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The article examines one of the main environmental problems of environmental pollution, which
occurs due to the growth of fossil fuel use, increased greenhouse gas emissions into the atmosphere,
and the deepening climate crisis, and requires the search for alternative solutions. One of the sources
of environmental pollution, including increased greenhouse gas emissions, is plastic products. This
is explained by the use of natural fossil resources for their production, their insufficient processing,
slow decomposition in nature, which leads to the release of harmful substances into the atmosphere
and the accumulation of plastic waste. In addition, plastic pollution negatively affects ecosystems,
human health, and poses a direct threat to the preservation of biodiversity.

The development of the biodegradable plastic market has become an alternative solution
to replace traditional plastics, including as packaging materials and other plastic products.
Bioplastics are able to decompose under the influence of microorganisms, and at the same time
turn into carbon dioxide, water and biomass.

Analysis of the global biodegradable plastics market predicts its growth, with 1.8 million tons
of biodegradable polymers accounting for 2.87 million tons of bio-based plastics by the end of
2025. This will help reduce the amount of plastic waste that pollutes the environment, as when
released into the environment, the materials decompose under the influence of microorganisms
and natural processes, such as biodegradation, composting and aerobic processing.

Reducing the consumption of petroleum products for the production of biodegradable
polymers will help reduce dependence on oil and reduce greenhouse gas emissions during its
extraction and processing, reducing greenhouse gas emissions.

A regulatory framework has been developed at the international and European levels to
regulate the development of the biodegradable plastics market.

Key words: fossil fuels, environmental pollution, greenhouse gases, greenhouse gas emissions,
climate change, biodegradable plastic.

Mwonacea O.A. Biopo3knaouuit nnacmuk: cyuacHuii mpeno 4u eumoza cb0200€HHA

Y emammi pozenanymo 00Hy 3 0CHO8HUX eKolo2iuHUX NpobeM 3a0pyOHeHHs O0BKINIA, WO
8I00Y8ACMbCA Uepes 3pocmanis 00¢A2i6 GUKOPUCTNANHS BUKONHO20 NAAUBA, 301NbUeHHs 6UKUIE
NApHUKOBUX 2a3i6 6 ammocghepy, no2nubnents KIiMamuiHoi Kpusu ma 6umMazac NOuyK aibmep-
HamueHux piutenv. OOHUM 13 0dicepen 3a0pyOHeHHs HABKOTUWHBLO2O CepedosUUd, 8 MOMY YUCTT
30inbUen s emicii napHUKOBUX 2a3ie, € NIACMUKosi upodu. Lle noacHemvcsa UKOPUCMAHHAM
NPUPOOHUX BUKONHUX PECYPCi8 Ol iX 6UPOOHUYMEA, HEOOCMAMHBLOIO IX NepepoOKOI0, NOBITLHUM
PO3KIAOAHHAM 8 NPUPOOI, WO NPU3800UNb 00 BUOLIEHHS WKIOIUBUX PEUOsUH 8 ammocepy ma
HaKonuuenHs niacmuxosux 6ioxodie. Kpim mozo, nnacmuxose 3a6pyonents ne2amugno 6naueac
Ha eKxocucmeMmi, 300p08 s I00el, Hece NPAMY 3a2po3y 30epediceHHIO OIoPI3HOMAHIMMAL.

Possumox punky 6iopo3xknadno20 naacmuka cmano aibmepHamueHUM pPilueHHAM U000
3aMIHU MPAOUYTIHUX NAACMUKIG, Y MOMY YUCTL 8 AKOCMI NAKYBANbHUX MAMepianie ma iHuux
naacmuKosux eupodie. Bioniacmux 30amuuti po3kiaoamucs nio 6niu8oM MIKpOOP2aHizMie,
i B0OHOUAC NEPemMBOPIOBAMUCS HA 8V2NeKUCIUL 2d3, 600Y i biomacy.

Ananiz c6imo6o2o punxy 6iopo3Kiadanux nAACMMAc NPOSHO3YE 1020 3POCMAHHA, NPUHOMY
0o kinya 2025 poky 3 2,87 man moHu naacmuky Ha 6ionociunit ocHogi 1,8 MaH mouH ckaada-
mume 06’ em punKy 0iopo3KIAOHUX norimepis. Lle cnpusimume 3HUNCEHHIO KIIbKOCME NILACMUKO-
8UX 8i0X00i8, WO 3AOPYOHIOIOMb HABKOIUWMHE cepedosuuye, MaK K npu NOMPAaniaHHi 6 HA8Ko-
JUWHE cepedogule Mamepianu po3KIa0aromscsi nio 6NIUEOM MIKPOOP2AHIZMI6 mMa NPUPOOHUX
npoyecie, maxux ax 6ionoziune po3Kia0aHHs, KOMROCMYBAHHA Ma aepodHa nepepooxa.
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SHuoicents cnodcueanHa Ha@monpooykmie 0is GUpOOHUYMEa OIOPO3KIAOHUX NONIMEPI8
CNpusimuMe 3HUNCEHHIO 3ANeNHCHOCHI 810 HAGMU ma CKOpouy8amume GUKUOU NAPHUKOBUX 2a3i8
npu it 6UO0OYmMKY ma nepepooyi, 3HUNCYIOUU eMICIH0 NAPHUKOBUX 2A316.

Ha midicnapoonomy ma €8poneticokomMy pieni po3pobieHo HOpMAmuHO-npagogy 0oaszy
3 MEmoio pe2yno8anHs pO36UMKY PUHKY OI0PO3KAAOHUX NAACIIMAC.

Kniouogi cnoea: suxonne nanugo, 3a6pyoHeHHs HABKONUWHBLO20 CEPe0osUUld, NAPHUKOGI
2a3u, emicis RAPHUKOBUX 24316, KIIMAMUYHL 3MIHU, GIOPO3KAAOHULL NAACMUK.

Relevance of the research topic. Against the backdrop of the continuous growth of
fossil fuel use, the intensification of the climate crisis, the increase in greenhouse gas
emissions and other pollutants, the problem of environmental pollution is becoming
increasingly acute, which requires the search for effective alternative solutions.

This problem is also exacerbated by the growing costs of maintaining old and creat-
ing new landfills. Today, there is an urgent need to use more environmentally friendly
methods of processing and disposing of waste. The limited resources of fossil fuels and
the problem of recycling certain items affect the production and use of new types of
packaging and certain products [1].

One of the most promising solutions is the use of new modern materials, such as bio-
degradable plastic. Such an innovative solution has great potential to change a person’s
lifestyle, make it safer, and form an environmentally conscious and responsible society.

Problem statement. One of the sources of environmental pollution, including
increased greenhouse gas emissions, is plastic products, which are an integral aspect of
our lives. The use of such natural resources as oil, gas, coal for their production, their
insufficient processing, slow decomposition in nature lead to the release of harmful
substances into the atmosphere and the accumulation of plastic waste. This negatively
affects ecosystems and human health, threatens the preservation of biodiversity.

Materials and research methods. To achieve the goals of the article, expert assess-
ments, statistical data, literary sources on plastic pollution of the environment were
analyzed, alternative solutions were found to reduce the impact and consequences of
this pollution, the development of the global market and the Ukrainian market of bio-
degradable plastics and the regulatory framework for its regulation were considered.

Research results. The paper presents the results of the analysis of the plastic prod-
ucts market and experience in finding alternative solutions to reduce the negative impact
of this sector on the environment.

A significant share of the plastic products market is occupied by packaging materi-
als. The development and production of these materials with increased compost ability
characteristics is directly related to the growth of costs for products from petrochemical
raw materials. Moreover, the expectations of the consumer market for these products are
supplemented by the requirements of society for packaging and products with improved
environmental properties. Due to the emergence of a large number of new materials on
the consumer market, understanding and needs for their compost ability have become
more relevant.

Most polymers are made from such natural resources as oil, gas, coal. This pro-
duction is extremely harmful, as a result of which a large amount of carbon dioxide
is released, the emissions of which negatively affect the environment. In addition, the
polymers used today have a very long decomposition period. For example, the decom-
position period of a plastic bottle is 450 years, a plastic straw — 200 years, a toothbrush —
500 years [2].

Composting, as a method of recycling and/or disposal of waste, including at home,
is now used in many leading countries of the world and, according to experts, the pace
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of its implementation will increase over the next decade. The leader in this direction is
the United Kingdom, where, thanks to an improved waste management infrastructure
together with modern technologies for the production of compostable products, a closed
cycle for packaging and products is being implemented.

One of the alternative solutions to the problem of environmental pollution by plas-
tic, replacing conventional polymers used for packaging, has been the development of
biodegradable materials [3, 4].

Biodegradable plastic is made from biological material, such as plants, biological
waste, capable of decomposing under the influence of microorganisms, and at the same
time turning into carbon dioxide, water and biomass.

An important difference between bioplastics and conventional polymers is that they
can completely decompose into harmless substances in a short period of time (up to
three months). There is a misconception that such materials decompose when released
into nature and completely disappear in a matter of weeks. However, in reality, the pro-
cess can last for different periods and require special conditions.

There are two types of biodegradable plastics, depending on the method of their
decomposition.

The first type is biodegradable materials, which, under special conditions, decom-
pose into water, carbon dioxide and organic compounds under the action of microorgan-
isms. The decomposition occurs quickly, within a few months.

The second type is compostable materials. They decompose into water, carbon diox-
ide, as well as inorganic compounds and biomass in compost pits under the influence
of microorganisms, as well as high temperature and pressure. This occurs at the same
speed as the decomposition of conventional organic waste. As a result of the decompo-
sition process, no toxic residues are created.

But, asnoted above, any bioplastic needs the right conditions for rapid decomposition.

The environmental friendliness of bioplastics lies not only in the short period of its
decomposition, but also in the fact that during its production many times less green-
house gases are released into the atmosphere.

Although, the production and use of bioplastics also has disadvantages. These are:

* The production of biodegradable materials is much more expensive than the pro-
duction of conventional plastics.

* Special conditions are required for the proper processing of bioplastics. Most often,
they are created by high-temperature composting plants. Without them, bioplastics do
not decompose in conventional landfills and even emit dangerous methane gas.

* Incorrectly processed bioplastics can contaminate an entire batch of properly pro-
cessed conventional plastic.

» The successful use of bioplastics requires a strong environmental awareness of
society and organized separate waste collection.

* Bioplastics are not recycled for reuse [5].

Analysis of the use of biodegradable plastic in Ukraine shows that its active growth
occurred in 2020 — a period of spreading public awareness aimed at reducing the neg-
ative impact on the environment through rational consumption and increasing require-
ments for the environmental friendliness of packaging materials. With the adoption in
2021 of the Law of Ukraine “On Restricting the Circulation of Plastic Bags in Ukraine”,
the development of the biodegradable plastic market at the state level was stimulated.
Moreover, given the presence of a “rich” raw material base and the created favorable
conditions, this market became attractive for investment. Unfortunately, the full-scale
military invasion of Ukraine slowed down this process.
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The international company European Bioplastics, in collaboration with Nova-Insti-
tute, conducted a marketing study of the global biodegradable plastics market and made
a forecast of its growth, which is presented in the figure. By 2025, the world will have
capacity to produce 2.87 million tons of bio-based plastic, of which the market volume
of biodegradable polymers will be 1.8 million tons [4].
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Fig. 1. Forecast capacity indicators of the global bioplastics market for 2021-2025 [6]

Promising areas of development of the biodegradable plastic market in the near
future will be the segments of polylactic acid (PLA), bio-based polypropylene and pol-
yhydroxyalkanoates (PHA).

According to the forecast of the consulting company Mordor Intelligence, the aver-
age annual growth rate of the global bioplastics market by the end of 2025 will exceed
15 %.

A significant share of the consumer market for plastic products is made up of dispos-
able tableware and packaging materials.

The prospects for the use of biodegradable disposable tableware are great. Firstly,
this will help reduce the amount of plastic waste that pollutes the environment. Today,
this waste poses a serious threat to marine animals and birds, so the transition to biode-
gradable tableware can be a step towards solving this problem.

Secondly, biodegradable tableware decomposes naturally when it enters nature. It
has the ability to decompose under the influence of microorganisms and natural pro-
cesses such as biodegradation, composting and aerobic processing. In the presence of
moisture and oxygen, it can completely decompose within several months or years,
depending on the material. Thus, the use of biodegradable plastic tableware reduces the
burden on landfills and helps reduce the volume of waste.

Thirdly, the use of biodegradable tableware will contribute to reducing the consump-
tion of petroleum products used to produce plastic tableware. Such production requires
a significant amount of oil, which is a raw material for production, which negatively
affects its reserves. Oil is a limited fossil natural resource, the extraction and processing
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of which have serious environmental consequences. Biodegradable materials used to
create tableware are an alternative to petroleum products, thus reducing dependence on
oil and reducing greenhouse gas emissions during its extraction and processing, reduc-
ing greenhouse gas emissions.

Another advantage of using biodegradable tableware is the possibility of increas-
ing awareness and responsibility of consumers regarding the state of the environment,
problems associated with waste, especially plastic, and their impact on ecosystems. Tra-
ditional plastic tableware takes hundreds of years to decompose, which leads to the
accumulation of garbage in landfills, pollution of water and natural resources. Biode-
gradable tableware, in turn, decomposes faster and does not cause as much harm to the
environment. In addition, the production of biodegradable tableware, as a new sector of
the economy, can create new jobs and support economic growth in regions where there
is access to raw materials for its production. Biodegradable disposable tableware, as an
alternative to traditional plastic tableware, has a high degree of recycling. After use, it
can be collected and composted, which will allow obtaining valuable organic fertilizer
to restore soil fertility. This, in turn, will reduce the amount of waste going to landfills
or landfills, will contribute to increasing the level of waste recycling and recycling. Bio-
degradable tableware does not contain toxic substances that can be released during the
decomposition of plastic tableware and is safer for human health.

One of the key aspects of the environmental friendliness of biodegradable table-
ware is the reduction of greenhouse gas emissions. During the decomposition of organic
materials used for its production, significantly fewer greenhouse gases are released than
during the decomposition of plastic. This is an important solution to the problem of the
deepening climate crisis. In addition, most manufacturers in the member states of the
European Union prefer to implement sustainable production models based on the prin-
ciples of the circular economy.

Today, increasingly on the shelves of supermarkets and in retail chains on the pack-
aging you can find such terms as “biodegradable”, “compostable”.

The misleading nature of these terms, their insufficient understanding by the
consumer, led to the development by the European Commission of the standard
EN 13432:2000 Packaging — Requirements for packaging recoverable through com-
posting and biodegradation — Test scheme and evaluation criteria for the final accept-
ance of packaging [7]. The standard defines the requirements for packaging that can
be recycled through composting and biodegradation. Moreover, these requirements
relate to the biodegradability of the material or packaging, but not to the origin of
the raw materials from which they are obtained. Therefore, if the material is of plant
origin (i.e. biodegradable), this does not mean that it does not necessarily have to be
biodegradable or compostable.

At the same time, if the material or packaging meets the requirements of the stand-
ard, it is compostable, and under proper composting conditions it will turn into compost,
CO, and water, and leave no traces of microplastics.

The purpose of EN 13432 is to demonstrate that the packaging is made of com-
postable material and is one hundred percent environmentally friendly. Thus, companies
producing packaging materials and packaging assure their consumers of their environ-
mental awareness and environmental responsibility.

The importance of this standard is further enhanced by the fact that the volume of
conventional plastic waste is constantly growing and poses a significant threat to natural
ecosystems. Such initiatives to create rules and specific actions to reduce plastic waste
pollution accelerate the transition to more environmentally friendly materials.
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EN 13432 defines the requirements and procedures for determining the compost
ability and aerobic processability of packaging (and its materials). According to
this standard, a material can be defined as “compostable” if it meets the following
characteristics:

— the decomposition of the material by at least 90 % occurs within 6 months when in
contact with an environment rich in carbon dioxide;

—when in contact with organic materials, after 3 months the material must fragment
into sizes less than 2 mm by at least 90 %;

— the material must not negatively affect or reduce the quality of the compost pro-
duced during the composting process;

— the material must have a low concentration of heavy metals;

— the pH value, content and concentration of nitrogen, magnesium, potassium, vola-
tile solids must be within the established norms.

As already mentioned above, there are two types of composting: in industrial con-
ditions and in home composting. The state of biodegradability in industrial compost-
ing conditions can be demonstrated at a temperature of 58 °C and a composting time
of 6 months. Home composting is carried out at a temperature of 20 °C to 30 °C for
12 months.

EN 13432 is not mandatory, but its use by a company or brand of materials that com-
ply with it demonstrates that they are environmentally responsible, which has a positive
impact on the growth of their consumer market.

According to research conducted by leading European courier company Seven
Senders, assessing the delivery of products purchased through e-commerce, the mental-
ity of the end consumer has changed in recent years. Thus, seven out of ten European
customers are willing to pay more for more environmentally friendly delivery, which is
16 percentage points more than in 2021.

Consumer demand for green and environmentally friendly packaging is extremely
stable and resilient throughout the changes that have occurred in public life over the past
few years. Today, 86 % of consumers under the age of 45 are willing to pay a higher
price for environmentally friendly packaging.

The regulation of the packaging materials and waste market in the European market
is carried out in accordance with EU legislation, including all materials and packaging
in commercial, domestic, industrial and other sectors.

The first rules on packaging and packaging waste were set out in Directive 94/62/EC
on packaging and packaging waste (PPWD). This law defines what types of packaging
can be placed on the EU market and sets out measures for the management of packaging
waste. All packaging must meet essential requirements relating to its production, com-
position and suitability for reuse or recovery.

In November 2024, the European Parliament reviewed and in December finally
approved the text of the Regulation (EU) 2025/40 of the European Parliament and of
the Council of 19 December 2024 on packaging and packaging waste, amending Reg-
ulation (EU) 2019/1020 and Directive (EU) 2019/904, and repealing Directive 94/62/
EC. On 22 January 2025, the PPWR was officially published in the Official Journal of
the EU and will enter into force 18 months after its publication [8].

Taking into account the challenges of today, the text of the Regulation establishes
new definitions and legal obligations regarding bioplastics, their biodegradability and
compost ability. The main ones are:

“l. The Commission should adopt legislation to promote the use of bioplastics in
packaging with a view to ensuring their use to replace recycled food contact materials
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after consumption, where they are not available in sufficient quantities to achieve the
minimum recycled plastic content targets.

2. There are new targets for the minimum percentage of recycled plastic in non-com-
postable plastic packaging. Packaging made from compostable materials is therefore
exempt from these minimum percentage targets for recycled plastic in its composition,
which in its final period, starting in 2040, will reach between 25 % and 65 % by weight
depending on its composition and using.”

This Regulation, as a legal document, will be mandatory in all EU countries. All
plastic packaging in the EU will be recyclable or reusable.

Today, the market for plastics in Europe, including packaging materials and pack-
aging, is:

— 2,400 companies producing plastic packaging;

— 40 % of plastic is used for packaging;

— by 2030, mandatory compliance with European standards for 100 % reusable
plastic packaging, recyclable or compostable.

Furthermore, Directive (EU) 2018/852 of the European Parliament and of the Coun-
cil of 30 May 2018 amending Directive 94/62/EC on packaging and packaging waste
aims to improve “waste management in order to protect, preserve and improve the qual-
ity of the environment, protect human health, ensure a rational, efficient and sustainable
use of natural resources, promote the principles of the circular economy, increase the
use of renewable energy, increase energy efficiency, reduce the Union’s dependence on
imported resources, create new economic opportunities and promote long-term compet-
itiveness. More efficient use of resources will also bring significant net savings for busi-
nesses, public authorities and consumers in the Union, while reducing overall annual
greenhouse gas emissions” [9].

According to this Directive, by 2030, the recycling industry of European countries
is obliged to adapt the targets set in Directive 94/62/EC of the European Parliament and
of the Council on the recovery and recycling of packaging and packaging waste to deci-
sions on increasing the recycling of packaging waste. In this context, a new understand-
ing of the plastics market is being created, corresponding to a more sustainable form of
production using more sustainable materials, with an emphasis on reuse and extending
the shelf life of products.

Conclusions. The increase in greenhouse gas emissions into the atmosphere is one
of the problems of environmental pollution. Among the main sources of this pollution
are plastic products. This is explained by the use of natural fossil resources for their
production, their insufficient processing, slow decomposition in nature, which leads to
the release of harmful substances into the atmosphere and the accumulation of plastic
waste, which negatively affects ecosystems, human health, and the planet’s biodiversity.

The deepening of this problem requires the search for alternative solutions. One of
such solutions is the development of the biodegradable plastic market. Bioplastic is able
to decompose under the influence of microorganisms and natural processes under cer-
tain conditions, such as biodegradation, composting, and aerobic processing.

Analysis of the global biodegradable plastics market predicts its growth in the future.
This will contribute to a reduction in the amount of plastic waste, a decrease in the con-
sumption of petroleum products for the production of biodegradable polymers, which
will reduce greenhouse gas emissions during their extraction and processing.

At the European level, the regulation of the biodegradable plastics market is carried
out in accordance with European regulations, directives and standards. What is impor-
tant for the production of biodegradable plastics and their recycling after their using.
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