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Abstract. The transition from a linear to a
circular economy has become a defining paradigm
in the modern construction sector, particularly in
the context of reinforced concrete, which remains
one of the most widely used structural materials
worldwide. This study focuses on structural-
technological approaches to reinforced concrete
recycling through the integration of design,
deconstruction, and reuse technologies. The
construction industry is responsible for a
significant share of global resource consumption
and waste generation, which necessitates the
development of comprehensive strategies aimed at
closing material loops and reducing environmental
impact.

The relevance of this research is especially high
for Ukraine, where large-scale destruction caused
by war has resulted in the accumulation of millions
of tons of construction and demolition waste.
Reinforced concrete debris represents both an
environmental challenge and a valuable secondary
resource for post-war reconstruction. Effective
recycling and reuse strategies can significantly
reduce the demand for primary raw materials,
decrease greenhouse gas emissions, and accelerate
recovery processes.

The proposed approach is based on the
integration of key stages of the life cycle of
reinforced concrete structures, including de-
sign for deconstruction, selective dismantling,
material recovery, and reuse. Design strategies
oriented toward future disassembly enable the
preservation of structural elements and
increase their potential for repeated application.
Selective deconstruction technologies, as opposed
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to traditional demolition, ensure higher quality
material streams and minimize losses. The
development of recycling infrastructure is
identified as a critical factor that determines the
feasibility of transforming concrete waste into
high-quality secondary aggregates or reusable
structural components.

A central role in this framework is assigned to
digital technologies, which connect all stages of the
material life cycle.

Building information modelling and digital
material passports enable traceability of structural
elements, improve decision-making processes, and
support the evaluation of environmental and
economic performance. These tools create an
integrated information environment that enhances
the efficiency of reuse and recycling strategies.
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In addition, the study emphasizes the
importance of regulatory and economic
mechanisms as enabling conditions for the
implementation of circular practices. Without
appropriate legal frameworks, financial incentives,
and  market structures, even advanced
technological solutions cannot be effectively
applied at scale.

The results demonstrate that the integration of
design, deconstruction, and reuse technologies
within a structural-technological framework
provides a viable pathway toward circular
construction. For Ukraine, this approach offers not
only alignment with global sustainability trends but
also a practical solution for transforming
construction waste into a strategic resource for
rebuilding infrastructure.

Keywords: sustainable development in
construction; BIM-technologies; construction and
demolition; reuse of reinforced concrete elements;
life cycle assessment (LCA)

INTRODUCTION

The transition from a linear to a circular
economy has become the defining paradigm of
today's construction science and practice. As
highlighted in recent systematic reviews and
methodological frameworks-particularly
studies on circular concrete reuse, life cycle
assessment  (LCA), and design for
deconstruction (DfD) — the construction
industry is increasingly recognized as both a
major consumer of natural resources and a
leading generator of waste. Reinforced
concrete (RC), as one of the most widely used
construction materials globally, plays a central
role in this challenge. Contemporary research
emphasizes  that  integrating  design,
deconstruction, and reuse technologies can
significantly reduce environmental impact,
extend material life cycles, and improve
resource efficiency.

Globally, the construction sector accounts
for approximately 35-40% of total material
consumption and generates up to 30% of all
solid waste. Traditional demolition practices,
which prioritize speed over selectivity, result
in the downcycling of concrete into low-grade
aggregates or, worse, landfill disposal.
However, recent studies demonstrate that up to
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90-95% of reinforced concrete elements can be
technically suitable for reuse if appropriate
design and deconstruction strategies are
implemented. This has led to the emergence of
structural-technological ~ approaches  that
integrate circular principles at every stage of a
building’s life cycle — from initial design to
end-of-life processing.

The concept of Design for Deconstruction
(DfD) is particularly important in this context.
It involves planning buildings in such a way
that their components can be easily dismantled,
recovered, and reused. When combined with
digital tools such as Building Information
Modeling (BIM) and material passports, DfD
enables accurate tracking of material
properties and facilitates future reuse.
Furthermore, probabilistic performance-based
design approaches allow engineers to predict
the durability and residual capacity of
reinforced concrete elements, making it
possible to safely integrate reused components
into new structures.

While these approaches are gaining traction
globally, their relevance is especially acute in
Ukraine. As a result of the ongoing war, vast
quantities of construction and demolition
waste have been generated due to the
destruction of residential, industrial, and
infrastructure facilities. Millions of tons of
reinforced concrete debris now represent both
an environmental burden and a potential
resource. The accumulation of such waste
poses serious  risks, including land
contamination, air pollution from dust, and
inefficient land use. At the same time, Ukraine
faces an urgent need for reconstruction, which
requires enormous volumes of construction
materials.

In this context, the implementation of
circular economy principles is not merely an
environmental initiative but a strategic
necessity. The recycling and reuse of
construction waste can significantly reduce the
demand for virgin raw materials, lower
greenhouse gas emissions, and accelerate
reconstruction efforts. Moreover, it creates
opportunities for the development of new
industries and technologies within the country.

PURPOSE AND METHODS
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To address the challenge of construction
waste management in Ukraine, several key
pathways can be identified:

First, the establishment of systematic
sorting and classification processes is
essential. Construction debris must be
separated into categories such as reinforced
concrete, steel, masonry, and hazardous
materials. Advanced sorting technologies,
including mobile crushing and screening units,
can be deployed directly at demolition sites to
improve efficiency and reduce transportation
costs.

Second, the adoption of selective
deconstruction techniques should replace
conventional demolition methods. This
involves carefully dismantling structures to
preserve the integrity of reusable components.
Techniques such as diamond wire cutting,
hydraulic separation, and modular disassembly
can significantly increase the recovery rate of
high-quality materials.

Third, the development of recycling
infrastructure is critical. Recycled concrete can
be processed into aggregates for use in new
concrete production, road construction, and
other applications. At the same time, research
and pilot projects should focus on the direct
reuse of structural elements, such as beams,
slabs, and columns, which retain sufficient
load-bearing capacity.

Fourth, the integration of digital
technologies can enhance the efficiency of the
entire process. BIM-based material databases
and digital passports can store information
about the composition, strength, and history of
structural elements, facilitating their reuse in
future projects.

Finally, regulatory and economic
mechanisms must support the transition to
circular  practices. This includes the
development of standards for recycled
materials, incentives for reuse, and policies
that prioritize  sustainable  construction
methods in public procurement.

In conclusion, the adoption of structural-
technological approaches to reinforced
concrete recycling represents a crucial step
toward sustainable development in the
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construction industry. For Ukraine, this
transition is not only aligned with global trends
but also provides a practical solution to the
unprecedented challenges posed by war-
related destruction. By integrating design,
deconstruction, and reuse technologies, it is
possible to transform construction waste from
a problem into a valuable resource, supporting
both environmental protection and national
recovery.

RESULTS AND EXPLANATIONS

Principle 1 — Establishment of an Efficient
System for Sorting and Classification of
Construction Waste.

The first principle of the structural-
technological approach to transforming
Ukraine’s construction sector under circular
economy conditions is the formation of an
effective system for sorting and classification
of construction and demolition waste. The
relevance of this principle is strongly
supported by contemporary European research
and analytical reports. According to the
European Commission, construction and
demolition waste accounts for more than one
third of all waste generated in the EU, reaching
approximately 40% of the total volume, as
confirmed by both baseline statistical data and
updated studies of the EU Joint Research
Centre for 2024-2026 (Report to the European
Commission, Construction and demolition
waste, Techno-economic and environmental
assessment of construction and demolition
waste management in the European Union).
Current assessments indicate that around 83%
of this waste stream can potentially be
prepared for reuse or recycling, making sorting
systems a key enabler of circular economy
implementation. Importantly, these data are
considered highly relevant as they are based on
2024 reports and updated EU policy
recommendations for 2026 aimed at achieving
climate neutrality.

Modern European practice demonstrates
that the efficiency of sorting is directly
determined by the combination of regulatory

ByniBenbHi koHcTpyKUii. Teopis i npakTuka * 18/2026



frameworks and technological solutions. The
EU Waste Framework Directive identifies
construction waste as a priority stream and
emphasizes the necessity of selective
demolition, as mixed waste often contains
hazardous components such as asbestos or
chemical additives, which  complicate
recycling and reduce the quality of secondary
raw materials (Report to the EC). The
advantage of this approach lies in ensuring
high-quality secondary materials suitable for
reuse in new construction; however, its
implementation requires significant
organizational restructuring and financial
investment, which creates barriers for
countries with transitional economies.

Germany provides an example of advanced
automated sorting systems based on optical
sensors and artificial intelligence. These
systems enable the identification of complex
multi-component waste streams and the
separation of concrete, metals, gypsum, and
polymers  with  high precision.  This
significantly improves the quality of recycled
materials and reduces resource losses. At the
same time, the main limitation of this approach
is its high implementation cost and dependence
on sophisticated technological infrastructure,
which restricts scalability in countries with
limited investment capacity.

An alternative model is implemented in the
Netherlands and Northern European countries,
where preference is given to on-site sorting
directly at construction and demolition sites.
This approach ensures high purity of material
streams and preserves the structural integrity
of components, which is critical for their
subsequent reuse. However, this model
requires highly qualified personnel and longer
demolition times, which may affect the overall
economic efficiency of projects.

Nevertheless, even in EU countries where
formal recycling targets exceed 70%, a
significant portion of waste is still subjected to
so-called low-grade recycling, such as
backfilling applications, which does not fully
comply with circular economy principles [1].
This demonstrates that the quality of sorting,
rather than only quantitative recycling rates,
determines the true effectiveness of the system.
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From a technological perspective, modern
sorting systems include multi-stage processes
such as primary separation of large elements,
crushing, magnetic separation of
reinforcement steel, and high-precision
automated sorting. European Commission
studies confirm that such integrated systems
enable a transition from low-value utilization
of concrete waste to its reintegration into new
concrete production, which is significantly
more efficient both environmentally and
economically (Report to the EC).

International experience further shows that
the effectiveness of sorting systems strongly
depends on the combination of strict regulatory
frameworks and advanced technological
solutions. Japan and Singapore represent the
most illustrative examples of highly efficient
global systems.

In Japan, the Construction Material
Recycling Law enacted in 2000, which
introduced mandatory requirements for
sorting, selective demolition, and on-site
processing of construction materials enabled
the transition to efficient sorting and recycling.
Contractors are required to separate waste
streams such as concrete, asphalt, and wood,
fundamentally  transforming  construction
waste management practices [2]. As a result,
Japan has achieved one of the highest recycling
rates globally, with more than 95-99% of
construction waste, particularly concrete and
asphalt, being recycled [3]. The Japanese
model offers significant advantages, as strict
regulation ensures near-complete material
recovery, minimizes illegal dumping, and
establishes a stable secondary materials
market. However, it requires strong
administrative control, detailed planning
already at the design stage, and substantial
institutional capacity, which may limit its
transferability to transitional economies.

Singapore represents another highly
efficient and technologically integrated model.
Under the Zero Waste Masterplan and
regulations of the Building and Construction
Authority, sorting and recycling of
construction waste are mandatory components
of construction projects. As a result, the
recycling rate of concrete waste reaches
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approximately 99%, with materials widely
reused in road construction and land
reclamation projects. Additionally, the updated
Green Mark certification system (2025)
requires consideration of recycled material use
and lifecycle carbon assessment, further
reinforcing circular economy principles.

The Singaporean approach is characterized
by strong integration of state policy, economic
incentives, and technological solutions,
enabling high efficiency and rapid scalability.
However, its effectiveness is largely driven by
centralized governance, strict regulatory
enforcement, and limited land availability,
which forces maximum resource efficiency but
may limit adaptability in larger or
decentralized countries.

Overall, the experiences of Japan and
Singapore demonstrate that efficient sorting
systems are achieved through mandatory
source separation, integration of regulatory
frameworks, and development of advanced
recycling infrastructure. At the same time,
these examples confirm that high performance
is only possible under long-term policy
consistency, sustained investment, and
coordination among all stakeholders.

Thus, the establishment of an effective
system for sorting and classification of
construction waste is a fundamental
prerequisite for implementing the structural-
technological approach. This stage determines
the quality of subsequent deconstruction,
recycling, and reuse processes, forming the
foundation for transitioning from a linear
construction model to a closed-loop material
system.

A positive domestic example in this area is
the cooperation between the authorities of the
city of Mykolaiv and the Japanese corporation
IKEE Group Ltd, which has resulted in the
launch of a pilot project for construction waste
recycling. The project mpenycmarpusae the
collection of demolition waste, including
concrete, brick, and asphalt, followed by its
sorting and processing for subsequent use as
secondary raw materials in the restoration of
road infrastructure. Since October 2024, a
construction waste recycling line with a
capacity of 100,000 tons per year has been
operating in the city of Bila Tserkva with the
support of the Japan International Cooperation
Agency (JICA) (Fig. 1). The image is
illustrative for security reasons.

Fig. 1. Model of a construction waste sorting and recycling line
Puc.1. Mopens niHii copTyBaHHs Ta iepepoOKu OyTiBEIbHUX BIAXOIIB
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Principle 2 — Implementation of Selective
deconstruction Technologies Instead of
Traditional Demolition.

The second principle is the implementation
of selective deconstruction technologies
instead of traditional destructive demolition. In
contemporary  scientific  literature,  this
approach is considered a key instrument for
increasing the level of reuse of construction
materials, particularly reinforced concrete
structures, and for reducing the environmental
burden associated with construction and
demolition waste.

Recent studies show that construction waste
management strategies significantly influence
both the environmental and economic
performance of a building’s life cycle. In
particular, Yazdanbakhsh [4] proposed a bi-
level assessment framework for evaluating
construction and demolition waste
management strategies, emphasizing that
selective  deconstruction  provides a
significantly higher potential for material reuse
compared to conventional demolition,
although it requires higher initial costs and
more complex process organization.

Comprehensive life cycle assessments of
scenarios involving reuse and controlled
deconstruction demonstrate a substantial
reduction in natural resource consumption and
CO: emissions compared to complete
demolition and the production of new
materials [5, 6]. These studies show that
integrating reuse strategies into the life cycle
of reinforced concrete structures is more
effective than traditional recycling into
secondary aggregates.

European research and practical experience
have proven that the environmental
effectiveness of selective deconstruction is
closely linked to the quality of subsequent
recycling processes. For example, the use of
recycled coarse aggregate obtained through
controlled demolition provides better life cycle
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environmental performance compared to
conventional natural aggregates, especially
when optimized logistics and minimized
material contamination are ensured [7].

However, it should be noted that although
selective deconstruction is environmentally
more advantageous, its economic costs can be
higher than those of traditional demolition,
which creates a barrier to widespread
implementation without governmental
incentives. Similar conclusions are supported
by economic assessments [8, 9], which
indicate that without accounting for long-term
environmental benefits, conventional
demolition remains more financially attractive
in the short term. At the same time, selective
deconstruction can become economically
competitive in the long term, particularly when
structural elements are reused and the need for
new materials is reduced [10].

Of particular importance for the modern
concept of selective deconstruction are studies
integrating BIM technologies and digital
demolition planning models. For example,
Kim and Kim [11] developed a BIM-based tool
for assessing the deconstructability of
buildings, enabling the evaluation of reuse
potential already at the design stage. Similarly,
Guerra et al. demonstrated that the use of 4D-
BIM allows optimization of demolition
planning and increases the reuse rate of
concrete and drywall through accurate
simulation of dismantling processes [12].
Japanese government policies on skyscraper
disposal have fostered the development of an
entire industry of dust-free and noiseless
dismantling [13]. The technology involves the
preliminary dismantling of all interior
elements and non-load-bearing structures,
followed by the step-by-step removal of all
load-bearing structural components of the
building under a protective enclosure, layer by
layer. The building appears to “descend”
downward, decreasing by one floor from the
top (Fig. 2).
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Fig. 2. Skyscraper demolition using the TEcoRep technology [13].

Puc.2. 3aecenns xmapodocis 3a TexHosoriero TEcoRep [13].

The practical effectiveness of selective
deconstruction has also been demonstrated in
experimental studies on reinforced concrete
structures, showing that component reuse is
technically feasible, although it requires a high
level of workforce training and standardization
of procedures [14, 15].

The case of Hanoi illustrates that the
absence of systematic selective deconstruction
leads to the mixing of waste streams and a
significant reduction in recycling potential
[16]. Similar challenges are observed in
Middle Eastern countries, where insufficient
levels of sorting and deconstruction
significantly reduce the efficiency of
construction waste management systems [17].

Thus, the synthesis of current scientific
research allows us to conclude that selective
deconstruction is a key element in the
transition toward a circular construction
model. Its main advantage lies in maximizing
the preservation of the material value of
structures, reducing environmental impact, and
enabling the reuse of reinforced concrete
elements. At the same time, the main
limitations include higher initial costs,
organizational complexity, and the need for
digital support and regulatory frameworks.

Principle 3 — Development of
Construction and Demolition Waste
Recycling Infrastructure.

208

The third principle of the structural—
technological approach toward a circular
economy is the development of construction
and demolition waste recycling infrastructure,
particularly reinforced concrete waste, as a key
element for closing material loops in the
construction sector. In contemporary scientific
literature, this stage is considered a critical link
between deconstruction and material reuse,
determining the actual effectiveness of the
entire circular model.

Comprehensive life cycle assessments of
construction materials demonstrate that the
level of recycling infrastructure development
is a decisive factor influencing the
environmental benefits of concrete reuse. Even
when there is high potential for structural
reuse, the absence of adequate infrastructure
significantly reduces the overall CO2 emission
reduction effect [6]. At the same time, an
integrated  recycling  system  ensures
substantially higher efficiency of closed-loop
material cycles. Similar conclusions are
presented by Kim and Tae, who emphasize that
infrastructure capacity for recycling is a key
determinant of LCA results for concrete
structures at a national scale [18].

European  experience  confirms that
recycling construction and demolition waste
into high-quality secondary materials is
significantly more effective than simple
landfilling or low-grade downcycling. Only a
developed infrastructure allows the transition
from reducing the quality of the material to real
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recycling while preserving its technical value,
which is of fundamental importance for the
circular economy [8].

At the same time, the economic efficiency
of such systems depends strongly on the scale
of recycling operations and the logistics of
waste flow management.

Practical experience from Asian countries
demonstrates different models of recycling
infrastructure development. The case of Hong
Kong shows that centralized concrete slurry
treatment systems can significantly reduce
waste volumes and enable its reuse in
construction materials production, although
they require high technological control and
substantial investment in specialized facilities
[19]. Such systems are highly efficient, but
their limitation lies in dependence on
centralized infrastructure and difficulties in
scaling.

China provides another example, where the
development of recycling plant networks has
significantly reduced the carbon footprint of
the construction sector, particularly in large
urban agglomerations generating massive
volumes of construction waste. However,
uneven regional infrastructure development
reduces overall system efficiency [14, 20].
This highlights a key issue of spatial
imbalance, where advanced regions achieve
high recycling rates, while less developed
areas lag behind, weakening national
performance indicators.

Similar challenges are observed in Middle
Eastern cities such as Riyadh, where despite
the existence of sustainability policies,
insufficient recycling infrastructure leads to
low utilization rates and a high proportion of
landfilled construction waste. This
demonstrates that regulatory frameworks alone
are insufficient without corresponding
physical infrastructure [17]. Economic studies
further confirm that the viability of recycling
systems depends directly on infrastructure
scale and the stability of construction waste
flows, as only large-scale systems achieve
sufficient return on investment in recycling
technologies [9]. This is particularly important
for countries undergoing  post-conflict
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reconstruction, where waste generation is high
but infrastructure is initially limited.

Thus, synthesis of current research allows
the conclusion that the development of
recycling infrastructure is a critical third stage
of the structural-technological approach to
circular transformation in the construction
sector. At this level, construction waste is
effectively converted into secondary resources,
markets for recycled materials are formed, and
material loops are closed.

Principle 4 — Integration of Digital
Technologies: BIM and Digital Material
Passports.

The fourth principle is the integration of
digital technologies, including Building
Information Modelling (BIM) systems and
digital material passports. This principle aims
to ensure full traceability of construction
materials and to create conditions for informed
decision-making regarding reuse, recycling,
and end-of-life scenarios for reinforced
concrete structures. Today, digitalisation is a
key enabling tool for circular construction
systems, connecting design, deconstruction,
and resource recovery into a unified system.

Life Cycle Assessment (LCA) supported by
digital systems significantly improves the
accuracy of evaluating the environmental
impact of construction materials [21]. Methods
for environmental assessment of concrete
structures become considerably more reliable
when structured digital data are used, enabling
better-informed decisions both at the design
stage and during building operation [19].
Modern approaches and software tools allow
the analysis of construction material use at the
end-of-life stage even before demolition
occurs [22], and support the creation of digital
material and component banks that store
information about structural elements and
enable their future reuse [23]. Guerra et al.
demonstrate that the wuse of 4D-BIM
significantly ~ improves  planning  for
construction waste reuse by simulating
demolition sequences and identifying elements
suitable for recovery [12]. This increases
material recovery rates and reduces resource
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losses. However, the main limitation of this
approach is its strong dependence on data
quality and the need for continuous updating of
digital models throughout the building
lifecycle. In addition, BIM-based reuse
assessment methods developed evaluate the
potential and economic feasibility of reusing
precast reinforced concrete elements at the
urban system level [24, 25]. To facilitate reuse,
digital models can already at the design stage
improve future deconstruction processes by
analysing  graph-based deconstructability
assessments [11] and demonstrating the
technical feasibility of demountable reinforced
concrete structures using dry connections [26].

However, certain limitations of digital
integration should also be noted. Although
BIM-based design-for-deconstruction
approaches improve the environmental
performance of buildings, their
implementation requires significant initial
investment in modelling, data collection, and
coordination among project stakeholders [27].
Digital technologies are particularly relevantin
the context of post-war reconstruction. Digital
processes allow the transformation of
construction debris into structurally suitable
material by modeling and optimizing load-
bearing systems, which opens up new
possibilities for the reuse of the same concrete.

Overall, the integration of digital
technologies represents the fourth key
principle of the structural-technological
approach. It ensures the connection between
design, deconstruction, and recycling, forming
a unified information-based system for
managing material flows. International
experience shows that BIM and digital
material passports are essential prerequisites
for implementing a circular construction
model, and their adoption in Ukraine is
critically important for efficient post-war
reconstruction and  minimization  of
construction resource losses.

Principle 5 — Renewal of the regulatory

framework and economic support
mechanisms.
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The fifth principle involves updating and/or
developing a new regulatory framework and
establishing effective economic support
mechanisms. This principle is considered a
systemic instrument that ensures the
implementation of all previous stages, since
even the most advanced technological
solutions in  selective  deconstruction,
recycling, and reuse of reinforced concrete
cannot be effectively applied without
appropriate  legal regulation, economic
incentives, and market mechanisms.

The effectiveness of any system depends
not only on technological innovation but also
on the maturity of the institutional
environment that governs material flows and
end-of-life scenarios. Life cycle assessment
(LCA) studies demonstrate that the
environmental performance of construction
and demolition waste management is highly
dependent on regulatory conditions and
economic incentives. National environmental
assessment  systems  directly influence
decision-making in the construction sector, as
regulatory methodologies determine whether
recycled concrete is treated as a resource or as
waste with limited reuse potential [14].
Similarly, reuse and recycling scenarios lead to
significant reductions in environmental impact
only when supported by integrated policy and
economic  mechanisms that internalize
environmental costs and promote closed
material loops [9].

European experience shows that the
combination of regulatory pressure and
financial incentives is the most effective driver
of circular transformation. The EU Waste
Framework Directive sets mandatory recycling
targets and introduces the principle of
extended producer responsibility, partially
shifting environmental costs to construction
market stakeholders. Generalized assessments
indicate that such policies have significantly
increased recycling rates across EU countries,
although differences remain due to varying
levels of institutional capacity and
infrastructure development. Economic
evaluation models for waste management are
critically important, as financial feasibility
often determines the practical implementation
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of solutions [12]. However, a limitation is that
even in Europe, economic incentives are not
always sufficient to fully eliminate low-quality
recycling  practices, especially  where
landfilling remains a cheaper option.

In rapidly developing regions, particularly
in Asia and the Middle East, regulatory and
economic systems exhibit varying levels of
maturity. Studies from China indicate that
combining environmental policies with life
cycle assessment tools can significantly reduce
the carbon footprint of the construction sector,
especially when secondary material markets
are integrated into national planning [8, 20]. At
the same time, regional disparities in policy
implementation  reduce overall  system
efficiency. In Hong Kong, for example, the
management of concrete slurry waste
demonstrates that strict regulation improves
material recovery rates but involves high costs
and dependence on centralized infrastructure.

In Gulf countries, particularly Saudi Arabia,
life cycle assessments of construction waste
management systems show that regulatory
measures without economic incentives are
insufficient to achieve high recycling rates
[20]. Despite the presence of sustainability
policies, weak market motivation and
underdeveloped secondary material markets

ISSN 2522-4182

lead to the continued reliance on landfilling.
This highlights a key limitation: regulatory
requirements must be supported by economic
viability.

An important contemporary direction is the
integration of digital tools into regulatory and
economic systems. Reusability analytics tools
enable more accurate evaluation of end-of-life
scenarios and improve the economic
justification for material reuse [24]. However,
their application is limited by insufficient data
standardization and the need for cross-sector
coordination.

Overall, the synthesis of international
experience demonstrates that updating the
regulatory framework and implementing
economic support mechanisms is a critically
important fifth principle of the structural—
technological  transformation  of  the
construction industry. Effective circular
systems require mandatory recycling targets,
financial incentives for reuse, penalties for
landfilling, and the integration of life cycle
assessment into public procurement and
construction standards.

Based on the conducted assessment of the
situation, a SWOT analysis of the
implementation of the structural-technological
approach was performed (Table.1).

Table. 1. SWOT analysis of the implementation of the structural-technological approach
Ta6a.1. SWOT-anaini3 BIpoBa)KeHHS CTPYKTYPHO-TEXHOJIOTIYHOTO MiAXOIY

S — Strengths

W — Weaknesses

v Significant volume of construction waste —
creates a strong resource base for reuse

v" High demand for construction materials in
post-reconstruction conditions

v" Auvailability of international support and
integration with European practices

in large-scale projects
v Potential for rapid deployment of mobile
recycling solutions

v" Lack of clear standards for the reuse of
v Insufficiently developed recycling
v" Low level of selective deconstruction

v Shortage of qualified personnel

v' Gradual implementation of BIM technologies | v* Fragmented digitalization (BIM is not used

v" Logistical challenges (especially in war-

reinforced concrete

infrastructure

systematically)

affected regions)
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Table. 1. (continued)
TabJ.1. (mpoIoBKEHHS)

O — Opportunities

T — Threats

funding and technologies
v" Development of a market for secondary
construction materials

v' Development of new industries (recycling,
digital platforms, material banks)

v Integration of LCA and digital material
passports

of local resources

v" Harmonization with EU standards — access to

v" Reduction of construction costs through reuse

v Acceleration of reconstruction through the use

High initial investment costs

Economic and security instability
Competition with low-cost primary materials
Risk of formal implementation without real
quality

Low institutional capacity in regions

Lack of long-term political consistency

O

AN

The SWOT analysis shows that Ukraine has
a unique combination of factors: on the one
hand, critical weaknesses (infrastructure and
regulatory framework), and on the other hand,
unprecedented opportunities arising from the
maciuta6 of reconstruction. Rapid success with
low implementation complexity and high
benefit can be achieved in the areas of
construction waste sorting and BIM-based
regulation. Moreover, progress in these fields
is already underway, meaning that
digitalization and sorting can deliver quick and
tangible results. In contrast, infrastructure
development and regulatory policy are
decisive for long-term success.

CONCLUSIONS AND
RECOMMENDATIONS

For Ukraine, the creation of an effective
system for sorting and classification of
construction waste is of critical importance in
the context of post-war recovery. The absence
of systematic sorting leads to the mixing of
materials, loss of elements suitable for reuse,
and an increase in the volume of waste sent to
landfill. At the same time, the implementation
of modern European approaches, supported by
recent studies from 2024-2026, will not only
minimize environmental risks but also create a
resource base for reconstruction based on
circular economy principles.
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The  implementation  of  selective
deconstruction is critically important for a
country affected by war, as it allows
transforming construction debris into a
resource base for rebuilding. The integration of
this approach with digital technologies, such as
BIM, and with Design for Deconstruction
principles creates the foundation for a closed-
loop system of reinforced concrete use in the
future construction sector.

The development of construction waste
recycling infrastructure under conditions of
large-scale destruction is an extremely
complex task. However, without a well-
developed network of recycling facilities, it is
impossible to effectively utilize the millions of
tons of reinforced concrete debris generated.
The integration of EU and Asian experience,
along with modern LCA approaches, will
provide a basis for establishing a national
recycling system oriented toward large-scale
material flows.

The integration of digital technologies
ensures  connectivity  between  design,
construction, deconstruction, and recycling
processes. The use of BIM and digital material
passports creates a unified information system
for managing the life cycle of structures,
ensuring traceability and improving decision-
making regarding reuse and recycling.

International experience demonstrates that
digitalization is a fundamental prerequisite for
circular construction, as it enables the
integration of technical, environmental, and
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economic parameters into a single system. For
Ukraine, the implementation of digital
technologies will make it possible to transform
construction waste into a manageable resource
for reconstruction.

The first step should be the introduction of
national BIM standards and the creation of a
state system of digital material passports to
account for structures and their reuse potential,
followed by the mandatory application of BIM
in infrastructure recovery projects with
automated assessment of deconstruction
scenarios. At the same time, it is necessary to
train qualified construction professionals
capable of working in a digital environment.

Currently, the lack of effective regulatory
frameworks and economic incentives limits the
large-scale reuse of reinforced concrete waste.

In terms of regulatory changes, the primary
focus should be on the development and
implementation of permitting documents
defining the scope of application of secondary
materials, particularly recycled reinforced
concrete used as aggregate, as well as
structures made from recycled raw materials,
including their load-bearing capacity, service
life, maintainability, and related
characteristics.

At present, urban planning regulations
specify only the requirements for the
certification of building structures and
materials for tender procurement, which may
include, among other aspects, the proportion of
recycled resources used. At the same time,
“green” certification in the EU is becoming an
everyday reality.

However, alignment with  European
approaches, along with the implementation of
economically grounded life cycle assessment
tools, can create a functional market for
secondary construction materials. This will not
only reduce reconstruction costs but also
transform construction waste into a strategic
resource for national recovery, ensuring the
transition from a linear to a circular
construction model.
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KOHCTPYKUIMHO-TEXHOJIOI'TYHI
MIIXOI! 10 MEPEPOBKH
3AJII3OBETOHY: IHTETPALIIS
TEXHOJIOT'TIl IPOEKTYBAHHS,
JEKOHCTPYKLIi TA HTOBTOPHOI'O
BUKOPUCTAHHSI

Tauna LLITIAKOBA
Hanuin IIPOKOIIEHKO

Anortauis. Ilepexim Bim mimiitHOT 10
IUPKYJSIPHOI €KOHOMIKM CTaB BH3HAYAIBHOIO
MapajurMor  cydacHoi  OynmiBeNnbHOI  ramysi,
0Cco0JIMBO B KOHTEKCTI1 BUKOPHUCTaHHS
3a1i300€TOHY SIK OJHOTO 3 HAWMOUIMPEHIIINX
KOHCTPYKIIIMHUX MartepiayiB y CBiTi. Y HaHOMY
JNOCHIDKEHHI  PO3MIIAAIOTBCS  CTPYKTYpPHO-
TEXHOJIOT1YH1 MIX0au bi (s} nepepooKn
3a7i300€TOHy Ha OCHOBI iHTerpamii mpoIeciB
MPOEKTYBAHHSA, JEMOHTaXy Ta TIOBTOPHOTO
BUKOpHUCTaHHA. byxiBenbHa ramy3p € OJHHM i3
OCHOBHHX CITOKMBAYiB TPHUPOJHUX PECypCiB i
BOJHOYAC 3HAYHUM  JDKEPEJIOM  YTBOPEHHS
BIIXO/IIB, III0 0OYMOBIIIOE HEOOXIAHICTh PO3POOKHU
KOMIUIEKCHUX CTpaTeriii 3aMHUKaHHS MaTepiaib-
HAX TIOTOKiB 1 3MEHIICHHA EKOJIOTI9HOTO
HaBaHTAXKCHHS.

AKTYaNbHICTh  JOCHIDKEHHS €  O0COOJHMBO
BHCOKOIO Il YKpaiHW, Ji¢ BHACHIZIOK BOEHHHX
pyHHYBaHb  HAaKOIMYEHO  MIJBHOHM  TOHH
OyaiBellbHUX BimXoMiB. 3ai300€TOHHUI JIOM Yy
OOMY KOHTEKCTI BHCTyNae HE JHIIE K
eKoJIoTiYHa TpoOieMa, aile 1 SK BaXIHBHHA
BTOPUHHUI pecypc IS MiCISBOEHHOI Bi0OYJOBH.
EdextuBHi crparerii mepepoOKn Ta MOBTOPHOTO
BUKOPUCTAHHS JTO3BOJISIFOTH CYTTEBO 3MEHLIMTH
moTpedy y TEepBHHHUX MaTepiajiaX, CKOPOTHTH
BUKHJY TapPHUKOBHX Ta3iB 1 MNPUCKOPUTHU
BiTHOBJICHHS iHPPACTPYKTYPH.

3anpormoHOBaHWM  migxinm — 0a3yeTbcs  Ha
iHTEerpaIii KIIOYOBUX €TaliB JKUTTEBOTO ITUKITY
3a7i300€TOHHUX  KOHCTPYKULiH,  BKJIIOYArOuu
MPOEKTYBAaHHA 3 YypaxyBaHHIM JIEMOHTaXY,
CEIIEKTUBHUHN JEMOHTAX, BiITHOBJICHHS MaTepiajiB
Ta IX TIOBTOpHE BHKOpHCTaHHS. [IpoexTHi
pIllIeHHs, OPIEHTOBaHI Ha IMOJAJbIIe PO30OUPaHHS,
JIO3BOJISIFOTH 30epiraT KOHCTPYKTHBHI €J1eMEHTH
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Ta MiJBUILYBATH IX MOTEHLIal I[OBTOPHOI'O
3aCTOCYBaHHs. BUKOpUCTaHHSA TEXHOJOTIH Celek-
THUBHOTO JIEMOHTAXY, Ha BiIMiHY BiI
TPaIUIHHOTO 3HECEeHHs, 3abe3neuye (opmy-
BaHHS OUTBII SKICHMX MaTepiaJbHUX ITOTOKIB 1
3MEHILCHHS BTpaT  peCypciB. Po3BuToK
IHQPACTPYKTYpH TEpepoOKH BH3HAYAETHCA 5K
KPUTUYHUI (akTop, mo 3abe3neuye MOKIHUBICTH
MIEPETBOPEHHST OCTOHHOTO JIOMY Y BHCOKOSKiCHI
BTOPMHHI  3amoBHIOBa4i a0o0 mpuaaTHi g0
MOBTOPHOTO  BUKOPUCTAHHS  KOHCTPYKTHBHI
€JIEMEHTH.

KirouoBy ponb y 3amporoHOBaHIM CHCTEMI
BiJirpatoTh IUQPOBI TEXHOIOTII, SKi MMOETHYIOThH
yci  eTamd  KUTTEBOTO IMKIY  MaTepialib.
Indopmariitne  MonmenroBaHHS ~ OyniBenb — Ta
mudpoBl macmopTH MarepianiB  3a0e3NevyoTh
MPOCTeKYBAHICTh  KOHCTPYKIIN, ITIBUIIYIOTH
OOIpYHTOBAHICTh ~ YIPAaBIIHCHKUX  pillleHb 1
JO3BOJIIIOTH  OLIHIOBAaTH  €KOJIOTiYHy  Ta
ekoHoMiuHy edektuBHicTh. Lli iHCTpyMeHTH
hopMyIoTh €uHE iH(POpPMAITIHE CEPETOBHIIE, IO
nigBuIye eeKTUBHICTH MpoleciB mepepoOKu Ta
MOBTOPHOI'O BUKOPHUCTAHHS.

OxpeMy yBary NpHIUIEHO POJi HOPMATHUBHO-
MPaBOBHUX Ta CKOHOMIYHHX MEXaHI3MIB 5K
HeoOximHoi yMOBHM peaiizauii LUPKYIAPHHX
MiX0iB. 3a BiZICYTHOCTI BiJITTOBITHOTO IMPABOBOTO
peryiroBaHHs, pIHAHCOBUX CTHUMYJIIB i PUHKOBHX
MEXaHi3MIB HaBiTh HaWCyYacHIIli TEXHOJOTIUHI
pilleHHs HE  MOXYTh OyTH  e(eKTHUBHO
BIIPOBAKCHI Y IIUPOKOMY MacIuTaoi.

OTpuMaHi pe3yJIbTaTH CBiA4aTh, 10 IHTErpaIis
NpOILECiB  NPOEKTYBaHHsS,  JEMOHTaXy  Ta
MOBTOPHOTI'O BUKOPUCTAHHA B MEXAaxX CTPYKTYpPHO-
TEXHOJIOTIYHOTO TiJXOAY CTBOPIOE €(QEKTUBHY
OCHOBY Ui TMEpeXoAy [0 LHPKYJIIPHOTO
OyxiBHUITBA. 1y YKpaiHu 1e mijxif € He JUIe
BIANOBIAAI0 Ha TJ00ajdbHI BHUKIMKH CTaJoro
PO3BUTKY, aje | NpakTHYHUM I1HCTPYMEHTOM
Tpancopmamii  OymiBenpbHMX  BiAXOmIB  V
CTpaTeriyHuii pecypc MiCIsBOEHHOI BiIOYZOBH.

KarouoBi ciaoBa: cramuii  pO3BUTOK Yy
OyniBamnTBi; BIM-TexHOoMOTIT; OYymXIBHHUIITBO Ta
JIEMOHTAXK; MTOBTOPHE BUKOPHUCTaHHS
3a1i300€TOHHUX €JIEMEHTIB; OI[iHKA KHTTEBOTO

ukny (LCA)
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