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ABSTRACT

The circular economy, based on principles of resource preservation, recycling, 
and reuse, presents an innovative solution to the challenges of climate change 
and sustainable development. This economic model aims to minimize waste, 
reduce greenhouse gas emissions, and improve the efficiency of resource 
use, offering significant environmental and economic benefits. It represents 
a shift towards a more sustainable industrial model that enhances economic 
efficiency while reducing environmental impact. This study analyzes the 
impact of circular economy practices on sustainable development in Ukraine 
through statistical examination of key indicators such as GDP, CO₂ emissions, 
waste generation and treatment, and investments in environmental protection. 
Special attention is given to waste management metrics, including recovery, 
incineration, and landfill disposal. A comparative analysis between Ukraine 
and EU countries explores the correlation between waste generation and 
economic growth, providing insights into the future development of circular 
practices. The authors assess the correlation between implemented circular 
practices and changes in economic, environmental, and social indicators to 
evaluate overall effectiveness in addressing climate change. Additionally, 
analysis of environmental expenditures highlights the practical and economic 
advantages of circular strategies, particularly in air and water protection. The 
research offers a theoretical and practical framework for understanding the 
circular economy’s potential to reduce environmental pollution and enhance 
natural resource use. The findings support the circular economy’s role in 
achieving the UN Sustainable Development Goals, particularly in mitigating 
climate change and preserving biodiversity. The study underscores the urgency 
of Ukraine’s transition to a circular economy, especially amid the challenges of 
military aggression.
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1.	INTRODUCTION
The circular economy, as a model of production and consumption that minimizes waste, is a key 
part of the philosophy of sustainable development and the green economy in general. The benefits 
of the circular economy include stimulating economic growth and job creation and reducing nega-
tive environmental impact and emissions. Many countries have included circular economy commit-
ments in their national development plans and climate programs. The circular economy is a way to 
reduce environmental pollution and save production costs. This economy is a prerequisite for a new 
industrial revolution, as it helps maximize economic efficiency in industry and reduce the negative 
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environmental impact. Its implementation involves a set of measures aimed ultimately at the sus-
tainable development of enterprises and society.  
The concept of circular economy is becoming increasingly relevant in the context of sustainable 
development and environmental protection. The linear model of “extraction-production-consump-
tion-disposal” leads to resource depletion, pollution, and waste accumulation. On the other hand, 
the circular economy is based on the principles of a closed cycle, where waste from one production 
becomes a resource for another, thus minimizing losses and negative environmental impact. For 
Ukraine, as a country with a resource-dependent economy, implementing the principles of circu-
larity and zero waste production is a highly relevant and important task. Creating closed cycles of 
material flows, reintegrating waste into production systems and maximizing the resource value of 
products at all stages of their life cycle is the basis for the transition to a sustainable and eco-efficient 
economy in Ukraine. 
In the context of Ukraine’s European integration course, it is important to develop innovations and tran-
sition from a traditional linear economy to a modern circular economy model. This transition should be 
carried out comprehensively, per current requirements and European trends. In order to ensure com-
petitive advantages and create favourable conditions for the development of the circular economy in 
Ukraine, it is necessary to conduct thorough scientific research and study the experience of developed 
countries in implementing this model, which will help to increase our country’s competitiveness.
The purpose of this study is to assess the impact of implementing the circular economy model on 
achieving sustainable development in Ukraine by analyzing economic, environmental and social 
indicators, as well as to study the relationship between waste generation and recycling, greenhouse 
gas emissions, gross domestic product and investments in environmental activities. It will also sub-
stantiate the prospects and direction of further development of the circular economy in Ukraine, 
considering international experience and current challenges, particularly under martial law.

2.	LITERATURE REVIEW

2.1 CIRCULAR ECONOMY: EVOLUTION OF THE CONCEPT AND ESSENCE OF THE 
ECONOMIC CATEGORY
The modern economic system requires new innovative approaches and has lost the ability to ensure 
sustainable development of society in the future. The category “circularity” means the efficient reuse 
and recycling of resources, materials and products in closed cycles.
Reike D., Vermeulen W.J.V. and Witjes S. (2018) identify three key stages in the development of the 
circular economy concept:
The first stage (1970-1990) focused on waste management, emphasizing waste reduction, reuse and 
recycling. It was during this period that the 3R concept – Reduce, Reuse, Recycle – began to take 
shape: 1. Reduce – to reduce the use of natural resources and increase production efficiency; 2. Re-
use – to reuse products for their original purpose; 3. Recycle – to recycle materials to create new 
products of the same or lower quality.
The second stage (1990-2010) saw the implementation of an environmental efficiency strategy based 
on the idea of environmental payments. During this period, environmental problems acquired an 
economic dimension. In addition, the issues of ozone depletion and global warming acquire the sta-
tus of global challenges, and waste-free technologies are introduced mainly in industry.
In the third stage, which lasts from the end of 2010 to the present day, the concept of the circular 
economy is finally taking shape. The World Economic Forum proposed and expanded the princi-
ples of the circular economy in 2018 and is currently applying the 10R model: Refuse – refusal to 
produce a product using an “environmentally hazardous” technology, offering another product; Re-
think – rethinking the use of a product, its exchange or sharing; Repair – repair and maintenance 
of a defective product with its further use; Refurbish – restoration of an old product for its further 
consumption; Remanufacture – re-processing and use of a part of an old product in a new product; 
Repurpose – reorientation of a part of an old product in a new product for another purpose; Recover 
– burning materials to recover the energy lost in their production (World Economic Forum). Thus, 
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the 10-R model is less resource-intensive than the 3-R model, but much more complex and requires 
a clear selection and selection of raw materials at the design stage and in the design process.
During this period, along with the already recognized global problems of the second stage, new 
threats to the survival of humanity were also identified:

	- Global population growth: according to the UN, in 2010 the population amounted to 6.96 bil-
lion people, in 2023 - 8.01 billion, and the forecast for 2050 - 8.92 billion people (World Popu-
lation Prospects).
	- Increased waste: according to the World Bank, waste will increase from 2.24 billion tons in 
2020 to almost 3.88 billion tons by 2050 (Silpa K., Siddarth S., Sarur Ch., 2021).
	- Depletion or disappearance of most natural resources: global resource extraction is projected to 
reach 190 billion tons by 2060, up from 143 billion tons in 2019 (United Nations Environment 
Programme, 2019).

Today, more than 500 global companies are implementing the concept of a circular economy.
Geissdoerfer M. at all (2017) theoretically proves that the circular economy is a regenerative system 
in which resource consumption, emissions and energy losses are minimized by closing and reducing 
material and energy cycles.
Haas W., Krausmann F., Wiedenhofer D., Heinz M. (2015) consider the circular economy as a strat-
egy to reduce the consumption of raw materials and waste production by closing the economic and 
environmental loop of resource flows. Kirchherr J., Reike D., Hekkert M. (2017) define the concept 
of “circular economy” as an economic system based on business models that provide for alterna-
tive reuse. It is aimed at achieving sustainable development, environmental protection, economic 
growth and social justice in the interests of both present and future generations. The circular econ-
omy as an economic model is described by Murray A. Skene K. and Haynes K. (2015). They believe 
that in this model, both the results and processes of resource supply and production are planned and 
organized to maximize human well-being and the efficiency of ecosystems.
The circular economy model is an innovative platform that ensures sustainable development through 
the transition from a linear model based on consumption and disposal to a model in which the life 
of products is maximized, natural resources are reused, and materials and waste are minimized as 
much as possible. Currently, there are three distinctive circularity cycles that are gradually becom-
ing more widespread: the closing of resource cycles, which is defined by the traditional economic 
system; the slowing of resource cycles and material flows through the extension and intensification 
of product use to maintain their value and cost over time; and the narrowing of resource cycles 
through the more efficient use of materials, resources and products in a linear system. 
A systemic and comprehensive approach to the implementation of the circular economy can be im-
plemented holistically, but at the same time, each regional or urban system is based on the features 
of the circular economy (Yatsenko, O., Shvydanenko, O., & Shvydanenko, H., 2022). We agree that 
the circular economy is focused on resource recovery, which determines its essence and structure.

2.2 THE INNOVATIVE ROLE OF THE CIRCULAR ECONOMY IN THE FIGHT AGAINST 
CLIMATE CHANGE AND IN THE CONTEXT OF SUSTAINABLE DEVELOPMENT
Reducing greenhouse gas emissions, addressing resource depletion and environmental pollution, 
and optimizing waste management have become hot topics at the global level (Dantas et al. 2021; 
Sadhukhan et al. 2020; Zhang et al., 2019; Mahdhi & Belgaroui, 2025). Countries around the world 
have defined climate change mitigation efforts as a commitment to reduce emissions or implement 
advanced technologies to limit them (Peña et al. 2021; Serrano et al. 2021). In addition, the growth 
of population and living standards has led to the automation of production, which in turn has con-
tributed to mass production and consumption, as well as to the increase in solid waste. The growing 
amount and complexity of waste seriously threaten the environment and human health (Chioatto 
and Sospiro, 2023; Kurniawan et al., 2022). 
Implementing circular economy strategies is an effective tool for increasing the sustainability of the 
global system. It is increasingly clear that achieving structural optimization within the sustainable 
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development framework is impossible without using circular economy strategies (Alhawari et al., 
2021). National governments are striving to decouple economic growth from the consumption of 
natural resources and environmental pollution while trying to preserve economic resources as long 
as possible (Almagtome et al., 2020; Atabaki et al., 2020). The application of circular economy prin-
ciples is primarily aimed at preventing resource waste and optimizing energy and material cycles at 
different levels: the micro level includes businesses and consumers, the meso level includes econom-
ic agents that interact symbiotically, and the macro level includes cities, regions, and governments 
(Rincón-Moreno et al., 2020).
Due to the significant differences between research areas and schools of thought, Nikolaou et al. 
(2021) found that definitions of the circular economy emphasize both material conservation and 
economic growth. As a new economic development model, the circular economy requires the re-
structuring and modernization of the economic system by the laws governing the circulation of ma-
terials and energy flows in the natural ecological system (Shen et al., 2020). The circular economy is 
not limited to improving the waste management system to increase resource efficiency, reduce raw 
material consumption, and increase economic benefits. It is increasingly recognized as an effective 
strategy for policy development and for reducing environmental pollution and greenhouse gas emis-
sions (De Pascale et al., 2021; Durán-Romero et al., 2020).
Countries worldwide have agreed to work together to mitigate the effects of climate change (Fawzy 
et al., 2021). One of the main goals is to reduce global warming to below 1.5 °C compared to pre-in-
dustrial levels. It also envisages a 45% reduction in carbon emissions by 2030 and achieving carbon 
neutrality by 2050 by the Paris Agreement, which was signed by 196 parties at the 21st Conference 
of the Parties (United Nations Framework Convention on Climate Change 2021). To achieve these 
goals, countries are implementing economic and social reforms. Additional measures include raising 
social awareness, implementing policies that promote climate stability, implementing sustainable 
urban planning, transitioning to a circular economy, supporting sustainable agriculture, developing 
clean transport, and conducting climate research (Moore et al., 2021).
The innovative role of the circular economy in combating climate change and in the context of sus-
tainable development is most clearly manifested in the following areas:

1.	 With the growth of industrialization, the issue of climate change caused by industry is becom-
ing increasingly urgent. Circular economy strategies help reduce carbon emissions and create 
profitable business models for the industry, improving quality, efficiency, and working condi-
tions by monitoring the carbon footprint throughout the product life cycle (Khan et al., 2021). 
Blockchain technology in supply chains can provide accurate, real-time data on closed-econo-
my processes such as circular design, production efficiency, and recycling, significantly reduc-
ing the carbon footprint of supply chain operations. The conversion of carbon dioxide, which 
contributes to global warming, into high-value-added products has become an important area 
of research. The authors estimate that 5–10% of carbon dioxide emissions can be converted into 
fuels and chemicals within the framework of a circular economy (Cucciniello and Cespi, 2018). 
Wang et al. (2019) found that resource recovery measures can reduce the overall carbon emis-
sions of industrial parks by replacing carbon-intensive energy sources through a quantitative 
analysis of the impact of the circular economy. Therefore, it can be argued that using industrial 
by-products in the circular economy reduces carbon emissions and increases the value of indus-
trial processes. Overall, the circular economy strategy can effectively reduce carbon emissions 
from industrial processes and help combat climate change.

2.	Population growth leads to an increase in waste, the disposal of which is becoming increas-
ingly complex and contributes to climate change. At the same time, a circular economy based 
on waste recycling can effectively combat climate change (Osman et al., 2022). The European 
Union is implementing strategies to achieve a circular economy, in particular, it plans to in-
crease the recycling rate of municipal waste to 65% and ensure that all plastic packaging is 
recycled by 2030 (Aceleanu et al., 2019). Recycling and transforming waste into valuable raw 
materials to produce value-added goods contributes to a more efficient use of resources and 
a reduced carbon footprint compared to traditional disposal methods such as landfilling and 



The Circular Economy as an Innovative Approach to Fighting Climate Change: A Statistical Study of Its Impact on 
the Sustainable Development

83

incineration. Therefore, conducting more research in large-scale recycling and implementing 
technologies to achieve a circular economy and combat climate change is important.

3.	Global energy consumption is increasing due to improved quality of life. However, increas-
ing energy consumption is accompanied by increased greenhouse gas emissions, which raises 
concerns about climate change (Nurgaliuly & Smagulova, 2025). Implementing circular econ-
omy strategies and digital technologies, including artificial intelligence, can improve energy 
efficiency and facilitate carbon trading, which can help countries achieve their climate change 
mitigation goals (Jose et al., 2020). Using a standard greenhouse gas quantification model and 
scenario analysis, Islam et al. (2021) found that combining circular economy principles with 
renewable energy can reduce greenhouse gas emissions in the livestock sector in Bangladesh 
by 37.5%. A circular economy strategy is well-aligned with climate change goals and serves as 
an effective tool to address climate change challenges. It can reduce carbon emissions in indus-
try, waste management, energy consumption, construction and transport, which helps mitigate 
global climate change. In addition, circular economy strategies impact air and water quality, 
energy consumption, natural resource use, solid toxic waste and land use. Therefore, circular 
economy strategies can contribute to mitigating global climate change by increasing the use of 
renewable energy and transforming the energy mix into a more sustainable one.

4.	The circular economy will create numerous opportunities for industrial growth and provide 
opportunities for optimizing the food system. A proposed circular economy path can provide 
a theoretical basis for the future sustainability of industry, agriculture and trade. Concentrat-
ing on the recycling, treatment, production, packaging, and marketing of waste in individual 
enterprise parks and developing an eco-industrial park based on a closed-loop economy can 
bring several benefits. For waste generated from bulk products such as construction waste, the 
quality and productivity of the waste are assessed, and the waste data is uploaded to the cloud, 
thus facilitating the trade of bulk waste. At the same time, implementing waste separation at the 
processing site will undoubtedly lead to long-term benefits in sustainable development.

There are opportunities to recycle construction waste and use it in new construction sites, which 
allows for resource conservation and carbon reduction, thus contributing to the fight against climate 
change. Instead of throwing away waste that hurts the climate, the focus should be reusing construc-
tion waste. The transition to a circular economy based on reuse and recycling is key to resource ef-
ficiency and climate change mitigation. Circular economy strategies are essential for combating cli-
mate change in all sectors, as they ensure the rational use of resources and reduce carbon emissions 
(Podlevska O., & Podlevskyi, A., 2023). It is important to focus on the entire life cycle, especially the 
end-of-life phase, which is critical for reuse, recovery and recycling.
The circular economy is an innovative waste management approach implemented through three 
main pathways: waste elimination, material recycling, and natural regeneration through ecosystems. 
Circular economy strategies can contribute to the creation of sustainable waste management sys-
tems that maximize economic efficiency, reduce resource consumption, and prevent environmental 
pollution, thus reducing the pressures faced by individual countries (Yang et al., 2023). The closed-
loop economy is an important strategy for preventing waste generation through sustainable product 
design, using recycled materials, and reducing packaging. Implementing circular design principles, 
such as extending product life, encouraging reuse and repair, and increasing consumer awareness of 
sustainable practices, can significantly reduce waste (Nelles et al., 2016). Recycling is a key element 
of the circular economy, as it provides secondary raw materials for new products and highlights the 
importance of reducing the amount of waste going to landfills to avoid soil and groundwater pollu-
tion (Gheewala, 2014). Improving waste collection infrastructure, setting strict recycling standards, 
and introducing incentives for using recycled materials are necessary to increase recycling rates 
(Hua et al., 2024). Together, these measures contribute to sustainable development.
5. The circular economy is key to combating climate change and achieving the Sustainable Devel-
opment Goals (SDGs) by significantly reducing greenhouse gas emissions (Leal Filho et al., 2024). 
By using practices such as reusing, repairing, recycling and remanufacturing materials, the circular 
economy reduces the need for new raw materials, reducing emissions associated with extraction, 
processing and transportation. Furthermore, by promoting the use of renewable energy sources and 
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increasing energy efficiency, the circular economy contributes to reducing emissions associated with 
energy production (Janik et al., 2020). By reducing waste and minimizing incineration and landfill, 
the circular economy also helps reduce emissions of methane and other greenhouse gases, which has 
a positive impact on air quality and, consequently, reduces the risks of respiratory and heart diseas-
es, improving both the environment and human health (Kalebaila et al., 2024).

3.	METHODOLOGY
The documents were selected for this work using the following electronic resources: MDPI, IEEE, 
Sciendo, Scopus and Science Direct. These sources were chosen due to their leading role in techno-
logical knowledge and the availability of numerous studies.
The study covered the entire territory of Ukraine, as well as individual enterprises that are the larg-
est polluters in the country in the period from 2010 to 2023. For a more detailed analysis, statistical 
information was obtained from administrative data of the Ministry of Environmental Protection and 
Natural Resources of Ukraine and the State Statistics Service of Ukraine. Data based on the results 
of state statistical observations for 2010−2023 are given without taking into account the temporarily 
occupied territories of the Autonomous Republic of Crimea and the city of Sevastopol, as well as for 
2014−2023 without taking into account part of the temporarily occupied territories in Donetsk and 
Luhansk regions. Information for 2022-2023 also does not include temporarily occupied territories 
captured by russia. (State Statistics Service of Ukraine).
The methodological basis of this study is the concept of a closed-loop green economy and the cir-
cular economy’s role in ensuring the state’s sustainable development. This concept considers so-
cio-economic development as a process of social changes occurring within the limits determined 
by the ability of ecosystems to restore, absorb pollution and support the vital activity of current 
and future generations. The concept is formulated using the dominant point of view in the Euro-
pean Union, according to which the circular economy covers the entire life cycle of a product and 
is aimed at preserving its value for as long as possible. This is achieved by using multiple resources 
and materials in the production cycle and minimizing waste. Among the main advantages of the 
circular economy are innovative production processes, resource-saving, prevention of inefficient 
waste management, creation of new business opportunities and environmental friendliness. The 
study used analysis, synthesis, generalization, analogy and comparison methods. To investigate the 
statistical relationship between Ukraine’s gross domestic product (GDP) and total air emissions 
over the period 2010–2023, a correlation analysis was employed. Specifically, the Pearson correla-
tion coefficient was calculated to assess the strength and direction of the linear association between 
these two variables.

4.	RESULTS

4.1. STATISTICAL STUDY OF THE IMPLEMENTATION OF THE CIRCULAR 
ECONOMY AS AN INNOVATIVE MECHANISM FOR PROTECTING ATMOSPHERIC 
AIR AND COMBATING CLIMATE CHANGE IN THE CONTEXT OF SUSTAINABLE 
DEVELOPMENT OF UKRAINE
As a result of the full-scale war and terrorist actions of the Russian troops, Ukraine has experienced 
a significant burden on the environment and economy. Implementing the principles of the circular 
economy will contribute to creating conditions for the sustainable development of the regions of 
Ukraine and strengthening their socio-economic security.
GDP remains an important indicator in studies of the principles of implementing the circular econ-
omy (Kobylynska et al., 2023). To assess the effectiveness of the circular economy, we will compare 
GDP with other indicators, such as greenhouse gas emissions, the level of waste generation, etc.
Studies of the relationship between gross domestic product (GDP) and air emissions showed that 
from 2010 to 2023, air emissions total decreased by almost 5.5 times, from 6,678 thousand tons to 
1,224 thousand tons (Fig. 1) (State Statistics Service of Ukraine). 
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Figure 1. Comparison of gross domestic product and air emissions total in Ukraine, 2010-2023, mln UAH / thsd.t

10
79

34
6

12
99

99
1

14
04

66
9

14
65

19
8

15
86

91
5

19
88

54
4

23
85

36
7

29
81

22
7

35
60

30
2

39
77

19
8

42
22

02
6

54
50

84
9

52
39

11
4

66
27

96
1

6678

6877.3

6821.1

6719.8

5346.2

4521.3

4686.6

4230.6

4121.2 4108.33675.33788.8

1189.6

1224.2

0

1000

2000

3000

4000

5000

6000

7000

8000

0

1000000

2000000

3000000

4000000

5000000

6000000

7000000

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

A
ir 

em
is

si
on

s t
ot

al
 in

 U
kr

ai
ne

, t
hs

d.
t

G
ro

ss
 d

om
es

tic
 p

ro
du

ct
 in

 U
kr

ai
ne

, m
ln

 
U

A
H

Source: developed by the author based on the data of the State Statistics Service of Ukraine

The most significant reduction in air emissions was observed after 2014, which is associated with the be-
ginning of the war in Donbas and the decline of industry. In 2022–2023, a sharp drop in pollutant emis-
sions is observed due to a full-scale war, the shutdown of enterprises and the relocation of production. 
Analyzing the top 10 enterprises – the most significant air pollutants, it is worth noting that this 
anti-rating differs significantly in the period before and during the war (Table 1). 

Table 1. Top 10 largest air pollutant enterprises in Ukraine in 2019-2023

rank 2023 2022 2021 2020 2019
enterprise tons enterprise tons enterprise tons enterprise tons enterprise tons

1
DTEK 

Westenergy
 JSC

198859,7
DTEK 

Westenergy 
JSC

209678,4
PJSC 

Ilyich Iron And Steel 
Works Of Mariupol

258689,8
PJSC Ilyich Iron 
And Steel Works 

Of Mariupol
254099,1

PJSC Ilyich Iron 
And Steel Works

 Of Mariupol
247322,1

2
DTEK

 Pavlohradcoal 
PRJSC

134849,2
DTEK

 Pavlohradcoal 
PRJSC

117543,1

РJSC ArcelorMittal 
Kryvyi Rih. 

Metallurgical pro-
duction prom №2

145796,4

РJSC ArcelorMittal 
Kryvyi Rih. 

Metallurgical pro-
duction prom №2

139344,2

SS Burshtynska 
Thermal Power 
Plant. DTEK 

Westenergy JSC

169887,9

3 PJSC CG
 Pokrovs’ke 76139,3 PJSC CG 

Pokrovs’ke 100377,0

SS Burshtynska 
Thermal Power Plant. 

DTEK Westenergy 
JSC

145630,3
DTEK 

Kurahivs’ka 
TPP LLC

113336,2

РJSC ArcelorMittal 
Kryvyi 

Rih. Metallurgical 
production prom №2

150899,6

4 PJSC 
Kamet-Steel 75658,0

DTEK 
Skhidenerho 

TPP LLC
76220,8

DTEK 
Kurahivs’ka 

TPP LLC
109315,4

SS Bursh-
tynska Thermal 

Power Plant. 
DTEK 

Westenergy JSC

109990,4
DTEK 

Kurahivs’ka 
TPP LLC

131391,8

5
DTEK 

Dniproenergy 
JSC

70154,6 PJSC 
Kamet-Steel 67997,2 PJSC CG 

Pokrovs’ke 96512,9
PJSC Dneprovsky 

Iron & Steel 
Integrated Works

91608,5

SS Zaporizhzhia 
thermal power
station. DTEK 

Dniproenergy JSC

98650,9

6
РJSC 

ArcelorMittal 
Kryvyi Rih

63552,1
DTEK 

Dniproenergy 
JSC

56468,7

SS Zaporizhzhia 
thermal power station. 
DTEK Dniproenergy 

JSC

76472,4

SS Zaporizhzhia 
thermal power station. 
DTEK Dniproenergy 

JSC

86277,0 PJSC Azovstal Iron 
And Steel Works 81404,8

7 PJSC
 Centrenergo 60463,0

РJSC 
ArcelorMittal 
Kryvyi Rih

55634,8 PJSC Azovstal Iron 
And Steel Works 74058,1 PJSC Azovstal Iron 

And Steel Works 84323,5

PJSC 
Dneprovsky Iron 

& Steel Integrated 
Works

78090,5

8
DTEK 

Kurahivs’ka 
TPP LLC

59278,8 PJSC
 Centrenergo 41315,8

Vuhlehirska power 
station PJSC
 Centrenergo

70528,6 PJSC CG 
Pokrovs’ke 74983,8

Vuhlehirska power 
station PJSC 
Centrenergo

77590,2

9 PJSC 
Zaporizhstal 45803,0 PJSC 

Zaporizhstal 35856,4
РJSC ArcelorMittal 

Kryvyi Rih. 
Metallurgical Prod.

58319,7
Vuhlehirska power 

station PJSC 
Centrenergo

67289,5

РJSC ArcelorMittal 
Kryvyi Rih. 

Metallurgical 
Production

73375,1

10
PJSC 

Cherkasky 
Chemical Fiber

28988,8 SE 
L’vivvughiliya 27054,3

Ladyzhynska thermal 
power station 

DTEK 
Westenergy JSC

54674,1

РJSC ArcelorMittal 
Kryvyi Rih. 
Metallurgi-

cal Production

63331,1

Ladyzhynska 
thermal power 
station DTEK 

Westenergy JSC

70844,3

Source: developed by the author based on the data of the State Statistics Service of Ukraine
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Unfortunately, the most significant number of enterprises among Ukraine’s top 10 largest air pollut-
ers in 2019-2021 left it not because of the implementation of circular economy practices but because 
they were entirely or partially destroyed due to a full-scale war. However, if we examine the total 
emissions of the 10 largest air polluters in Ukraine in the period 2019-2023, not from the perspec-
tive of changing the rating of the enterprises themselves but from the perspective of the dynamics of 
their emissions (Fig. 2), it is worth noting in the context of the implementation of a circular econo-
my, it is worth noting that the growth in emissions in 2020-2021 is a sign of a linear economy. 

Figure 2. Emissions of the top 10 largest air polluters in Ukraine in 2019-2023, tons
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The increase in emissions in these years indicates the predominance of the traditional, linear pro-
duction model: “take → use → throw away”. This is when insufficient attention was paid to resource 
efficiency, technological modernization, and the implementation of closed cycles, which are key as-
pects of the circular model.
As noted earlier, the drop in emissions in 2022 was a forced consequence of the war, not the result of 
sustainable innovation or the transition to a circular economy. This is more of a forced “air cleaning” 
than the achievement of a decarbonization policy or a real transition to “green” production.
In 2023, a return to the level of 2019 is observed. Restoring indicators to pre-war levels is a crucial 
moment to launch circular approaches. This is a good time for the mass implementation of environ-
mentally friendly technologies, expansion of renewable energy, and modernization of enterprises 
with an orientation towards reducing emissions and reusing resources.
As Figure 1 shows, GDP in Ukraine increased 6 times (nominally). This indicates a relative “decou-
pling” between economic growth and the level of air emissions. It is worth noting that the relative 
reduction in pollution against the background of GDP growth is a positive signal for sustainable de-
velopment. The correlation analysis was conducted to examine the statistical relationship between 
Ukraine’s gross domestic product (GDP) and total air emissions over the period 2010–2023 (Fig. 
3). The Pearson correlation coefficient was calculated to quantify the strength and direction of the 
linear relationship between these two variables.
The analysis yielded a Pearson correlation coefficient of -0.91 with a p-value of 0.000005, indicating 
a strong and statistically significant negative correlation. This suggests that, as GDP increased over 
time, the level of air emissions tended to decline. The negative sign reflects an inverse relationship, 
implying that economic growth in Ukraine has been accompanied by a notable reduction in atmo-
spheric pollutants.
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Figure 3. Correlation between GDP and Air Emissions

Source: developed by the author based on the data of the State Statistics Service of Ukraine

This finding indicative of multiple structural changes within the economy, including improvements 
in energy efficiency, shifts toward less carbon-intensive sectors, technological modernization, or the 
impact of environmental regulations and policies aligned with EU standards. The observed decou-
pling between economic growth and environmental degradation is a key indicator of sustainable 
development and supports the hypothesis that economic progress in Ukraine does not increased en-
vironmental burdens. Such results underscore the importance of integrating environmental consid-
erations into economic planning and reinforce the relevance of green growth strategies in post-in-
dustrial and post-crisis recovery contexts.
Important indicators of the effectiveness of environmental protection policy are current expendi-
tures and capital investments on protection of ambient air and climate change problems (Fig. 4) 
(State Statistics Service of Ukraine).
Thus, current expenditures on air protection and climate change issues in Ukraine had a general 
upward trend from 2010 (1.3 billion UAH) to a peak in 2021 (3.17 billion UAH). After 2021, a decline 
began: 2.35 billion in 2022 and 2.13 billion in 2023. A significant increase in this indicator occurred 
in 2016–2021. Capital investments in air protection and climate change issues in Ukraine, which 
in 2010 amounted to 1.14 billion UAH, showed significant growth in 2011, amounting to 2.5 billion 
UAH (more than 2 times). The peak of capital investments in air protection and climate change is-
sues is reached in 2020 — 5.6 billion UAH, after which a sharp drop is observed: 1.6 billion in 2022 
and 1.5 billion in 2023 (State Statistics Service of Ukraine). 
It is worth noting that in 2020, despite the COVID-19 pandemic, capital investments were the high-
est. This may result from the implementation of previously planned projects or international sup-
port. 2022–2023 is an anti-crisis period when environmental investments are significantly reduced.
Capital investments lay the foundation for circular transformation. Current costs support this trans-
formation, ensuring its sustainability. The synchronous growth of these costs from 2015 to 2021 in-
dicates an active environmental policy and the desire for circularity. This is logical – large eco-proj-
ects require: capital investments in infrastructure (purification systems, filters), ongoing costs for 
maintenance, modernization and monitoring.
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Figure 4. Current expenditures and capital investments on protection of ambient air and climate change 
problems in Ukraine in 2010–2023, thousand UAH
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As for capital investments in atmospheric air protection and the problem of climate change as a 
driver of circularity, their peak in 2018–2021 (3.5–5.6 billion UAH) is justified by the launch of 
innovative solutions (replacement of equipment with low-carbon ones), the introduction of cycli-
cal processes, such as heat recovery, reuse of CO2 emissions. These infrastructural changes lay the 
foundation for long-term “green” practices. A sharp drop after 2021 indicates the risk of stopping or 
regressing circular processes. This is due to the war, the prioritization of security and defence spend-
ing, and the general economic downturn (State Statistics Service of Ukraine).
To study the Comparison between the volume of emissions of particulate pollutants into the air and 
the volume of capital investments and current environmental protection costs in the context of a 
circular economy at the micro level, PJSC CG Pokrovs’ke was selected, which for the last 4 years has 
been among the top 10 largest air polluters in Ukraine (Table 1, Fig 5).
Emissions of particulate pollutants into the air at PJSC CG Pokrovs’ke increased from 2020 to 2022 
(+34%), and in 2023 fell almost to the level of 2020. Capital investments fell sharply in 2022 – only 
35 thousand UAH, but partially recovered in 2023. Current expenses increased sharply in 2021 (by 
5+ times) and have been maintained at a high level. The enterprise actively fought emissions in 
2021, investing in the current system support. 2022 became the most critical year: no investments, 
but current expenses were still maintained. In 2023, there is a restoration of the course towards 
environmental efficiency. The enterprise may have a high potential for circularity if it maintains the 
investment level and continues reducing emissions.
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Figure 5. Relationship between the volume of emissions of particulate pollutants into the air and the volume 
of capital investments and current environmental protection costs of PJSC CG Pokrovs’ke in 2019-2023
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Therefore, both at the macro and micro levels, to restore the course towards circular economy, it is 
necessary to stabilize the situation, obtain external support and integrate the green economy into the 
recovery plan of Ukraine. In modern economic conditions, the management of Ukrainian enterpris-
es often faces numerous problems related to the effective allocation of resources, raw materials and 
materials. This is necessary to ensure positive performance indicator dynamics and reduce harmful 
environmental emissions. The low level of competitiveness of the Ukrainian industry today is due to 
the lack of innovative technologies and insufficient material, technical and resource support. Addi-
tional difficulties arise due to the latest challenges of the world system, such as the transformation 
of the resource-based model of development, globalization, the fourth industrial revolution and, in 
recent years, war. 

4.2. STATISTICAL STUDY OF THE IMPLEMENTATION OF THE CIRCULAR 
ECONOMY AS AN INNOVATIVE TOOL FOR COMBATING CLIMATE CHANGE 
THROUGH EFFECTIVE WASTE MANAGEMENT IN THE CONTEXT OF SUSTAINABLE 
DEVELOPMENT OF UKRAINE
For Ukraine, the transition to a closed-loop economy is significant and relevant since, before the 
war, the annual volume of household waste was about 11 million tons. According to the State Statis-
tics Service, over 25 billion tons of waste have been accumulated in Ukraine, of which more than 4 
billion tons are toxic, and 23 thousand tons are prohibited and unsuitable for use with pesticides and 
toxic chemicals. As a rule, Waste disposal in Ukraine includes incineration and removal to specially 
designated places and facilities. The circular economy can become an effective tool for solving the 
problem of excessive accumulation of waste that arose both before the war and during hostilities.
High level of waste generation (11.1 tons per person per year) is twice as high as that of EU coun-
tries, which is 4.8 tons. Low recycling and recovery rates have resulted in significant amounts of 
waste accumulating in Ukraine yearly. Under the Association Agreement between Ukraine and the 
EU, Ukraine has committed to align its national legislation with EU legislation on environmental 
protection, waste management, climate change, ozone layer protection, industrial pollution and air 
quality. Ukraine has adopted a waste reduction plan by 2030.
In the structure of household waste management in the EU in 2021, 49.6% of waste was sent for re-
cycling. Compared to Ukraine, where only up to 8% of household waste was recycled, this indicates a 
gap in waste treatment methods. Stable GDP growth leads to increased production and, accordingly, 
an increase in waste. The task of the circular economy is to bridge the gap between economic growth 
and increased waste generation (Fig. 6-7) (Сircular economy strategy - Green Mind, 2024).
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Figure 6. Relationship between waste generation and GDP growth in Ukraine, thousand tons / 
billion dollars

Source: Сircular economy strategy - Green Mind, 2024.

Figure 7. Relationship between waste generation and GDP growth in EU countries, thousand tons / 
billion dollars

Source: Сircular economy strategy - Green Mind, 2024.

Key problems with waste in the direction of resources for recovery:
1. Lack of waste accounting mechanisms, in particular: precise mechanisms for accounting for 

waste volumes and their structure have not been introduced; a system for informing about the 
volumes of waste processing in the extractive industry has not been introduced; a separate legal 
framework for managing waste in the extractive industry has not been established.

2. Lack of regulation of disposal: the problem of disposal of waste generated at specially designated 
sites has not been resolved; the problem of the lack of a sufficient number of disposal enterpris-
es in Ukraine for the reuse of slags, production tailings, and wastewater has not been resolved.

3. The problem of waste transportation: much waste is located in the eastern part of Ukraine and 
has no possibility for transportation; the processing complex should be located in a transport 
hub where it will be easy to transport waste for further processing; alternatively, the creation of 
a joint processing complex requires cooperation between different manufacturers.
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According to official data from the State Statistics Service of Ukraine, in recent years, the organiza-
tion of economic activities of enterprises based on a closed-loop economy for waste of hazard classes 
I–III has achieved only minor successes. At the same time, waste of hazard classes I–IV, including 
that generated in households, makes up 4 to 7% of the total volume of landfills in Ukraine. Analyz-
ing waste management indicators in the structure of their generation (hazard classes I–IV), without 
taking into account the total volume of accumulated waste in specially designated places (waste 
disposal sites), we can conclude that only a third of the total amount of waste generated is utilized, 
while more than half is thrown away in designated places.
The study shows that waste generation is decreasing in Ukraine from 422 million tons in 2010 to 176 
million tons in 2023, i.e., this indicator has more than doubled. (Fig. 8) 

Figure 8. Waste generation and treatment of the I-IV hazard classes in Ukraine, 2010-2023, thousand tons
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The sharp decrease in waste generation in 2022–2023 results from a full-scale war (less produc-
tion, logistics, and construction). At the same time, waste recovery is also decreasing, from 144.9 
million tons in 2010 to 39.3 million tons in 2023. Despite the drop in the total volume, the share of 
recovered waste is insignificant (~22% in 2023). The volumes of incinerated waste are consistently 
meagre – within 800–1100 thousand tons per year. This is less than 1% of the total volume, i.e., it 
can be said confidently that incineration as a disposal method is practically not used. The primary 
method of waste management in Ukraine today is landfilling. Constantly, over 50% of waste goes 
to landfills. In 2023, over 60% of the waste will be disposed of by landfilling, which indicates a low 
level of circularity.
Thus, the problems of applying the circular economy as an innovative development model in com-
bating climate change and sustainable development are our country’s high dependence on land-
fills, insufficient recovery and reuse of waste, and low level of thermal treatment (energy waste is 
not used). At the same time, all this opens up great potential for developing sorting, recycling, and 
composting infrastructure and reducing the volume of waste generated through the design of easily 
repaired/recycled products.
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However, one of the main barriers to the innovative development of Ukrainian enterprises is the 
lack of state financial support for scientific and research institutions and a sufficiently strong base of 
institutions that control the rational use of innovative capital of enterprises.
Important indicators of the effectiveness of waste management policy are current expenses and cap-
ital investments in waste management (Fig. 9)

Figure 9. Current expenses and capital investments on waste management in Ukraine in 2010–2023, 
thousand UAH
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Figure 9 shows a vast gap between current expenditure and capital investment in waste manage-
ment. According to various estimates, the average capital investment required to develop a circular 
economy was approximately 3% of GDP per year, while in Ukraine, this figure is significantly less 
than 1% (European Investment Bank).
A large amount of waste from the destruction of facilities causes damage to the country’s territory, 
pollutes water, soil, and air, and produces greenhouse gas emissions, leading to climate change 
(Kolesnichenko, O. 2023). According to the calculations of the Ministry of Environmental Protec-
tion and Natural Resources of Ukraine, the amount of damage caused to the country’s environment 
was approximately 2 trillion UAH.
As a result of the war in Ukraine, about 11-12 million tons of destruction waste were generated (ex-
cluding destroyed equipment). The Government has approved the Procedure for Handling Waste 
Generated in Connection with Damage (Destruction) of Buildings and Structures as a Result of Hos-
tilities (Resolution No. 1073 of the Cabinet of Ministers of Ukraine dated September 27, 2022). 
Communities are taking out destroyed waste and putting it in temporary storage sites.
According to local government bodies, as of the beginning of 2024, about 600 thousand tons of 
destruction waste have accumulated in temporary storage sites and landfills in the territory con-
trolled by Ukraine.
According to the World Bank’s Third Rapid Damage and Needs Assessment (RDNA), the total cost 
of processing demolition waste will be almost $11 billion (RDNA3, December 2023), ~$5 billion 
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(RDNA2, January 2023), and $3.1 billion (RDNA1, August 2022). Thus, in one and a half years (Au-
gust 2022 - December 2023), the total cost of waste processing has increased more than threefold. 
The key problems of demolition waste management in Ukraine are:

1. Lack of targets: no targets have been set for preparing waste for reuse, recycling, other material 
recovery, including backfilling; the procedure for their implementation has been approved.

2. Lack of incentives: no practice of selective demolition of buildings and incentives for reuse 
and recycling of construction and demolition waste has been implemented; low tax on waste 
disposal, no ban on placing construction waste in landfills; no taxes on primary resources and 
materials to encourage the use of secondary ones.

3. Low level of regulation: no defined ownership of construction waste (building owner, disman-
tling contractor, sorting or recycling operator); no pre-demolition audits required; no require-
ment to develop a waste management plan for dismantling works.

4. Lack of infrastructure: infrastructure for preparation for reuse and recycling of waste is not de-
veloped; market for building materials from secondary raw materials is not developed.

Having analyzed pollution indicators and the results of implementing a circular-oriented economic 
model, it can be stated that the pollution and waste volumes are quite significant. Accordingly, in-
troducing the main mechanisms of a circular-oriented model at the national level is necessary for 
further economic development.
All this emphasizes the need to implement a new alternative resource and waste management model 
to balance economic interests, the ecological system and the rational use of nature.
Ukraine is beginning to actively apply modern innovations to increase its productivity and reduce 
the negative impact on the environment. Some sectors of the economy and enterprises have been 
implementing the principles of the circular economy in their activities long before the progressive-
ness, environmental friendliness, economic feasibility, and relevance of this concept were recog-
nized. Given the current circumstances, increasing efforts and drawing attention to these innovative 
enterprises are important to implement the circular economy principles.
An important component is the need to organize production so that the waste of one becomes a re-
source for another, minimizing the need for raw materials.
Researching the circular economy model and directions for improving waste management in Ukraine 
is one of the directions that can solve the problems of secondary use and recycling of waste, and the 
gradual transition to a circular production model.
In addition, studies show that thoughtful green spending can counteract the environmental cri-
ses caused by climate change and pollution while providing social benefits. Green innovation’s 
primary focus is minimizing the negative impact of production and consumption activities on the 
environment.
This can be achieved through the use of renewable energy sources. In addition, reusing and recycling 
materials and product elements reduces the need for additional resources and production processes. 
Implementing the circular economy model also saves material resources due to a longer product life 
cycle. Thus, fewer additional resources will be required to ensure the national economy.
The implementation of circular economy methods in Ukraine is accompanied by several features 
and obstacles that complicate the transition to a renewable type of production. One of the main 
reasons is the opacity of the secondary raw materials market, where more than 50% of the volumes 
are in the shadows. In addition, the market for recycling and waste-free technologies, particularly 
innovative ones, is at the initial stage of development. Another negative factor is the lack of tariffs 
for recycling secondary resources. There are 6.5 thousand authorized landfills in Ukraine, of which 
25% do not meet environmental standards, and 35 thousand natural landfills.
For the effective development of the circular economy, it is necessary to adopt relevant regulatory 
legal acts at the state’s top leadership level. The beginning has already been made - the Cabinet of 
Ministers of Ukraine adopted the Resolution of 25.04.2018 No. 313 “On the establishment of the Co-
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ordination Council on the implementation of the National Waste Management Strategy in Ukraine 
until 2030” and approved the National Waste Management Strategy in Ukraine until 2030.
The insufficient development of the circular economy in Ukraine is due to the ongoing unprovoked 
and unjustified aggressive war of Russia against Ukraine, the imperfection of the institutional envi-
ronment, and insufficient business motivation. The implementation of the principles of the circular 
economy in Ukraine requires a systemic and comprehensive restructuring based on the legislative 
framework, the introduction of innovative technologies, the digitalization of production and trade 
processes, the financing of environmental initiatives, the stimulation of innovative eco-friendly 
business models, the formation of environmental awareness in society and the formation of the 
habit of broader use of sustainable products and the creation of new ways of interaction between 
producers and consumers, the stimulation of the emergence and development of innovative profes-
sions. Ukraine’s faster adaptation to the requirements of the CEAP can be realized by joining the 
Global Alliance for the Circular Economy (GAERCE) in matters of bringing the functioning of the 
national economy closer to the principles of circularity; supporting the transition of businesses to 
circular models of work, through cooperation and interaction with international initiatives similar 
to SWITCH to Green; closer cooperation with the EU on circular economy issues; harmonization of 
several directives and strategies and waste reduction.

4.3. SWOT ANALYSIS OF THE IMPLEMENTATION OF CIRCULARIZATION OF 
PRODUCTION PROCESSES IN UKRAINE
With systematic state measures for deregulation, stimulation of eco-innovation and harmonization 
of domestic legislation with European standards, implementing the circular economy principles 
can significantly optimize resource flows, minimize the negative impact on the environment and 
strengthen the competitiveness of Ukrainian industry.
The SWOT analysis shows that despite several problems and threats, Ukraine has a relatively fa-
vourable basis for developing and gradually implementing the circular economy model, provided 
that the existing strengths and opportunities are carefully considered (Fig. 10).
Analysis of potential benefits from Ukraine’s transition to a circular production model in different 
time horizons allows us to identify several important environmental and economic effects:

	-  saving money on waste disposal by involving it in production cycles as secondary 
raw materials;
	-  creating new jobs in the recycling, repair, and remanufacturing sectors;
	-  reducing greenhouse gas emissions from waste processing compared to landfilling;
	-  improving the environmental image of domestic companies in foreign markets;
	-  saving money on the import of primary raw materials due to the use of secondary resources, 
etc. (Hakhovych at all, 2020; Hurochkina & Budzynska, 2020). 

In addition to direct economic benefits, the transition to circular production models will have im-
portant positive externalities for the environment and society. This includes protecting and re-
storing ecosystems, preserving biodiversity, minimizing pollution, and improving the population’s 
quality of life.
Realizing the circular economy potential will allow Ukraine to make significant progress towards 
sustainable development, strengthen economic and resource security, gain competitive advantages 
in external markets, and ensure the harmonious coexistence of society and nature.
The importance of circular economy principles for achieving sustainable development goals cannot 
be overstated. As Ukraine seeks to rebuild and develop its economy in the post-war period, imple-
menting a circular economy can be important in promoting sustainability, resource efficiency, and 
environmental protection. By adhering to the principles and goals of a circular economy, Ukraine 
can adapt its economic strategies to promote long-term sustainability and address pressing issues 
such as waste management and resource scarcity. This transition to a circular economy can lay the 
foundation for Ukraine’s more resilient, resource-efficient, and sustainable economic future. 
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Addressing resource scarcity is critical to economic development, especially in the post-war period 
when recovery efforts require effective resource management. The circular economy represents a 
strategic approach to mitigating resource scarcity by promoting reuse, recycling, and repurposing 
of materials. In Ukraine, implementing circular economy principles can help mitigate resource con-
straints by maximizing the value derived from existing resources and reducing waste generation. 
By adopting a circular economy system, Ukraine can increase resource efficiency, minimize depen-
dence on external resources, and build a more resilient economy capable of sustainable growth.

Figer 10. SWOT analysis of the implementation of circularization of production processes in Ukraine

 
Source: developed by the author

One of the key benefits of implementing a circular economy model in post-war Ukraine is to stimu-
late innovation and entrepreneurship.
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5.	CONCLUSIONS
This study highlights the strategic relevance of transitioning to a circular economy (CE) in Ukraine 
as a key pathway toward sustainable development, climate resilience, and post-war recovery. The 
analysis reveals a statistically significant decoupling between GDP growth and air emissions over 
the period 2010–2023, indicating that economic advancement is not inherently linked to environ-
mental degradation. However, the reduction in emissions during recent years was largely driven by 
wartime industrial decline rather than systemic implementation of circular practices.
The research further identifies critical weaknesses in Ukraine’s waste management system, includ-
ing overreliance on landfilling, low recycling rates, and insufficient capital investment in circular 
infrastructure. Case studies at both macro and micro levels demonstrate the potential for circular 
transformation but also expose gaps in policy, funding, regulation, and institutional capacity.
Despite the current challenges, Ukraine possesses notable sectoral potential - particularly in metal-
lurgy, construction, chemical processing, and the agro-industrial complex - to adopt circular econo-
my principles. Strengthening regulatory frameworks, scaling up innovation ecosystems, enhancing 
environmental governance, and fostering public-private partnerships will be essential to accelerate 
this transition.
The findings underscore the urgency of integrating circular economy models into Ukraine’s national 
recovery strategy. Doing so will not only support environmental restoration and economic revital-
ization but also align Ukraine more closely with EU standards and global sustainability objectives. 
Continued research, policy reform, and coordinated stakeholder action are needed to unlock the full 
potential of circularity in shaping Ukraine’s resilient, low-carbon, and resource-efficient future.
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