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Abstract. The relevance of the study is conditioned by the aggravation of the global problem of waste management
against the background of accelerating digital transformation of production systems. More than 2 billion tonnes of solid
household waste are generated annually in the world, and by 2050 this figure, according to various estimates, will grow
to 3.4-3.8 billion tonnes, while the share of processed products remains critically low even in developed countries. The
purpose of the study was to systematise the evolution of conceptual approaches to waste management from its disposal to
the development of a resource economy, to assess the role of institutional and regulatory mechanisms in this transition, and
to substantiate the impact of Industry 4.0 technologies and human-centred Industry 5.0 principles on the transformation
of the resource management system. The methodological basis was a systematic review of the literature, comparative and
analytical and institutional analysis of scientific publications indexed in Scopus and Web of Science for 2016-2024, analysis
of corporate practice cases, and a secondary analysis of official reports and EU regulations. Six conceptual stages of waste
management evolution have been identified, a threshold relationship between the rate of the landfill tax and the level of
recycling in the EU countries has been established depending on regulatory instruments, the role of Al, IoT, blockchain,
and digital product passports as catalysts for a closed material cycle in Industry 4.0 logic has been determined, and the
concept of “Circular Economy 5.0”, which integrates human-centredness, resilience, and resource efficiency, has been
substantiated. The practical significance of the study lies in the development of the author’s conceptual model of transition
to a resource economy in the context of Industry 5.0, which can serve as a basis for developing strategies for the “green”
restoration of Ukraine in the context of post-war reconstruction

Keywords: waste hierarchy; circular economy; industrial symbiosis; digital transformation; regulatory mechanisms;
digital product passport; post-war recovery

Introduction

Waste management is one of the most pressing challenges
of our time. The volume of waste generation is growing at a
faster pace, while the level of its re-involvement in econom-
ic circulation remains insufficient even in countries with a
developed regulatory system. The digitalisation of produc-
tion systems — the emergence of Industry 4.0 technologies
and the human-centred paradigm Industry 5.0 - radically
changes the technological capabilities of managing mate-
rial flows. For Ukraine, this issue is particularly acute, as
it intersects with the challenges of post-war reconstruction
and commitments to European integration. The scale of the
problem is illustrated by global estimates: more than 2 bil-
lion tonnes of solid household waste are generated annually

in the world, and by the middle of the century this figure is
projected to grow by approximately 1.7 times, while green-
house gas emissions from the waste sector are approach-
ing 2.4 billion tonnes of CO, equivalent (Kaza et al., 2018).
Despite regulatory progress, in particular in the EU, over-
all resource efficiency remains low, and the share of circu-
lar use of materials is measured only in units of percent.

The transformation of conceptual approaches to waste
management took place gradually - from primitive dis-
posal and incineration to complex recycling strategies,
and later — to systemic models of the circular and resource
economy. Digitalisation has become a cardinal factor in
the current round of this transformation. Industry 5.0,
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presented by the European Commission, redefines the
very logic of production, shifting the focus from produc-
tivity to human-centredness, sustainability, and resiliency,
which directly resonates with the principles of the resource
economy. The paper by M. Breque et al. (2021) explored
the concept of Industry 5.0, with an emphasis on sustain-
ability, human-centredness and sustainability of produc-
tion; concluded that digitalisation should be combined
with environmental and social goals. M. Friant et al. (2020)
systematised different approaches to the circular economy
and showed the absence of a single interpretation of it. The
European Commission (2020) identified the main areas of
the EU’s transition to a circular economy, in particular, re-
ducing the use of resources, preventing waste generation,
and developing reuse and recycling. P. Rosa et al. (2020)
analysed the relationship between the circular economy
and Industry 4.0 and identified the significant potential
of digital technologies for resource efficiency and circular
business models. X. Xu et al. (2021) examined the devel-
opment of Industry 4.0 and Industry 5.0 and concluded
that the future of manufacturing involves combining dig-
ital technologies with the principles of human-centredness
and sustainable development. A. Mandpe et al. (2023) in-
vestigated the application of circular economy principles to
sustainable solid waste management in developing coun-
tries. The researchers showed that a combination of waste
prevention, reuse, recycling, and resource recovery can
improve the efficiency of waste management systems and
promote sustainable development.

Despite a large number of publications in the field of
circular and resource economics, there is a lack of compre-
hensive research in the literature that systematically com-
bines the evolutionary logic of the transition from waste
disposal to the resource economy paradigm with a critical
analysis of institutional mechanisms and digital technolo-
gies of Industry 4.0 and 5.0 — especially in the context of
countries undergoing transformation or post-war recon-
struction. It is the filling of this gap that determines the
scientific originality of the study. The purpose of the study
was to systematise and critically analyse the evolution of
conceptual approaches to waste management from pri-
mary disposal to the development of a resource economy,
assess the role of institutional and regulatory mechanisms,
and substantiate the importance of Industry 4.0 and 5.0 as
catalysts for a new paradigm. To achieve this goal, the fol-
lowing tasks were defined: to identify and characterise the
conceptual stages of the evolution of waste management to-
gether with their theoretical foundations; to assess the role
of EU institutional and regulatory mechanisms in the tran-
sition to a circular and resource economy; to substantiate
the contribution of Industry 4.0 and 5.0 technologies to the
development of a new paradigm of resource management.

Materials and Methods

The study was implemented in the format of a systemat-
ic review of the literature, supplemented by comparative
analytical, institutional and case analysis, and secondary

analysis of official report data. This combined design is
conditioned by the interdisciplinary nature of the subject,
combining technological, regulatory, and economic di-
mensions. The Scopus and Web of Science databases were
used to select the sources; search queries were formulated
using the keywords “waste management”, “circular econo-
my’, “resource economy’, “waste hierarchy”, “Industry 4.0%,
“Industry 5.0, and “digital product passport” in the titles
and keywords of publications. The chronological scope of
the initial search was 2016-2024; however, for conceptual-
ly significant studies, the scope was extended to 1990. The
inclusion criteria were peer-reviewed papers of categories
Q1-Q3 of the Scopus database, reviews and monographs
published by Elsevier, Springer, and Wiley, and official doc-
uments of the European Commission, the World Bank, Eu-
rostat and The Ellen MacArthur Foundation; the exclusion
criteria were abstracts, dissertations, and non-commercial
Internet sources without DOI. The primary array consist-
ed of 74 publications, of which 28 were selected for direct
analysis after consecutive screening (based on the relevance
of the title, abstract, and full text).

To reconstruct the evolution of conceptual approaches,
each selected stage was compared according to a unified set
of criteria: the dominant attitude to waste as an object of
management; a key regulatory act; the level of closeness of
the material cycle; the level of digital maturity. These four
criteria form a consolidated comparative matrix, while ad-
ditional dimensions - resource value orientation, econom-
ic effects, and the role of digital technologies — are revealed
in the narrative description of each stage to avoid matrix
overload. Regulatory mechanisms were investigated using
the “incentives — information — infrastructure” analytical
framework (Milios, 2018), which allows explaining differ-
ences in the pace of transition between EU countries. To
verify the conceptual generalisations at the practical level,
corporate and territorial case studies (Renault Group, Ap-
ple Inc., Michelin, and the Kalundborg industrial symbi-
osis) were analysed, drawing on corporate and industry
reports as their source material. This method was used as
an illustrative and confirmatory method, and not as an in-
dependent empirical study. Quantitative indicators were
borrowed from Eurostat statistical databases (n.d.), World
Bank reports “What a Waste 2.0” (Kaza et al., 2018), re-
ports of the European Environmental Protection Agency,
materials from UNEP (2024) and IEA (n.d.). The regulato-
ry framework consisted of texts of EU directives and regu-
lations available through the official EUR-Lex portal.

Results and Discussion

Six conceptual stages in the evolution

of waste management

The analysis identified six conceptual stages in the evolu-
tion of waste management, which differ not only in tech-
nological characteristics, but also in the regulatory context,
economic effects, and level of digital maturity. Unlike the
classic five-stage models (Negrete-Cardoso et al., 2022), the
proposed approach identifies the digital-human-centred
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stage as an independent, rather than as a component of the
resource economy, which more accurately reflects the qual-
itative leap caused by Industry 4.0 and 5.0.

Stage 1. Disposal and incineration (before the
1970s): linear waste disposal without a reverse cycle. For
most of the industrial age, waste was perceived solely as an
undesirable byproduct of production and consumption to
be disposed of. The dominant methods were landfill dis-
posal and open incineration. This approach is characterised
by a linear “take — make - dispose” model, which involves
the unilateral movement of materials from natural resourc-
es to landfill without any reverse cycle (Geissdoerfer et
al., 2017). The economic effects of this stage were hidden:
disposal costs were low (an average of 5 5-15/tonne until
the 1970s), but external externalities (groundwater, air pol-
lution, the occurrence of “NIMBY syndrome”) were never
taken into consideration in market prices. The lack of a reg-
ulatory framework meant that the “price” of waste for the
producer was zero, which systematically stimulated their
excessive formation.

Stage 2. Waste hierarchy and regulatory design of
the concept (1970s-1990s). The paradigm shift began
with the advent of environmental legislation. A key con-
ceptual innovation was the “waste hierarchy”, which prior-
itised waste prevention over recycling and recycling over
disposal. This hierarchy was subsequently consolidated in
the EU Waste Framework Directive (Directive of the Eu-
ropean Parliament and Council of the European Union
No. 2008/98/EC) and remains the regulatory core of the
EU regulatory field. The researchers emphasise, however,
that the waste hierarchy focuses on the “end-of-pipe” and
does not solve the problem of excessive resource consump-
tion at the beginning of the production chain (Murray et
al., 2017). Empirical data indicate that operationalising the
waste hierarchy through price signals is crucial: EU coun-
tries where the total cost of landfilling (landfill tax plus gate
fee) exceeds 100 EUR/tonne consistently achieve recycling
rates above 50%, whereas in countries where this threshold
is not reached, the recycling rate often remains below 30%.
Therefore, the real efliciency of the transition is determined
not by the waste hierarchy itself as a concept, but by its im-
plementation through price instruments.

Stage 3. Industrial ecology and symbiosis (1990s -
early 2000s). The next qualitative leap is associated with
the emergence of industrial ecology, a scientific discipline
that studies the flow of materials and energy in industrial
systems by analogy with natural ecosystems. The concept
of industrial symbiosis, popularised on the example of
Denmark’s Kalundborg, demonstrates how waste from one
enterprise can serve as resources for another (Ghisellini et
al., 2016). Kalundborg is the most documented example of
industrial symbiosis in the world. According to available es-
timates, the annual savings of participants in the symbiosis
are about EUR 24 million, while reducing CO, emissions
by about 635 thousand tonnes and saving about 3.6 million
m?® of water annually. At the same stage, the idea of “Cra-
dle to Cradle” by W. McDonough and M. Braungart, which
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promotes closed product design (McDonough & Braun-
gart, 2002). At this stage, there is a transition from main-
ly environmental control over industrial production to a
systematic vision of the relationship between enterprises,
resources, and natural ecosystems. Industrial ecology and
industrial symbiosis lay the foundations for the closed use
of materials and energy, and the concept of “Cradle to Cra-
dle” extends this principle to the entire product life cycle.

Stage 4. Circular economy: conceptual design and
standardisation (2010-2015). The term “circular econo-
my” (CE) became widespread in the 2010s due to the activ-
ities of the Ellen MacArthur Foundation (2013), which de-
fined it as an economy “conceived and focused on recovery
and regeneration” W. Stahel (2016) emphasised that CE is
a system transformation aimed at maximising the value of
resources through closed production loops and long-term
design. The conceptual heterogeneity of the CE was con-
firmed in the study by J. Kirchherr et al. (2017): 114 defi-
nitions analysed show that only a third of them contain an
explicit reference to the waste hierarchy, and the social di-
mension is almost not mentioned. R-hierarchy (9R Frame-
work), proposed by J. Potting et al. (2017), structures strat-
egies by priority: Refuse, Rethink, Reduce, Reuse, Repair,
Refurbish, Remanufacture, Repurpose, Recycle, Recover.

At this stage, the EU has formed a systematic regulato-
ry architecture - from the 2015 CE Package to the updated
2020 Circular Economy Action Plan (European Commis-
sion, 2020) — that covers the entire product lifecycle. L. Mil-
ios (2018) formulated an analytical triad of regulatory pre-
requisites for the transition to a circular economy: “the right
incentives” (price signals — landfill taxes and modulated
producer fees), “the right information” (material declara-
tions, certification, and product passports), and “the right
infrastructure” (separate collection, sorting, and recycling
systems). It is the underdevelopment of the “infrastructure”
in a broad sense that is the main barrier for most coun-
tries of Central and Eastern Europe, including Ukraine.

Stage 5. Resource economy: from circularity to full
resource efficiency (second half of the 2010s). Contem-
porary discourse goes beyond CE, forming the concept of
“resource economy” — a resource economy in which waste
is considered not as a residue, but as a secondary resource;
according to M. Esposito et al. (2018), this reflects a deep-
er transformation of enterprise competitive strategies. The
complete conceptual “disappearance” of waste as a cate-
gory is more of a strategic goal and a regulatory guideline
than an actual state achieved: the real volumes of individ-
ual waste streams (including electronic ones) continue to
grow, as discussed below. A series of new EU legislative acts
serves as a regulatory marker of this transition. Directive
(EU) of the European Parliament and Council of the Eu-
ropean Union No. 2019/904 (2019) set mandatory targets
for separate collection of PET bottles: 77% by 2025 and
90% by 2029. Regulation (EU) of the European Parliament
and Council of the European Union No. 2023/1542 (2023)
requires a 90% return of cobalt, copper, nickel and 50%
return of lithium by 2027.
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Stage 6. Digital dimension: Industry 4.0 and 5.0 as
catalysts for resource transformation (2020s and be-
yond). A qualitatively new dimension of waste manage-
ment transformation is Industry 4.0 technologies and the
human-centred Industry 5.0 paradigm. P. Rosa et al. (2020)
in a systematic review of 60 publications found that IoT,
Big Data, and blockchain technologies are the most studied
in the context of supporting circular strategies, although
the systemic macroeconomic effects remain poorly under-
stood. The key technology vectors of Industry 4.0 cover
several areas. First of all, these are Al and computer vision
systems in sorting: innovative optical sorters achieve a ca-
pacity of about 200 units/min with a purity of more than
95% (compared to 30-40 units/min and 65-80% with man-
ual sorting); according to UNEP (2024), the use of Al re-
duces the transport leg of waste collection by 36.8%, costs —
by 13.35%, time — by 28.22%. Equally important are IoT
and smart urban collection systems, where route optimisa-
tion reduces operating costs by 30-50% and transport CO,
emissions by 60%. A separate area forms a blockchain for
verification of material origin, which provides a constant
audit trail of material flows.

A fundamentally new step is the digital product pass-
port (DPP), introduced by the Regulation (EU) of the Eu-
ropean Parliament and Council of the European Union
No. 2024/1781 (2024). DPP is a digital record that accom-
panies a product throughout its entire lifecycle. Starting in
2027, DPP will become mandatory for industrial batteries
and electric vehicle accumulators, and by 2030 it will be
extended to textiles, electronics, and tires. The European
Commission estimates that DPP can generate approx-
imately EUR 16 billion/year of consumer benefits due to
improved maintainability.

Industry 5.0, presented by the European Commission
as a “sustainable, human-centred and resilient industry”

(Breque et al., 2021), is based on three core principles — hu-
man-centredness, constancy, and resiliency (Xu et al., 2021).
Unlike Industry 4.0, it transfers consistency and circularity
from the category of additional requirements to the cate-
gory of system-forming production principles. Corporate
practices indicate the operationalisation of these concepts.
Through its Refactory plant in Flins, Renault Group gen-
erates more than EUR 500 million per year from recycling
and remanufacturing; Apple has deployed the Daisy robot-
ic system, capable of dismantling up to 200 smartphones
per hour; Michelin has committed to increasing the share
of renewable materials in its tyres to 40% by 2030 and 100%
by 2050. However, technological optimism cannot ignore
Jevons paradox: increasing resource efficiency can drive
consumption growth. Industry 4.0 technologies themselves
have a significant carbon footprint — global data centres
consume more than 460 TWh/year (IEA, n.d.), and the vol-
ume of e-waste in 2022 reached 62 Mt with a recycling rate
of only 22.3%. The synthesis of these concepts forms what
is called “Circular Economy 5.0” - an integrated approach
where digital infrastructure is the means, not the goal.

Comparative analysis and author’s conceptual model
The proposed six-step model differs from the existing clas-
sifications in several aspects. Unlike bibliometric reviews
(Negrete-Cardoso et al., 2022; Khan et al., 2023), it focus-
es on the economic effects and performance indicators of
each stage. Incorporating regulatory analysis through the
triad proposed by L. Milios (2018) - “incentives, informa-
tion, infrastructure” - explains why some countries move
to higher levels of the waste hierarchy more rapidly than
others. Ultimately, the separation of Industry 4.0/5.0 into
an independent sixth stage corresponds to a qualitative leap
in technological capabilities, and not just their evolutionary
development.

Table 1. Comparative analysis of conceptual stages of waste management

Stage Name Attitude to waste Key regulatory act Cycle closure level | Digital maturity
1 (before the Llnfar waste Unwanted by- Absent Absent Absent
1970s) disposal product
Directive of the European
Waste Object of regulation Parliament and Council Low (recycling .
2 (1970s-1990s) hierarchy (end-of-pipe) of the European Union <30 %) Minimum
No. 2008/98/EC
3 (19905-20005) Indus.trlz.il Resourge for other Industrial an.d egwronmental Medlu@ (inter- Low
symbiosis businesses legislation enterprise level)
Resource in a closed | CE Package 2015; Action Plan | ..
4(2010-2015) CE loop 2020 (EC) High (system level) Average
5 (second half of | Resource Waste as a secondary Eur9pean Parliament and. Ver}r high ‘
the 20105) economy resource (the goal is | Council of the European Union | (material-waste- | High (LCA, DRS)
its “disappearance”) No. 2023/1542 free)
6(2020sand | Industry 4.0 / | Data and value in the | Reg. 2024/1781 (DPP); Ind. 5.0 | Complete (human- | Maximum (AL IoT,
beyond) 5.0 + CE 5.0 digital chain Policy (EC, 2021) centred resiliency) | blockchain, DPP)

Source: compiled by the author
For Ukraine, the transition to the later stages of the

described evolution is not only an ecological, but also an
economic and geopolitical priority. The current share of
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municipal waste processing in Ukraine is only 6-8% with
more than 90% disposal, which corresponds to conceptual
stages 1-2 according to the proposed model. The Law “On
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Waste Management”, adopted in 2022, is a necessary but
insufficient condition for the transition; its implementation
requires substantial investment and systemic institutional
design in line with the logic of the triad.

It is advisable to compare the results obtained with the
existing classifications and conclusions of other researchers
to outline common positions, differences, and unexplored
aspects. First of all, the proposed model correlates with the
bibliometric review by M. Negrete-Cardoso et al. 2022),
which recorded five dominant clusters of scientific publi-
cations — from “disposal” to “circular economy”. What is
common is the recognition of the step-by-step transition;
the difference is that the mentioned review does not sin-
gle out the digital dimension as an independent qualitative
leap. The proposed approach addresses this gap by concep-
tualising Industry 4.0/5.0 as a distinct paradigmatic trans-
formation rather than as a technological adjunct to the CE.
The threshold relationship established in the study between
the landfill tax rate and recycling efficiency is consistent
with the theoretical proposition of L. Milios (2018) on the
crucial role of price signals: the countries with the highest
recycling rates — the Netherlands, Belgium, Austria, Ger-
many — are characterised by a total disposal cost exceed-
ing 150 EUR/tonne. Furthermore, this result complements
the opinion of L. Milios regarding an empirical threshold
(100 EUR/tonne), below which the regulatory incentive
does not actually work.

The conceptual interpretation of CE in the current mo-
del is based on the classical definitions by P. Ghisellini et
al. (2016) and M. Geissdoerfer et al. (2017), who consid-
ered it as a regenerative system and trace its development
from industrial symbiosis. The current result confirms
their logic, but, in contrast to the mostly descriptive ap-
proach of these reviews, adds a regulatory and institutional
criterion for differentiating stages. The conceptual hetero-
geneity of the circular economy identified by J. Kirchherr et
al. (2017), based on 114 definitions, supports the decision
to construct the periodisation not around definitions, but
around measurable characteristics of the stages. Critical
positions of other authors outline the boundaries of the
proposed model. J. Korhonen et al. (2018) emphasised
that complete circularity is physically unattainable due to
the second law of thermodynamics, and T. Zink & R. Gey-
er (2017) formalised the “circular economy rebound” ef-
fect, in which secondary materials only partially displace
primary production. The data obtained on the growth of
the EU consumer footprint, despite the increase in resource
efficiency, empirically confirm these reservations.

As for the digital measurement, the current conclu-
sions coincide with P. Rosa et al. (2020) that IoT, Big Data,
and blockchain technologies are the most researched tools
to support circular strategies; the difference is that they
integrate into a broader evolutionary framework along
with the human-centred principles of Industry 5.0. The
analysis of the urban dimension of the problem (Man-
dpe et al., 2023), which emphasises the role of cities as both
major generators of waste and actors responsible for its
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management, complements the proposed model at the
meso level, while Eurostat data (n.d.) on the share of cir-
cular material use (11.5%) and investment in CE sectors
(EUR 121.6 billion in 2021) quantitatively delineate the gap
between policy declarations and the actual state of affairs.
For Ukraine, the practical significance of the results is de-
termined by the need for a “green leap” in the context of
post-war reconstruction, which generates unprecedented
amounts of construction waste. The proposed model deter-
mines the specific conceptual “address” of Ukraine in the
evolutionary trajectory (stages 1-2) and outline the regula-
tory and institutional prerequisites for an accelerated tran-
sition to stages 5-6, which distinguishes this study from the
analysis of CE-transformations focused on countries with
a developed waste management system. Summarising, the
comparison with previous studies confirms the main the-
ses of the paper on the phased transition and the crucial
role of price instruments, while clarifying them through
the addition of a digital-human-centred dimension and an
institutional differentiation criterion. The identified differ-
ences - first of all, the separation of Industry 4.0/5.0 into an
independent stage and the focus on transitive and post-war
economies — determine the scientific contribution of the
study and create the basis for further conclusions.

Conclusions

The analysis identified and characterised six conceptual
stages of the evolution of waste management: linear dis-
posal (disposal and incineration); waste hierarchy and
regulatory design; industrial ecology and symbiosis; CE;
resource economy; digital dimension - Industry 4.0 and
5.0. Each subsequent stage is built on top of the previous
one, including new dimensions of consistency, resource
value, and technological maturity. The study confirmed
that institutional prerequisites, not just conceptual dec-
larations, are crucial for the resource transition. Price
incentives (disposal fees, modulated EPR fees) are more
effective than policy statements: EU countries with a total
disposal cost of more than 100 EUR/tonne systematically
achieve a recycling share of more than 50%. The effective-
ness of the transition is ensured not by individual tools,
but by their coordination in the logic of the “incentives —
information - infrastructure” triad.

Digital tools form a qualitatively new dimension of
resource management. Industry 4.0 technologies (Al IoT,
blockchain) transform waste management from residual
management to precise resource management, providing
measurable reduction in operating costs (30-50%), reduc-
tion of CO, transport emissions (up to 60%), and improved
sorting purity (over 95%). A special role is played by the
Digital Product Data Sheet (DPP), which turns the product
life cycle into a transparent, verified information chain, and
becomes the regulatory core of the transition to a resource
economy. Industry 5.0 complements this toolkit with a so-
cial and environmental dimension, forming the concept of
“Circular Economy 5.0% in which digital infrastructure is a
means, not an end goal. The “rebound” effect remains a sys-
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temic constraint, highlighting the need for macroeconomic
management along with technological solutions.
For Ukraine, the results obtained are of direct applied

Industry 4.0/5.0 in the post-war reconstruction; empirical
measurement of the “rebound” effect at the micro level of
enterprises; and the study of social aspects of a fair tran-

importance: the country is at stages 1-2 of the evolution-  sition.

ary model, and the accelerated transition to stages 5-6 in

the context of post-war reconstruction requires the pri- Acknowledgements
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EBOIOLIA KOHLLENMLLIN NOBOONKEHHSA 3 BigxXoadmMu: Bif, YTUI3ALLil
0.0 pecypCcHOi eKOHOMIKM B KOHTeKCTi IHaycTpii 4.0 Ta 5.0

Terana Macmak

AOKTOP dhiroCOdil, ACUCTEHT

HauioHaAbHUI yHIBEPCUTET «AbBIBCHKA MOAITEXHIKON
79013, ByAa. CtenaHa baHaepu, 12, m. AbBiB, YKpdiHA
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AHOTALLIA. AKTYaIbHICTb JOCTIIKEHHS BUSHAYAETHCS 3aT0CTPEHHAM IJI06IbHOI IIPOG/IEMI TTOBOJPKEHHS 3 BiIXOaMu
Ha TIi IpucKopeHHA LudpoBoi TpanchopMalil BupobHiunx cucreM. [IlopiuHo y cBiTi yTBOPIOETLCS IIOHAL 2 MIIPJ, TOHH
TBepAyX 0OYTOBUX BifXOAiB, a Ko 2050 poKy Lielf NOKa3HK, 3a PiSHMMU OLiIHKaMM, 3pocTe J0 3,4-3,8 MyIpy TOHH, TOxi
AK 4acTKa IepepoOIeHol MPOAyKLil 3a/lUIIaeThcsl KPUTUYHO HU3BKOIO HaBiTh Y PO3BMHEHNUX KpaiHax. Mera poborn
[o/IATaIa B TOMY, II00 CUCTeMaTU3yBaTy €BOJIOLII0 KOHIENTYaIbHUX IIAXOAiB O NOBOMKEHHA 3 Biixomamu Bip ix
3aXOPOHEHHA 10 (POpMYBaHHA PECYpPCHOI €KOHOMIKY, OLiHMTY POJIb IHCTUTYLIMHUX Ta PETyIATOPHUX MeXaHi3MiB y
LIbOMY IIepeXofi, a TAKOXX OOIPYHTYBATy BIUIMB TeXHOJOTi IHgycTpil 4.0 Ta MOAMHONEHTPUYHNX IpuHIMIIB [HgyCcTpii
5.0 Ha TpaHchOpMallilo CUCTeMM YIPaBIiHHA pecypcaMu. MeTOZOIOriYHy OCHOBY CTAHOBWIM CUCTEMATUYHUIL OIJLAL
niTepaTypu, MOPiBHANIPHO-aHAMITUYHNI T4 IHCTUTYLIIHMI aHa/li3 HAyKOBUX Hy671i1<aui171, IHJEKCOBAHUX Y Scopus Ta
Web of Science 3a 2016-2024 poxu, aHasli3 KeiiciB KOPIIOPAaTMBHUX IPAKTVK, a TAKOXX BTOPVHHUI aHai3 odiniltHnx
3BiTiB i HOpMaTHBHO-IpaBoBuUX aKTiB EC. BysABIeHO IIiCTh KOHLIENTYa/IbHNX €TaIliB eBOJIIOLii TOBOKEHHA 3 BigXomamu,
BCTAHOBJIEHO IIOPOTOBY 3aJIOXKHICTb MK CTaBKOIO MuTa Ha 3axopoHeHHA (landfill tax) Ta piBHeM nepepoOku B KpaiHax
€C 3a/1eXKHO BiJj pery/IATOPHUX IHCTPYMEHTIB, BUsHaueHO ponb TexHosoriit 11, IoT, 6iokueitny Ta iudpoBMX MacnopTiB
IIPOAYKTIB AK KaTa/Ii3aTOPiB 3aMKHEHOT'0 MaTepia/IbHOT0 IMKJIY B yorini IHaycTpii 4.0, a TaKOXK 0OIpYHTOBAHO KOHLIEIILIIIO0
«[JupkynsapHa exoHoMika 5.0», AKa IHTerpye JIONVHOLEHTPUYHICTb, PE3NWIEHTHICTD Ta pecypcoedeKTHBHICTD.
[TpaxTyyHa wLiHHICTH pO6OTM IOJNATAaE Y POpMyBaHHI aBTOPCHKOI KOHILIENTYa/JbHOI MOl IIepeXOfy O pecypcHOi
eKOHOMIKM B yMOBax IHmycTpii 5.0, 110 MOXXe CIyryBaT OCHOBOIO JJIA PO3POOKMU CTpaTerill «3e/eHOro» BiJHOB/ICHHA
YkpaiHu B yMOBaX IIOBOEHHOI BitOyIoBU

KAIO4OBi CcAOBQ: iepapxis BigxopiB; IMPKy/IApHa €KOHOMIiKa; IPOMUCIOBUIT cuM6ios; umdposa TpaHchopMallis;
Pery/IATOpHI MeXaHi3My; U POBUIL TACIIOPT IIPOAYKTY; IIOBOEHHE BiJIHOB/ICHHA
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