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IMPLEMENTATION OF ECOLOGICAL INNOVATIONS 
IN UKRAINIAN INDUSTRY: CURRENT TRENDS AND CHALLENGES

Purpose. To assess the impact of investment support for environmental protection activities on the operational 
efficiency of industrial enterprises in Ukraine.

Methodology. To achieve the set goal, a complex of general scientific and specialized methods was employed, in-
cluding theoretical generalization, comparative analysis, statistical analysis, correlation analysis, factor analysis, 
graphical methods, as well as induction, deduction, and synthesis.

Findings. It has been established that the Ukrainian industry has been gradually adapting to the principles of envi-
ronmental management. This is evidenced by increasing investment in modernizing technical infrastructure and 
conserving resources, as well as a gradual transition to closed-loop technologies. The application of factor analysis 
enabled the identification of three latent factors within the system of capital investments in environmental protection: 
an ecological and technological factor associated with environmental modernization, an engineering and technical 
factor reflecting the development of environmental infrastructure, and investments in specialized areas of environ-
mental safety and radiation control. A statistically significant effect was revealed of capital investments in environ-
mental protection on indicators of enterprises’ operational and overall profitability. A positive impact was observed in 
such areas as wastewater treatment and biodiversity and habitat conservation. At the same time, expenditures related 
to radiation safety demonstrated a short-term negative effect due to their long payback period and pronounced socio-
environmental orientation.

Originality. The approach to assessing the impact of environmental innovations on industrial enterprises’ eco-
nomic performance in advanced. Unlike the existing approaches, the proposed framework is based on identifying 
latent factors of environmental investment, constructing multifactor regression models. Evaluating the effect of these 
innovations on macroeconomic indicators and enterprise profitability provides a more substantiated basis for justify-
ing the implementation of environmental innovations as a tool for enhancing industrial competitiveness and ensuring 
sustainable economic development.

Practical value. The research results have practical value, as substantiated models should be used to optimize in-
vestment structures in environmental protection activities and to predict their impact on enterprises’ financial results.
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Introduction. In the context of modern economic 
development, marked by growing environmental risks, 
the concept of ecological innovation is particularly im-
portant. The intensification of industrial production, 
increased consumption of natural resources, and wors-
ening problems related to climate change create new 
challenges for society. This necessitates intensifying ef-
forts by the state, business, and the scientific community 
to develop effective mechanisms to reduce the negative 
environmental impact of economic activity. In the stud-
ies of international organizations, it is increasingly em-
phasized that the transition to low-carbon, resource-ef-

ficient production models is impossible without the sys-
tematic implementation of ecological innovations at the 
enterprise, industry, and national economy levels [1, 2]. 
Therefore, it is ecological innovations that are currently 
shaping a new model of economic development, based 
on the principles of environmental safety, resource effi-
ciency, and sustainability.

Literature review. A number of studies focus on the 
phenomenon of ecological innovation. Li, et al. [3] 
identified the role of the green regulatory environment 
in shaping enterprises’ environmental innovation strate-
gies, while Triguero, et al. [4], using mathematical mod-
els, proved that environmental innovations have a cru-
cial cumulative effect and increase enterprises’ innova-
tive capacity. In the study, Kalina, et al. [5] expanded on 
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previous approaches and concluded that environmental 
innovations are increasingly shaped by network interac-
tions and inter-organizational cooperation. Hojnik, et 
al. [6] found that environmental innovations not only 
improve enterprises’ financial performance but also en-
hance their reputation, export potential, and resilience 
to external shocks. Such conclusions were also present-
ed by Duque, et al. [7] in their study; the researchers 
determined that environmental innovations create dy-
namic competitive advantages in the international busi-
ness environment.

The Ukrainian scientific cohort notes that in recent 
years, environmental innovations have become a tool for 
ensuring resource efficiency, minimizing anthropogenic 
environmental load, and integrating European environ-
mental standards into national economic policy. Kape-
lytsia, et al. [8] identified the importance of institutional 
support and financial incentives for the development of 
environmental innovations. Scientists [9] identified the 
high cost of implementing environmental innovations, 
while others [10] identified weak state support in this 
area as the main barrier to enterprises’ ecological trans-
formation. In the study [11], scientists substantiated the 
prospects for implementing environmental innovations 
at agro-industrial enterprises; in addition, researchers 
[12] identified their connection with the implementa-
tion of the global “green course”.

Based on the achievements of leading foreign and 
Ukrainian scientists, we conclude that the study of as-
pects of environmental innovations is extremely rele-
vant, since their implementation justifies ensuring sus-
tainable economic development, increasing the com-
petitiveness of industrial enterprises, and reducing the 
anthropogenic load on the environment in the context 
of increasing environmental challenges and European 
integration processes in Ukraine.

Purpose. The purpose of the study is to assess the 
impact of investment support for environmental protec-
tion activities on the efficiency of enterprises’ operations 
in Ukraine’s industrial sector.

To achieve the set goal, the following tasks must be 
performed in the study:

-	to analyze the current state of the Ukrainian indus-
try in the context of modern challenges and sustainable 
transformation of the country’s economy;

-	to assess the trends in the implementation of envi-
ronmental innovations in the industrial sector of 
Ukraine;

-	to form a list of indicators of capital investments in 
environmental protection;

-	to build factor models to identify latent factors that 
determine investment activity in environmental protec-
tion activities;

-	to investigate the impact of indicators of capital in-
vestments in environmental protection on indicators of 
profitability of industrial enterprises.

Methodology. The study is based on the principles of 
sustainable development, environmental innovation, the 
circular economy, and resource-efficient production.

The object of the study is the process of implement-
ing environmental innovations at industrial enterprises 
in Ukraine [13].

The information base of the study comprises statisti-
cal data from the State Statistics Service of Ukraine, 

analytical materials from international organizations, 
publications by leading domestic and foreign scientists 
on the concept of sustainable development, and envi-
ronmental innovation policies of enterprises.

To achieve the goal of the study and fulfill the tasks 
set, a number of general scientific and special methods 
was used, in particular, the methods of theoretical gen-
eralization and comparative analysis were used to sys-
tematize the achievements of leading scientists on the 
concept of environmental innovations and determine 
their role in ensuring sustainable development; statisti-
cal analysis methods were used to assess the dynamics of 
resource efficiency indicators and profitability indica-
tors of industrial enterprises; correlation analysis was 
used to establish the density of relationships between 
indicators of capital investments in environmental pro-
tection in different areas; factor analysis was used to 
identify latent factors that determine the structure and 
direction of environmental investments in industry; the 
graphical method was used to visualize the results ob-
tained, construct graphs of the distribution of latent fac-
tors and present structural relationships between them; 
induction, deduction and generalization methods were 
used to scientifically substantiate the patterns of envi-
ronmental transformation of industry.

For statistical data processing, MS Excel was used, 
and for building factor models, Statistics was used.

The research chronology spans 2010 to 2023, allow-
ing one to trace trends in the transformation of Ukraine’s 
industrial sector since the beginning of integration into 
the European space and to determine the impact of mil-
itary actions on the dynamics of environmental invest-
ments.

Results. Given the current intensification of environ-
mental challenges driven by anthropogenic activity and 
global climate change, and the growing scarcity of natural 
resources, environmental innovations are becoming a pri-
ority for strategic transformations in the industrial sector. 
For Ukraine, which is undergoing an economic transfor-
mation based on sustainable development, the introduc-
tion of environmental innovations into industry is an en-
vironmental, economic, social, and strategic necessity. 
Ukraine has significant industrial potential, but industry 
is also the leading source of environmental pollution.

Research on the state of implementation of environ-
mental innovations in industry is impossible without 
considering the quantitative parameters of entrepre-
neurial activity. Research on the share of industrial en-
terprises in the total number from 2020 to 2024 [14] 
showed their strategic importance to the country (Fig. 
1). It is worth noting that despite the overall reduction in 
the number of industrial enterprises due to the war, 
there was a slight increase in the share of enterprises 
with average turnover, which demonstrates adaptability 
and a stable role in the restoration of industry and the 
transformation towards sustainable development.

The number of industrial enterprises has a direct and 
indirect impact on the state of the environment, as each 
production entity, regardless of its activity level, gener-
ates a certain anthropogenic load on the natural envi-
ronment. The growth in the number of enterprises is ac-
companied by a cumulative environmental impact, in-
cluding emissions of pollutants into the atmosphere, 
discharges into water bodies, waste generation, con-
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sumption of natural resources, and energy use. Even 
small-scale production, which individually does not 
pose a significant threat, altogether can cause a serious 
deterioration in the ecological state of the regions [15].

Statistical data [16] indicate that military operations 
significantly transformed Ukraine’s industrial geogra-
phy, accelerating deindustrialization in the eastern re-
gions and industrialization in relatively safe areas. The 
current circumstances have created new opportunities 
to implement environmental innovations in the reloca-
tion regions, where production sites are being built and 
modernized, with a focus on modern standards for en-
ergy efficiency, waste management, and water treat-
ment. The industrial sector, on the one hand, is a pow-
erful driver of the economy; on the other hand, it is the 

largest source of environmental pollution through ener-
gy consumption, greenhouse gas emissions, waste gen-
eration, and degradation of natural resources. That is 
why we consider the greening of industrial production as 
a component of achieving the SDGs (Table 1).

Environmental innovations in the Ukrainian indus-
try already have a significant impact on resource-effi-
ciency indicators (Table 2)  [17]. The dynamics of re-
source efficiency indicators of Ukraine’s GDP indicates 
a gradual, albeit uneven, transformation of the indus-
trial sector towards sustainable development, which is 
directly related to the introduction of environmental in-
novations

The study of waste management indicators allowed 
tracing changes in the environmental load from indus-

Fig. 1. Share of industrial enterprises, 2020‒2024, %

Table 1
Implementation of environmental innovations in the context of sustainable development

SDG Objectives Directions for the Implementation
of Environmental Innovations Measures

SDG 9 “Industry, 
Innovation and 
Infrastructure”

Development of 
sustainable 
industry and 
innovation

Modernization of production, 
implementation of resource-efficient and 
low-carbon technologies, industrial 
symbiosis, integration into EU4Environment 
and Horizon Europe programs

Transition to renewable energy 
sources, implementation of 
environmental management systems, 
participation in R&D in the field of 
decarbonization

SDG 12
“Responsible 
Consumption and 
Production”

Resource-efficient 
production, waste 
reduction

Implementation of circular economy 
principles, reduction of energy, water, and 
raw material consumption, waste 
minimization, eco-labeling, life cycle
management

Eco-design of products, 
implementation of ISO 14001, EMAS, 
ESG reporting, development of 
zero-waste processes

SDG 13 “Climate 
Action”

Reduction of 
emissions and 
adaptation to 
climate change

Modernization of energy systems, use of 
climate audits, carbon-neutral production, 
CO₂ utilization technologies

Installation of emission monitoring 
systems, implementation of CCS
technologies, transition to Net Zero, 
hydrogen energy

Table 2
Dynamics of resource intensity of Ukraine’s GDP, 2015, %

Year Energy intensity Material intensity Carbon intensity Water intensity Waste intensity
2015 100.0 100.0 100.0 100.0 100.0
2016 102.3 100.0 105.8 98.2 92.5
2017 94.7 98.2 85.1 91.7 111.6
2018 95.2 97.2 83.8 95.1 103.9
2019 88.5 100.4 77.9 91.6 126.1
2020 88.9 99.9 72.8 94.2 137.3
2021 85.3 108.2 72.2 77.3 141.6
2022 82.5 104.4 63.0 60.1 148.8
2023 79.8 105.3 57.4 68.2 157.0
2024 77.0 106.3 51.8 63.7 165.2
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trial enterprises (Table 3) [18]. In 2023 and 2024, there 
was a significant decrease in the volume of waste gener-
ated per unit of GDP (down to 307.4 kg per 1,000 dol-
lars), indicating the partial effectiveness of measures to 
increase resource efficiency and structural changes in 
the economy. On the other hand, the shares of inciner-
ated and recycled waste remained relatively low (22.8 
and 21.2 %, respectively), indicating a high dependence 
on traditional waste management methods.

Several Ukrainian industrial enterprises have initiat-
ed and implemented technologically complex yet highly 
important solutions that meet modern environmental 
requirements and demonstrate effective integration of 
sustainable practices into production. The examples of 
Eco-Energoprom, Shell, Eni, DTEK, GeoAlliance [19], 
Recycling Solutions [20, 21], PrJSC “Myronivskyi 
Hliboproduct” [22], Ecological Investments [23], Ziko 
[24], Mega [25] and others clearly confirm this. Modern 
Ukrainian industry demonstrates a gradual but irrevers-
ible shift toward greater environmental responsibility. 
The examples of these companies confirm that imple-
menting innovative technologies for waste management 
and wastewater treatment is possible even under condi-
tions of macroeconomic instability and high risk. How-
ever, despite the undeniable attractiveness of environ-
mental innovations, their implementation is closely re-
lated to investment levels [26]. In scientific studies 
[27‒29], we found a clear two-way relationship between 
the volume of investments and the scale of implementa-
tion of environmental innovations: on the one hand, in-
novations require significant financial investments, and 
on the other hand, they contribute to the growth of the 
investment attractiveness of enterprises [30, 31]. Ukrai-
nian statistical information does not directly identify 
data on the volume of investments in environmental in-
novations, but their elements are integrated into mod-
ernization areas: renewal of machines and engineering 
structures, digitalization of management processes, in-
vestments in patents and licenses, all of which are indi-
cators of “green” transformation (Table 4) [32].

As we can see from the table, a significant share of 
investments was directed to the renewal of the material 
and technical base, to the purchase of machinery, equip-
ment, engineering structures, and non-residential 
buildings, which potentially creates a basis for techno-
logical renewal, modernization of production, and the 
introduction of environmental innovations. Next, we 
consider it appropriate to assess the impact of factors on 
the implementation of environmental innovations. The 
complex impact of all factors can be assessed in latent 
factors. The action of latent factors, as hidden root 
causes, is reflected in changes in economic indicators. 
These root causes in the current study were identified 
using a multivariate statistical method, namely, factor 
analysis (Table 5).

To determine the relationship between the indicators 
of capital investments in environmental protection (here-
inafter ‒ KIONPS) by areas of environmental protection 
activity, the following designations were introduced:

x1 ‒ KIONPS for the purification of return waters;
x2 ‒ KIONPS for the protection of atmospheric air 

and climate change problems;
x3 ‒ KIONPS for waste management;
x4 ‒ KIONPS for other areas of environmental pro-

tection activity;
x5 ‒ KIONPS for other areas of environmental pro-

tection activity (noise, biodiversity, radiation);
x6 ‒ KIONPS for the protection and restoration of 

soils, groundwater, surface waters;
x7 ‒ KIONPS for ensuring radiation safety;
x8 ‒ KIONPS for conducting scientific research in 

the field of environmental protection;
x9 ‒ KIONPS for the preservation of biological di-

versity and natural habitats;
x10 ‒ KIONPS in terms of reducing the level of 

noise and vibration load.
Table 5 presents a correlation matrix of these indica-

tors.
The matrix of correlation coefficients showed a close 

relationship between KIONPS of scientific and research 

Table 3
Dynamics of waste generation, disposal, and discharge of contaminated wastewater in industry in Ukraine, 

2015–2024

Year

All types of economic activity Industry

Volume of waste 
generated by all types of 

economic activity per 
unit of GDP, kg per 

1,000 USD at PPP 2011

Share of 
incinerated and 

recycled waste in 
the total volume of 

waste generated,
%

Share of discharges 
of polluted 

wastewater in the 
total volume of 

discharges to the 
marine environment,

%

Volumes of 
discharges of polluted 

(without treatment 
and insufficiently 

treated) wastewater 
into water bodies, 

million cubic meters

Share of discharges of 
polluted (without treatment 

and insufficiently treated) 
wastewater into water bodies 

in the total volume 
of discharges,

%
2015 457.4 3 29.01 481.3 14.38
2016 422.2 29 27.66 327.3 9.5
2017 513.1 27.6 30.21 311.1 11.17
2018 477.3 29.7 27.28 301.4 9.18
2019 581 24.7 1.32 91.54 2.63
2020 632.5 22 1.38 107.373 3.15
2021 653.4 22 1.56 119.706 4.11
2022 374.3 29.4 0.61 86.987 5.21
2023 307.4 22.8 0.94 63.784 3.53
2024 289.6 21.2 1.1 66.8 3.28
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works in the environmental protection direction (x8) 
and other indicators in the system. To calculate the fac-
tor analysis, this indicator was removed from the system.

The results of the factor analysis using the principal 
components method showed that, among the nine ini-
tial KIONPS indicators, it is advisable to distinguish 
three integrated latent factors that reflect the main di-
rections of investment policy formation in environmen-
tal protection activities. The distribution graph is pre-
sented in Fig. 2.

The first factor (F1) – investments in technogenic 
and climate security and water resources – is deter-
mined by the equation

Table 4
Capital investments by type of assets by direction, 2024, UAH

Volume of 
capital 

investments

Including costs for
acquisition and 
creation of new 

assets

acquisition 
of assets that 
were in use

improvement,
reconstruction overhaul

Total 743,016,315 544,075,512 23,420,153 112,634,082 62,886,568
investments in tangible assets 698,899,993 511,477,880 22,393,886 102,141,659 62,886,568
residential buildings 43,467,924 40,006,607 264,809 444,350 2,752,158
non-residential buildings 101,092,415 59,401,533 4,484,036 22,825,536 14,381,310
engineering buildings 164,971,614 96,135,127 599,550 46,427,667 21,809,270
machinery, equipment 260,290,902 213,747,360 6,939,336 25,088,274 14,515,932
vehicles 86,511,179 69,395,367 5,274,989 4,817,524 7,023,299
land 4,591,738 76,471 4,464,594 50,673 0
long-term biological assets 5,459,922 5,384,631 43,971 31,320 0
other tangible assets 32,514,299 27,330,784 322,601 2,456,315 2,404,599
investments in intangible assets 44,116,322 32,597,632 1,026,267 10,492,423 0
rights to commercial designations, industrial 
property objects, copyright and related rights, 
patents, licenses, concessions, etc.

8,914,048 8,486,536 143,920 283,592 0

software and databases 26,555,511 16,691,007 51,378 9,813,126 0

Table 5
Matrix of correlation coefficients between indicators of capital investment and environmental protection

x1 x2 x3 x4 x5 x6 x7 x8 x9 x10
x1 ‒ 0.2753 0.4783 -0.0084 -0.3618 0.4248 -0.3535 0.6116 0.1343 -0.3758

‒ 0.4414 0.162 0.9816 0.3043 0.2211 0.3163 0.0602 0.7115 0.2845
x2 0.2753 ‒ 0.3381 0.1364 -0.0677 0.8382 -0.1421 0.3506 0.5365 0.1933

0.4414 ‒ 0.3394 0.7072 0.8526 0.0025 0.6953 0.3206 0.1099 0.5926
x3 0.4783 0.3381 ‒ 0.0229 -0.3267 0.4728 -0.356 0.6762 0.3969 -0.3848

0.162 0.3394 ‒ 0.9499 0.3568 0.1676 0.3127 0.0318 0.2561 0.2722
x4 -0.0084 0.1364 0.0229 ‒ -0.2571 0.1477 -0.253 0.0001 -0.0011 0.0035

0.9816 0.7072 0.9499 ‒ 0.4732 0.6839 0.4807 0.9998 0.9976 0.9923
x5 -0.3618 -0.0677 -0.3267 -0.2571 ‒ -0.5311 0.9917 -0.7249 -0.3796 0.432

0.3043 0.8526 0.3568 0.4732 ‒ 0.1141 0 0.0177 0.2792 0.2124
x6 0.4248 0.8382 0.4728 0.1477 -0.5311 ‒ -0.6105 0.7352 0.7847 -0.0046

0.2211 0.0025 0.1676 0.6839 0.1141 ‒ 0.0608 0.0154 0.0072 0.99
x7 -0.3535 -0.1421 -0.356 -0.253 0.9917 -0.6105 ‒ -0.7767 -0.4938 0.3961

0.3163 0.6953 0.3127 0.4807 0 0.0608 ‒ 0.0082 0.1469 0.2572
x8 0.6116 0.3506 0.6762 0.0001 -0.7249 0.7352 -0.7767 ‒ 0.7444 -0.5256

0.0602 0.3206 0.0318 0.9998 0.0177 0.0154 0.0082 ‒ 0.0135 0.1187
x9 0.1343 0.5365 0.3969 -0.0011 -0.3796 0.7847 -0.4938 0.7444 ‒ -0.053

0.7115 0.1099 0.2561 0.9976 0.2792 0.0072 0.1469 0.0135 ‒ 0.8844
x10 -0.3758 0.1933 -0.3848 0.0035 0.432 -0.0046 0.3961 -0.5256 -0.053 ‒

0.2845 0.5926 0.2722 0.9923 0.2124 0.99 0.2572 0.1187 0.8844 ‒

Fig. 2. Latent factor distribution graph
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F1 = 0.264х1 + 0.924х2 + 0.418х3 + 0.059х4 - 0.157х5 +
+ 0.91х6 - 0.259х7 + 0.763х9 + 0.275х10.

F1 focuses on investment areas aimed at reducing the 
man-made burden on the environment, improving wa-
ter quality, reducing atmospheric pollution, and adapt-
ing to climate risks. Factor F1 is defined as an ecological 
and technological factor of environmental moderniza-
tion. It reflects systemic investments aimed at maintain-
ing the ecosystem’s basic components and ensuring the 
environmental safety of agricultural and industrial pro-
duction. The second factor (F2), infrastructure and en-
gineering measures to minimize industrial risks, is de-
termined by the equation

F2 = -0.726х1 + 0.023х2 - 0.68х3 + 0.307х4 + 0.441х5 -

- 0.221х6 + 0.421х7 - 0.159х9 + 0.779х10.
Negative loadings on variables related to water treat-

ment and waste management, combined with positive 
coefficients for noise, vibration, and radiation protec-
tion, indicate another group of environmental invest-
ments – support for industrial environmental safety and 
engineering protective systems. F2 is defined as the engi-
neering and technical factor of environmental infra-
structure, which characterizes investment activity in 
technical re-equipment, monitoring, and support for a 
safe production environment. The third factor (F3), in-
vestments in specialized areas of environmental safety 
and radiation control, is determined by the equation
F3 = -0.025х1 + 0.052х2 - 0.021х3 - 0.653х4 + 0.838х5 -

- 0.321х6 + 0.827х7 - 0.246х9 + 0.257х10.
F3 characterizes specific types of environmental pro-

tection activities that require targeted financing, primar-
ily radiation monitoring, biodiversity protection, and 
noise reduction, i.e., areas with narrow specialization 
and usually components of state or international envi-
ronmental programs. F3 is interpreted as a target factor 
for specialized eco-security, indicating a differentiated 
investment focus in specific risk areas.

The combined contribution of the three identified 
factors accounts for 76.24 % of the total variance, which 
is sufficient for generalizing the data in socio-economic 
research. The largest share of the explained variation is 
accounted for by the first factor (43.0 %), which can be 
considered the primary integrator of environmentally 
oriented investments.

At the same time, the low Kaiser-Meyer-Olkin sam-
ple adequacy coefficient (KMO = 0.236) indicates the 
limited suitability of the initial set of indicators for gen-
eralization using the factor method, likely due to the 
small number of observations and the high specificity of 
individual areas of capital investment. Despite this, the 
results of the Bartlett test for sphericity (χ2 = 126.055; 
p  < 0.001) confirmed the statistical significance of the 
relationship between variables, i.e., the presence of la-
tent structures in the KIONPS indicator system.

We constantly emphasize that environmental indi-
cators determine the direct environmental impact, so-
cial indicators reflect social and regional consequenc-
es, and institutional indicators assess the ability to inte-
grate into global markets. However, economic indica-
tors create the material basis for management deci-

sions, as they reflect the balance between innovation 
costs and the benefits received. In this context, profit-
ability, which integrates the impact of all previous 
groups of indicators in a cost form, is of particular im-
portance [5, 15]. Profitability serves as an indicator of 
the enterprise’s efficiency, demonstrating how well en-
vironmental innovations meet the requirements of sus-
tainable development and ensure competitiveness and 
financial stability. Therefore, we propose, in the cur-
rent study, considering the profitability of operating 
and general activities of enterprises as a resulting indi-
cator, which will allow shifting from a multidimension-
al assessment system to a comprehensive indicator that 
combines economic and environmental results. The 
profitability of the enterprise’s operating activities re-
flects the ability to generate profit through the produc-
tion and sale of products. In the context of implement-
ing environmental innovations, this indicator is partic-
ularly important, as it enables a comprehensive assess-
ment of the economic consequences of transformations 
aimed at reducing environmental harm. The profitabil-
ity of operating activities reflects the efficiency of the 
main production process. It is estimated without ac-
counting for income and expenses from financial and 
investment activities. At the same time, the enterprise’s 
overall profitability is a more general indicator. It cov-
ers the results of the operating, financial, and invest-
ment components. The profitability indicator reflects 
both the efficiency of production and the enterprise’s 
ability to attract “green” financing, use tax incentives, 
and participate in international programs to support 
sustainable development. Table 6 presents the profit-
ability of industrial enterprises, sorted out by size [33].

The study of the profitability of industrial enterpris-
es revealed significant fluctuations driven by internal 
and external factors. In particular, the profitability of 
operating activities was relatively higher and more sta-
ble at large enterprises. In the best years, they made the 
most significant contribution to the industry’s positive 
dynamics. At the same time, medium-sized enterprises 
were characterized by more moderate profitability in-
dicators; small and micro-enterprises were character-
ized by high volatility and frequent losses, due to their 
vulnerability to market changes and limited investment 
resources. The profitability of all enterprise activities 
was significantly lower than operating profitability and 
often negative.

Based on the proposed multifactor regression mod-
els, an analysis of the influence of latent factors on the 
profitability of operating activities of industrial enter-
prises (Rod) and on their overall profitability (Rvd) was 
conducted. The results showed that the developed mod-
els are characterized by a sufficiently high accuracy of 
describing the studied dependencies. This is evidenced 
by the high coefficients of determination (R2) and the 
high Fisher test (F ) values, which confirm the statistical 
significance of the constructed models. Therefore, the 
models presented below are adequate and reflect statis-
tically significant influences of the included factors on 
the dependent variables Rod and Rvd.

For the first model, which reflects the influence of 
environmental indicators on the profitability of operat-
ing activities, the equation was obtained (the distribu-
tion graph is presented in Fig. 3)
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cients shows that the injection of direct factors associated 
with health biohazards and reductions in noise pollution 
is positive, while spending on radiation safety is negative. 
This is consistent with the results of another model.

Among these factors, there was no statistically sig-
nificant impact on the overall level of activity profitabil-
ity (Rvd), indicating the important local nature of their 
effect, directly on the advancement of operational effi-
ciency (the divisional graph is presented in Fig. 8).

Thus, the indicator KIONPS, saving biodiversity 
and environment (x9), influences on the level of profit-

Rod = 3.039 + 0.000006965х9;
R2 = 0.533;  F = 9.13.

Rvd = -5.00035 + 0.000003775х9;
R2 = 0.433;  F = 6.12.

The coefficient of determination, R2 = 0.533, indi-
cates that more than 53 % of the variation in Rod is ex-
plained by changes in the specified indicator. The value 
of the criterion F = 9.13 at p < 0.05 confirms the signifi-
cance of the model. Based on the results of the model, 
we conclude that improving biodiversity conservation 
directly contributes to increasing the operational effi-
ciency of industrial enterprises.

For the indicator of profitability of all activities, a de-
pendence has been established (the distribution graph is 
presented in Fig. 4)

Rod = -5.219 + 0.00000421х1 + 0.000008611х5 -
- 0.00000805х7;

R2 = 0.892;  F = 16.43.
Rvd = -16.1866 + 0.000007974х1 + 0.00001059х5 -

- 0.00000988х7;
R2 = 0.8491;  F = 11.25.

The values of the coefficients of determination indi-
cate the models’ high adequacy and the influence of cer-
tain factors on the formation of enterprises’ financial re-
sults. Fisher criterion, which exceeds the table value at 
α = 0.05, confirms the reliability of the removed deposits.

For the third model, which reduces the cost of in-
vestment in other direct environmental initiatives and 
radiation safety on the profitability of operating activi-
ties, the balance is removed (the breakdown graph is 
presented in Fig. 7)

Rod = 1.442 + 0.000008096х5 - 0.00000782х7;
R2 = 0.619  and  F = 5.7.

About 62 % of the variation in Rod is explained by the 
infusion of these two variables. An analysis of the coeffi-

Table 6
Profitability of industrial enterprises by size, 2010‒2024, %

Years
The profitability of enterprises’ operating activities The profitability of all enterprises’ activities

total including including
big medium small including micro total big medium small including micro

2010 3.5 4.3 2.1 1.0 -3.5 0.8 1.6 -0.6 -2.5 -8.1
2011 4.7 5.7 2.7 1.6 -0.4 1.7 2.7 0.0 -1.7 -4.3
2012 3.4 3.9 2.6 0.7 -2.6 0.2 0.6 -0.3 -2.8 -6.9
2013 3.0 4.1 1.8 -1.7 -10.2 -0.3 0.5 -0.9 -4.5 -13.6
2014 1.6 5.0 -2.5 -7.3 -17.7 -9.4 -8.3 -10.7 -11.9 -20.6
2015 0.9 1.2 0.6 -0.5 -2.9 -7.7 -8.7 -6.4 -5.1 -6.4
2016 4.2 5.5 2.6 2.9 -2.2 -1.0 -0.5 -1.7 0.0 -4.3
2017 6.8 10.1 3.2 3.2 -1.6 1.9 4.5 -0.4 -3.7 -4.8
2018 6.3 9.4 2.4 4.5 1.8 3.3 5.8 0.3 0.8 -4.9
2019 5.5 6.5 4.1 5.9 3.3 3.9 4.7 3.0 3.0 -1.0
2020 3.9 6.1 2.2 0.2 -5.5 -1.3 -0.1 -1.7 -5.7 -11.2
2021 11.2 17.9 3.8 8.2 6.3 7.7 12.8 1.9 5.4 2.7
2022 0.8 3.3 -1.6 -1.1 -5.0 -5.4 -4.8 -5.0 -11.5 -12.9
2023 4.7 7.5 4.8 -9.7 0.6 0.9 3.4 2.0 -13.9 -7.1
2024 7.4 9.2 5.4 7.1 4.7 3.2 3.9 2.8 1.1 -4.5

Fig. 3. Distribution graph of variables when building the 
first model for Rod

Fig. 4. Graph of the distribution of variables when build-
ing the first model for Rvd
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ability of operational activities of industrial enterprises 
(Rod) and on the level of profitability of all activities of 
enterprises (Rvd). With an increase in KIONPS, saving 
biodiversity and environment by 1,000 UAH, the level of 

profitability of operating activities of industrial enter-
prises increases by 0.000006965, and the level of profit-
ability of all activities of enterprises increases by 
0.000003775.

Also, KIONPS waste water purification (x1), KI-
ONPS other direct environmental activities (noise, bio-
hazard, radiation) (x5), KIONPS radiation safety (x7) 
have an impact on the level of profitability of operation-
al activities of industrial enterprises (Rod) and on the 
profitability of all activities of enterprises (Rvd).

With an increase in KIONPS wastewater purifica-
tion by 1,000 UAH, the profitability of industrial enter-
prises’ operational activities increases by 0.00000421, 
assuming a fixed average influx of other factors. With an 
increase in KIONPS of other direct environmental ac-
tivities (noise, biohazards, radiation) per 1,000 UAH, 
the profitability of operational activities increases by 
0.000008611, assuming a fixed average influx of other 
factors. With increased KIONPS radiation safety by 
1,000 UAH, the profitability of industrial enterprises’ 
operational activities will change by 0.00000805, assum-
ing a fixed average influx of other factors.

With 1,000 UAH increase in KIONPS wastewater 
purification, the profitability of all industrial activities 
will increase by 0.000007974, assuming a fixed average 
influx of other factors. When increased KIONPS of oth-
er direct environmental activities (noise, biohazard, ra-
diation) by 1,000 UAH, the profitability of all industrial 
enterprise activities increases by 0.00001059, with a fixed 
average influx of other factors. With increased KIONPS 
radiation safety per 1,000 UAH, the level of profitability 
of all industrial activities changes by 0.00000988, with a 
fixed average influx of other factors.

Significant indicators of the third factor do not influ-
ence the level of profitability of all enterprise activities.

The results of the regression analysis confirmed a 
consistent relationship between the level of environ-
mental investment and indicators of the financial per-
formance of industrial enterprises. The most important 
factors that positively influence the profitability of op-
erational activities and external profitability are: waste, 
wastewater purification, conservation of biological di-
versity, and conservation of natural resources. The 
foundations and others are directly related to environ-
mental protection activities. Nowadays, spending on ra-
diation safety may result in a short-term influx of dy-
namics, indicating a troubling period of accumulation 
of such approaches.

Conclusions. The current global environmental crisis 
and its growth could lead to a green transformation that 
forms new paradigms of competitiveness and economic 
security of states. Regarding that, environmental inno-
vation acquires the status of a strategic resource that 
technologically replaces the negative influx of produc-
tion on agriculture. The results of several studies, data 
from Ukrainian companies, and statistical data have 
confirmed the progressive adaptation of industrial en-
terprises to environmentally friendly management. 
Moreover, we have identified an increased commitment 
to investment in the modernization of basic facilities, 
the expansion of resource-saving practices, and the ad-
vancement of closed-loop technologies.

The investigation enabled a comprehensive assess-
ment of the impact of environmental investments on the 

Fig. 5. Graph of the division of changes when using an-
other model for Rod

Fig. 6. Schedule for the division of shift workers on week-
days other models for Rvd

Fig. 7. Schedule for the division of shift workers on week-
days

Fig. 8. Graph of the division of changes in the weekly 
model
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financial results of industrial enterprises in Ukraine. We 
also identified latent factors shaping investment policy in 
environmental protection activities and statistically con-
firmed relationships between environmental and eco-
nomic indicators of efficiency. Based on the results of 
factor analysis, it has been established that the system of 
capital investments in the protection of abundant natural 
resources must be represented by three latent factors:

-	environmental-technological factor of environ-
mental modernization, which accumulates directly 
through investments, aimed at reducing anthropogenic 
pollution, purifying water resources, improving the at-
mospheric air, and adapting to climate risks;

-	engineering and technical factors of environmental 
infrastructure, which describe investment activity, tech-
nical re-equipment, and support for a safe industrial en-
vironment;

-	investments in specialized areas of environmental 
safety and radiation control.

The combined contribution of the three latent fac-
tors accounts for 76.24 % of the initial variance, con-
firming the systematic interconnection among the ware-
houses of environmental investment activities.

A regression analysis has shown a direct, statistically 
significant relationship between the level of KIONPS and 
indicators of operating profitability and general activities 
of industrial enterprises in Ukraine. KIONPS may have a 
positive impact on financial results through wastewater 
purification, the conservation of biodiversity and envi-
ronment, and other direct environmental activities. On 
the other hand, spending on radiation safety may have a 
negative short-term effect on profitability indicators, 
which we attribute to its primarily social and environ-
mental, rather than economic, return on investment.

Thus, we have concluded that environmental inno-
vations will ensure the transition to a model of green 
economic growth, facilitate the formation of competi-
tive advantages for enterprises, and enhance the value of 
their financial stability and integration into the interna-
tional market. The practical value of these results lies in 
their use to optimize the structure of investments in en-
vironmental protection activities and to develop mecha-
nisms to stimulate environmental protection innovation 
at industrial enterprises. The significant latent factors 
are crucial to predict influx of environmental invest-
ments and their impact on enterprises’ financial results, 
supporting environmental and economic development 
priorities.
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Мета. Полягає в оцінці впливу інвестиційного 
забезпечення природоохоронної діяльності на 
ефективність роботи підприємств промислового 
сектору України.

Методика. Для досягнення поставленої мети за-
стосовано комплекс загальнонаукових і спеціаль-

них методів, зокрема: методи теоретичного уза-
гальнення, порівняльного аналізу, статистичного 
аналізу, кореляційного аналізу, факторного аналі-
зу, графічний метод, методи індукції, дедукції 
й узагальнення.

Результати. Визначено, що українська промис-
ловість поступово адаптувалася до принципів еко-
логічного управління. На це вказує зростання об-
сягів інвестицій у модернізацію технічної бази 
й ресурсозбереження та поступовий перехід до 
технологій замкненого циклу. Із використанням 
факторного аналізу в дослідженні визначені три 
латентні фактори системи капітальних інвестицій 
в охорону навколишнього природного середови-
ща: еколого-технологічний фактор природоохо-
ронної модернізації, інженерно-технічний фактор 
екологічної інфраструктури й інвестиції у спеціа-
лізовані напрями екологічної безпеки та радіацій-
ного контролю. Встановлено статистично значу-
щий вплив капітальних інвестицій у природоохо-
ронну діяльність на показники рентабельності 
операційної й загальної діяльності підприємств. 
Визначено, що позитивний вплив спостерігається 
в рамках очищення зворотних вод, збереження бі-
орізноманіття та середовища існування. Водночас 
витрати на забезпечення радіаційної безпеки про-
демонстрували короткостроковий негативний 
ефект через довготривалу окупність і соціально-
екологічну спрямованість.

Наукова новизна. Полягає в розвитку підходу до 
оцінювання впливу екологічних інновацій на еко-
номічну ефективність промислових підприємств, 
що, на відміну від існуючих, ґрунтується на іденти-
фікації латентних факторів екологічних інвестицій, 
побудові багатофакторних регресійних моделей. 
Визначення впливу цих інновацій на макроеконо-
мічні показники й рентабельність діяльності під-
приємств дозволяє обґрунтувати доцільність їх 
впровадження як інструменту підвищення конку-
рентоспроможності промисловості та забезпечен-
ня сталого економічного розвитку.

Практична значимість. Отримані результати до-
слідження мають практичну цінність у тому, що об-
ґрунтований підхід доцільно використовувати для 
оптимізації структури інвестицій у природоохорон-
ну діяльність і прогнозувати їх вплив на фінансові 
результати підприємств.

Ключові слова: екологічні інновації, «зелена» 
трансформація, сталий розвиток, промислові під-
приємства, екологізація


