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Summary. The paper investigates materials recycling as one of the most important indicators
of the quality and efficiency of modern solid household waste (SHW) management systems. The study
is based on the analysis of the World Bank report «What a Waste 2.0: A Global Snapshot of Solid Waste
Management to 2050» and examines the influence of objective geographical, demographic,
and administrative factors on the choice and effectiveness of waste management strategies
in different countries of the world, including Ukraine. Particular attention is paid to the relationship
between the country’s territorial area, population density, available land resources, and the
implementation of recovery operations, including recycling, composting, and energy recovery.
The research applies statistical, comparative, and analytical methods to evaluate existing SHW management
schemes in countries with different territorial and demographic characteristics. The obtained
results demonstrate that countries with large territories and relatively low population density, such
as Ukraine, Canada, russia, India, and Mexico, tend to use predominantly linear waste management
schemes based on waste collection, transportation, and landfill disposal. In these countries, the
proportion of waste disposed of in landfills usually exceeds 65%, while recovery operations remain at a
relatively low level. The availability of extensive land areas often delays the implementation of more
advanced and environmentally sustainable waste processing infrastructure. In contrast, countries
characterized by smaller territories and higher population density, such as Germany, Sweden, Japan,
France, Italy, and Great Britain, demonstrate significantly higher rates of SHW recovery, reaching 75-95%
of total waste management operations. These countries actively apply circular waste management
principles, where materials are repeatedly returned to economic circulation through recycling, reuse,
composting, and other recovery processes. The study confirms that high population density combined
with limited territorial resources creates strong economic and environmental incentives for the transition
from linear to circular waste management models. Special attention is devoted to the current situation in
Ukraine, where the dominant approach remains landfill-oriented waste management. The environmental and
public health risks associated with this model are analyzed, including the accumulation of uncontrolled
dumps and insufficient development of recycling infrastructure. The paper emphasizes the importance of
implementing the principles of extended producer responsibility (EPR), improving state regulation,
attracting investments, and creating new organizational and economic mechanisms for the development of
the circular economy.

Key words: materials recycling, solid household waste, extended producer responsibility, SHW
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V]IK 664

OHOIHIOBAHHSA EPEKTUBHOCTI YIIPABJIIHHA TBEPIUMU
HHOBYTOBHUMMH BIJIXOAAMMU HA OCHOBI IIEPEPOBKH
MATEPIAJIIB: BIIVIUB TEPUTOPIAJIBHUX
TA JEMOI'PA®IYHUX ®PAKTOPIB

Boaogumup Crpyuox Bacuib Bacuibkis
Tepnoninbcokull HAYIOHATLHUL MEXHIYHULL Tepnoninbcokutl HAYIOHATLHUL MEXHIYHULL
yHigepcumem imeni leana Ilynios, yuigepcumem imeni leana Ilynios,
Tepnonins, Yxpaina Tepnonins, Yxpaina

Pestome. Jlocniodceno nepepobky mamepianieé sk 0OUH 3 HAUBANCIUSIUUX NOKAZHUKIE KOCMI MA
ehexmueHocmi CyHacHux cucmem Ynpaeiinus meepoumu nobymosumu eioxooamu (TIIB). Hocnioxcenns
basyemvcsi na awnanisi 36imy Ceimosozo bOamnxy «llfo 3a 6ioxoou 2.0: I'nobanvHuil 3HIMOK YRPAGIIHHS
meepoumu ioxodamu 00 2050 poky» ma po3enioae enius 06 eKMuUGHUX 2eoepa@iunux, oemoepagivHux ma
aoMiHicmpamusHux akmopis Ha eubip ma egekmusnicmb cmpameziil YNPAGIiHHL 8I0X00aMU 8 PI3HUX
Kpainax ceimy, exnioyaiouu Yxpainy. Ocobausay ysazy npuoileHo 83a€EMO38 3Ky MIdC MepumopiaibHo0
naowero Kpainu, WintbHicmio HacereHHs, HAA6HUMU 3eMEeTbHUMU PeCypPCamu ma 8npogaoiceHHAM onepayii 3
ymunizayii, KII0YAIYU nepepoOKy, KOMNOCMYSAHHA MaA eHepeemuuHy pekynepayiio. 3acmocosano
cmamucmuymi, NOPIGHALbHI Ma AHATIMUYHI Memoou O0st OYiHIO8anHs icuylouux cxem ynpagninus TIIB y
Kpainax 3 pisHuMu mepumopiaroHumu ma demozpa@ivnumu xapaxmepucmuxamu. Ompumani pe3yaomamu
0eMOHCMPYIOMY, WO KPAiHU 3 8eUKUMU MEPUTNOPIAMU A 8i0HOCHO HUZLKOIO WINbHICMIO HACENeHHA, MAKI,
sax Vkpaina, Kanaoa, pocis, Inois ma Mekcuxa, cxuibHi GUKOPUCMOBYBAMU NEPEBAINCHO NIHILHI cxeMu
VIPABIHHSL 8i0X00aMU, 3ACHOBAHI HA 30UPAHHI, MPAHCNOPMYBAHHI MA 3AX0POHEHHI I0X0018 HA NONI2OHAX.
Y yux kpainax wacmka 6i0xo00is, wo 3aX0pOHIOIOMbCA HA NONIOHAX, 3a36uyali nepesuwye 65%, mooi sk
onepayii 3 ymunizayii 3a1uuaromecs Ha 8i0HOCHO HU3bKOMY pieni. Hasagnicmv eenuxux semenvHUx niow
4aAcmo 3ampuMye 6nposaAd*CeHHs Oibl NPOCYHYMOI Ma eKoa02iuHo cmitikoi inghpacmpykmypu nepepooxu
6i0x00i6. Ha npomusazy yvomy, Kpainu, wo XapakmepuzyiomvCsa MeHWUMU MePpUmopiamu ma uujoro
winoHicmio uacenenns, maxi Ak Himewuuna, Lleeyin, Anonin, @Ppanyia, Imania ma Beauxa Bbpumanis,
0eMoHcmpylomy 3Ha4Ho euwi noxasuuxu ymuaizayii TIIB, Odocsaeaiouu 75-95% 6i0 3azcanvnozo ob6cazy
onepayitl 3 ynpaeiinmus ¢ioxodamu. Lfi xpainu axmueno 3acmocogyioms NPUHYUNU YUKTIYHO20 YNPAGIIHHS
6i0xo0amu, Oe Mmamepianu HeOOHOPA3060 NOBEPMAIOMbC 6 eKOHOMIYHULL 00ie WIsiXOM nepepooOKu,
NOGMOPHO20  BUKOPUCMAHHA, KOMHOCWMYGAHHA mMa iHwux npoyecie iOHOGnenHs. Jlocniodcenns
niomeepoiCcye, Wo UCOKA WibHICMb HACENCHHA 8 NOEOHANHI 3 0OMEICeHUMU MEePUMOPIATLHUMY Pecypcamu
CMBOPIOE CUNbHI eKOHOMIYHI Ma eKON02IYHI cmUuMyau O0Jid nepexooy 8i0 JIHIUHUX 00 YUKIIUHUX Mooenell
ynpaeninus gioxooamu. Ocobaugy yeazy npudineno cyyacuit cumyayii 6 Ykpaini, 0e dominyouum nioxooom
3ANUUAEMbCA YRPAGIINHA 8i0X00amMU, OpiEHmMogane Ha 3axoponenus. [Ipoananizoeano ekonociuni pusuku ma
PU3UKU 01 300P08 1 HACENEHHA, NOB A3AHI 3 YI€I0 MOOELNIO, GKII0YAI0YU HAKONUYEHHSI HEKOHMPOIbOBAHUX
38aaUW MA HeOOCMAMHIL Po36UMoK ingpacmpykmypu nepepooxu. ¥ cmammi Hazonoweno na easxciaugocmi
8NPOBAOICEHHA NPUHYUNIE po3uiuperoi sionosioarvrocmi eupobHuxa (PBB), édockonanenus 0epiircaghozo
Dpecynt08ants, 3anyUeHHs iHeecmuyill ma CmMEOPeHHs HOBUX OP2aHIi3AYiUHO-eKOHOMIYHUX MeXaHi3Mie 0.
DPO3BUMKY YUPKYTAPHOI eKOHOMIKU.

Knwouosi cnosa: peyuxiine mamepianis, meepdi nooymosi 8ioxoou, posuupera 8i0nosioaibHicms
s8upobHuka, cxema ynpasninua TIIB.

Jlama naoxooacenns 22.04.2026
Jlama nputinamms 05.05.2026
Jlama nyonixayii 25.06.2026

Problem statement. In Ukraine, the problem of waste management, including solid
household waste (SHW), remains unresolved. Unlike European countries, Ukraine has a
very low level of SHW recycling and utilization and a high rate of waste disposal at landfills
(On the Basic Principles (Strategy) of the State Environmental Policy of Ukraine for the
Period up to 2030, 2019). In 95 percent of cases, all of them are sent to landfills or dumpsites
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(On the Recommendations of the Parliamentary Hearings on the Topic: «Priorities of the
Environmental Policy of the Verkhovna Rada of Ukraine for the Next Five Years», 2020).
A significant part of landfills is overloaded and does not meet environmental protection and
sanitary standards.

The reasons for the growth of the above mentioned problems include, in particular,
insufficient funding from state and local budgets for environmental protection measures,
financing of such measures on a residual basis, the implementation of environmentally safe,
resource- and energy-saving technologies, the development of renewable energy sources, and
intangible natural resource use that occurs in unsystematic and excessively slow manner (On
the Basic Principles (Strategy) of the State Environmental Policy of Ukraine for the Period
Until 2030, 2019).

In general, waste management is defined by the new framework law of Ukraine «On
Waste Management» (hereinafter referred to as the Law). The latest key focus of
this Law is the introduction, in accordance with European waste legislation, of the
concept of extended producer responsibility (EPR), which is regulated by Article 10 of the
Law.

In particular, it is determined that EPR is a set of economic, financial, administrative
and organizational measures aimed at ensuring the responsibility of producers of certain
types of products for managing the waste stage in the product life cycle. The components
of the EPR system and the powers of the organization that carry out extended responsibility
duties on behalf of the manufacturer or producers are indicated. The introduction of EPR is
necessary because, according to World Bank forecasts, in 2025, urban residents will
produce an average of 1.42 kg/person of SHW per day compared to the current 0.64 kg
(Protsyk O., 2020).

Analysis of recent research and publications. The issue of solid household waste
management was investigated by numerous scholars, including M. Malovany, M. Shchuryk,
O. Nadraha, A. Serdiuk, H.Zhuk, Ye. Nikitin, A. Smikhula, K. Parpounas, V. Slabyi,
T. Kolomychenko, O. Lototska, M. Dnistrianska and others.

The complexity of the SHW management situation in Ukraine compared to other
developed countries is associated with large volumes of SHW generation and the lack of
infrastructure for its management. This situation is influenced by several objective factors
such as the availability of sufficient land for waste disposal, the time required to make the
necessary decisions to implement a more energy-efficient and economically viable SHW
management scheme, and relatively low population density. The consequences of the above
mentioned objective reasons included the disposal of municipal solid waste (MSW) without
consideration of potential hazardous impacts on the environment and human health, the
inadequate level of waste utilization as secondary raw materials due to imperfect
organizational and economic mechanisms for their integration and the lack of state funding
for the creation of the network of infrastructure facilities for the processing and utilization
of SHW as a separate sector of the national economy (On the Recommendations of
Parliamentary Hearings on the Topic: «Priorities of the Environmental Policy of the
Verkhovna Rada of Ukraine for the Next Five Years», 2020).

These objective factors also influence waste management in other countries of the
world. The investigation of the data based on the World Bank report «What a Waste 2.0: A
Global Snapshot of Solid Waste Management to 2050» (Parpounas K., Slabyi V., 2021) was
carried out in order to assess the impact of these objective factors, particularly, the country’s
land area and population density, on the complexity of measures for SHW processing during
its management in key developed countries of the world and in Ukraine. The impact of
population density on SHW generation is highlighted in the papers by O. Lototska and
others (Lototska O., Dnistrianska M., Krytska H., Flekei N., Smachylo O., 2023).
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During the course of the investigation, statistical, information retrieval, analytical and
comparative methods of the investigation of the actual data obtained from the report with the
construction of corresponding supporting figures of dependency diagrams were used. Well-
known data regarding the land areas of countries and their population was taken from available
Internet sources.

Purpose of the study. The purpose of the study is to determine the influence of
territorial and demographic factors on the efficiency of solid household waste management
systems and to assess the role of materials recycling as an indicator of the transition from linear
to circular waste management models.

Statement of the task. The tasks of the study are to analyze the relationship between
the country’s land area, population density, and the level of solid household waste recovery;
compare linear and circular waste management schemes in different countries; identify the main
limitations of the current waste management system in Ukraine; and propose a circular SHW
management scheme based on the principles of sustainability development and extended
producer responsibility.

Statements of the main material of the study. Among the countries mentioned in
the report, the USA, russia, Mexico, Ukraine, China, Canada, Sweden, Poland, Great
Britain, France, Italy, India, Germany, Japan, we highlight a group of countries with large
land areas (over 0.5 million km?) and low population density (up to 100 people/ km?),
namely the USA, russia, Mexico, Ukraine, China, Canada, India. Dependence of the
percentage of landfill disposal operations for SHW on the land area of countries is shown
in Figure 1.
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Figure 1. Dependence of the percentage of landfill disposal operations
for SHW on the country’s land area (over 0.5 million km?)

We observe that in most countries the percentage of SHW sent to landfills exceeds 65%.
The only exception is the USA, where this figure is somewhat lower, at 53%. Thus, we can see
that the presence of the large territory does not stimulate the above-mentioned countries to
manage SHW through recovery or recycling initiatives.

The group of the rest countries from the list with smaller land areas, specifically less
than 0.4-0.5 million km? (Great Britain, Italy, Poland, Germany, Japan, Sweden, France is
shown in Figure 2.
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Figure 2. Dependence of the percentage of landfill disposal operations for SHW on the country’s land area
(less than 0.4-0.5 million km?)

Here we observe in a number of countries (Germany, Japan, Sweden) the percentage of
waste sent to landfills is very low (0.2—1.1%) while in others (Great Britain, Italy, France) it is
somewhat higher (22-26%). Only Poland stands out from the general trend, as it disposes of more
than 44% of its SHW in landfills. Thus, the analysis of the presented data indicates that it is obvious
that the sharp reduction in the country’s land area, and therefore the possibilities (free and
environmentally safe areas of the territory) for the SHW disposal, significantly reduces the
percentage of their disposal. In this case, we observe a significantly lower percentage of SHW
disposal operations. In our opinion, a powerful factor that encourages the national economies to
implement recovery operations, including materials and waste recycling, in the course of waste
management is the high population density with a relatively small area of the state’s territory. In
order to preserve and maintain the proper living environment for the population and safeguard
public health, the implementation of comprehensive waste processing measures and the percentage
of SHW recovery operations during their management sharply increases significantly.

SHW recovery operations include a range of measures such as materials and SHW recycling,
incineration, composting (biological recovery of matter), and other related activities. In fact, the
percentages of SHW recycling operations indicated below reflect the quality of materials and SHW
management in a particular country. The dependence of the percentage of SHW recovery operations
on population density for countries with more than 100-200 people/km?is presented in Figure 3.
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Figure 3. Dependence of the percentage of SHW recovery operations on population density
for countries with more than 100-200 people/km?
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Here we observe that more than 95% of SHW recovery operations are carried out in
Sweden, Germany, and Japan, over 75% of MSW recovery — in France, Italy, and Great Britain,
and slightly less in Poland — 56%. The notable features of recovery operations in these countries are
that in Sweden, preference is given to incineration (51.2%), and in Japan, to composting (80.2%).
In the rest of the countries, the volume of recycling and composting activities significantly exceeds
those of SHW incineration. India is dissonant in the overall picture of SHW management. Here,
despite the highest population density (430.4 people/ km?), 77% of SHW is sent to landfills and
only 23% is directed to recovery operations, including recycling (5%) and composting (18%). It is
evident that in this country the low percentage of SHW recovery operations is due to the advantage
of the objective factor — aids large land area, which covers nearly 3.3 million km?.

The dependence of the percentage of SHW recovery operations on the population
density of the country (less than 100 people/ km?) is shown in Figure 4.
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Figure 4. Dependence of the percentage of SHW recovery operations on the population density of the country
(Iess than 100 people per km?)

In Figure 4, russia, Mexico, and Ukraine have approximately 5% of SHW recovery
operations, while Canada and China around 30%, only in the USA, as a highly industrialized
country, the percentage is slightly higher — 47%. Thus, a large territorial area does not
incentivize countries with extensive land areas to develop infrastructure facilities for SHW
processing. Due to their low population density, there is no urgent need for this, that is, the
ecological capacity of the territory makes it possible to postpone the solution to this problem.
They still have time for this and, let's hope, the necessary opportunities in the future.

The investigation shows that in the above-mentioned countries as well as in Ukraine, the
following linear SHW management scheme prevails: SHW collection — transportation — disposal.

Typical linear SHW management scheme is presented in Figure 5.

SHW disposal

A\ 4

SHW transportation

A\ 4

SHW collection

Figure 5. Typical linear SHW management scheme

It should be noted that in the above-mentioned simple scheme, the key role in Ukraine is
played by transport companies (Kolomychenko T., 2021), which act as business entities in the
field of waste management. The functioning of the linear SHW management scheme is facilitated
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by the system of municipal tariff formation different from that in the European Union — where
the tariff is linked to the cubic meter of waste, and by general sanitation and waste collection rules
established by local self-government bodies (LSGs) (Kolomychenko T., 2021).

As a result, there is a large difference between the amount of SHW actually collected
from the population and that delivered to the landfill. That is, a decision is made by business
and consumers, which, with the tacit consent of LSG, is used by transportation companies to
make profit. Transportation companies have high profits and wages, while the population faces
further environmental pollution in their living areas, with a consequent increase in health risks.
Still there are no dangerous levels of direct harmful impact on the population, because the areas
under the jurisdiction of LSGs are large. Therefore, in our opinion, a kind of temporary balance
of interests arises that suits all parties involved. And no one is responsible for this pollution.

The benefit for businesses in Ukraine of using a simplified linear SHW management
scheme is also evidenced by the significant number of people wishing to be engaged in this
activity. For example, in Lviv, 5 transport companies receive money from the city budget
for SHW transporting, in Kyiv — 6, only in Kharkiv, which is considered to be the cleanest
city in Ukraine, this process is more organized and 2 transport companies are engaged in
activity (Kolomychenko T., 2021).

Regarding the awareness of the importance of solving the problem of SHW management
and the willingness of the Ukrainian population to participate in waste management, in
particular, in its separate sorting, a survey conducted among residents of the cities of Ternopil
and Vinnytsia provides evidence (Lototska O., Dnistrianska M., Krytska G., Flekei N.,
Smachylo O., 2023). The survey showed that 99% of respondents are willing and ready to sort
SHBW, but they want the conditions for this to be created in the cities where they live. That s,
the necessary infrastructure for proper SHW management to be created.

In contrast, in countries with high population density (Sweden, Germany, Japan, France,
Italy, Great Britain, Poland), such balance no longer exists. It is vitally important to maintain
the living environment for the population in proper condition and the necessary level of public
health. The urgency of the problem is indicated, in particular, by the fact that political parties
with environmental focus, or those supporting state activities in the field of environmental
protection, have significant influence on the political life of these countries.

In these countries, the circular SHW management scheme is used in accordance with
the waste management hierarchy with the necessary infrastructure for SHW processing: SHW
collection — transportation — product reuse — waste recycling — use of the obtained materials and
substances — and collection again.

Let us present the proposed circular SHW management scheme in Figure 6.

SHW transportation

SHW collection Product reuse

Use of the obtained
materials and substances

Waste recycling

Figure 6. Circular SHW management scheme
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The proposed scheme ensures increased operational efficiency in SHW management,
and, consequently, significant depth of their processing, which confirms the statement that in
the countries of the European Union their economies have a closed-loop nature (Polianska A.,
Stepaniuk H., 2020), are renewable, regenerative in nature, and the fact of waste generation
indicates an incomplete cycle of technology from product production to waste recycling
(Shchaslyva L., Pashkov A., Sprynska H., 2018).

Therefore, the dominant method of SHW management in Ukraine is its collection and
disposal in landfills and dumps. At present, Ukraine ranks ninth in the world in terms of waste
generation per capita. In 95 percent of cases, all of it ends up in landfills or dumps. In addition, due
to insufficient control or the absence of an adequate MSW management system, over 27,000
unauthorized dumps are created each year (On the Approval of the National Waste Management
Strategy in Ukraine until 2030, 2017). All this requires radical changes aimed at the implementation
of a circular economy in Ukraine, which would significantly reduce the risks of harmful effects of
waste on the environment and deterioration of public health. In the future, in our view, the latest
trends in SHW management, depending on the types of management and the corresponding
volumes of waste, are interesting and promising areas for research.

Conclusions. Based on the data of the carried out investigation, the following
conclusions can be drawn. Countries (Mexico, India, China, Canada, the USA, russia),
including Ukraine, which have large territories with low population density, dispose more than
65% of SHW in landfills or dumps, they have a recovery rate of 5-30%, and use a simplified
linear SHW management scheme. They currently do not face significant problems regarding
living conditions or public health. Conversely, in countries (Sweden, Germany, Japan, France,
Italy, Great Britain, Poland) with small territories, high population density, low percentage of
SHW disposal to landfills or dumps (0.2-26%), and 75-95% of operations devoted to SHW
recovery, a circular SHW management scheme is used.

In our opinion, for countries operating a linear SHW management scheme, the key to
solving the problem of effective SHW management is the introduction of EPR, which would
bring new business entities into the waste management sector, responsible for SHW
management, whose purpose would be to implement a set of measures ensuring the
responsibility of producers of certain types of products for managing the waste stage in the
product life cycle, rather than merely making profit. All this should be done without waiting
for the balance in the interests of the parties involved in SHW management to shift over time
as a result of sharp deterioration in living conditions and public health in a given country.

In general, the new law should require that financing of waste management activities
must be carried out at the expense of waste generators and owners. However, it is allowed to
finance these activities, attracting funds from the state and local budgets. In our opinion, this
will be the main source of financing in Ukraine over the next decade, as well as attracting funds
from investors and grants from the European Union, the USA, Great Britain, Canada, Japan,
Sweden, Norway and other leading countries in this field.

This conclusion is based on the fact that it is necessary to consider that, under martial
law, with active combat operations taking place in several regions of Ukraine, there is a sharp
increase in unemployment, widespread impoverishment of the population, decline in
production volumes, and reduction of more than 40% in Ukraine’s gross national product.
Additionally, it takes into account that paragraph 1 of part three of Article 10 of the new law,
regarding the complete implementation of the Extended Producer Responsibility system, will
only come into effect seven years after the new law establishes the extended producer
responsibility. It is possible that this period may be extended.
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