3 5021.5 324,256.3

A—agriculture, forestry and fishing; B—mining and quarrying; C—manufacturing; D—electricity, gas, steam, and air conditioning
supply; E—water supply; sewerage, waste management; F—construction; G—wholesale and retail trade; repair of motor vehicles and
motorcycles; H—transportation and storage; I—accommodation and food service activities; K—financial and insurance activities; L—real
estate transactions; O—public administration and defense; compulsory social insurance; P—education; Q—human health and social work
activities; R—arts, entertainment, and recreation.

The objects of research were EA according to the latest National Classifications of
Ukraine EA (KVED-2010) [93], which is standardized to NACE rev.2 classification [94] and
ISIC Rev. 4 [95]. Based on this, the period for research was one year because, since 2020, all
indicators were final and in line with the international classification of economic activity.

Table 1 shows the key indicators of production activity and its impact on the environ-
ment in 2020 for only 15 EA, such as: “J—Information and communication”,
“M—professional, scientific and technical activities”, “N—Administrative and support
service activities”, and “S—Other service activities”, which is excluded because of the
zero values of these characteristics. It is a priori means that these EA are included in the
cluster with the lowest rates. Thus, the database for fuzzy clustering formed a matrix of
characteristics of size l× n, where l = 1, 15 is the number of EA that has a man-made impact
on the environment, n = 1, 10 is the number of features (characteristics) for each object of
observation.

Based on the need to study the man-made losses caused by the development of EA,
fuzzy clustering of objects was obtained by finding the membership matrix M = {mij}, the
elements of which determine the degree of membership of the j-th EA to the i-th cluster.
Matrices of membership of each EA to a particular cluster were obtained for the stop
parameter ε < 0.01, where the number of clusters is set with c = 3 (Table 2). Thus, the
membership of each EA is distributed among all clusters, there are no empty clusters, and
there are no clusters that contain all EA.
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Table 2. Matrix of membership of each EA to three clusters.

Code EA
Cluster Number

1 2 3

A Agriculture, forestry, and fishing 0.071 0.92 0.01
B Mining and quarrying 0.29 0.32 0.39
C Manufacturing 0.04 0.05 0.91
D Electricity, gas, steam, and air conditioning supply 0.28 0.29 0.44
E Water supply; sewerage, waste management 0.36 0.35 0.28
F Construction 0.98 0.02 0.00
G Wholesale and retail trade; repair of motor vehicles and motorcycles 0.22 0.74 0.04
H Transportation and storage 0.32 0.67 0.01
I Accommodation and food service activities 0.92 0.07 0.01
K Financial and insurance activities 0.96 0.04 0.00
L Real estate transactions 0.37 0.62 0.01
O Public administration and defense; compulsory social insurance 0.22 0.77 0.01
P Education 0.85 0.15 0.00
Q Human health and social work activities 0.97 0.03 0.00
R Arts, entertainment, and recreation 0.92 0.07 0.01

Even though for the first iteration, the matrix of affiliation measures was formed
randomly, the result was obtained with high reliability. The stop parameter ε was 0.003,
which satisfies the given condition ε < 0.01. EA are distributed among clusters according
to the size of the membership grade: the higher the membership grade, the clearer the
relationship of a given EA with the respective cluster. In Table 2, when divided into three
clusters, high membership measures (mij → 1) have 12 EA. The EA distribution between
three clusters by indicators of man-made damage is shown in Table 3.

Table 3. EA distribution by indicators of man-made damage between three clusters.

Code EA
Cluster Number

1 2 3

A Agriculture, forestry, and fishing +
B Mining and quarrying +
C Manufacturing +
D Electricity, gas, steam, and air conditioning supply +
E Water supply; sewerage, waste management +
F Construction +
G Wholesale and retail trade; repair of motor vehicles and motorcycles +
H Transportation and storage +
I Accommodation and food service activities +
K Financial and insurance activities +
L Real estate transactions +
O Public administration and defense; compulsory social insurance +
P Education +
Q Human health and social work activities +
R Arts, entertainment, and recreation +

In the division into three clusters, EA “E—water supply; sewerage, waste manage-
ment” had the vaguest membership value (respectively 0.36; 0.35; 0.2). On the other hand,
sector “E—water supply; sewerage, waste management” can be almost equally included
in the two clusters 1 and 2, as the degree of membership differs by 0.01. The next two
sectors have blurred measures of membership when they are clustered into three groups.
Sector “B—Mining and quarrying” has similar measures of membership to each of the
three clusters (0.29; 0.32; 0.39). A similar situation is observed in the sector “D—Electricity,
gas, steam, and air conditioning supply”, where the measure of membership in the three
clusters is, respectively, 0.28, 0.29, and 0.44.

In addition, we obtained very similar measures of membership in each of the three
clusters for “B—Mining and quarrying”, but the transition to another cluster did not occur.
It indicates that the structure of economic activity clusters is more stable in the case of
division into 3.
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4. Discussion

Analyzing the indicators of man-made damage, economic activity, environmental
taxes, and costs of environmental protection (Table 1), we can conclude that the largest
cluster No.1 is 7 EA, of which 5 EA (F—Construction, I—Accommodation and food service
activities, K—Financial and insurance activities, P—Education, Q—Human health and
social work activities) with low values of these indicators and 2 EA with zero values of the
studied characteristics. The largest cluster No.1 is named ‘environmentally friendly’ as a
cluster with a low level of destructive influence and a low-level of man-made loss.

Economic activity “E—water supply; sewerage, waste management” (Table 3) has the
lowest measures of membership to cluster 1 (0.36), as some of its indicators as volumes of
carbon dioxide emissions, volumes of waste generation, paid the environmental tax, and
capital investment in environmental protection activities are average or close to average
values (Figure 1).
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Clusters 2 and 3 are formed by 4 EA (G—Wholesale and retail trade; repair of motor
vehicles and motorcycles, H—Transportation and storage, L—Real estate transactions,
O—Public administration and defence; compulsory social insurance) and 3 EA (B—Mining
and quarrying, C—Manufacturing, D—Electricity, gas, steam, and air conditioning supply,
respectively) with high and medium measures of membership. The rates of technogenic
damage for these EA are the highest or higher. The cluster No.2 is named ‘potentially
environment-unfriendly’ as a cluster with medium-level destructive influence and high-
level man-made loss. The most complex is cluster No.3, which is formed by 3 EA (B, C,
D) with fuzzy measures of membership, respectively 0.39, 0.91, and 0.44. This cluster as a
cluster with the highest level of destructive impact and a higher level of human-caused
losses is called “environmentally unfriendly”.

The results of a fuzzy cluster analysis of the economic activity of the national economy
on the similarity indicators of economic, environmental, and social development allow us
to unambiguously divide the studied objects into three groups with low, medium, and high
indicators of man-made losses. The obtained clusters substantiate the formation of three
types of regulation systems of economic activity (stimulating, restraining, and reorganizing).
The three types of regulation systems are aimed at its transformation into a circular economy
(Figure 1). Each cluster has its level of destructive influence (low, medium, high). It allowed
us to recommend choosing each cluster the type of economic regulation system aimed at
its transformation into a circular economy. The proposed method of choosing the system
for regulating economic activity of the cluster with a low level of destructive influence
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corresponds to the stimulating system of transformation of the national economy into
a circular one. For a cluster with a medium level of destructive influence, a restraining
system of transformation is used. For a cluster with a high level of destructive influence, a
reorganizing system of transformation into a circular economy should be used (Figure 1).
The proposed method of choosing the system of transformation into a circular economy is
based on the obtained results of fuzzy clustering of EA according to their level of destructive
influence. The developed method takes into account the features of each of the obtained
clusters (Figure 1). We recommend the use of incentive tools for 11 EA (E, F, I, K, M, N, P,
Q, R, S), which belong to a cluster with a low level of destructive influence and a low-level
of man-made loss (cluster No.1). The next cluster contains 5 EA (A—Agriculture, forestry
and fishing, G—Wholesale and retail trade; repair of motor vehicles and motorcycles,
H—Transportation and storage, L—Real estate transactions, O—Public administration and
defense; compulsory social insurance) and forms a cluster with average destructive effects
(cluster No.2). We recommend using a restraining type of system of transformation into
a circular economy. For sectors “B—Mining and quarrying”, “C—Manufacturing”, and
for EA “D—Electricity, gas, steam, and air conditioning supply”, which make up a cluster
with a high level of man-made losses (cluster No.3), we recommend reorganizing tools
to transform the structure into a circular economy. Reorganizing tools should be used for
economic activity, which forms a cluster with a high level of man-made losses requiring a
significant reorganization of economic activity.

The obtained results of a fuzzy cluster analysis of the EA of the national economy on
the similarity indicators of economic, environmental, and social development allow us
to unambiguously divide the studied objects into three groups with low, medium, and
high indicators of man-made losses. The obtained clusters substantiate the formation of
3 types of system of regulation of economic activity, aimed at its transformation into a
circular economy: stimulating, restraining, and reorganizing (Figure 1). Each cluster has
its own level of destructive influence (low, medium, high). It allowed us to recommend
for each cluster the type of economic regulation system aimed at its transformation into
a circular economy. In the proposed method of choosing the system of regulation of
economic activity of the cluster with a low level of destructive influence corresponds to the
stimulating system of transformation of the national economy into a circular one. For a
cluster with a medium level of destructive influence, a restraining system of transformation
is used. For a cluster with a high level of destructive influence, a reorganizing system of
transformation into a circular economy should be used (Figure 1. The proposed method of
choosing the system of transformation into a circular economy is based on the obtained
results of fuzzy clustering of economic activity according to their level of destructive
influence. The developed method takes into account the features of each of the obtained
clusters (Figure 1). We recommend the use of incentive tools for 11 EA (E, F, I, J, K, M,
N, P, Q, R, S), which belong to a cluster with a low level of destructive influence and a
low level of man-made losses (cluster No.1). The next cluster contains 5 EA (A, G, H, L,
O) and forms a cluster with average destructive effects (cluster No.2). We recommend
using a restraining type of system of transformation into a circular economy. For sectors
“B—Mining and quarrying”, “C—Manufacturing” and for EA “D—Electricity, gas, steam
and air conditioning supply”, which make up a cluster with a high level of man-made
losses (cluster No.3), we recommend reorganizing tools to transform the structure into a
circular economy.

Each cluster should be assigned a different type of transformation system with an
appropriate set of measures, accompanied by changes in the state’s tax, environmental and
innovation policies. It is the division into types of transformation systems of state regulation
that will form the basis for building effective market models for each EA, particularly the
national economy as a whole in a circular one.

In our opinion, introducing the transformation of mechanisms for state regulation
of man-made damage, taking into account clusters’ characteristics, will allow effective
management decisions to manage resource and information flow in planning the national
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economy, modernization of its EA, and reconstruction of industrial facilities. Industrial
facilities pose a potential technogenic threat to the environment and society. Therefore,
when modernizing the EA structure to the circular type, it is necessary to carry out recon-
structions of industrial facilities that pose a potential man-made threat to the environment
and society. The proposed idea of applying fuzzy cluster analysis to group EA by simu-
lated losses will facilitate the use and implementation of various low-waste, nonwaste, and
environmentally friendly production technologies, and assess their man-made harmfulness.
Consequently, the protection of people and the environment against destructive activities
will be increased, which is a key task of the circular economy.

The proposed method of fuzzy cluster analysis by EA enriches economic losses and
national economy management in studying the factors of man-made losses to form an effec-
tive mechanism for their state regulation and provide reasonable costs for their elimination
and compensation.

There are high environmental fees of “R—art, entertainment, and recreation” due to
the fee for natural resources. The destruction of ecosystems is also a significant loss com-
pared to the impact of mining, quarrying, water supply, sewerage, and waste management.

The first cluster includes the following EA: “J—Information and communication”,
“M—professional, scientific and technical activities”, “N—Administrative and support
service activities”, and “S—Other service activities”. These EAs do not create a significant
man-made impact on the environment and society, and have low emissions, discharges,
and waste. However, this is not entirely true, as these EA, linked to other service activities,
cannot exist without the manufacturing and electricity, gas, steam, and air conditioning
supplies, the mining and quarrying, etc. Thus, we see that we are dealing with a complex
structure of man-made losses, which the state must regulate based on the latest achieve-
ments in managing the national economy. Therefore, taking into account research on
state regulation of man-made losses on the choice of system types for transforming the
national economy into a circular one, we recommend defining the general type of the
Ukrainian economy transformation system as a superposition of the transforming system
types, defined for each EA cluster.

Europe, as well as the Far and the Middle East, were successful with the targeted
management of man-made losses. Thus, in Japan, a system of control across the whole
society completely recycles waste into secondary raw materials. Such a system is called
the Junkan–Gata Society, which means “environmentally viable society”, as described by
S. Hashimoto in [96]. A characteristic feature of an Environmentally Sustainable Society
is the management of material flow and information. The concept of an Environmentally
Sustainable Society does not include ordinary material cycles in the national economy. The
best translation of Junkan–Gata Society from Japanese is Sound Material Cycle Society [96].
Still, material cycles are in the socioeconomic system to protect the processes in nature and
society [97]. Japan also established a system for monitoring the effectiveness of government
policy and environmental measures to maintain and improve the material efficiency of
the use of secondary resources, which received new properties and names-by-products
interaction.

An example of the successful clustering of EA is the industrial project in the Danish
industrial city Kalundborg [98]. It was important for the participants of this industrial
project to reduce costs and receive income from the unwanted byproducts interaction.
Byproduct interaction means that waste for one enterprise becomes a raw material for
another. However, the heads of industrial enterprises and residents also gained significant
environmental benefits along with economic incomes. This project allowed its participants
to achieve substantial cost savings by improving resource efficiency. Gyproc also achieved
tremendous success. This was 90–95% savings in oil consumption after the transition to
gas consumption, which was obtained using byproduct interactions from neighboring
refineries. The volume of the byproduct interactions cannot satisfy large-scale companies,
but they are enough for medium and small enterprises. Due to the use of excess heat
for domestic heating from the Asnaes company in the city, the city refused to burn oil
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in about 3500 domestic heating systems. Similar examples can be found in the United
States [99,100]. The high byproduct interaction potential is used in industrialized areas
of North Carolina, where potential byproduct interaction opportunities were identified
for 49 of the 343 businesses available [100]. To find potential partners who exchanged 49
different byproducts, pollution prevention programs were developed using a geographic
information system. More than half of the established relationships were successfully
implemented and profitable for businesses. This indicates that using economic methods of
clustering in state regulation of technogenic losses provides significant advantages over
the conventional approach, which focuses on the physical management of material flow.
The use of different clustering methods and their application to a wide range of materials,
sectors of the economy and countries, can be a driving force in the study and analysis of
man-made damage in the national economy of each country. Therefore, it is advisable
to recommend to the leadership of the appropriate level when making management
decisions of socioeconomic nature to implement such methodological changes in the state’s
socioeconomic policy.

5. Conclusions

Based on the research and our results, we recommend that the proposed method
of choosing a system for transforming the national economy into a circular economy be
included in the mechanism of transforming the national economy into a circular one. This
method will improve the efficiency of state regulation along with the methods of managing
all resource and information flow at the national level. This allows reducing the man-
caused load due to efficient nature management and adequate environmental protection
activities based on the fuzzy-clustered method of selecting circular transformation tools for
effective management of resource and information flow. It would also help to reduce the
man-made load on the environment and society in several ways.

In our opinion, considering the specificity of economic activity clusters in transforming
the national economy into a circular economy is a modern and relatively precise and simple
method. This tool allows for the development of effective management decisions on
indicative planning of national economy development, the modernization of the structure
of its economic activity, and the reconstruction of industrial facilities that pose a potential
man-made threat to the environment and society. The proposed idea of using fuzzy cluster
analysis for the grouping of economic activity also contributes to the introduction of
various low-waste, waste-free, and environmentally neutral production technologies. The
assessment of their technogenic harmfulness and man-made damage substantiates the
need to increase the protection of the population and the environment from the destructive
impact of economic activity.

The stimulating system for transforming the national economy into a circular one is
used with a low level of destructive impact caused by economic activity and should be
motivating. Here, the set of policies aims to form a set of measures for the development of
high-tech and knowledge-intensive economic activity, and the introduction of low-waste,
waste-free, and environmentally neutral technologies. Here, preference is given to market
instruments of regulation. The influence of the state is exerted through indirect (indicative)
methods of influence: financial, material, and tax incentives (preferential loan rates, tax
exemptions, tax credits, tax refunds for environmental measures, etc.) to encourage almost
“zero” man-made losses. This type of system of transformation of the national economy
into a circular one is aimed at forming an effective investment and innovation policy of
“green” economy, public-private partnership, a set of measures to reduce resource intensity,
differentiation of taxes according to cluster characteristics, formation of environmental
funds, development of environmental insurance—tariffs for alternative energy, surcharges
to the current tariffs for electricity and heat, etc. Here, a balance is achieved between
market and imperative methods and instruments of regulation.

The restraining system of transforming the national economy into a circular one is
applied at the EA cluster, where the average level of its destructive influence is observed.
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It consists of a set of policies that limit specific development within the cluster through
licensing, quotas, contingencies, setting standards, and regulations (limiting pollutant
emissions to the environment, an increase of rates of ecological taxes, the introduction of
new ecological taxes, the introduction of obligatory technogenic insurance of ecologically
dangerous production of goods, etc.).

The reorganizing type of transformation of the national economy into a circular one is
used at a high level of destructive influence, and it includes such sectors as: mining and
quarrying, electricity, gas, steam, and air conditioning supply, and manufacturing. This
type of transformation is aimed at radical changes in a specific cluster, and the objects
need special attention from public authorities and local governments due to the need for
targeted investments. This situation is due to the need for targeted investment in the
re-equipment of production through modern energy-saving and low-waste technologies,
creating favorable conditions for forming techno-solitons, a “green” national logistic system.
It is also advisable that the state impose charges (taxes) on imported products that may have
unsafe characteristics or those that are produced in violation of international ecological
standards.
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