EEET ECOLOGICAL ENGINEERING
——— & ENVIRONMENTAL TECHNOLOGY

Ecological Engineering & Environmental Technology 2023, 24(1), 55-66

https://doi.org/10.12912/27197050/154918
ISSN 2719-7050, License CC-BY 4.0

Received: 2022.09.15
Accepted: 2022.10.10
Published: 2022.11.01

A Strategic Analysis of the Prerequisites for the Implementation
of Waste Management at the Regional Level

Iryna Kotsiuba' Olena Herasymchuk', Volodymyr Shamrai’, Vitalina Lukianova?,
Yevheniia Anpilova®, Oksana Rybak’, lulia Lefter’

' Zhytomyr Polytechnic State University, Chudnivska Str., 103, 10005, Zhytomyr, Ukraine
2 National Transport University, Omeljanovicha - Pavlenka Str. 1, 01010, Kyiv, Ukraine

3 Ukrainelnstitute of Telecommunications and Global Information Space of the National Academy of Sciences
of Ukraine, Chokolovsky Blvd., 13, 03186, Kyiv, Ukraine

* Corresponding author’s e-mail: anpilova@ukr.net

ABSTRACT

In most settlements of Ukraine there are no existing programs for municipal solid waste management (MSW) and
schemes for sanitary cleaning of settlements, there are no registers of waste generation, treatment and disposal and
disposal sites, which leads to the formation of landfills, deteriorating sanitation settlements and increase the level
of environmental danger in the region. The article presents the results of research that indicate that the existing
structure of the MSW management system in Ukraine at the regional level (on the example of Zhytomyr region)
is imperfect. It is characterized by fragmentation, disunity and heterogeneity. The peculiarity of the system is the
lack of interaction between government agencies, environmental services and the local community, which does
not provide a sufficient level of control over the sanitary condition of territories, as well as collection, transporta-
tion, disposal and disposal of solid waste. The aim of the study is to strategically analyze the preconditions for the
implementation of municipal solid waste management systems to increase the level of environmental safety in the
united territorial communities through the introduction of environmental logistics and crowdsourcing mechanisms.
The methodological basis for assessing and selecting methods and ways to improve the environmental safety of
the study region by improving the waste management system (hereinafter - waste management) is a systematic
approach that allows analysis of the problem and ensures search efficiency for management decisions. The SWOT
and PEST analysis identified the strengths and weaknesses of the existing waste management system and the
prerequisites for the implementation of a modern system of solid waste management. The increase in the number
of business structures that are ready and able to implement modern methods of waste disposal and identified the
availability of modern innovative management methods in public authorities and local governments. However, the
low efficiency of the existing waste management system, the lack of communication and coordination of actions
between stakeholders in solving the problem pose a threat to maintaining the environmental security of the region.

Keywords: municipal solid waste, waste management system, waste management model, SWOT-analysis, PEST-
analysis, territorial community, regional level.

INTRODUCTION

Adopted in 2017, the National Waste Man-
agement Strategy for Ukraine until 2030 (Na-
tional Waste Management Strategy, 2017) cre-
ates conditions for improving living standards
by introducing a systematic approach to waste
management at the state and regional levels,

reducing waste generation and increasing its re-
cycling and reuse. The strategy (National Waste
Management Strategy, 2017) identifies the main
directions of state regulation in the field of waste
management in the coming decades, taking into
account European approaches to waste manage-
ment, based on the provisions (Directive, 2008;
Directive, 2006; Council Directive, 1999) and
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other EU regulations. Accordingly, Regional
Waste Management Plans are being developed.
The implementation of the measures provided for
in these documents is carried out, first of all, at
the local level by united territorial communities
(UTC) and at the municipal level — in cities of
regional or district significance. Thus, communi-
ty-based waste management is an important el-
ement of the management system, however, the
current crisis in the provision of public utilities
has affected municipal solid waste management.
Waste management companies are unable to pro-
vide high-quality utilities to the community. Their
equipment is mostly obsolete and worn out. Only
a small proportion of MSW from households is
harvested separately and recycled. There are
some successful enterprises in Ukraine, but their
number is quite small. Therefore, the analysis of
the preconditions for the implementation of the
waste management system at the regional level
is a topical issue today (Gangolells et al., 2014;
Safranov et al., 2021; Khrutba et al., 2021a).

However, despite the results obtained by
scientists, the problems associated with the ac-
cumulation, disposal and recovery of household
(municipal) waste in Ukraine remain acute and
complex due to the imperfection of the waste
management system (Kotsiuba et al., 2018), low
efficiency of interaction between all stakehold-
ers (Morozova et al., 2019; Terrones-Saeta et al.,
2020), which are involved in all waste manage-
ment processes (Saheed et al., 2015; Frolov &
Bilopilska, 2013; Kolodiichuk et al., 2021). The
lack of scientifically system developments for
the formation of a methodological apparatus that
can combine modern innovative management
solutions with technical and technological fea-
tures of the solid waste management system does
not allow to implement an effective waste man-
agement system at the regional level for united
communities.

Thus, the direction of the presented research
is the formation of a new approach to creating
a modern effective management system for the
management of solid waste through the introduc-
tion of innovative management mechanisms of
environmental logistics and crowdsourcing (Bi-
envenu et al., 2017) to ensure economic and en-
vironmental security of Ukraine and the country
as a whole.

The scientific novelty consists in the forma-
tion of the methodology for implementing the in-
tegrated strategy of solid waste management of
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the united territorial communities: revealed the
essence of the theoretical prerequisites and meth-
odological foundations for the implementation
of an integrated municipal solid waste manage-
ment system; the concepts of introduction of eco-
logical logistics and ecological crowdsourcing in
the waste management system are substantiated;
substantiated and developed a methodological
approach to the creation of models and methods
designed to modernize the management system of
municipal solid waste management.

The aim of the study is a strategic analysis
of the prerequisites for the implementation of
municipal solid waste management system to
improve environmental safety in the united ter-
ritorial communities through the introduction
of environmental logistics and crowdsourcing
mechanisms.

To achieve this goal the following tasks are set:
e to conduct a strategic analysis of the precondi-

tions for the implementation of the waste man-

agement system at the regional level.

e to develop a conceptual model of a regional
waste management program based on a logis-
tic approach and to propose methods, tech-
niques and tools for theoretical and experi-
mental research.

The object of research is the processes of
waste management system management in the
united territorial communities.

The subject of the study is the relationship and
interaction of factors influencing on waste gen-
eration in integrated territorial communities, fac-
tors influencing on environmental components of
landfills and waste management system through
the introduction of innovative management meth-
ods of environmental logistics and environmental
crowdsourcing.

RESEARCH METHODS

Scientific methods of theoretical (Kotsiuba
et al., 2020) and empirical research are used in
the work, the main of which are system approach,
methods of analysis and synthesis (abstraction,
formalization, analogy, classification, etc.), struc-
tural analysis, expert evaluation, modeling, in-
cluding mathematical, simulation, statistical and
graphic (Podchashinskiy et al., 2017). The meth-
odological basis of the work consists of general
scientific principles of research, theoretical and
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methodological foundations of systemic and pro-
cess approaches (Kotsiuba et al., 2019; Khrutba
et al., 2021a; Ojha et al., 2012). The theoretical
basis of the work are the fundamental provisions
of' environmental safety (Hewelke & Wisniewska,
2018; Shamrai et al., 2017) and environmental
management. The information base of the study is
statistical information on the state of the environ-
ment and waste management system, the results
of own research (Delehan-Kokaiko et al., 2020;
Khrutba et al., 2021b; Suryawan et al., 2022; Tro-
fymchuk et al., 2021; Terrones-Saeta et al., 2020).

The study used innovative methods of mod-
ern environmental safety management in terms of
waste management (for strategic analysis of the re-
gional waste management program); systems theo-
ry and systems analysis (for formalization of waste
management processes, development of system
models, parametric description of systems); meth-
ods of mathematical and simulation modeling for
processing experimental data and forecasting the
state of the waste management system; methods of
environmental logistics and strategic crowdsourc-
ing for the formation of a modern innovative waste
management system), field modeling (verification
of developed concepts and use of models for mu-
nicipal solid waste management in the united ter-
ritorial communities of Zhytomyr region).

Processing of the results of experimental
studies was performed using correlation-regres-
sion analysis.

RESULTS

To form a system model of waste manage-
ment for united territorial communities taking
into account the interests of stakeholders, we de-
note the set of basic parameters of mathematical
representation of waste management system (in-
put, output and state) through T which we denote
by the corresponding tuple:

T=<XY U> (1

where: X, Y, U set of input, output and system sta-
tus values.

The elements of the set X7, that is to say the
set of mappings from T to X, are denoted as x (*)
and will be considered as input parameters of the
system, which determine the initial state of the
waste management system in a particular region.
Each system is characterized by its set of inputs,
which we denote by

X (¥) C X )

The set of inputs x;j may include variables
such as the amount of waste generated, quanti-
tative indicators of waste composition (morpho-
logical composition, indicators of mass and size
characteristics), quantitative indicators of the
properties of solid waste (physicochemical, me-
chanical, technological, operational, etc.), hazard
indicators, hazard class, carcinogenicity, muta-
genicity, biological stability, fire hazard, nuclear
and radiation hazard, ability to silt reservoirs
and others over time, etc.), available waste man-
agement methods and technologies for different
stakeholder groups, etc.

The set of mappings x (*) on the interval
[t1, t2] is denoted by x [t1, t2]. We assume that
the set x (*) is not empty and the system is not
isolated from other systems. We will also assume
that if x1(*) € X(-) and x»(*) € X(*), then for any-
one t1 < tp < t3 it is possible to specify such x(+)
€ X(+), that x [t1, tz] = x1 [t1, t2] and x [tp, t3] =
x2 [, t3].

Therefore, the set of input parameters in-
cludes the following sets:

e The set of qualitative and quantitative indica-
tors MSW;

e The set of methods of waste management that
can be implemented in integrated territorial
communities;

e The set of stakeholders in the TCB manage-
ment system of the united territorial commu-
nities, which includes state structures / local
governments, business structures / entities
and the local community / households. The
scheme of communication between stakehold-
ers is presented in Figure 1. Characteristics of
the main stakeholders were given in Table 1.

Government
agencies
R1 - Ra
R2 R3

Rs :
Business —. Public
structures e associations

Re

Figure 1. Scheme of communication
between stakeholders, where R;j— cross-
links of controlled influences
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Table 1. The main participants in the waste management system

Environmental
Protection and
Natural Resources
of Ukraine

assessment of technical, sanitary and environmental safety
of existing facilities, as well as control of documentation on
the generation, collection, treatment, disposal and disposal
of waste; coordination of limits on waste generation and
disposal, control of keeping logs of objects

No. The main Functions Objectives
performers
Ministry of Licensing and monitoring of the full range of services,

Coordination of specially authorized
bodies in matters of MSW
management

Ministry of
Development

Coordination of activities carried out by local executive
bodies in the field of household waste; preparation of
normative and procedural recommendations on household

Policy implementation and

and educational
institutions

friendly waste management

2 of Communities ; implementation of state programs in
o waste management; development and approval of ) .
and Territories of the field of solid waste management
) state standards, norms and rules on household waste
Ukraine o
management, sanitation schemes of settlements
Management of the solid waste management process Timely transportation of waste.
(planning, coordination, control). Organization of garbage Affordable price for transportation.
collection and removal from the territory of the settlement. Quality transportation. Introduction of
Local state L ) ; IR . .
3 . . Coordination of waste collection, processing, utilization and | separate collection. Convenience of
administrations . o : ) - - : .
disposal. Compilation and maintenance of the register on placing collection points. Compliance
waste generation, processing and utilization, as well as the | with the legal framework. Feedback
register of waste disposal facilities from the public
Minimum emissions from motor
vehicles of carriers. Timely garbage
Issued to legal entities (enterprises, associations and collection. Minimum ecological and
Bodies of state |organizations) and individuals licenses to carry out under economic burden on the environment.
4 ecological the control of state bodies work on integrated waste Separate collection. Waste recycling.
management disposal and certain activities that require a special permit in | Possibility of creating thermal energy
accordance with applicable law for residents by burning garbage.
Minimum emissions of pollutants from
the incinerator. Minimum landfill load
Manufacturers | Collect generated waste, pay for services for their treatment. | Introduction of separate collection.
5 of solid waste | Direct ownership of waste. Obligation not to allow negative | Minimum amount of garbage.
(households) impact on the environment Compliance with the legal framework
Introduction of separate collection.
. Proper operation of infrastructure and provision of services | Convenience of placing collection
Housing and ) ) ; . .
) for the collection, removal and disposal of waste for a fee. points. Compliance with the legal
6 maintenance . . . . .
o Responsible for the sanitary maintenance of the territory, framework. Feedback from the public.
organizations . . . . . . )
including the cleanliness of container sites Prevention of complaints from the
population
Proper operation of infrastructure and provision of services
for the collection, removal and disposal of waste for a fee. Introduction of separate collection.
Secondary . . ; .
Accept from waste producers separate fractions of solid Compliance with the legal framework.
7 resource . . ) : .
’ . waste which are subject to reuse after the corresponding Feedback from the public. Prevention
collection points . . . ) .
processing or without such, deliver the collected secondary | of complaints from the population
resources to their consumers
Minimize costs. Traffic route
optimization. Profit maximization and
. . . . production automation. Reducing
Proper operation of infrastructure and provision of services \
o ) ) the cost of the company's fleet, fuel,
Specialized for the collection, removal and disposal of waste for a fee. C o
. communications. Separate garbage
8 transport Conclude contracts for the removal of solid waste, transport . N f
. . ) R . . collection. Availability of own landfill,
companies utility containers from container sites to recycling plants or . . o )
) sorting station, qualified production
landfills . .
and technical staff, repair base,
car wash, own garbage containers,
recycling of waste or incinerator
Proper operation of infrastructure and provision of services for
. the collection, removal and disposal of waste for a fee. Carry | Separate collection. Maximum
Incinerators - ) . . )
. out the accounting of the accepted waste and registration amount of waste. High price per
9 and recycling . " . . 3 :
: of the accounting documents containing the information on 1 m? of secondary raw materials.
companies . . -
actually accepted for processing solid waste, process the Qualitatively selected waste
accepted waste according to the existing technology
Carry out the accounting of the accepted waste and registration . .
. o ) ) Separate garbage collection. Organic
) of the accounting documents containing the information on o L
10 Landfills . . composition of garbage. Minimum
actually accepted for burial solid waste, place the accepted amount of garbage
waste on the landfill according to existing technologies of burial 9 9
Public . )
organizations Carry out educational activities in the field of environmentall The amount of information
11 9 Y Y | disseminated. Population sorting

MSW
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The elements y(-) of the set Y7 are the initial
parameters of the system. The set of all reactions of
the system, as the set of initial parameters that are
characteristic of the system, is denoted by Y(*) € Y”.
The initial parameters of the system are the eco-
logical and economic indicators of the system of
solid waste management of the united territorial
community. As defined earlier, the specific output
y() € Y(-) at every moment t completely deter-
mined by the state of the system at this time t.
Let us denote this state by x(t); then there is a
reflection n: T X X = Y, such that the relation is
fulfilled:

y(© =nlt x(O), teT 3)

Dependence of display 1 from t means that the
nature of the dependence of the exit on the state
over time may change. Thus, the introduction of
modern innovative models of waste management
system will determine the optimal parameters of
management processes.

The elements u(+) of the set U can denote
processes in the state space. Waste management
system process parameters (-), for example, at
some point, € u(t) € U. The aim of the system
is to prevent the harmful effects of waste on the
environment and public health by implementing
measures to prevent waste generation, reduce
waste, optimize waste flows by restoring their
value, reuse, recycling, disposal and control of
waste disposal facilities. One of the important
conditions for ensuring the effectiveness of waste
management system management is the effective
management of waste management processes.

At the same time, the management system
receives information about changes in its current
state from waste disposal facilities. The decision

maker receives information, takes into account
and analyzes to identify deviations from the re-
quired state and determines the need for change.
If you denote the set of MSW that can be con-
trolled, through G(s), and waste that cannot be
managed through G4(s), then the system manage-
ment process will look like:

y(s) = G(s) - u(s) + Ga(s) - d(s) )

where: d(s), u(s), y(s) — perturbation, control,
and output vectors, respectively.

di(s) uy (s) y1(s)
a(s) = [d?..(?’)‘; u(s) = 12| y(s) = |72 |5)
di(s) u (s) Vi ()

In the matrix form of the function of chang-
ing the volume of MSW, which can be controlled
(s), and unmanageable amounts of waste Gg(s)
have the appearance:

[gn(s) 912(5) gln(s)}
1) = | 1) 02 g,
00 9 9 |

(6)
646 gh() gt
Ga(s) = | 921 922() - gin(s)|
91 (s) giz(s) gia(s)

Formation of control influence u(s) will be
determined by the multidimensional controller
G(s) taking into account the error of discrepancy:

&(s) =y* () —y(s) ™
£(s) = [£1(5), £2(5), -, €n(9)]" (®)

j ES)) The impact
2s ®| is uncontrollabld

....... G::' ()

d.(s)
%(9) -»@JL Influence is Municipal solid > 1,(s5)
%(5) ] £.(2)| controlled waste : ol
LT | £,(5) managemen : Vy
.\‘3(5) n‘:(?)—b G.(s) G.(s) > .‘.3(3)

Figure 2. Structural model of the waste management system
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External environment, v(s)

External constrains, z(s)

P = .
P { Government agencies ( Business structures 1 Public association ‘ B
/ \
7 \
Management L | ] Coricol N
A system L 2 _Information about the state PR system \\
/ ol ‘ of the environment Control and accounting \
/ _— oal settings ; l (initial data) \“
/ - J - ~ - |
| ( 3 Y |
\ Change the state l Ana |ySIS Hold the state
| J |
\ - » |
X Pt = . I iati 4 /
\\ / Forecasting and planning of = \“\ Deviation ‘,-’ Operation management of
\_\ MSW management program YES g - . B NO MSW management program /"
\ e espon = ;
\ ~— 7
b Determining the required & e Solving the problem of 4
b state of the system i o program stabilization g
\ 7
b Determining the trajectory Solving the pmble.m of ///
\\\ of the system transfer program execution
~ Solving Solving i
the optimization problem / the tracking problem /
4 S/

Figure 3. System model of waste management

Taking into account the change in the quanti-
tative and qualitative characteristics of the MSW,
the generalized scheme of the waste management
system (1) will look like in Figure 2.

An improved system model for the manage-
ment of MSW is shown in Figure 3. It includes
sets of input and output parameters, constraints,
controlled and uncontrolled parameters.

The system is a rigid hierarchical structure,
which complicates the possibilities of effective
management. The large number of stakeholders
with different goals of the management process
complicates the functioning of the system. The
system model of MSW management for the unit-

ed territorial communities can be presented in the
form of Table 2.

The volume of MSW in a separate local
space UTC, region or city is formed by many

parameters, which primarily takes into account
the population, level of consumption, the amount
of housing as an indicator of the development of
the settlement. The dynamics of waste genera-
tion is influenced by factors that characterize the
development of society and the welfare of the
population, namely, the volume of industrial pro-
duction, cash income, retail turnover, including
catering, which forms a significant share of solid
waste and others.

To improve the management system of MSW,
itis necessary to apply an integrated approach that
allows to reconcile the interests of stakeholders.

Thus, the system approach allowed to devel-
op a system model for waste management, which
translates the input state of the system x(s) into
the output y(s) using control effects u(s) sub-

ject to external constraints v(s) and risk taking

Table 2. System model of management of MSW management for the united territorial communities

x(8) = {x1, X3, ..., X}, Where xy, Xy, ..

Input parameters territorial community

., X, — indicators of the waste management system of the united

Output parameters

v(s) = {y1, Y2 - Yu}s Where yy, y,, ..., ¥, — indicators of the waste management system and environmental
safety of the united territorial community

Lo v(s) = {vy, vy, .., vy}, Where vy, vy, ..., v, — quantitative values of maximum permissible levels and other
Limitation o2 n T2 n L )
restrictions set by the legislation for anthropogenic impact on the environment
Control u(s) = {uy, uy, ..., u,}, where uy, u,, ..., u, — set of stakeholders, regulatory, organizational, technological,
parameters financial and economic, information indicators of the system
Unmanaged z(s) = {zy, z, ..., z,}, Where z;, z,, ..., z, — many indicators of political influences, social factors, financial
settings and other risks caused by external factors.
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into account uncontrolled influences z(s). The
governance process in the united territorial com-
munities is provided by state structures / local
self-government bodies, business structures / eco-
nomic entities and the local community / house-
holds. To develop an effective waste management
system at the regional level, we will analyze inno-
vative methods of modern environmental safety
management in terms of waste management.

In order to successfully implement an envi-
ronmentally safe waste management system in the
long run, it is necessary to forecast the situation
and the difficulties that may arise in the future.
Therefore, studying the external environment,
strategic management focuses on finding out what
threats and what opportunities are hidden in the
external environment. In addition, the strengths
and weaknesses of the internal environment also
determine the conditions for the successful imple-
mentation of any long-term program.

Thus, strategic analysis is the basis for ensur-
ing the complexity of solid waste management
processes in the region, used for structural design
of an effective regional waste management pro-
gram, based on innovative methods of modern
management and the formation of a single in-
formation space that affects sustainable develop-
ment. PEST and SWOT analysis technology is an

important tool that brings together the strengths
and weaknesses of a business, opportunities and
threats to the environment and conducts analy-
sis. The results of determining the situation with
the waste management system by the method of
PEST-analysis are given in Table 3.

The regulatory framework for waste manage-
ment is in the process of formation. The national
strategy for the management of solid waste by
2030 is not fully implemented. Regional pro-
grams in most regions of Ukraine have not been
approved or need significant changes. Low effi-
ciency of executive discipline during the imple-
mentation of programs and low level of interest of
stakeholders are unfavorable factors for solving
the problem in Zhytomyr region. Not all of these
economic indicators have a positive effect.

Some of them are unfavorable due to the unwill-
ingness of the population of the region to reduce the
level of waste generation and separate collection of
solid waste. Social indicators are favorable for the
implementation of an effective and environmen-
tally safe system of solid waste management in the
region. All technological indicators are a positive
factor for solving the problem. The results of the
PEST analysis of the MSW management system
show that the least favorable for an effective solu-
tion to the problem are political conditions.

Table 3. PEST-analysis of the control system of MSW management

Political — political indicators

Economical — economic indicators

. Imperfect regulatory framework of waste management.

. Low interest of the population, enterprises-carriers in the
joint decision of a problem.

e  Opportunity to involve the general public in the
implementation of projects and programs for waste
management through public organizations and
associations.

. Low level of interest in the results of solving the problem
of senior officials of Zhytomyr region.

Insufficient funding of the waste management system.
Availability of additional sources of funding, including
international funds, EBRD loans, public budget projects.
High cost of implementing waste management
technologies and low cost of waste as a secondary raw
material.

Reducing the prevention of environmental damage by
reducing environmental damage.

Social — social indicators

Technological — technological indicators

e  The number of MSW is constantly growing, especially
in cities.

e  Constantly informing the population through the media
and social networks about the negative impact of waste
on the environment and related health problems.

. Promotion of waste recycling, the need to reduce waste,
the use of waste as a secondary resource in the media
and social networks.

. Low level of understanding of the problem by the
population of the region.

. Readiness of a certain part of the population to actively
cooperate with local governments in reducing the impact
of MSW on the environment.

Widespread introduction of waste recycling
technologies, reducing waste generation, use of waste
as a resource in European countries.

Existence of modern and effective technologies of waste
recycling, their processing as secondary raw materials.
Availability of some successful projects to address the
problem of reducing the impact of solid waste on the
environment.

Lack of efficient logistics systems used in waste
management.

Low level of implementation of effective technologies of
modern management.

The presence of perspective. Increasing the level of interaction between all participants in the waste management system.
Improving the general culture of the population in matters of waste management. Reduction of waste generation. Optimization
of economic and environmental indicators through the introduction of environmental logistics systems. Conservation of natural
and energy resources through the use of waste as a secondary raw material. Improving the health of the region's population.
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Summing up the results of PEST-analysis,
it should be noted that the current conditions in
most regions of Ukraine are favorable for the im-
plementation of modern innovative programs for
the management of solid waste management.

SWOT-analysis allows you to identify op-
portunities and threats to the implementation of
the management system of solid waste in the re-
gion, identify the likelihood of use and the im-
pact of selected opportunities and threats to the
results. Similarly, the analysis of threats and con-
sequences of the implementation of modern in-
novative programs for the management of solid
waste management in the region. Also carry out
is an assessment of environmental factors. The
analysis of the factors of the internal and external
environment of the waste management system al-
lows to form a specific list of its weaknesses and
strengths, as well as threats and opportunities. The
results of the SWOT-analysis of the preconditions
for the implementation of innovative waste man-
agement programs are given in Table 4.

The final stage of the SWOT-analysis is a
quantitative expert assessment and construction
of a matrix of results of the prerequisites for the
implementation of the program. We will conduct

a quantitative expert assessment on the example
of the regional waste management program in the
Zhytomyr region. Experts from various stake-
holders were involved in the expert assessment,
namely representatives of: government agencies
(local governments, environmental management,
state environmental inspection, etc.); business
structures (carriers, waste sorting stations, hous-
ing and communal services, etc.); public (public
organizations, associations, parties, etc.); popula-
tion living in the region.

The results of the survey of experts allowed
to build a matrix of SWOT-analysis of the pre-
conditions for the implementation of the regional
waste management program in the Zhytomyr re-
gion. At the intersection of columns and rows —
Opportunities / Strengths, Opportunities / Weak-
nesses, Threats / Strengths, Threats / Weaknesses
- an expert assessment of their mutual influence in
points ranging from -1 to +1. Moreover, a score of
+1 corresponds to a strong mutual influence, and
a value of -1 — a complete lack of influence.

The consistency of experts’ opinions and the
non-random nature of the agreemen were as-
sessed according to the concordance coefficient
W; and Pearson’s statistical criterion x°.

Table 4. SWOT-analysis of the preconditions for the implementation of innovative waste management programs

Positive impact

Negative influence

Environment
Strengths

Weaknesses

safety of the region.

management.
Internal

recycling, recycling and reuse.

MSW disposal

A,. Implementation of the waste management
program will increase the level of environmental

A,. Awareness of the top management of the region
of the need to address the problem of efficient waste

A,. Changing the vector of solving the problem
environment | from the concept of combating the effects of waste

on the environment to the concept of developing
technologies for low-waste and non-waste production,

A,. Increasing the number of business structures that
are ready and able to implement modern methods of

B,. Developed National Waste Management Program
until 2030, is implemented only partially, which
complicates the formation of regional programs,
reduces the effectiveness of new management
methods.

B,. The region maintains a functional hierarchy of
management, which makes the effectiveness of the
program dependent on the management decisions of
senior management.

B,. Low efficiency of the existing waste management
system in the region.

B,. Insufficiently developed market for waste
processing and disposal.

Opportunities

Threats

solving this problem.

External

region, city or enterprise.

C,. The region has the conditions to create a
competitive market for waste management.

C,. Growing number of public organizations and the
population that are ready and able to participate in

C,. Waste disposal methods are constantly being
improved in both domestic and international practice.
C,. Waste management programs implemented at

’ the national, regional or local level are based on the
environment | existing waste management system of the country,

C,. Introduction of modern innovative management
methods in public authorities and local governments.
C,. In the cities of the region there are opportunities to
form a modern infrastructure for waste management.

D,. Increasing the amount of waste and increasing
their impact on the environment, the threat of
environmental catastrophe.

D,. Threat of social and political dangers due to
increased waste disposal fees and increased fines.
D,. Lack of developed regional waste management
programs based on modern management methods.
D,. Low level of social environmental awareness and
culture of MSW management.

D,. Lack of communication and coordination of
actions between stakeholders in solving the problem.
D,. The presence of a conflict of interest and
unwillingness to take responsibility for solving the
problem.
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The concordance coefficient W allows us to
estimate how consistent the rankings of n objects
built by a group of m experts are.

Irifl j= (1, .., m;i=1, .., n)

where: rjj — rank given by the j-th expert of the
i-th object. It is defined as the ratio of D,
which describes the variance between the
rankings to the value of Dp,,y, Which is
the maximum possible variance and is
calculated by the formula:

W= D _ 12-S
B Dmax - m? (n3 —n) ©)

where: m — number of experts; n — number of
listeners.

To calculate the sum of squares of deviations
of ranks from the average value S:

m 2
S=Z Zri]- -7 (10)
. ~

n
i-1 \j—

The coefficient W is measured in the range
from O to 1 and the group estimate is considered
sufficiently reliable when W> 0.7. If the concor-
dance coefficient is zero, then there is an abso-
lute discrepancy between the opinions of experts.

If the concordance coefficient is equal to one,
then there is a full consensus of experts’ opinions
on the results of the survey.

The statistical value of the concordance coef-
ficient is checked by Pearson’s criterion x?, which
is calculated by the formula:

Xfi):m(n—l)-W (11)

According to the level of significance a and
the number of degrees of freedom g =n — 1 in
Pearson’s tables are critical Xip-

If )(2¢ > Xip, then the concordance coefficient
can be trusted and obtained, its main conclusions
are reliable.

The found value of x? is compared with the
tabular x? for the number of degrees of freedom
n — 1 and the level of significance a. If the value
of x? is greater than x? of the table, the hypothesis
of non-random agreement of experts’ opinions is
not rejected. If the concordance coefficient W and
Pearson’s criterion y? are unsatisfactory, experts
re-evaluate the materials.

The results of the SWOT-analysis of the pre-
conditions for the implementation of the regional
waste management program in the Zhytomyr re-
gion are presented in Table 5.

Concordance coefficient W=10.7892, which in-
dicates sufficient consistency of experts’ opinions.

Table 5. Results of the SWOT-analysis of the preconditions for the implementation of the regional waste

management program in Zhytomyr region

Opportunities / Strengths C, C, C, C, C, C,
A, 1 0.9 0.7 0.6 1 0.9

A, 0.5 0.9 0.9 0.5 0.8 0.7

A, 0.6 0.1 0.1 0.9 0.1 0.8

Ad 1 0.2 0.7 0.7 0.1 0.2
Opportunities / Weaknesses C, C, C, C, C, C,
B, 0.7 0.7 0.6 0.5 0.7 0.4

B, 0.2 0.2 0.1 0.1 0 0.1

B, 0.3 0.8 0.7 0.6 0.9 0.9

B4 0.1 0.8 0.2 0.8 0.5 0.5

Threats / Strengths D, D, D, D, D, D,
A, -0.6 -0.7 0 -1 -0.8 0.1

A, -0.7 -0.6 0.1 -0.5 -0.6 -0.4

A, -0.7 -0.8 0.1 -1 -0.6 0.2

A, 0.2 0.3 0.3 -0.5 -0.4 -0.2

Threats / Weaknesses D, D, D, D, D, D,
B, -0.7 -0.6 -0.4 -0.3 -0.4 -0.2

B, -0.1 -0.4 -0.1 -0.3 -0.5 -0.6

B, -0.6 -0.8 0.1 -0.3 -0.6 -0.4

B, -0.3 -0.9 0 -0.2 -0.7 -0.6
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Table 6. General results of the SWOT-analysis of the preconditions for the implementation of the regional waste

management program in the Zhytomyr region

Strength codes A, A, A, A,
The total amount of estimates 2.1 1.6 -0.2 2.6
Weakness codes B, B, B, B,
The total amount of estimates 1 -1.3 1.6 0.2
Opportunity codes C, C, C, C, C, C,
The total amount of estimates 4.4 4.6 4 4.7 41 4.5
Threat codes D, D, D, D, D, D,
The total amount of estimates -3.5 -4.5 0.1 -4.1 -4.6 -2.1

The estimated value of Pearson’s statistical
criterion }? is equal to 14.86, which at a degree of
freedom of 14 and a significance level of a=0.01
is greater than the tabular value (x> = 14.4). Thus,
the ranking of experts at « = 0.1 can be consid-
ered consistent.

The general results of the SWOT-analysis of
the preconditions for the implementation of the
regional waste management program in the Zhy-
tomyr region are given in Table 6.

A generalized analysis of the strengths shows
that the region has all the conditions to address
waste management on the basis of modern inno-
vative management methods, but there are sig-
nificant risks associated with lack of communi-
cation and coordination between stakeholders in
addressing this issue.

CONCLUSIONS

Thus, as the results of the SWOT analysis
showed, the strongest aspect of the implementa-
tion of a modern waste management system is the
increase in the number of business structures that
are ready and able to implement modern methods
of waste disposal. The weakest point is the low ef-
ficiency of the existing waste management system
in the region. External opportunities that contrib-
ute to change are the availability of modern inno-
vative management methods in public authorities
and local governments. The biggest threat is the
lack of communication and coordination between
stakeholders in solving the problem. The obtained
results are the basis for the implementation of re-
gional waste management programs based on the
provisions of the circular economy.

The application of systems analysis allowed
to develop a system model of waste management,
which translates the input state of the system x(s)
to the output y(s) using control effects u(s) subject
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to external constraints v(s) and taking into ac-
count the risks of uncontrolled impacts z(s). Sets
of input parameters include a set of qualitative and
quantitative indicators of MSW; many methods of
waste management that can be implemented in in-
tegrated territorial communities; many stakehold-
ers in the MSW management system of the united
territorial communities. The initial parameters of
the system are the ecological and economic indi-
cators of the system of solid waste management of
the united territorial community. The task of the
system is to prevent the harmful effects of waste
on the environment and public health through the
implementation of measures to prevent waste gen-
eration, reduce its amount, and optimize waste
flows by restoring their value, reuse, recycling,
disposal and control of waste disposal facilities.

A conceptual model for the implementation
of an environmentally friendly innovative logis-
tics management system for waste management
is proposed, which includes the involvement of a
coordinating agent as a separate entity that man-
ages all waste generated in a given area. The im-
plementation of a logistical approach in regional
waste management programs covers the entire
life cycle of the MSW from the formation to the
creation of a new product or subsequent disposal
or safe storage in the environment. The main con-
dition for the implementation of waste manage-
ment system is any technologies and measures,
including reducing the amount of waste, their re-
covery or disposal, disposal, etc. are developed in
combination with each other.
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