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Abstract. For Ukraine, the issue of waste management and recycling remains one of the most
pressing environmental problems. Glass waste accounts for a significant proportion of the total mass
of solid household waste. At the same time, glass does not decompose in natural conditions, which
creates a long-term burden on the environment. However, it has the potential to be a promising raw
material that can be recycled without losing its basic physical and chemical properties. In this regard,
the issue of recycling secondary glass is particularly relevant, especially in the construction industry,
which is the main consumer of natural resources (about 50%) and therefore needs to introduce
technologies that use alternative raw materials.

This will contribute to reducing the environmental impact, rational use of resources and
increasing the economic efficiency of construction. The aim of the work is to determine the
effectiveness and feasibility of implementing successful global practices of using recycled glass for
the production of building materials in the current conditions of Ukraine.

The analysis of scientific works has revealed the most successful cases of glass recycling for the
production of building materials in global practice. The production of asphalt concrete mixtures with the
addition of 10 —30% glass cullet (glasphalt), thermal insulation materials based on foam glass, lightweight
concrete with micro-crushed glass as a partial substitute for sand, and finishing materials such as
decorative panels and mosaics made of coloured glass chips. In Ukraine, despite the availability of
production capacities, the level of glass reuse remains low due to the underdeveloped infrastructure for
the collection, sorting and cleaning of glass waste. However, the growing demand for building materials
in the post-war reconstruction process creates favourable conditions for scaling up such technologies.

To implement global experience in the use of recycled glass for the production of building
materials in Ukraine, the following steps must be taken:

1. Improve the regulatory framework, namely, initiate amendments and develop a series of state
building codes and harmonise them with the requirements of the European Committee for
Standardisation regarding the use of secondary raw materials in construction.

2. Introduce economic incentives by establishing tax breaks for manufacturers of building
materials based on secondary mineral raw materials and giving priority in public procurement to
materials containing such raw materials.

3. Create a regional infrastructure for the collection, sorting and processing of recycled glass.

4. Conduct social and informational events.

5. Given the needs of Ukraine's post-war reconstruction, the highest priority is to establish the
production of thermal insulation materials (foam glass) to improve the energy efficiency of buildings;
develop concrete mixtures based on recycled glass for 3D printing of building structures as an
alternative rapid technology for restoring destroyed buildings, and develop materials based on
recycled glass for road construction.

Keywords: recycled glass; cullet; recycling; construction materials; green construction.

Introduction. One of the global challenges of humanity is the intensive accumulation of
industrial and solid household waste, a significant part of which is glass. According to international
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environmental reports, up to 10% of the total mass of household waste is glass waste. However, the
level of their recycling in countries around the world, including Ukraine, remains insufficient.

It is common knowledge that glass practically does not decompose in natural conditions, which
creates an ecological threat for our planet. At the same time, It is also worth mentioning that this
material has a unique feature — the ability to be recycled without significant loss of its physical and
chemical properties with further use, including construction.

Today, one of the key vectors of the development of modern construction is waste minimization
and reuse of material resources, as this has not only economic but also environmental advantages. In the
conditions of sustainable growth of solid household waste and depletion of natural resources, recycling
of secondary glass as an alternative raw material in the production of construction materials is of
particular importance.

In addition, the modern technology of glass production from natural raw materials is quite energy-
intensive and has a high carbon footprint on the environment. The technological operation of glass
making in bath furnaces, namely heating natural raw materials in furnaces to a temperature of 1400 —
1500 °C, accounts for about 75-85% of the total energy requirements for glass production [1-2].
Accordingly, during this process, large amounts of greenhouse gas emissions occur. Therefore, the use
of cullet during the production of construction materials will contribute not only to reduce the
consumption of natural resources, but also to reduce energy costs and CO- emissions into the atmosphere.

Despite the significant potential for reuse of glass waste, there are still problems in the practical
implementation of glass recycling. They are caused both by technical factors (quality of cleaning,
fractionation, etc.) and organizational and economic factors — the lack of state incentives, low level
of waste sorting, etc. However, this area is actively developing due to the introduction of new
technologies, increased environmental awareness of society and support from European institutions
in this area. World experience demonstrates the effectiveness of using recycled glass in the production
of concrete, asphalt-concrete mixtures, heat-insulating materials, decorative elements, etc. [3—7].

For Ukraine, the issue of waste management and recycling remains one of the most acute
environmental problems. Therefore, international experience in such practices is particularly valuable
for our country, especially in the context of post-war reconstruction.

That is why the study of practical cases of recycling recycle glass in construction is an urgent
task for scientists and industry specialists. Analysis of successful examples of using glass waste in
different countries, comparison of technological solutions and identification of factors ensuring the
effectiveness of their implementation will allow to form a basis for the development of a national
system of "green" construction. This, in turn, will contribute to reduce the environmental load,
rational use of resources and increasing the economic efficiency of construction.

Analysis of recent research. The topic of reuse glass waste in construction is being actively
studied by both Ukrainian and foreign scientists. Researchers emphasize that recycled glass is an
effective alternative raw material for creating environmentally safe, energy-efficient and
economically profitable building materials.

Thus, the Ukrainian scientists in their works [8-10] note that the existing glass processing
capacities do not correspond to the volumes of its accumulation, while the recycling of construction
waste in the context of the reconstruction of Ukraine takes on its significance. The authors emphasize
the need to create modern glass processing systems by solving the main problems that hinder this,
namely: the lack of legal documents that would regulate the rules for the use of glass waste,
shortcomings in the waste collection infrastructure and insufficient involvement of industry. The
transition to effective technologies is possible only with the coordination and cooperation of
representatives of state policy, science and business in Ukraine.

The most common practices of using recycled glass are: road construction, thermal insulation
materials, production of concrete mixtures and decorative trim. The scientists considered in detail [2,
6, 11-14], the effect of introducing recycled glass in the manufacture of various road construction
materials, namely asphalt-concrete, base and subbase of road pavement, stabilizing component of
soil. First of all, the researches are aimed at selecting the optimal granulometric composition of these
materials from recycled glass.

The issue of improving the production technologies of such a thermal insulation material as
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foam glass from recycled glass is considered in [15-17], and various finishing materials in [3].

A large number of works [2, 4, 5; 18-20] are devoted to the development of the optimal
composition of concretes based on recycled glass, which can be used both as a substitute for the
binding component and as a substitute for aggregates for concrete. Of particular interest are the works
[21-22], which examine the influence of recycled glass on the rheological properties of concrete
mixtures used in the innovative technology of 3D printing of buildings.

The purpose of the work is to determine the effectiveness and feasibility of implementing
successful world practices of using recycled glass for the production of construction materials in
modern Ukrainian conditions.

Materials and research methods. The work uses a comprehensive approach, which includes
analytical, comparative and generalizing research methods. At the first stage, scientific data on the
relevance of glass recycling were collected, at the second stage, a comparative analysis of foreign and
Ukrainian experience in the issue of recycling glass was done, successful promising technologies
with the highest level of environmental and economic effect were identified. At the third stage, a
generalized model of the introduction of glass recycling technologies into the national construction
industry was formed, taking into account technical, organizational and social factors.

Research results. Recycled glass (cullet) is glass waste that is formed during the production
and consumption process and is re-involved in the production cycle. Glass recycling is one of the
most developed areas of waste processing. Analysis of scientific works has allowed us to establish
that the justification for the use of recycled glass includes several aspects, namely: economic,
environmental, technological and, to a lesser extent, design aspects (Fig. 1).
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Fig. 1. Key aspects of the feasibility of glass recycling

The economic aspect is to reduce production costs by partially (or completely) replacing
primary raw materials with secondary materials. The use of cullet in the production process allows
reducing energy costs, reducing time and costs associated with the extraction and transportation of
natural resources, thus reducing the cost of finished products. In addition, this process allows creating
new workplaces, thus strengthening the country’s economy.

In turn, the ecological aspect consists in reducing the amount of waste that ends up in landfills,
reducing the ecological load on the environment.

The technological aspect is manifested in the possibility of improving the properties of
construction materials by introducing cullet into their composition. With the correct adjustment of the
production technology, crushed glass can increase the strength and durability of concrete mixtures, etc.

The design potential of recycled glass opens up new possibilities for architectural and
decorative solutions. Due to the variety of colors and textures, cullet is used in the manufacture of
mosaics, facade panels, decorative tiles, interior decoration and landscaping elements.

Thus, recycled glass is a multifunctional resource that combines economic feasibility,
environmental safety, technological efficiency, and aesthetic appeal, making it an extremely
promising raw material for the construction industry.

Modern recycling technologies allow the use of cullet in many areas of the construction industry
—from the production of new glass materials (products) to the creation of other construction materials,
including decorative ones.

One of such technologies is the use of glass as a raw material. Crushed glass is used in the
production of sheet, facade, container glass, as well as fiberglass and glass wool. This allows you to
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lower the melting point, reduce energy consumption and the amount of carbon dioxide emissions into
the environment, which makes this process ecologicallyy and economically feasible.

Next, we will consider the use of recycled glass in the production of construction thermal
insulation materials. Yes, it is the main raw material for the production of foam glass, which is used
as a lightweight and fire-resistant insulation in industrial and residential construction. Glass wool is
also made from cullet, which is an effective thermal insulation material.

In addition, crushed glass is used in the production of concrete and road surface materials (asphalt
concrete, bases and subbases), in which it is usually added as a partial substitute for sand or crushed stone.

The use of cullet also opens new opportunities in ornamental decoration — colored glass chips
are added when creating various mosaics, facing slabs, landscape elements, facades, etc.

From the above, we can conclude that the use of recycled glass has a significant number of
practical cases in construction. Particular attention should be paid to their use in overseas practice.

Glasphalt (asphalt with glass added) is an asphalt-concrete mixture where part of the filler is replaced
with crushed glass. The history of the development of this technology began in the 1970s. Today, it is used
in a number of high-tech countries, in particular Japan, Canada, the USA and EU countries. In practice and
in scientific research, a number of advantages of using cullet in road construction have been proven, the
main of which are the following: reducing the percentage of primary raw material use, recycling of glass
waste, reducing cost and improving the properties of asphalt pavement. It should be noted that there is no
unified technology and formula for using cullet as alternative filler. Scientists are still working on
improving this technology [2, 6, 13-14]. Thus, studies of dynamic behavior have shown that asphalt-
concrete containing cullet has better resistance to deformation and higher stiffness modulus [11].

The company RMC Materials, under the Highway Authorities Product Approval Scheme
(HAPAS), uses approximately 30% recycled glass in its product, instead of natural aggregates. HAPAS
is a British certification scheme that certifies that materials, products and systems used in the construction
of highways meet strict requirements for quality, safety and durability. Completing that certification
allows the developed material to be used for road construction on all highways, including trunk roads. A
three-year HAPAS evaluation scheme confirmed the high effectiveness of the developed Glasphalt
compound in operation compared to traditional asphalt from natural crushed stone [12].

Laboratory tests of asphalt-concrete mixtures with the addition of 10-15% cullet (monolithic
and tempered glass) have shown that the properties of the mixture change as follows: stiffness
decreases, and resistance to permanent deformation decreases. Practice has shown that the content of
10-20% cullet improves wear resistance and roughness of the road surface [6].

A study of Algerian scientists [13] is devoted to the use of recycled glass to grain size correction
of pavement unbound granular material (base and subbase). Crushed limestone of the 0—-20 mm
fraction, which has a deficiency of fine particles, was used as the reference material. The addition of
10% of recycled glass of the 0-0.63 mm fraction significantly improves the granulometric curve of
the mixture, fitting it into the regulatory area for the road base. This, in turn, contributes to an increase
in the bearing capacity of the material. In addition, a mixture of limestone crushed stone and recycled
glass has a filtration coefficient 10 times higher than a mixture of limestone crushed stone and sand.
This indicates better drainage and a reduced risk of water accumulation. As a result, this contributes
to an increase in the drainage capacity of the road pavement and its durability, even in wet conditions.

Piyush Punetha and Sanjay Shrawan Nimbalkar [14] propose to make the base and subbase of
the road surface entirely from recycled materials. It is recommended to combine recycled crushed
glass in an amount of 10-30% with recycled concrete aggregate. The article provides a
comprehensive assessment of the physical and mechanical properties of secondary aggregates,
namely recycled concrete aggregate, crushed brick and crushed glass in the context of flexible road
surface construction. It has been proven that road surfaces constructed using aggregates from recycled
mineral raw materials have characteristics comparable to those constructed from natural quarry
materials. At the same time, they allow to solve the problem of a sharp increase in the amount of
construction and demolition waste (the construction and demolition waste or C&D waste for short),
the limitation of natural resources and the need for sustainable materials for road construction.

Abderrahim Lakhouit in his work [2] also suggests using crushed recycled glass for soil
stabilization, which improves the bearing capacity of the road surface and prevents its erosion. The
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laboratory studies have shown that soil mixed with 10-30% glass particles has increased shear
strength and reduced settlement, making it a viable alternative for sustainable road construction and
foundation materials. At the same time, the author draws attention to the need for scientific research
to develop advanced technologies for processing of recycled glass. The diversity of quality and
composition of recycled glass can create difficulties when using it as a construction material.
Impurities in glass can negatively affect the characteristics of products made from it, which confirms
the need to develop advanced technologies for sorting, cleaning and crushing recycled glass.
Optimization of these technologies will ensure that recycled glass meets the high standards applicable
in the field of construction materials and will help to increase its stability and quality, contributing to
its competitiveness with natural materials.

However, there are also certain disadvantages in the use of recycled glass, namely the cost of
production, which may be higher. This is due to the fact that to obtain a high-quality final product, such
raw materials require preliminary sorting and cleaning, a procedure for assessing the quality of raw
materials and the availability of appropriate equipment, infrastructure and logistics. In addition, if the
technology for manufacturing asphalt concrete based on recycled glass is not followed, risks may arise
during road operation: reduced adhesion of the coating, the need for frequent road repairs, etc.

The next successful case of using recycled glass is the production of foam glass (foam glass or
cellular glass) based on it — an inorganic insulation with a highly porous structure. It is obtained by
heating the glass mass to a temperature at which the glass becomes plastic and can foam when a small
amount of special gas-forming additives is added, forming closed or partially closed pores. Due to
this porous structure, this material has high heat and sound insulation properties, is moisture resistant
and durable, which ensures its service life of 100 years or more. Having a number of advantages, such
as reducing the total percentage of glass in the mass of waste, reducing the final cost of products, this
material becomes attractive in the construction industry.

Thus, in developed countries, foam glass is used as an ecological alternative to insulation, and
manufacturing technologies are constantly being improved. A number of scientific studies have provided
the advantages of using foam glass in the construction industry. In particular, Horonko et al. in their study
[15] claim that foam glass made from recycled glass and perlite has an density of 263 kg/m?, a strength
of 2.17 MPa and low thermal conductivity, which allows it to be used as a thermal insulation layer.

The most well-known manufacturers of foam glass in European countries are GLAPOR
(Germany) and Misapor (Switzerland). The first mentioned company makes its product from 100%
recycled glass [16], while the second notes that its material is successfully used as a filling for floor
bases, thus reducing the load on the soil [17].

Another common world practice is the use of recycled glass in the production of various types
of concrete. With proper technology for preparing cullet (reduction of fraction, control of reactivity),
it is possible to obtain concrete with sufficiently high strength, decorative effect and reduced average
density. The first attempts to introduce crushed glass into concrete date back to the 1960s and 1970s,
but widespread industrial use began with the advent of glass grinding technology to micropowder in
the 21st century. This made it possible to avoid the negative consequences of alkali-silicate reaction
(ASR), which previously limited its use in the manufacture of cement materials.

Modern researches show that the selection of the optimal granulometry of crushed glass can
significantly increase the strength of concrete. Gengan et al. [4] found that replacing up to 20% of natural
aggregate with cullet improves the strength of concrete. The optimal results were obtained at a ratio of
15 — 20%. The same thesis is confirmed in the work of Abderrahim Lakhouit [2], in which, due to the
addition of 20% of recycled glass instead of traditional aggregates in concrete, the compressive strength
increased by 15%, and carbon emissions decreased by approximately 30%. In addition, the author
suggests using finely ground glass powder as an additional cementing material, which will allow
reducing the proportion of cement in the composition of concrete. For this, in order to improve the
properties of glass powder, it is necessary to carry out chemical or combined activation. The use of
processed secondary glass powder in concrete allowed improving its microstructure, reducing porosity,
increasing early and final strength, and minimizing the risk of alkali-silica reaction.

In another experiment [5], expanded glass was used as a lightweight aggregate for concretes
with a reduced density (1.5-2.2 g/cm®) while obtaining strengths of 18-69 MPa. Such concretes
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demonstrate increased thermal insulation and lower weight, which are valuable operational properties
of the material for energy-efficient construction.

Lutfar Rahman Rana et al. [18] conducted research on the replacement of fine aggregate in
concrete with secondary crushed glass and coarse aggregate with recycled brick aggregate (Recycled
brick aggregate concrete or RBAC). It was found that with an increase in the proportion of RBAC,
the compressive strength of concrete decreases. This negative effect of RBAC was eliminated and its
quality improved by adding 20% secondary glass as fine aggregate.

In the study of Subhan Ahmad et al. [19], the positive effect of recycled crushed glass (RCG)
on the quality of concretes in which a proportion of natural coarse aggregate was replaced by recycled
coarse aggregate (RCA), in this case made from concrete of a destroyed building. It was found that
RCA significantly reduces the mobility of the concrete mixture due to the presence of mortar particles
in it, which increase the water absorption of such aggregate, which negatively affects the formation
of the concrete structure and its strength characteristics. RCG, which is added to concrete as a
substitute for part of the fine aggregate, has a smooth surface and almost does not absorb water,
therefore it improves the technological properties of concrete mixtures. The early strength of
concretes made with the addition of RCG and RCA at any ratios was lower than that of concretes
made from natural aggregates. However, the late strength, namely the 56-day strength of concrete
increases in all mixtures made from Recycled aggregates (aggregates from recycled materials). This
is explained by the fact that recycled crushed glass densifies the structure of the concrete and promotes
the reaction with the silica content in the glass. The best indicators were recorded when 20% RCG
was added instead of natural fine aggregate and 50% RCA was added instead of natural coarse
aggregate. This composition allowed to obtain a reinforced concrete beam that had a 5% higher shear
strength than a beam made from a control concrete mixture without Recycled aggregates.

Also of interest are the studies of Chinese scientists [20] aimed at developing ecological concrete,
which is modified with recycled glass powder (Waste glass powder or GP) as an auxiliary cement
material, recycled concrete aggregate (Recycled concrete aggregate or RCA) as a coarse aggregate
particle and recycled fine brick aggregate (Recycled fine brick aggregate or RFBA) from waste clay
bricks as a fine aggregate particle. The following ratio of materials in the concrete mixture is optimal:
15% RCA, 40% RFBA, 10% GP and a water-cement ratio — 0.48. Concrete samples from this
composition show the 28-day cube compressive strength at 39.2 MPa, the axial compressive strength at
29.8 MPa and splitting tensile strengtha at 2.72 MPa. These indicators almost meet the design
requirements for concrete of class C30/35, only the axial compressive strength instead of the minimum
value of 30 MPa has an indicator of 29.8 MPa. Microscopic analysis showed that the C-(A)-S-H gels
formed by GP and RFBA reduced the total porosity by approximately 18% and increased the proportion
of harmless pores (<20 nm) to 25...28%, which contributed to the improvement of the pore structure.
This concrete composition allows for a 10% reduction in cement usage and approximately 50-60%
reduction in natural aggregate consumption compared to traditional C30/35 concrete, which directly
reduces the risks of land occupation and environmental pollution associated with landfilling.

A research group of scientists in in their studies [21-22] evaluated the feasibility of using
recycled glass as a substitute for natural aggregate in concrete mixtures for 3D printing. In both
studies, concrete mixtures with recycled glass aggregate demonstrated higher plasticity indices of
concrete mixtures compared to traditional mixtures, improving their rheological properties. This is
one of the most important characteristics of mixtures used in 3D printing technology, because most
modern construction 3D printers usually use the extrusion method, which requires high mobility of
the mixtures. However, the mechanical properties of concretes based on recycled glass material were
lower compared to concrete based on river sand.

Karla Cuevas et al. in their work [21], in addition to concrete mixtures of heavy concretes for
3D printing, also studied concrete mixtures of light concretes for 3D printing. Lightweight concretes
were prepared with 50 and 100% recycled glass aggregate as a substitute for basalt aggregate and
with expanded thermoplastic microspheres (ETM) as a pore former. An effective balance between
mechanical characteristics and optimal formation of the microstructure of concretes was achieved in
lightweight mixtures with the addition of 50% recycled glass and the introduction of ETM. Thus, the
results of the research indicate that recycled glass is a more effective substitute for natural aggregates
in mixtures for lightweight concretes used for 3D printing of buildings.
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Another relevant case is the use of recycled glass as a finishing material to give architectural
expressiveness to the premises of buildings. This means the use of recycled glass in interior and
exterior products in which cullet can perform two functions — aesthetic (design element due to color,
texture, and texture of products) and functional (insulating material or filler) [3]. Such products
include facing panels, facade decorative panels, some types of tiles and mosaics, etc.

It is worth mentioning that in European countries and the USA, the use of colored glass cullet
in the production of mosaics and decorative facade panels, as well as some exterior and interior
elements, is popular. As in other cases, there are both advantages and disadvantages of using cullet
for decorative purposes. From a scientific point of view, the advantages include the following:
aesthetics (color range, glare, texture, the ability to create mosaics, etc.), physical properties of
products — moisture resistance, frost resistance, strength, etc., reduced use of primary raw materials
and recycling of glass waste. Problematic issues include: the need to control the quality and purity of
cullet (removal of paints, organic impurities), in some cases, increased production costs, insufficiently
developed collection infrastructure and logistics, etc.

Canadian-French scientists in their study [23] examined the design and optimization of a
network for collecting, sorting and recycling glass waste within a closed supply cycle. The example
is a circular network for recycling glass waste, which includes the option of recovering value by
crushing and grinding glass, in order to obtain a pozzolanic material that is used as a substitute for
the cement fraction in concrete. The authors developed the first integrated mathematical model of a
reverse supply chain for cullet, which allows maximizing profits, minimizing CO: emissions,
optimally choosing the locations and sizes of processing facilities, and evaluating different options
for reuse and recycling. The model was tested on real data from a waste processing enterprise in the
Canadian province of Nova Scotia, on the basis of which practical recommendations were made for
promoting sustainable glass recycling practices. According to the results of the scientists, the key
influence on the profitability of the system is the optimization of the location and size of glass
processing facilities.

Thus, world practice proves that recycled glass can be successfully integrated into various segments
of construction — from the production of materials for roads and foundations to the production of interior
and facade finishing products. This confirms its versatility and competitiveness as a construction resource.
The developed collection infrastructure and established glass processing lines in the countries of Europe
and North America are an example of the large-scale implementation of such technologies.

We also note that the prospects of this case are noted by foreign experts. Thus, in the study of
Oseng-Rees et al. [3], recycled glass plates were tested in outdoor conditions of bathrooms and
kitchens. The material was tested in conditions of high humidity and impacts. At the same time, a
significant number of samples remained without visible damage.

One of the significant ecological problems of our country is the accumulation of glass waste.
They constitute a significant part of solid household waste, but a small amount of them is sent for
recycling. Thus, according to researches of Ukrainian scientists, most glass material ends up in
landfills after use, and the underdeveloped system of collection, sorting and logistics does not allow
to implement in full the potential of glass recycling.

Even before the start of the full-scale war in Ukraine, several enterprises specialized in
collecting and processing recycled glass operated. In particular, the company "Utilita" in
Novomoskovsk is implementing a closed cycle of cullet production, namely, it is engaged in
collecting, sorting and cleaning cullet using modern European equipment and supplying it directly to
glass factories [24], WeDoRe is engaged in a full cycle of processing glass, aluminum and all types
of polymers, demonstrating the possibility of transforming waste into a clean semi-finished product
that can be used on a par with primary raw materials for further production [25].

The full-scale war had serious consequences in this area — on the one hand, the amount of glass
waste has increased, which is associated with a large number of building destructions, and on the
other hand, there was a loss of capacity, logistics and investments in specialized companies. Today,
the main problems are the lack of collection and sorting infrastructure, insufficient investment in the
establishment of the recycling process, and underdeveloped logistics [26].

In Ukraine, the issue of glass recycling for construction purposes is gradually gaining
momentum [27, 28], especially in the context of the development of the "green economy" and the
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increase in the cost of energy sources. The main directions are the production of thermal insulation
materials, use in cement concrete and the creation of decorative solutions. Ukraine is among the
countries that have their own production of foam glass (Lviv and Dnipro regions), cement and
concrete mixtures with the addition of cullet and decorative materials.

Conclusions. The analysis of practical cases of using recycled glass as a raw material for construction
materials and products confirmed the economic and environmental feasibility of these technologies.
Analysis of world practices showed that the use of cullet in the production of asphalt concrete, concrete
mixtures, thermal insulation materials and finishing products, provided that effective technological lines are
established, can improve the physical and operational characteristics of these construction materials.

It has been established that there are a number of enterprises operating in our country that use
recycled glass to produce various materials, but this number and capacity remain insufficient. Among
the reasons are the lack of effective infrastructure for collecting and sorting glass, logistics, a shortage of
technological capacities, and the lack of state incentives for the interest of enterprise representatives.

To implement the world experience of using recycled glass for the production of building
materials in Ukraine, it is necessary to actualize the following steps:

1. Improve the regulatory framework, namely, to initiate amendments and development of a
number of state building codes (SBK) and harmonize them with the requirements of the European
Committee for Standardization regarding the use of secondary raw materials in construction.

Ukraine has a general framework for waste management, in particular the Law of Ukraine "On
Waste Management", which came into force in 2023, however, for the effective launch of glass waste
recycling a number of specialized regulatory documents and technical regulations are not enough. Firstly,
it is worth developing a national standard for recycled glass as a construction material, which would
clearly define the classification of recycled glass, requirements for its quality (purity, granulometric
composition, pozzolanic activity, etc.). Secondly, another effective mechanism is to establish mandatory
norms at the legal level regarding the use of a minimum share of recycled mineral raw materials for the
production of construction materials, which which are implemented in many countries of the European
Union. The possibility of using waste, including recycled glass, is complicated due to the lack of clear
criteria between the waste status and the status of construction materials, since waste is subject to a more
extensive permitting procedure because of their potential danger to human health. All of this is a
significant barrier for large-scale glass recycling in the construction industry.

2. Introduce economic incentives by establishing tax exemptions for producers of construction
materials based on recycling mineral raw materials and establishing priority in public procurement
for materials containing such raw materials.

3. Create regional infrastructures for collecting, sorting and processing recycled glass. Develop
the network of regional centers for collecting, sorting and processing glass within large
agglomerations (Kyiv, Dnipro, Odesa, Kharkiv, Lviv) by purchasing modern equipment under the
terms of public-private partnership or by involving international investments.

4. Conduct social and informational events. Currently, there is low awareness of the general public
about the benefits of separate waste collection and technologically correct solutions for their rational
processing, the possibilities and advantages of recycling. Most people consider this idea unattainable in
implementation, so it is worth conducting information campaigns with the demonstration and
popularization of successful global cases of glass collection, sorting and recycling systems.

In addition, there is a there is a shortage of qualified personnel at both the engineering and labor
levels to provide consultations, recommendations, and direct implementation of recycling
technologies. The solution of this problem could be the introduction by the Ministry of Education and
Science of pilot projects with the opening of centers for sorting and recycling of recycled glass based
on specialized universities. Following the example of how energy efficiency centers were opened in
several universities of Ukraine. The functioning of such centers will allow to solve several issues at
once: the availability of demonstration stands and exhibitions on the usefulness of sorting and
recycling of glass; training of specialists in ecology, civil engineering specialties on visual equipment;
conducting consultations for communities and scientific research.

5. Taking into account the needs of post-war reconstruction of Ukraine, the highest priority is
to establish the production of thermal insulation materials (foam glass) to increase the energy
efficiency of buildings; the development of concrete mixtures based on recycled glass for 3D printing
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of building structures as an alternative rapid technology for the restoration of destroyed buildings and
the development of materials based on recycled glass for road construction.

The implementation of technologies for the use of recycled glass in the production of construction
materials in Ukraine is particularly important in view of the European integration movement and the
need for transition of the national economy sectors to the principles of a circular economy.

This research was conducted with the support of the International Visegrad Fund under the
Visegrad Scholarship Programme (Scholarship 1D: 52510425) at the Maria Curie-Sklodowska
University in Lublin.
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HalrocTpimmx eKoJoriyHuX mpobieM. J[ocTaTHHO 3HAYHY YACTKy Yy 3arajbHii Maci TBepaux
noOyTOBUX BIIXOMIB HAJIEXKHUTh caMe€ CKISHUM Biaxojgam. [Ipm 1bOMy CKJIO NpakTHYHO HE
PO3KIJIaZIa€ThCs Y IPUPOAHUX YMOBaX, 1110 CTBOPIOE TPUBAJle HaBaHTAXXEHHs Ha TOBKULIA. BogHouac
BOHO Ma€ MOTEHII1aJI NEPCIEKTUBHOIO CHPOBUHHOI'O MaTepially, sike MOKe IOBTOPHO MepepoOIsATUCS
0e3 BTpaTH OCHOBHHX (Pi3MKO-XIMIYHMX BIIACTHBOCTEH. Y 3B’SI3Ky 3 IIMM aKTYaJIbHUM € MUTAHHS
PELMKIIIHTY BTOPMHHOIO CKJIa, OCOONMBO y OyaiBENbHIM Tamy3i, sIka € TOJOBHHUM CIIOKMBAaYeM
npupogHux pecypci (61 50 %) i Tomy, BiANOBiAHO, MOTpeOye 3ampOBAKEHHS TEXHOJOTIH i3
BUKOPUCTaHHSAM QJIbTEPHATUBHUX BapiaHTIB CUPOBUHH.

Ile cnpusTMMe 3HMKEHHIO €KOJOIIYHOIO HaBAaHTAKEHHs, PallilOHAJIBHOMY BUKOPHCTAHHIO
pecypciB 1 MiJIBUILIEHHIO €KOHOMIYHOI €(eKTUBHOCTI OyaiBHUIITBA. MeTOol0 poOOTH € BU3HAYECHHS
€(eKTUBHOCTI ¥ MOXJIMBOCTI IMIUIEMEHTAlli A0 CyYaCHUX YMOB YKpaiHM YCHIIIHUX CBITOBHUX
MIPAKTUK BUKOPUCTaHHS BTOPUHHOTO CKJIA JIJIs1 BAPOOHHIITBA OyAiBEIbHUX MaTEpiaiB.

AHati3 HayKOBHUX pOOIT J03BOJIMB BUSBUTH HAHOUIbII YCIHIIIHI KEWCH PELUKIIHTY CKJa JUIs
BUPOOHMLITBA OyAiBEIbHUX MaTepialliB y CBITOBIH MpakTulli. BurotoBiaeHHs acgaibToOETOHHUX
cymimieit 13 gomaBarasaMm 10 — 30% ckiob6oro (glasphalt), TemioizonsiifHUX MaTepianiB Ha OCHOBI
MHOCKJA, JIETKUX OETOHIB 13 MIKPONOJPIOHEHUM CKJIOM $IK YaCcTKOBUM 3aMIHHMKOM IIICKy Ta
03/100JTI0BAIBHUX MaTepialliB, TAaKUX SIK JEKOPATHBHI MaHENl 1 MO3aiKH 13 KOJIbOPOBOiI CKIIOKPUXTH.
B Vkpaini, nonpu HasBHICTb BUPOOHUYMX MOTYXHOCTEH, piBE€Hb OBTOPHOI'O BUKOPUCTAHHS CKJIa
3aJIMIIAETHCA HU3bKUM UYepe3 HEPO3BUHEHY 1HPPACTPYKTYypy 30MpaHHS, COPTYBaHHS Ta OUMIICHHS
CKITHUX BigxoxiB. [Ipote 3poctanHs norped y OymiBenbHUX MaTepianax y mporeci MmicIsiBOEHHOTO
B1JIHOBJICHHSI CTBOPIOE CIIPUSTIIMBI YMOBH JUIsl MaclITaOyBaHHS TaKUX TEXHOJIOTIH.

Jnst iMruieMeHTarli CBiTOBOTO JOCBIAY BHKOPUCTAHHS BTOPMHHOTO CKJIA JJII BUPOOHHIITBA
OyaiBenbHUX MaTepialiB B YKpaiHi HE0OOX1IHO peasizyBaTh HACTYIHI KPOKH:

1. ITokpamuTu HOPMAaTUBHO-IIPaBOBY 0a3y, a came iHILIFOBaTH BHECEHHS 3MiH Ta pO3pOOKY
HU3KHU JIepKaBHUX OyaiBensHUX HOpM (JIBH) Ta rapmonizysaru ix i3 Bumoramu European Committee
for Standardization 110,10 BUKOpUCTaHHS BTOPUHHOI CHPOBHUHU y OY/IiBHUIITBI.

2. 3anpoBagUTH EKOHOMIYHI CTUMYJHM MUISXOM BCTAaHOBJICHHS MOJATKOBUX IIUIBT JISI
BUPOOHUKIB OyAiBETbHIX MaTepialiB Ha OCHOBI BTOPMHHOI MiHEpaJIbHOT CHPOBHHU Ta BCTAHOBJICHHS
MpiOpUTETY Y MyOIIYHHUX 3aKyMIBISAX HA MaTEPiaH i3 BMICTOM TaKOi CHPOBHHH.

3. CtBOpUTH perioHaIbHy iH(pacTpyKTypy 30MpaHHs, COPTYBaHHS Ta HEPEpPOOKH BTOPUHHOT'O CKJIA.

4. IIpoBoauTH comiaibHO-1H(pOpPMaIIiiiHI 3aX0IH.

5. BpaxoByroun notpedu MoBOEHHOT BiIOYIOBH Y KpaiHW HAHOLUTBII MPIOPUTETHUM € HAJIArOJKSHHS
BUPOOHHMIITBA TEIUIOI30JSILIIHMX MaTepiatiB (IMHOCKIIA) U MT1IBUILIEHHS eHeproe(eKTUBHOCTI OyiBelb;
PO3poOKa OETOHHUX CyMIIlIeif Ha OCHOBI BTOPMHHOTO CKJIa Juist 3D-1pyKy Oy/IiBEIbHUX KOHCTPYKIIIH SIK
aITbTePHATUBHOI IIBUJIKOT TEXHOJIOT I 13 BIIHOBJICHHIO 3pyHHOBaHUX OyAiBelb Ta po3poOKa MaTepialliB Ha
OCHOBI BTOPUHHOT'O CKJIa /IS IOPO’KHBOTO Oy TIBHUILITBA.

KirouoBi cjioBa: BTOpHHHE CKJIO, CKIJIOOiIH, PEIUKIIIHT, OymiBENbHI Marepiaiau, «3eJeHE»
Oy 1IBHUIITBO.
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