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Abstract. During the study, the goal was achieved, namely, to assess the current state of the waste management
system in Ukraine and to develop recommendations for its improvement based on the principles of a circular economy.
Methods of analysis and synthesis were employed to examine the problem, enabling the evaluation of the theoretical
foundations of the circular economy and the principles of waste management. The method of statistical analysis was
used to collect and analyse empirical data, while the modelling method was employed to predict possible scenarios for
the development of waste management by 2025. The results of the study demonstrated that Ukraine’s economy remains
largely dependent on a linear model, characterised by the creation of products without consideration for further
processing. This is confirmed by the increase in the waste intensity of gross domestic product (GDP), which indicates
the absence of significant changes in the adoption of resource-efficient technologies. The stable share of recycled and
incinerated waste (20%-25%) against the background of an increase in the total volume of generated waste indicates a
lack of changes in waste management technologies and policies, as well as an underdeveloped recycling infrastructure.
The growth in the volume of generated waste per unit of GDP demonstrates a tendency towards reduced resource
efficiency in the economy, while the number of waste management infrastructure facilities has concurrently declined.
The methodological approach described in the research ensures transparency of the research process, thereby allowing
it to be replicated using similar methods and data sources
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Introduction

The relevance of this study arises from the need to analyse
the current state of waste management in Ukraine within
the context of a circular economy (CE), and to identify the
main challenges and prospects for implementing innova-
tive approaches. Waste management in the context of a CE
is one of the key topics in modern environmental research.
The CE, or closed-loop economy, involves the recovery, re-
use, and rational consumption of resources, which creates
additional value through new services and intelligent solu-
tions. At the global level, the problem of waste management
remains pressing. According to research, about 2.12 bil-
lion tonnes of waste are generated annually worldwide,
with 99% of purchased goods being disposed of within

six months. Despite the growing attention to the concept of
a CE, its actual implementation has decreased: only 7.2%
of the global economy is circular, which is 21% lower than
five years ago (Cherry, 2024). In Ukraine, the situation re-
garding waste management is also a cause for concern. In
2017, the government approved the National Waste Man-
agement Strategy until 2030, which envisages the imple-
mentation of a systemic approach to waste management at
the national and regional levels, reducing waste generation
by increasing recycling and reuse (Cabinet of Ministers of
Ukraine, 2017). According to the Ministry of Environmen-
tal Protection and Natural Resources of Ukraine, the waste
management system requires improvement to comply with
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EU standards and integrate into the European waste man-
agement system (Ministry of Environmental Protection
and Natural Resources of Ukraine, 2022).

Research by scientists and practitioners highlighted
the modernisation of approaches to the waste manage-
ment system within the circular economy. M.T. Munir et
al. (2023) explored the key components of effective solid
waste management, various available machine learning
tools, their strengths and weaknesses, and how they can be
utilised to create effective waste management systems. In
addition, the authors examined the challenges associated
with using machine learning for skilled solid waste man-
agement and detailed the current and future trends in this
field. According to the researchers, the ability of machine
learning algorithms to process large amounts of data and
detect patterns and trends can be highly valuable for vari-
ous tasks, such as forecasting, anomaly detection, and opti-
misation. R.E.V. Sesay & E. Ping (2025) examined AI-driv-
en sorting technologies in municipal waste management
as a transformative foundation for sustainable municipal
solid waste management (MSWM), focusing on waste re-
duction, resource recovery, and the development of closed-
loop systems. According to these researchers, the applica-
tion of advanced technologies such as artificial intelligence
(AI), machine learning, and big data analytics offers trans-
formative opportunities for enhancing CE frameworks in
MSWM. Al-driven solutions can optimise waste collection
routes, predict waste generation patterns, and improve
sorting efficiency at recycling facilities. Machine learning
algorithms can identify trends in waste composition and
inform adaptive management strategies, while big data an-
alytics provide comprehensive insights into resource flows
and system inefliciencies. These technologies can synergis-
tically enhance decision-making, minimise waste genera-
tion, and maximise resource recovery.

According to K. Das et al. (2025), the application of
Internet of Things (IoT) technologies and big data analytics
for the real-time management of agri-food waste is a major
challenge in the agri-food sector. The authors highlight-
ed the positive impact of IoT and big data in combating
agri-food waste; at the same time, they provide practical
suggestions for key players across the supply chain. A. Bra-
tovcic (2024) identified microplastics as a persistent anthro-
pogenic pollutant that has become a global problem due to
their widespread distribution and unknown threat to the
environment and living organisms. This research focused
on the removal of plastic fragments through photocatalytic
reactions using recently developed photocatalytic compos-
ites, as well as the mechanism of photocatalytic degrada-
tion of microplastics. The study by S. Sultana et al. (2021)
aimed to assess awareness and practices regarding solid
waste management among people living in the commu-
nity. Solid waste management represents a serious pub-
lic health problem and is closely related to the daily lives
of individuals. According to the authors, members of the
community can play a key role in solid waste management.
According to D. Chester et al. (2021), the principal barrier
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to acquiring and deploying viable waste-to-energy (WTE)
technologies in remote or deployed expeditionary sites is
the high capital, operating, and maintenance costs. The
authors™ calculated economic impacts confirm that open
burning of waste is not only hazardous to humans and the
environment, but also not economically viable. Consider-
ing the economic impacts and the mitigation of human and
environmental health risks, WTE technologies could be a
viable waste management strategy for the future. This study
aimed to analyse the current state of the waste management
system in Ukraine and to develop recommendations for its
improvement based on the principles of the CE.

Materials and Methods

The research process employed a systematic approach that
allowed for a comprehensive assessment of the current state
of waste management in Ukraine in the context of a cir-
cular economy. The research methodology included sever-
al stages aimed at achieving the stated goal and obtaining
new scientific results. Methods of analysis and synthesis
were used to analyse the problem, enabling an assessment
of the theoretical foundations of the circular economy and
the principles of waste management. A critical review of
scientific and theoretical sources was conducted, including
recent publications in leading international journals over
the past three to five years, as well as regulatory and legal
documents of Ukraine in the field of waste management
(Munir et al., 2023; Horbal & Slipachyk, 2023; Sesay &
Ping, 2025). This provided a solid basis for determining the
relevance of the problem and identifying existing scientific
approaches. Specifically, the study by S. Sultana et al. (2021)
aimed to assess awareness and practices regarding sol-
id waste management among people living in the Mugda
community of Dhaka, using a descriptive correlational re-
search design.

The method of statistical analysis was used to collect
and analyse empirical data. The data sources included offi-
cial reports of the State Statistics Service of Ukraine (Goal
12..., n.d.), the Ministry of Environmental Protection and
Natural Resources of Ukraine (Waste management, n.d.),
as well as analytical reports of international organisations
(Waste generation in Europe, n.d.). To study and analyse
trends in the waste management system, estimated indica-
tors such as GDP waste intensity, the share of incinerated
and recycled waste in the total volume of generated waste,
the volume of generated waste per unit of GDP (kg per
1,000 USD), the number of waste treatment plants, their
capacity by type of plant, and the number and volume of
landfills for waste disposal (storage) were used. In the field
of waste management, the dynamics of financing, both cap-
ital and current, were also analysed.

The processing of these materials enabled the assess-
ment of changes in the field of waste management and the
identification of major development trends. The modelling
method was used to predict possible scenarios for the de-
velopment of waste management until 2025. Average rates
of change in the number of facilities and their capacity, as
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well as the level of reduction in the residual volume of land-
fills for household waste disposal, were taken into account.
This approach enabled the assessment of the potential im-
pact of the implementation of a circular economy on the
environmental and economic situation in the country. The
methodological approach described in this study ensures
transparency of the research process, allowing it to be repli-
cated using similar methods and data sources. In addition,
it enabled the production of scientifically sound results that
can inform the development of recommendations for the
implementation of a circular economy at the regional level.

Results and Discussion

Despite the fact that Ukraine ranks confidently among
the top ten countries in the world in terms of the volume
of accumulated waste, the country recycles, according to
various sources, only between four and eight per cent,
taking into account sorting and incineration (Garbage re-
cycling, 2024). With the signing of the Association Agree-
ment between Ukraine and the EU, Ukraine entered a new
stage of waste management, and Directive 2008/98/EC of
the European Parliament and of the Council (2008), which
formed the basis of the National Waste Management Strat-
egy, also became an obligation for Ukraine (Resolution of
the Cabinet of Ministers of Ukraine No. 820-p, 2017). The
EU Waste Management Directive (Directive 2008/98/EC of
the European Parliament and of the Council, 2008) defines
five key levels of the waste hierarchy, with priority given to
the first three stages. Waste prevention is the most effective
approach in the context of a circular economy, as it reduces
the negative impact on the environment at the production
and consumption stages. Minimising resource use, eco-de-
sign, and extending the life cycle of products help reduce
waste before it is generated. Preparing for reuse involves re-
pairing, refurbishing, and repurposing products, prevent-
ing them from becoming waste. This helps to reduce the
consumption of primary resources, save energy, and lower
greenhouse gas emissions. Recycling or reusing waste aims
to transform it into secondary raw materials that can be
reused in production processes. This approach reduces the
need for the extraction of natural resources and helps to
reduce environmental pollution.

The first three levels of the waste management hier-
archy are consistent with the principles of sustainable de-
velopment and the circular economy, as they minimise
the impact on the environment and human health, reduce
waste management costs, preserve natural resources, and
contribute to the creation of new business models, jobs,
and economic growth. The remaining levels of the hierar-
chy are considered lower priorities. Alternative recycling,
particularly energy recovery, involves incinerating waste to
produce energy. Although this process allows for the ex-
traction of energy value, it is accompanied by emissions
of harmful substances and the loss of material resourc-
es. Final disposal of waste by landfill represents the worst
management option, as landfills occupy large areas, pose
risks to soil, water, and air pollution, and contribute to the

formation of greenhouse gases. Consequently, the EU and
most countries worldwide have directed their environmen-
tal policies towards prioritising the first three approaches,
thereby promoting the rational use of resources and reduc-
ing negative impacts on nature (Dovgal et al., 2024).

Waste can be prevented through conscious consump-
tion by purchasing only necessary items in sufficient quan-
tities. A mandatory component of the remaining tasks is
the provision of high-quality equipment for the collection,
transportation, storage, and recycling system. Since the
Industrial Revolution, products have been consumed in
largely the same way: companies extract or harvest resourc-
es to create a product that consumers then buy, use, and
ultimately discard. This model is known as the linear model
of mass consumption. However, this model has contributed
to changes in the climate that, if left unaddressed, threaten
to make life significantly more difficult in the coming dec-
ades. Every year, about 2.6 trillion USD worth of materials
in fast-moving consumer goods - representing 80 per cent
of the material value - are thrown away and never recov-
ered (Gatzer et al., 2022). An alternative to the linear model
is the CE. In a closed-loop economy, resources can be used
repeatedly, often for the same or similar purposes.

The CE is governed by three main principles:

1. Preserving and enhancing natural capital (the world’s
stock of natural assets) by controlling finite resources and
balancing the flow of renewable resources.

2. Optimising resource output by ensuring that prod-
ucts, components, and materials are recycled at the highest
possible level at all times.

3. Increasing system efficiency and eliminating unin-
tended negative impacts, such as air and water pollution.

A CE is a worthy goal in itself, but it also offers or-
ganisations a competitive advantage. One McKinsey study
estimates that the CE could generate over 1 trillion USD
in revenue in Europe alone by 2050 (Bouton et al., 2016).
Another McKinsey analysis suggests that transitioning to
closed-loop business models could help European con-
sumer goods companies access up to 500 billion EUR in
value by 2030 (Gatzer et al., 2022). Companies, especially
consumer goods firms, that commit to environmental, so-
cial, and governance (ESG) metrics are likely to become the
leaders of the future.

At the national level, productivity can mean the dif-
ference between a good standard of living and a poor one.
For a company, productivity can determine whether it can
afford to raise employees’ wages, or even whether it can
continue operating. Stagnant or declining productivity can
signal serious trouble ahead for individuals, organisations,
and nations alike. To reduce the enormous volume of
waste currently produced by societies, emissions-intensive
production activities must be dramatically slowed. In the
past, the idea of slowing productivity growth might have
been shocking to governments and consumer goods com-
panies alike. The question now is how consumer goods
companies can survive in a world where shoppers are pur-
chasing fewer new items. The clear business potential of
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closed-loop consumer goods models offers an answer to
this question. Consumer goods companies should regard
circularity as an opportunity, not a threat; closed-loop
business models can forge a valuable connection between
business logic and sustainability. Growing consumer de-
mand for environmentally friendly products is arguably
the greatest driver of circularity, but other factors will also
play a role. These include regulation, technological pro-
gress, infrastructure, supply-side activities, and the mac-
roeconomic environment.

It is worth beginning with regulation. Some govern-
ments are already promoting circularity. As part of the Eu-
ropean Green Deal, the European Union has adopted the
Circular Economy Action Plan (CEAP), which commits
billions of euros towards achieving net-zero emissions by
2032. Several European countries have also introduced ex-
tended producer responsibility schemes, providing signifi-
cant financial incentives for companies that aim to transi-
tion to closed-loop business models (Freundt et al., 2024).
However, regulation, as well as companies’ efforts to move
towards more sustainable business models, can be signif-
icantly influenced by the macroeconomic environment.
An economic downturn, inflation, or geopolitical insta-
bility can make organisations more reluctant to invest in
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closed-loop business models. Similarly, a recession can
drive consumers towards secondary markets for recycled
products. As evidenced by analyses of trends in global so-
ciety, particularly in Europe, there is a significant opportu-
nity for consumer goods organisations across different sec-
tors to adapt their business models to exploit the profitable
opportunities of the circular economy (Frey et al., 2023).

Circularity refers to practices that optimise resource
use and minimise waste throughout the entire production
and consumption cycle, emphasising sustainability and
cost-effectiveness (Bouton et al., 2016). The only way to
create these two realities — reducing the carbon footprint
and generating profit — is to establish a closed-loop econo-
my. For the past 200 years, the economy has operated built
linearly: material is extracted, transformed, produced into
goods, sold, consumed, and ultimately discarded as waste.
Society has dealt poorly with waste and has largely ignored
the consequences (McKinsey Center for Business and Envi-
ronment, 2015). In the CE system, waste is not considered
a final product, but a resource that can be reintegrated into
the production and economic cycle. The CE seeks to reduce
waste generation, maximise its utilisation, and transform it
into resources that generate added value. The role of waste
in the circular economy is illustrated in Figure 1.

Resources
for secondary use

e =

Waste in the
circular economy

The value
residual products

aste reduction

Figure 1. The role of waste in a circular economy

Source: created by the author

In a circular economy, waste is transformed into a valu-
able resource for secondary use, becoming raw material for
new products. For example, plastic is processed into pel-
lets, which are then used in the production of new goods,
and organic waste is utilised to produce compost or biogas.
Waste reduction is achieved through eco-design, multi-lev-
el recycling, and product reuse. Instead of landfilling waste,
energy or materials can be recovered from it; for example,
construction waste is employed in road construction. It is
important to clearly define and implement the stages of
waste management on a sustainable basis, thereby contrib-
uting to the efficient use of resources and reducing the neg-
ative impact on the environment.

Priority for reuse involves extending the life cycle of
products by repairing, upgrading, recycling, or reusing
materials. For instance, in the textile industry, companies
such as Patagonia actively employ the concept of reuse,

offering customers the opportunity to repair old clothing
and purchase second-hand items (Product Repair, n.d.). In
the automotive sector, Renault is implementing the Refac-
tory programme, aimed at repairing and reusing car parts,
thereby reducing the need for new materials (The Refac-
tory..., n.d.). An important aspect is the development of
effective infrastructure for the collection and sorting of
waste, which ensures the possibility of its reuse in produc-
tion. For example, TerraCycle specialises in recycling waste
that is traditionally non-recyclable (e.g., toothbrushes, cos-
metic packaging, etc.) (The TerraCycle Difference, n.d.).
In the plastics sector, Loop Industries (n.d.) is developing
technologies for recycling plastic waste, transforming it
into high-quality material for new products.

Residual waste that cannot be recycled can be used
for energy production. For example, the Swedish com-
pany Fortum uses the incineration of municipal waste to
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generate electricity and heat, thereby providing heating for
cities (Circular economy, n.d.). As the final stage in the cir-
cular economy system, the safe disposal of waste involves
minimising environmental impact. For instance, Veolia
is developing innovative methods for the safe disposal
of toxic waste, including the use of isolated landfills and
chemical stabilisation of hazardous substances (We are
committed to..., n.d.).

The integration of waste into the circular economy sys-
tem offers several advantages. Firstly, there are economic
benefits, such as reducing the cost of purchasing primary
materials, the development of new business models such
as leasing and remanufacturing, and the creation of addi-
tional market opportunities. Secondly, environmental sus-
tainability is promoted by reducing CO, emissions through
decreased waste incineration and extraction of natural re-
sources, alongside reducing environmental pollution, for
example, diminishing the quantity of plastic waste in the
world’s oceans. Thirdly, there are social benefits, including
the creation of new jobs in recycling and eco-design sec-
tors, as well as enhancing public awareness of the responsi-
ble use of resources.

To ensure the functioning of the waste management
system, following European legislation, the activities of
specialised enterprises covering the various stages of waste
management are necessary. Such enterprises may have dif-
ferent work profiles depending on the type of waste and its
treatment methods. A separate group consists of enterpris-
es that collect mixed waste, deliver it to landfills, and subse-
quently sort it. Organic waste can be used to produce bio-
gas or compost, whilst inorganic waste is pressed, crushed,
and sent to processing plants for the manufacture of vari-
ous equipment and consumer goods. In Ukraine, such en-
terprises have been created based on solid waste landfills
near Lviv, Kropyvnytskyi, and Kharkiv, and there is also a
waste recycling line in the Chernivtsi Region. In addition,
two plants operate in the Zakarpattia Region, two in Vin-
nytsia, and one each in Kharkiv and Cherkasy (Garbage
recycling..., 2024). Some enterprises accept pre-sorted sec-
ondary raw materials by individual categories. They oper-
ate through reception points or through agreements with

200.0
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building owners who install specially marked containers
for sorting. Such points operate in every city and a signif-
icant number of villages, contributing to the expansion of
the practice of secondary material use.

Another type of enterprise is engaged exclusively in
waste sorting, selecting equipment according to its capabil-
ities. The sorted raw materials are sold to processing plants
for further use in production processes. There are approx-
imately 30 such sorting stations in Ukraine (Garbage recy-
cling..., 2024). In addition, a separate category consists of
enterprises that directly process secondary raw materials.
In Ukraine, about 20 plants specialise in the processing of
waste paper, about 30 specialise in glass containers, and
about 40 specialise in plastics. Often, the same enterpris-
es that previously operated as reception and sorting points
also engage in recycling (Garbage recycling..., 2024). Thus,
effective waste management and its integration into the cir-
cular economy system not only minimises the negative im-
pact on the environment but also contributes to economic
development and the promotion of social responsibility.

Recycling companies purchase waste paper, plastic, and
cullet from outside Ukraine due to the low percentage of
domestic sorting, whilst some European countries achieve
over 90% waste recycling rates (Dolzhenkova, 2023). The
experience of European and other countries in the field of
waste management can be utilised to organise waste-free
production and significantly reduce waste at the national
level. Even before the full-scale invasion, 51 MW of biogas
capacity had been created in different regions of Ukraine
based on landfills and agricultural waste — more than 30 in-
stallations. The first stage of the world’s largest biogas plant
has been opened in the Vinnytsia Region. However, this
does not solve the problem of waste accumulation in gen-
eral — waste volumes are not decreasing, and it is not eco-
nomically viable to incinerate it all. Instead, the processing
of sorted waste, which becomes secondary raw material, is
highly effective (Garbage recycling..., 2024). The gross do-
mestic product (GDP) waste intensity indicator illustrates
the share of waste in the creation of GDP. As shown in Fig-
ure 2, waste intensity increased gradually from 2015 (ap-
proximately 100%) to 2024 (approximately 141%).

750.0

600.0

450.0 mmmm Waste intensity of GDP, %

s Share of incinerated and recycled
waste in total waste generated, %

eV olume of waste generated by all
types of economic activity per unit of
GDP, kg per 1,000 USD at PPP 2011

300.0

150.0

" LY

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024*

Figure 2. Main parameters of waste generation and disposal in Ukraine, 2015-2024

Note: * - preliminary data

Source: calculated by the author based on data from I. Werner (2024), Goal 12: Responsible consumption and production (n.d.)

22 Innovation and Sustainability, 2025, Vol. 5, No. 1



In 2022, the waste intensity of GDP reached its highest
value (158.2%), indicating an increase in waste generation
relative to economic growth. In 2023, the figure decreased
to 143.7%, and the forecast for 2024 is 140.9%. This may
indicate a stabilisation of the situation and the implemen-
tation of certain measures to optimise waste management.
The main reasons for the increase can be identified as:

a) an increase in the volume of economic activity,
which is accompanied by greater waste generation;

b) a possible rise in the share of sectors of the economy
with high waste intensity, such as industry or construction.

The data indicate a significant waste intensity within
the Ukrainian economy, which has fluctuated in recent
years but shows a tendency to gradually decrease. This may
be a consequence of changes in the structure of production
caused by military operations in Ukraine. The growth of
this indicator suggests that the country’s economy remains
largely dependent on a linear model - the creation of prod-
ucts without consideration for recycling. This presents a
challenge for the transition to a CE.

The indicator of the share of incinerated and recycled
waste in the total volume of waste generated demonstrates
the efficiency of waste recycling and disposal processes. The
data in Figure 2 shows that the share has remained almost
stable at 20%-25% throughout the years. Among the main
factors causing such “stability” are the lack of significant
changes in waste management policies or technologies, and
possibly insufficient motivation for enterprises or an un-
derdeveloped recycling infrastructure. With the growth of
the total volume of waste, this stable share implies that the
absolute amount of non-recycled waste is also increasing.
This situation highlights the need to introduce innovative
waste recycling and disposal technologies.

Another analysed indicator - the volume of waste
generated per unit of GDP (kg per 1,000 USD) - reflects
how much waste is generated in creating a certain vol-
ume of GDDP, that is, it serves as an indicator of resource
efficiency. As the analysis data (Fig. 2) shows, the indica-
tor increased from 2015 (approximately 450 kg) to 2021
(approximately 650 kg). Among the main reasons for this
growth are the decline (or absence) of resource-eflicient
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technologies, as well as a decrease in the share of high-tech,
less resource-intensive industries. The economy is gradu-
ally losing its resource efficiency, which once again under-
lines the relevance of transitioning towards the principles
of sustainable development. The growth of specific waste
volumes indicates a decline in the potential for integrating
the principles of a circular economy, creating an additional
burden on both the environment and the economic system.

One of the key signals of this process is the increase
in the waste intensity of GDP, which demonstrates grow-
ing environmental pressure. To reduce this indicator, it is
necessary to implement measures aimed at transitioning
to cleaner technologies, encouraging enterprises to use
secondary resources, and developing eco-design and more
efficient production processes. However, without a com-
prehensive state policy and investments in relevant inno-
vations, it will be difficult to change the situation. An ad-
ditional problem remains the low share of recycled waste,
which currently amounts to only about 20%. This situation
requires active investment in the development of waste re-
cycling infrastructure, the introduction of effective mecha-
nisms to support companies engaged in the secondary use
of materials, as well as the strengthening of state regulation
in the field of waste management. The lack of appropriate
policies and financing threatens further waste accumula-
tion and an increased negative impact on ecosystems.

The negative trend in the growth of waste per unit of
GDP indicates a gradual deterioration of production pro-
cesses, which poses a threat to future economic develop-
ment. This indicator should be used as one of the key cri-
teria for assessing the impact of the circular economy and
the effectiveness of environmental initiatives. Its monitor-
ing and analysis will enable a timely response to problems
and the adjustment of sustainable development strategies
aimed at optimising resource use and minimising waste. In
order to confirm the relevance and necessity of implement-
ing the principles and elements of the CE, it is necessary
to analyse several other important indicators, namely: the
number of waste processing plants, their capacity by type
of plant, and the number and volume of landfills for waste
disposal (storage) — Table 1.

Table 1. Number of waste treatment facilities and landfills for waste disposal (as at the end of the year)

Number, units Installed capacity, thousand tonnes Residual capacity, million m*
* — * — *
I~ N Q iy Q N Q s I I Q s
=) =) =) a =) =) =) g =) =) =) g
Q Q Q ] Q Q Q S Q Q Q S
Total number of waste | ;)¢ 546 | 413 | 388 | 200152 | 9,079.6 | 6,3842 | 48417 - - - -
treatment facilities
for waste incineration
to produce energy or | 304 | 264 | 239 | 221 | 1,186.1 | 1,106.0 | 1,321.8 | 1,278.1 - - - -
material products
for waste incineration
for the purpose of heat | 88 71 59 53 112.8 72.8 82.9 81.0 - - - -
treatment of waste
for waste recovery 251 191 110 95 12,779.6 | 7,885.7 | 4,977.8 | 4,107.5 - - - -
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Continued Table 1

Number, units Installed capacity, thousand tonnes Residual capacity, million m*

= 8 8 ¥ S 8 ] 3 S Q ] 3

) ) ) s ) ) ) g ) ) =) I

Q Q Q 4 Q Q Q K Q Q Q K
other waste treatment

facilities for permanent |, 20 5 3 15.1 15.1 17 10 _ _ B B
storage and disposal of

waste
Lag.dﬁns forwaste |} cag 1453 1,331 1,217 - - - — 1 3,809.0 | 4,083.6 | 3,8959 | 3,359.7
isposal, total
of Whldvt;;feuseh‘ﬂd 778 | 794 | 791 | 787 - - - - 160.3 | 1472 | 1564 1543

Note: data exclude the temporarily occupied territory of the Autonomous Republic of Crimea, the city of Sevastopol, and parts of the

temporarily occupied territories in the Donetsk and Luhansk regions; * - preliminary data

Source: calculated by the author based on I. Werner (2024), Goal 12: Responsible consumption and production (n.d.)

The number of waste treatment plants decreased by
28.9% over the period 2021-2024. The largest decrease
occurred among waste recovery plants (-62%). There is a
decline in plants for the incineration of waste for energy
use (-27%) and for incineration without energy produc-
tion (-40%). The number of other plants for the permanent
storage and disposal of waste has decreased particularly
significantly (-85%). The total installed capacity of waste
treatment plants decreased (-75.8%). The largest drop in
capacity occurred at waste recovery plants (-67.8%). At
the same time, the capacity of waste incineration plants
increased in 2023, but decreased again in 2024. The total
number of landfills is gradually decreasing (-28%). Despite
this, the residual volume of landfills does not show a sta-
ble decrease. It first increased in 2022 and then decreased
in 2024. The number of landfills for household waste has
hardly changed, and their residual volume remains high.

The analysis revealed a general negative trend in the
reduction of waste treatment facilities, which contradicts
the principles of the circular economy. The decline in waste
recovery is particularly noticeable, which may indicate in-
sufficient funding, technological lag, or weak state policy
supporting the recycling industry. At the same time, the
number of landfills for waste disposal is gradually decreas-
ing, but their residual volume does not show a sustainable
reduction. This may mean that a significant proportion of
waste continues to accumulate in existing landfills rather
than being effectively recycled or disposed of.

A positive aspect is the effort to increase the efficiency
of waste incineration, particularly for energy production,

but the total capacity of such facilities fluctuates, which
may indicate unstable operation or limited resources. It is
important to accelerate the modernisation of processing fa-
cilities and introduce technologies that reduce dependence
on landfills. Special attention should be paid to the use of
automated sorting systems based on artificial intelligence,
as well as the creation of incentives for businesses engaged
in the recycling and reuse of materials. It is important to
consider the fact that military operations are being conduct-
ed on the territory of Ukraine, and that the data provided
excludes the temporarily occupied territory of the Autono-
mous Republic of Crimea, the city of Sevastopol, and parts
of the temporarily occupied territories in the Donetsk and
Luhansk regions. Thus, the analysis of the above indicators
allows the following conclusions to be drawn:

1. The reduction in the number of waste treatment fa-
cilities and landfills may indicate optimisation of the waste
management system, as well as transitions to other forms of
utilisation or a reduction in waste generation.

2. The largest reduction concerns waste recovery facil-
ities, which is a negative signal, as this is a key component
of the CE.

3. A slight increase in the residual volume of landfills in
2022 may be associated with the reconfiguration of landfills
or more efficient waste management.

Based on the trends described in Table 1, quantitative
forecasts can be made regarding changes by 2025 (Table 2).
To do this, the average rates of change in the number of fa-
cilities and capacity, as well as the reduction in the residual
volume of landfills, will be taken into account.

Table 2. Forecast of key indicators for 2025 (summarised)

Indicator 2023 2024 (forecast) 2025 (forecast)
Number of treatment plants 413 330 260
Capacity of plants (thousand tonnes) 6,384.2 4,788 3,590
Number of landfills for disposal 1,331 1,130 960
Residual volume of landfills (million m?) 3,895.9 3,820 3,740
Number of municipal waste landfills 791 690 600
Residual volume of municipal waste 156.4 150 145

Source: author’s calculations
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The calculations show that there is a trend towards in-
frastructure reduction: the number of facilities and landfills
is decreasing, which may lead to an increase in the burden
on residual facilities or the need to introduce new technol-
ogies. Capacity decline: If waste treatment capacity contin-
ues to decline at this rate, it may cause problems with pro-
cessing significant volumes of waste, especially in densely
populated regions. Need for modernisation: Investments
are needed in modern waste recovery facilities, as they
show the greatest reduction in both volume and capacity.
The main recommendations for effective waste manage-
ment and the development of a circular economy are to in-
troduce new recycling technologies, improve the efficiency
of existing facilities, and encourage the reuse of materials.
One of the key areas is the development of waste disposal
technologies that will reduce dependence on landfills. This
requires supporting scientific research in the field of mate-
rials recycling, introducing new mechanical and chemical
methods of waste treatment, and encouraging businesses to
invest in innovative approaches.

An important aspect is the modernisation of existing
recycling plants and the expansion of their capacity. The
use of automated sorting systems based on artificial intelli-
gence and machine learning technologies can significantly
increase the efficiency of this process. For example, sorting
robots are used in Sweden and the Netherlands that use
computer vision to recognise and separate materials in the
waste stream. Such technologies increase the accuracy and
speed of sorting, reducing the amount of residual waste and
improving the quality of secondary raw materials.

Encouraging recycling and the reuse of materials also
plays an important role in reducing waste. Effective tools
may include tax incentives for companies that implement
environmentally friendly production cycles or subsidies
for small businesses that use secondary raw materials. In
Germany and Austria, a system of “green certificates” is
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in place, which encourages enterprises to use secondary
materials, contributing to the formation of an environ-
mentally responsible business environment. In addition, it
is necessary to conduct an analysis of the environmental
efficiency of landfills and gradually reduce their number,
replacing them with modern waste processing and disposal
complexes. The experience of Singapore and South Korea
demonstrates that the creation of centralised processing
complexes that combine mechanical sorting, chemical re-
covery, and energy production can significantly reduce the
amount of waste entering landfills. Thus, the development
of innovative technologies, the application of artificial in-
telligence in sorting and recycling, as well as support for
businesses in implementing environmentally responsi-
ble approaches, can significantly increase the efficiency of
waste management and contribute to the development of a
circular economy.

As the results of the analysis shown in Table 3 indicate,
during the period 2010-2024, the volume of capital invest-
ments in the waste management sector increased by 7.2
times. However, it is necessary to note the uneven dynam-
ics, with sharp fluctuations. The share of capital investments
in total investments in environmental protection changed
unevenly, with peaks in 2019 and 2022. There was an av-
erage increase in the share for 2010-2024, which indicates
a gradual reorientation of capital investments specifically
towards waste management. Current expenses during the
period 2010-2024 increased by 4.6 times. The dynamics are
relatively stable, with an average annual increase of approx-
imately 6%-8%. In 2022, there was a decrease due to mar-
tial law in Ukraine; however, in 2023, expenses returned to
the level of 2021. The share of current expenditures in total
environmental protection expenditures increased by 12.1%
over the period 2010-2024. Between 2015 and 2024, the
share stabilised at 36%-40%, indicating a continued focus
on current waste management expenditures.

Table 3. Dynamics of expenses in the field of “waste management” in Ukraine

Years Rate of

Indicator name

2010 2015 2018 2019

change, %

2020 2021 2022 2023 2024*

Capital investments,
at current prices,
million UAH

475.6 737.5 1,182.1 | 5,754.3

2,899.8 | 3,719.6 | 2,795.9 | 3,204.6 | 3,428.1 | 7.2times

Share in the total
amount of capital
investments in
environmental
protection, %

17.2 9.6 354

21.9 26.4 43.4 33.5 +16.3

Current expenses, at
current prices, million
UAH

2,599.6 | 6,801.9 | 8,830.2 | 10,227.1

11,197.2 | 11,501.1 | 8,963.5 | 11,310.0 | 12,028.5 | 4.6 times

Share in the total
amount of current
expenses for
environmental
protection, %

25.1 40.2 36.3 37.2

40.0 37.5 37.2 37.2 +12.1

Note: * - preliminary data

Source: calculated by the author based on data from I. Werner (2024), Goal 12: Responsible consumption and production (n.d.)
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Based on the average rate of change in recent years
(2020-2024: +10% annually), it is possible to forecast the
volume of capital investments in 2025 to be approximately
3,876 million UAH. However, taking into account external
factors (martial law, limited funding), growth may slow
down. The share of capital investments in total investments
in environmental protection, assuming the upward trend
continues (albeit with possible fluctuations), will be ap-
proximately 42%-45% in 2025. The forecast for the volume
of current expenses (assuming stable growth with an aver-
age annual increase of 6%-8%) can be outlined within the
following limits for 2025: about 13,150 million UAH. At the
same time, the share of current expenditures in total envi-
ronmental protection expenditures is expected to stabilise
at 38%40%, unless there are drastic changes in state policy.

The results of the analysis allow the following conclu-
sions to be drawn:

1. In the field of waste management, there is a positive
dynamic in the increase in funding, both capital and cur-
rent, which indicates an increase in attention to environ-
mental issues.

2. The largest increase in capital investments occurred
in 2019; however, there has since been stable, moderate
growth.

3. Current expenditures have remained stable, even
under wartime conditions, which indicates their impor-
tance for supporting the main processes in the field of
waste management.

4. In 2025-2026, an increase in funding can be expect-
ed, although external factors (war, economic situation) may
slow the pace.

It should be noted that, as a result of military opera-
tions in Ukraine, a significant amount of demolition waste
has been generated. As of April 2024, according to the Min-
istry of Community, Territorial and Infrastructure Devel-
opment of Ukraine, the volume of such waste exceeded 223
thousand tonnes. In particular, more than 189 thousand
tonnes were recorded in Kyiv Region, more than 6 thou-
sand tonnes in Mykolaiv Region, and about 1.9 thousand
tons in Odesa Region (Consequences of the war..., 2024).
In April 2024, the Ministry of Environmental Protection
and Natural Resources of Ukraine reported that the total
volume of demolition waste across the country exceeded
670 thousand tonnes (Since the beginning..., 2023). It is
worth noting that official statistics may not account for
some waste remaining at the sites of its generation and not
subject to formal recording. In addition, due to martial law,
the State Statistics Service of Ukraine has limited the pub-
lication of detailed data on waste generation and treatment
(Churikanova, 2020). Given the limited availability of offi-
cial information, accurate data on the volume of waste relat-
ed to military operations may be incomplete. However, the
available figures indicate the scale of the problem and the
need for effective management of such waste to minimise
its negative impact on the environment and public health.

Studies highlighting the importance of implementing
innovative approaches to waste management support the

hypothesis that new technologies are needed in this pro-
cess. As noted by N. Cherry (2024), the use of artificial
intelligence to optimise business models and improve in-
frastructure is an important factor in the transition to a cir-
cular economy. These results are consistent with this con-
clusion, as the implementation of automated sorting and
recycling systems increases the efficiency of waste manage-
ment and reduces waste volume. S.A. Bandh et al. (2025)
argued that waste management and the circular economy
are two of the most important concepts contributing to
sustainable approaches to environmental protection. The
adoption of these principles contributes to the creation of a
more sustainable future for current and future generations.
According to H. Richter (2024), projects aimed at cleaning
polluted water bodies using floating systems made of recy-
cled materials have demonstrated effectiveness in reducing
pollution and reusing resources. It is appropriate to agree
with this approach, as it is consistent with the principles
of a circular economy; however, research showed that the
implementation of such technologies requires significant
investment and government support.

It fully supported the idea that the CE paradigm can
also be extended by using the waste management sector to
transform waste into resources. In comparison with previ-
ous studies, M. Arena et al. (2021) attempt to outline how
a waste collection and recycling system can contribute to
overcoming some of the cultural, technological, regulatory,
and market barriers that affect the demand and supply of
recycled material. K. Kotyal (2023) also explored the main
challenges and opportunities in the context of sustainable
waste management, identifying key areas for improvement
and innovation to facilitate the transition to a circular
economy. A.S. Rosokhata & M.G. Minchenko (2023) ana-
lysed in detail the main tools of the circular economy and
their application in Ukraine. The authors compared the dy-
namics of waste management in Ukraine and EU countries,
which is consistent with the conclusions about the need to
adapt European practices to improve the national waste
management system. The idea proposed by A.S. Rosokhata
& M.G. Minchenko (2023) on the importance of extend-
ed producer responsibility (EPR) as a key mechanism for
waste minimisation deserves support. The analysis of the
formation of the circular thinking paradigm during war-
time conditions in Ukraine, conducted by N.I. Horbal &
S.V. Slipachyk (2023) is particularly relevant in the context
of this study. It is reasonable to agree with N.I. Horbal et
al. (2021) stated that the adaptation of EU methodologies
and the use of international experience can accelerate the
transition to a circular economy. However, the results indi-
cated that Ukraine needs to take into account specific eco-
nomic and social features for the effective implementation
of these methods.

The study by V.V. Roleders et al. (2024) on the con-
ceptual foundations of the circular economy and logistics
resource management models is an important addition to
this analysis. The authors emphasised the importance of
closed logistics chains for achieving environmental and
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economic benefits. This view is supported by the assump-
tion that integrating logistics principles into the circular
economy will contribute to the creation of effective busi-
ness solutions. M. Varfolomieiev & O. Churikanova (2020)
considered the problems of implementing the circular
economy in the global context and the possible obstacles
to its implementation in Ukraine. Their study confirmed
the conclusions regarding the need to form a state policy to
support circular business models. The authors also empha-
sise the importance of involving the private sector and the
public in the process of economic transformation.

The research of Ye. Mishenin & M. Vysochanska (2023)
on reforming solid waste management policy in Ukraine
was consistent with the conclusions regarding the need to
update national legislation by European standards. In addi-
tion, the study by M.V. Ruda et al. (2021) showed a signifi-
cant lag of Ukraine behind developed countries in the field
of the circular economy, which is confirmed by the results
obtained. The authors’ recommendations on the need for a
comprehensive approach to the implementation of the cir-
cular economy at the state level are supported. Considering
traditional linear supply chains and their transformation
into circular models is important for companies, consum-
ers, and the environment (Fahrni et al., 2024). The findings
confirmed that the use of circular chains creates strategic
advantages for businesses, reducing costs and increasing
resource efficiency. Similar results were obtained in the
study by T. Freundt et al. (2024), which demonstrated the
importance of “green” marketing strategies for attracting
consumers. Agreement with these findings is expressed,
and it is believed that further research can help to develop
effective mechanisms for stimulating the circular econo-
my at the enterprise level. The analysis of scientific sources
demonstrated a significant correlation between the results
of other researchers and the findings of this study. Most
studies confirmed that the implementation of a circular
economy requires a comprehensive approach, involving the
public and private sectors, developing innovative technol-
ogies, and adapting international experience. At the same
time, the specific conditions of Ukraine require the devel-
opment of individual strategies that take into account the
economic, environmental, and social aspects of this process.

Conclusions
The study achieved its goal — an analysis of the challeng-

es and prospects for implementing a circular economy in
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waste management in Ukraine was undertaken. The study
showed that the main obstacles on this path are insuffi-
cient infrastructure for waste collection and processing,
the economic inefficiency of certain processing technolo-
gies, and the lack of incentives for businesses to transition
to a circular model. In particular, the share of incinerated
and recycled waste in the total volume of waste generat-
ed remained almost stable at 20%-25% during 2015-2024,
which demonstrates the absence of significant changes in
waste management policies or technologies, as well as pos-
sible insufficient motivation for enterprises or the absence
of a developed recycling infrastructure. The existing waste
management system in Ukraine does not yet meet the prin-
ciples of a circular economy, as a significant part of resourc-
es is not returned to economic circulation but ends up in
landfills, which has a negative impact on the environment.

The results of the study confirmed that waste in the
circular economy is of strategic importance as a source of
secondary raw materials. Effective management of waste
contributes to environmental sustainability, economic
growth, and the reduction of the impact of human activ-
ity on the environment. To achieve these goals, it is nec-
essary to develop a modern infrastructure for the collec-
tion, sorting, and processing of waste, introduce effective
incentives for businesses, promote environmental aware-
ness among the population, and improve the legislative
framework to support the circular economy. Prospects for
further research in this area may be aimed at developing
mechanisms to stimulate businesses to implement circu-
lar models, conducting a detailed analysis of the econom-
ic efficiency of modern waste processing technologies at
the regional level, as well as studying the best practices
of European countries in integrating the principles of the
circular economy into national strategies. Finding ways to
adapt these solutions to the realities of Ukraine, taking
into account economic, social, and environmental factors,
is especially important.
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Waste management in the circular economy...

YnpaBniHHA BioXoaaMM VY LIMPKYIIAPHIN e KOHOMILLI:
CTOH TA BUKJTIMKN B YKPAIHI

Haramia Masyp

AOKTOP €KOHOMIYHMX HAYK, Mpodobecop

Kam'’dHeub-MOAIAbCbKMIM HALLIOHOABHMI YHIBEPCUTET iIMeHI IBaHa OrieHKa
32301, ByA. IBaHa OrieHka, 61, m. Kam'aHeLb-MOAIAbCbKMI, YKPAIHO
https://orcid.org/0000-0002-4670-6805

AHoTaUiA. [Tig yac mpoBefeHHs JOCTIPKEHHS JOCATHYTO METH, IO TOJIATaNA B OL[iHIli TOTOYHOTO CTaHY CUCTEMM
yIpaBIiHHA BigxomaMu B YKpaiHi Ta po3poOui pekoMeHpAauii mopo ii BJOCKOHa/JIeHHSA Ha OCHOBI IPUHUMNIIB
NUPKY/IApHOI eKkoHOMiKu. [[14 aHani3y npo6ieMy BUKOPUCTOBYBAJINCSA METOIY aHAII3y Ta CUHTE3Y, 10 03BOINIIO
OLIIHMUTY TeOPeTUYH] 3acaiy [UPKYIAPHOI eKOHOMIKM Ta IPMHLMIN YIpaBIiHHA Binxomamu. [I1g 360py Ta aHanisy
eMITIPMYHMX JJaHUX 6Y/I0 BUKOPUCTAHO METOJ CTaTUCTUYHOTO aHaji3y, I IPOrHO3yBaHHA MOXK/IVBUX CLieHapiiB
PO3BUTKY YyNpaBliHHA Bigxogamnu fo 2025 poky — MeToJ, MOJeNOBaHHA. Pesynbraty foCTif>KeHHA 3acBigumin,
IO €KOHOMiKa YKpaiHM 3HAa4HOI0O MipOI0 3a/lMIIAEThCA 3a/Ie)KHOI BiJj MiHIHOI MOfeni, 1[0 XapaKTepU3yeTbCA
CTBOpPEHHAM IPOAYKILii 63 ypaxyBaHHA IOfaNbLIOL Hepepobku. Lle mifTBepKyETHCA 3pOCTaHHAM BiIXOZ0EMHOCTI
BHYTpilIHbOro BajoBoro npopykry (BBII), ska cBiguuTh mpo BifCYTHICTD CYTTEBMUX 3MiH y BIPOBaj>KeHHI
pecypcoedexTuBHMX TexHojoriit. CrabinpHa YacTKa YTUIi30BaHMX Ta CHaJeHUX Bimxomis (20-25 %) Ha ¢oui
3pOCTaHHSA 3arajbHOrO OOCATY YTBOPEHNUX BifIXO[iB BKa3ye Ha HeNOCTATHICTb 3MiH y TeXHOJIOTiAX Ta MOMiTHUIH
IIOBOJ>KEHHA 3 BifxogaMu, a Tako>X Opak po3BuHeHO!I iHppacTpykTypu nepepo6bxu. Lle npusBoauThb [0 36iN1blIeHHA
KiZIbKOCTI HEyTM/II30BAaHMUX BiXOJiB, IO BMMAra€ 3alPOBAJPKEHHs IHHOBALIIHMX TEXHOJOTI Ta IiJBULIEHHSA
MoTMBauil s mifnpueMcTB. 36i1bLUIeHHA 006CATy yTBOPeHNX BinXopis Ha ofuHuiio BBII neMoHCcTpye TeHAeHI O
IO 3HIDKEHHSA pecypcoedeKTUBHOCTI eKOHOMIKM, OJHOYACHO CIIOCTEPira€Tbcs CKOPOYEHHS KiNbKOCTI 06’€KTiB
iHppacTpyKTypu [Is MOBOMXKeHHA 3 Bimxomamu. ITo3UTMBHMM acnekToM € 30inblieHHs (iHaHCYBaHHA Y cdepi
MOBOJ)KEHHA 3 BiXOJaMl, 30KpeMa KamiTasbHUX iHBecTunii. Ilonpy BUKIMKY, IOTOYHI BUTPATU 3a/IUILAIOTHCS
cTabiIbHYMM HaBiTh B yMOBaxX BiJfHM, IO CBiTYUTD IIPO PO3YMIiHHSA BaXX/IMBOCTI MIATPUMKY eKONTOTiYHMX iHiniaTnB.
Meroponoriyuuit minxif, omyucaHmit y po6ori, 3abe3medye Npo3opicTh IpOIeCy HROCHIIKEHHH, L0 JJO3BOJAE
MOBTOPUTH JIOTO 3 BUKOPVMCTAHHAM aHAJOTiYHNMX METOAIB i PKepesn JaHuX

KAIOHOBi CAOBQ: LMPKY/ISPHICTD; 3aMKHEHMII LMKI; Pecypcy; MOBTOPHE BUKOPUCTAHHS; YTWIi3allis BifXOmiB;
IOBO/IKEHHA 3 BiIXOaMM

30 Innovation and Sustainability, 2025, Vol. 5, No. 1


https://orcid.org/0000-0002-4670-6805

