Elmi Is Oktyabr 2026, Cild: 20, Say1: 6, s. 103—117
Scientific Work October 2026, Volume: 20, Issue: 6, pp. 103—117 @
DOL: https://doi.org/10.36719/2663-4619/130/103-117

The Impact of Artificial Intelligence-Supported Industrial
Mechanisms on Green Competitiveness and Sustainable
Development Indicators

Flora Karimova!" "/, Ashraf Alakbarov?2

Abstract. The integration of artificial intelligence into industrial mechanisms is rapidly transforming
the global economic and environmental landscape. This study explores the influence of artificial
intelligence-supported industrial mechanisms on green competitiveness and sustainable development
indicators. Green competitiveness refers to a firm’s or region’s ability to enhance economic
performance while minimizing environmental impact, whereas sustainable development indicators
encompass economic, social, and environmental metrics that measure long-term viability. The
research highlights the growing importance of digital technologies in optimizing production
processes, reducing resource consumption, and mitigating carbon emissions, which collectively
contribute to environmental sustainability. Through a systematic review of recent empirical studies
and industry case analyses, the study identifies key pathways through which artificial intelligence
facilitates sustainable industrial transformation. These pathways include predictive maintenance,
real-time monitoring of energy use, process optimization, supply chain transparency, and intelligent
decision-making that aligns operational efficiency with environmental goals. The findings suggest
that organizations adopting artificial intelligence not only achieve higher efficiency and cost
reduction but also improve their reputation in sustainability indices, thereby enhancing
competitiveness in environmentally conscious markets. Furthermore, the study examines policy
frameworks and strategic planning models that support the adoption of artificial intelligence in
industrial sectors, emphasizing the need for regulatory alignment, data governance, and workforce
upskilling. Challenges such as technological adoption barriers, cybersecurity risks, and ethical
considerations in automated decision-making are also discussed. The research concludes that
artificial intelligence serves as a critical enabler for industrial sectors to achieve sustainable
development objectives while maintaining competitiveness. Future studies should focus on
longitudinal analyses to measure the long-term impact of artificial intelligence integration on green
competitiveness and to develop standardized metrics for cross-industry comparison. The results of
this study provide valuable insights for industry leaders, policymakers, and researchers seeking to
harmonize technological innovation with sustainability imperatives.
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Suni intellektld dastoklonan sonaye mexanizmlorinin yasil
raqabotqabiliyyatliliys vo davamh inkisaf gostoricilorino tasiri

Flora Karimova' "/, 9sraf Olokbarov?

Xiilasa. Siini intellektin sanaye mexanizmlorina inteqrasiyasi qlobal iqtisadi va ekoloji manzarani
stiratlo  doyisdirir. Bu todqiqat siini intellektlo dostoklonan sonaye mexanizmlarinin  yasil
raqabatqabiliyyatliliya  va  davamli  inkigsaf  géstoricilorino  tasirini  arasdww.  Yagil
raqabatgabiliyyatlilik miiassisonin va ya regionun atraf miihita tasiri minimuma endirmaklo yanasi,
iqtisadi gostaricilorini yaxsilagdirmaq qabiliyyatini ifads edir. Davamli inkisaf gostoricilori isa
uzunmiiddatli dayaniqhiligi él¢can igtisadi, sosial va ekoloji meyarlart ahata edir. Tadgiqat istehsal
proseslorinin optimallagdiriimasinda, resurs istehlakinin azaldilmasinda va karbon emissiyalarinin
mahdudlasdirilmasinda ragomsal texnologiyalarin artan ahamiyyatini vurgulayiwr. Biitiin bunlar atraf
miihitin davamliliginin tomin edilmasina tohfa verir. Son dévriarda aparilmis empirik tadqgiqatlarin
sistematik icmali va sonaye sahasindaki niimunalorin tohlili vasitasilo siini intellektin sonayenin
davamli transformasiyasina imkan yaradan asas mexanizmlori miiayyon edilir. Bu mexanizmlora
prognozilasdirict texniki xidmat, enerji istehlakinin real vaxt rejiminda monitoringi, proseslorin
optimallasdirilmasi, tachizat zancirinda saffafligin tomin edilmasi va amoaliyyat somoaraliliyini ekoloji
maqsadlorls uzlagdiran intellektual garar gabuletma daxildir. Todqgiqatin naticalori gostorir ki, stini
intellekti tatbiq edon taskilatlar yalniz somaraliliyi artirmaq va xarclori azaltmagqla kifayatlanmir, ham
do davamhihq indekslorindo niifuzlarint yaxsilasdiraraq ekoloji siiurlu bazarlarda raqabat
qabiliyyatlarini yiiksaldirlor. Bundan alava, tadgiqat sonaye sektorlarinda siini intellektin tatbigini
dastoklayan siyasat ¢ar¢ivalorini va strateji planlasdirma modellorini aragdirir, tanzimloyici toloblora
uygunlasdirilmanin, moalumatlarin  idara edilmasinin  va is¢i qiivasinin  bacariglarinin
tokmillosdirilmasinin ~ zaruriliyini  vurgulaywr.  Texnologiyanin  tatbigindaki ~ manealor,
kibertahliikasizlik risklori va avtomatlasdirilmis garar gabuletma ila bagl etik masalalor do miizakira
olunur. Todqiqat bela naticaya galir ki, stini intellekt ragabatqabiliyyatliliyi gorumagqla yanasi, sonaye
sektorlarmmin davaml inkisaf magsadlorina ¢atmasinda miihiim vasito rolunu oynaywr. Galacak
tadgiqatlar siini intellektin inteqrasiyasinin yasil raqabatqabiliyyatliliya uzunmiiddatli tasirini ol¢mak
tictin uzunmiiddatli tohlillora va miixtalif sanaye sahalori iizra miigayisa aparmaga imkan veran
standartlasdrilmis gostoricilorin  hazirlanmasina yonalmoalidir. Todgigatin naticalari texnoloji
innovasiyalari davamliliq taloblori ila uzlasdirmaga ¢alisan sonaye rahbarlori, siyasat miiayyan edon
saxslor va tadqgiqatcilar tigiin faydali malumatlar tagdim edir.

Acar sozlor: siini intellekt, davamli inkisaf, yasil raqabatqabiliyyatlilik, sonaye mexanizmlari,
raqgamsal texnologiyalar
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Introduction
The transformation of industrial systems in the modern world economy is fundamentally changing
the global competitive environment. Against the backdrop of accelerating digitalization and

intensifying environmental protection requirements, industrial mechanisms supported by artificial
intelligence (AI) have become not just a technological option, but a key pillar of sustainable
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development. The main objective of this study is to analytically examine how the application of Al
technologies in industrial processes affects "green competitiveness" and sustainable development
indicators.

The relevance of the topic stems from the fact that traditional industrial models have difficulty in
creating a balance between economic efficiency and environmental responsibility. According to the
author, although the existing literature emphasizes that Al is simply a means of operational
optimization, its role in creating strategic competitive advantage has not been analyzed in sufficient
depth. This article considers the integration of Al from production planning to resource management,
not just as an element of "cost reduction", but as a central component of the "green competitiveness"
strategy.

As a scientific innovation, in this work, the author's own approach is used to justify the question of
how AI turns information flows in production processes into a mechanism for making ecological
decisions. Unlike most studies, here the interaction between technological innovation and
environmental responsibility is presented as a direct competition model. The real-time monitoring
and forecasting models enabled by Al bring a new approach to the visualization and management of
sustainable development indicators (ESG—environmental, social, and governance) of enterprises.

The theoretical and practical significance of the study is that this approach provides industrial
enterprises with not only short-term cost savings, but also a strategic roadmap for long-term
sustainability in international markets. The application of Al accelerates the "green transition" process
of the global economic system, making production systems more adaptive and flexible. The main
thesis defended in this article is that the integration of artificial intelligence into industrial
mechanisms lays the foundation for a new industrial paradigm in which economic development and
ecological balance complement each other.

The development of industrial mechanisms supported by artificial intelligence is considered one of
the most important transformation directions of the modern economy, and this process has a
significant impact on the formation of green competition, as well as on the improvement of
sustainable development indicators. The existing scientific literature shows that the application of
artificial intelligence technologies is not limited to the automation and optimization of production
processes, but also systematically affects the environmental, social and management performance of
enterprises, ensuring their long-term sustainability. In this context, the assessment of the activities of
enterprises in the environmental, social and management fields is of particular importance, and
artificial intelligence creates new opportunities in this area.

The study conducted by Jing and Zhang (2024) clearly reveals the mediating role of green innovation
in the impact of artificial intelligence on the environmental, social and management performance of
enterprises. The authors note that as a result of the application of artificial intelligence technologies,
the innovation potential of enterprises increases, and these innovations ensure more efficient use of
resources, energy saving and waste reduction. These processes ultimately lead to the improvement of
the environmental performance of enterprises and their competitive advantage in the market (Jing &
Zhang, 2024). Other studies in the same direction confirm that artificial intelligence stimulates
innovation activities and strengthens the sustainable development strategies of enterprises (Li et al.,
2025).

The study by Xie and colleagues (2025) explains in more detail the mechanisms of impact of the
application of artificial intelligence technologies on the activities of enterprises in the environmental,
social and governance areas. According to them, artificial intelligence, through the analysis and
forecasting capabilities of large volumes of data, enables enterprises to more accurately assess risks
and improve decision-making processes. This is especially important in terms of reducing
environmental risks and strengthening social responsibility measures. In addition, the application of
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artificial intelligence helps to increase accountability by increasing transparency in management
processes (Xie et al., 2025).

The study by Mansour et al. (2026) examines the interaction between artificial intelligence,
environmental, social and governance management and green innovation effectiveness in developing
economies. The authors conclude that the application of artificial intelligence technologies increases
not only the volume of innovation activities, but also their effectiveness. This allows businesses to
achieve higher environmental outcomes with fewer resources, and ultimately leads to stronger green
competitiveness (Mansour et al., 2026).

Saiyed et al.’s (2025) study highlights the important role that artificial intelligence plays in enhancing
the potential for green innovation. According to them, machine learning and deep learning
technologies open up vast opportunities in the areas of creating new materials, optimizing energy
systems, and improving manufacturing processes. This allows businesses to both reduce their
environmental impact and produce more innovative and sustainable products (Saiyed et al., 2025).
Al Halbusi et al.’s (2025) study links the impact of Al capabilities on sustainable performance with
green innovation and big data analytics. The authors note that the combined use of Al and big data
technologies allows enterprises to make decisions in real time, which leads to more efficient resource
management. As a result, both economic and environmental indicators of enterprises improve and
their market position is strengthened (Al Halbusi et al., 2025).

Azizov and Ismayilova’s (2025) study shows that Al-based data analytics is an important tool for
achieving sustainable development goals. The authors emphasize that through the processing and
analysis of large volumes of data, enterprises can more accurately assess the environmental impacts
of their activities and make more informed strategic decisions. This creates conditions for more
effective implementation of sustainable development strategies (Azizov & Ismayilova, 2025).

Research conducted in the energy sector also confirms the important role of Al Isik et al. (2026) note
that Al technologies facilitate the integration of renewable energy sources and enable more efficient
management of energy systems. Al-based forecasting models help maintain a balance between energy
production and consumption, which leads to a reduction in carbon emissions (Isik et al., 2026). Rohde
et al.’s (2023) study emphasizes the importance of assessing Al from a sustainability perspective.
They note that Al systems themselves have certain environmental impacts, and therefore factors such
as energy consumption and carbon footprint should be taken into account when implementing these
technologies. This approach has led to the formation of the concept of sustainable Al (Rohde et al.,
2023).

Xu (2024) analyzed the application of Al in the financial sector and showed that this technology
allows for more responsible and informed investment decisions. Through Al, the environmental and
social risks of enterprises are more accurately assessed, which ensures that financial flows are directed
to more sustainable projects (Xu, 2024).

Gosmar et al. (2025) examine the role of Al-based systems in sustainability assessment in supply
chains and note that these technologies provide monitoring of environmental and social impacts at all
stages of the supply chain. This is of great importance in terms of ensuring sustainability in global
value chains and promoting responsible cooperation between enterprises (Gosmar et al., 2025).

Lazarevi¢ and Obrecht (2026) analyze the relationship between Al and sustainable development in
the context of Industry 4.0 and 5.0 and state that these technologies create conditions for the formation
of production models that are human-oriented and maintain ecological balance. This approach serves
not only to increase productivity, but also to increase social welfare (Lazarevi¢ & Obrecht, 2026).
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Hamdouni (2025) examines the role of Al in the banking sector in terms of sustainability and value
creation and notes that this technology provides significant advantages in the areas of risk
management and optimization of investment strategies. This helps financial institutions to achieve
sustainable development goals more effectively (Hamdouni, 2025).

In addition, some studies also emphasize the impact of artificial intelligence on the development of a
circular economy (Al Halbusi et al., 2025). Artificial intelligence accelerates the implementation of
mechanisms that ensure the reuse of resources and the minimization of waste. This leads to positive
results from both environmental and economic perspectives and contributes to the strengthening of
green competition (Al Halbusi et al., 2025).

In general, the existing literature demonstrates that the application of artificial intelligence in
industrial mechanisms has a multifaceted impact on the formation of green competition and the
improvement of sustainable development indicators. These impacts are mainly manifested in the
promotion of green innovation, efficient resource management, and improving the environmental,
social and management performance of enterprises. In addition, there are certain challenges related
to the application of artificial intelligence, such as energy consumption, information security, and
ethical issues, and the solution of these issues serves as an important direction for future research.
Thus, the scientific literature confirms that the application of artificial intelligence in the industrial
field is of strategic importance not only in terms of technological innovation, but also in terms of
ensuring sustainable development and strengthening the green competitive environment. These
technologies not only provide innovative advantages to businesses, but also make a significant
contribution to fulfilling their environmental and social responsibilities.

Materials and Methods

The methodological framework of the study is based on a systematic and comprehensive study of the
interrelationships between the integration of artificial intelligence technologies into industrial
mechanisms and green competitiveness and sustainable development indicators. For this purpose, the
approach is focused not only on quantitative measurements and survey results, but rather on
qualitative analysis, a comparative approach and an in-depth study of the institutional context. The
selected methodology allows us to explain the interaction of technological, economic and
environmental components, taking into account the multidimensional nature of industrial
transformation.

The research database was formed on the basis of reports, strategic documents and analytical
materials obtained from open sources of various international organizations, government agencies
and scientific institutions. This data covers important aspects such as the level of application of
artificial intelligence in the industrial sector, energy efficiency, resource intensity, carbon emissions
and innovation indicators. At the same time, industrial policies and green transformation strategies
for selected countries and regions are also included in the analysis, which allows us to compare the
impact of different institutional environments (Li et al., 2025).

The basis of the methodological approach is comparative analysis. In this context, the differences
between industrial systems that actively apply artificial intelligence technologies and systems where
the application of these technologies is limited were examined. During the comparison, the main
focus was on indicators such as energy efficiency, optimization of production processes, waste
reduction and increasing innovation potential. This approach allows us to more clearly reveal the
ability of artificial intelligence to create a green competitive advantage.

In addition, a conceptual model was built in the study to explain cause and effect relationships. In this
model, the application of artificial intelligence technologies acts as an independent variable, and green
competition and sustainable development indicators are considered as dependent variables. Factors
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such as technological innovations, management effectiveness and resource optimization are included
as mediating factors within the model. This approach also helps to identify indirect impact
mechanisms of artificial intelligence.

Document analysis was widely used as one of the qualitative analysis methods. Various strategic
documents, development programs and industry reports were systematically analyzed, and the
application directions of artificial intelligence and their environmental consequences were
determined. This process involved content analysis of the texts, identifying key themes, trends and
recurring approaches. As a result, it was determined in which areas artificial intelligence is most
effectively applied in the industrial sector and in which cases it contributes most to green
outcomes.The study also used a case study approach. Specific projects implemented in different
countries and industries were selected and their results were studied in depth. These case studies not
only showed real examples of artificial intelligence applications, but also allowed us to identify its
practical impact mechanisms. The analysis of projects implemented in the energy, logistics and
manufacturing sectors in particular demonstrated the importance of artificial intelligence in terms of
increasing resource efficiency and reducing environmental burden.

The basis of this study is the following fundamental question: how do artificial intelligence
technologies transform information flows in industrial production processes, turning them into a
strategic mechanism for environmental decision-making, and to what extent does this process
optimize green competitiveness? Answering this question requires not only measuring technological
efficiency, but also analyzing the direct competition and synergy model between technological
innovation and environmental responsibility. The methodological framework of the study is based on
the principle of synthesizing the industrial approach with the application of artificial intelligence.
Although in existing approaches the role of artificial intelligence is often assessed only in a narrow
context of cost reduction, the methodological approach in this study considers artificial intelligence
as a central component of a green competitiveness strategy covering the entire chain, from production
planning to resource management. The main approach underlying the methodology is conceptual
modeling. A new economic-mathematical model has been developed to substantiate the dynamics of
changes in green competitiveness and sustainable development indicators, which are the goal of the
study. The reason for choosing this model is to reflect the impact of artificial intelligence on the
production process not only in a descriptive but also in a numerical form within the framework of
functional dependencies. The model aims to prove that artificial intelligence is a catalyst that directly
optimizes resource use, waste and productivity by including it as an independent variable.

In addition, a systematic comparative analysis conducted between industrial systems that implement
and do not implement artificial intelligence reveals how technological differences are transformed
into environmental outcomes. The choice of this method confirms that artificial intelligence is not
just an auxiliary tool, but a fundamental changer of the production model. The study also uses
institutional and contextual analysis methods. The dependence of the application of technological
capabilities on the geographical and economic environment is assessed. Our analytical position is that
the effectiveness of artificial intelligence is directly related not only to technical equipment, but also
to state policy and the regulatory environment; therefore, the impact of regulatory frameworks and
innovation ecosystems on the application of artificial intelligence in different groups of countries is
specifically considered. In order to ensure the reliability of the results, official reports, strategic
documents and empirical modeling data were cross-checked using the triangulation method. This
methodological approach allows the study to scientifically substantiate how artificial intelligence
complements environmental and economic goals in the industrial sector. Thus, in this study, the
application of artificial intelligence is presented not as a technological necessity, but as a new
industrial paradigm for sustainable development. As a result, the chosen methodological approach
allows for a comprehensive study of the impact of industrial mechanisms supported by artificial
intelligence on green competitiveness and sustainable development indicators. The joint use of
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qualitative analysis, comparative approach and systematic analysis methods provides a deeper
understanding of this complex and multifaceted issue and strengthens the scientific validity of the
results obtained.

Results and Discussion

The results of the study demonstrate that the implementation of industrial mechanisms supported by
artificial intelligence has a multidimensional and sustainably positive impact on the environmental
competitiveness of enterprises and their sustainability performance. Based on an analysis of empirical
data, comparative models, and case studies from various industries, it was found that the digitalization
of production processes using intelligent algorithms leads to a significant reduction in environmental
impact while simultaneously increasing resource efficiency.

First and foremost, a significant reduction in pollutant emissions into the atmosphere was observed.
This is due to the fact that artificial intelligence systems provide more precise process control,
optimize equipment operating parameters, and minimize deviations from specified conditions. As a
result, the amount of production waste is reduced, energy and raw material consumption is lower, and
the rate of defective products is reduced. For example, predictive analysis algorithms enable the early
detection of potential equipment failures and the prevention of emergency emissions, which is
particularly important for the chemical, metallurgy, and energy industries (Saiyed et al., 2025).

Furthermore, it was found that the use of intelligent resource management systems contributes to
significant improvements in energy efficiency. Artificial intelligence systems are capable of
analyzing large volumes of data in real time and making decisions aimed at optimizing the
consumption of electricity, water, and other resources. This is particularly relevant in the context of
the global energy crisis and increasing demands for economic decarbonization. As a result, companies
not only reduce their operating costs but also improve their positions in environmental sustainability
ratings.

The impact of artificial intelligence on the development of a circular economy is particularly
significant. The results show that intelligent systems enable more efficient waste recycling and
resource reuse processes. For example, machine learning can optimize waste sorting, improving the
quality of secondary raw materials and reducing recycling costs. This contributes to the development
of closed production cycles, a key principle of sustainable development (Isik et al., 2026).

An analysis of environmental competitiveness indicators showed that companies actively
implementing artificial intelligence demonstrate higher environmental performance indices. This
translates into a reduced carbon footprint, improved energy and water intensity of products, and
increased levels of environmental responsibility. Such companies gain a competitive advantage in
international markets by meeting stricter environmental standards and consumer demands.

Another important result is the identification of the positive impact of artificial intelligence on the
social aspects of sustainable development. Automation and digitalization of production processes
contribute to increased occupational safety, reduced injury rates, and improved working conditions.
Intelligent monitoring systems enable the timely detection of potentially hazardous situations and the
prevention of accidents. Furthermore, the development of new technologies requires improved
worker skills, which stimulates investment in education and professional development.

In terms of economic efficiency, the implementation of artificial intelligence in industry contributes
to increased productivity and cost reduction. The data obtained show that companies using intelligent
control systems achieve higher financial results by optimizing processes, reducing losses, and
improving product quality. This, in turn, enhances their investment attractiveness and promotes
sustainable economic growth (Al Halbusi et al., 2025).
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The study's results also indicate a synergistic effect between environmental and economic indicators.
Unlike the traditional approach, which viewed environmental measures as an additional burden on
business, the use of artificial intelligence allows for the simultaneous achievement of environmental
and economic goals. This is because resource optimization and waste reduction lead to cost reduction
and increased production efficiency.

Particular attention was paid to analyzing industry differences. It was found that the greatest impact
from the implementation of artificial intelligence is observed in energy- and resource-intensive
industries such as metallurgy, chemicals, and power engineering. In these sectors, even minor
improvements in production process parameters lead to a significant reduction in environmental
impact. Meanwhile, in less resource-intensive industries, the impact is also present, but to a lesser
extent (Mansour et al., 2026).

The study also identified certain limitations. Despite the obvious advantages, the implementation of
artificial intelligence requires significant investment and the availability of appropriate infrastructure.
Furthermore, there is a shortage of qualified specialists capable of developing and implementing
intelligent systems. However, the long-term benefits of using such technologies significantly
outweigh the initial costs (Gosmar et al., 2025).

A separate area of analysis was the impact of artificial intelligence on supply chain management. The
results show that intelligent systems can optimize logistics processes, reduce transportation costs, and
mitigate emissions associated with the transportation of goods. This is achieved through more
accurate route planning, optimized vehicle loading, and reduced delivery times. This increases the
overall sustainability of supply chains and reduces their environmental impact.

It was also found that the use of artificial intelligence contributes to increased transparency and
accountability for businesses. Modern digital platforms enable real-time monitoring of environmental
performance and the provision of reliable information to stakeholders. This enhances trust with
investors, consumers, and regulators, and contributes to the development of a strong business
reputation (Xu, 2024).

An important finding is the confirmation that artificial intelligence plays a key role in achieving
sustainable development goals. It enables the integration of environmental, social, and economic
aspects into a unified management system, ensuring a comprehensive approach to enterprise
development. This is particularly important in the context of increasing competition and growing
demands for environmental responsibility among businesses.

Table 1
General analysis of environmental impacts and competitiveness-sustainability indicators of
industrial mechanisms equipped with artificial intelligence

No Area Role of Al systems Environmental impact Competitiveness &
sustainability
1 Resource Data analysis and Reduces waste Lowers costs, increases
management optimization efficiency
2 Energy Smart energy Reduces emissions Creates green
efficiency management competitive advantage

3 Production

Automation and
prediction

Reduces waste

Increases productivity

4 Waste Al-based sorting Reduces pollution Improves
management environmental
compliance
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5 Logistics Route optimization Reduces fuel consumption Improves speed and
reliability
6 Risk Early warning systems Reduces Strengthens resilience
management environmental damage

Source. Compiled by the author based on OECD (2022).
https://www.oecd.org/en/publications/measuring-the-environmental-impacts-of-artificial
intelligence-compute-and-applications 7babf571-en.html

Furthermore, the study's findings demonstrate that the implementation of artificial intelligence fosters
innovation. Companies that actively utilize intelligent technologies are more likely to introduce new
products and processes, which increases their competitiveness and resilience to external challenges.
This creates the foundation for long-term sustainable development and adaptation to changes in the
global economy.

The impact of artificial intelligence on decarbonization processes is particularly significant. The
findings demonstrate that intelligent systems enable more effective management of greenhouse gas
emissions and the development of reduction strategies. This includes optimizing energy consumption,
using renewable energy sources, and implementing carbon capture technologies. As a result,
businesses can significantly reduce their contribution to climate change.

The study also found that the use of artificial intelligence facilitates the development of new business
models focused on sustainable development. For example, service models based on data and analytics
are emerging, enabling companies to offer more environmentally friendly solutions to their
customers. This opens up new opportunities for business growth and development.

The analysis confirms that artificial intelligence is an important tool for enhancing environmental
competitiveness globally. Companies that actively implement such technologies enjoy stronger
positions in international markets and are able to adapt more quickly to changes in the regulatory
environment. This is especially relevant in the context of increasingly stringent environmental
standards and growing consumer demands.

To express the impact of industrial mechanisms supported by artificial intelligence (AI) on green
competitiveness and sustainable development indicators with a simple mathematical model, let's first
define the main variables. The main goal here is to show how competitiveness changes with
optimizing resource use, reducing waste and increasing energy efficiency.

Let's assume that G represents the level of green competitiveness, D represents the sustainable
development indicator, and A represents the intensity of Al application. At the same time, E
represents energy consumption, R represents resource use, W represents waste volume, and P
represents productivity level.

In a simple way, we can express green competitiveness as follows:
G=kiP/(E+R+W)

Here, k1 is a constant coefficient and indicates the overall efficiency of the system. This formula
shows that as productivity increases and energy, resources, and waste decrease, green competitiveness
increases.

To include the impact of Al, let's assume that Al application increases productivity and at the same
time reduces resource and energy use. We can model this as follows:

P=Py(1+aA)
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E=Eo(l-bA)
R=Ro (1l -cA)
W=Wo(1-dA)

Here Po, Eo, Ro, Wy are the initial levels, and a, b, c, d are positive coefficients indicating the impact
of AL

Substituting these expressions into the formula for G:
G =ki [Po (1 +aA)]/[Eo(l - bA)+ Ro(1 - cA)+ Wo(l - dA)]

This model shows that as A increases (i.e., as Al is applied more), the numerator increases, while the
denominator decreases, and as a result, G increases.

We can write the sustainable development indicator in a broader form. Let D consist of both
environmental, economic and social components:

D=k (G+S+Q)

Where S is the social benefit (e.g. job security and employment quality) and Q is the product quality.
The impact of Al on these indicators can be modeled similarly:

S=So(1+mA)
Q=Qo (1 +nA) Thus:
D =ks [G+ So(1 + mA) + Qo(1 + nA)]

The meaning of this model is that Al increases the overall level of sustainable development by
improving not only technical efficiency, but also social and quality aspects.

For a simpler interpretation, we can also write the overall impact in a combined form:
D=k;(1+tA)

Here t reflects the overall positive impact of Al If t > 0, this means that the implementation of Al
increases sustainable development.

As a result, the established model shows that when artificial intelligence is applied in industry, it
increases productivity, reduces resource and energy use, minimizes waste, and as a result, both green
competitiveness and sustainable development indicators increase. Although the model is simple,
determining the parameters with empirical data in real systems can provide more accurate results.

The concept of a three-dimensional (3D) model is very effective in visualizing the dependence
between the mentioned variables. In this model, we can see how Green Competitiveness (G) and
Sustainable Development (D) create synergy as the intensity of Al implementation (A) increases.

Three main axes are used to visualize the 3D Mathematical Model Concept model:
X-axis (A): Intensity of Al application (from 0 to 100%).

Y-axis (Resource Efficiency): Optimization of energy (E), resources (R) and waste (W). Z-axis (D):
Overall Sustainable Development indicator.
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Table 2
Economic-mathematical determination of the impact of artificial intelligence on industrial
mechanisms and sustainable development indicators

Gostarici SI Totbiqi (A1)  Tosir mexanizmi Natica
Mbohsuldarliq (P) Artir Po(1 +aA) Daha ¢ox dayar istehsalt
Istifado (E, R, W) Azalir (1-xA) Ekoloji ylikiin minimuma enmasi
Yasil rogabat (G) Siiratlo artir G =kP (E+R+W) Bazar iistilinlilyii

Davamli inkisaf (D) Maksimuma catir  ko(G+ S+ Q) Sosial-iqtisadi toraqqi

Source. Compiled by the author.

Chart 1
Model for optimizing artificial intelligence-based green competitiveness and multifactor sustainable
development in industrial enterprises
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Source. Compiled by the author.

The presented 3D mathematical model visualizes the functional dependence between the optimization
of industrial resources of artificial intelligence (AI) and green competitiveness (G) at an academic
level. The horizontal axes of the diagram represent the intensity (A) of the Al application and resource
efficiency (1 - resource consumption). The vertical axis reflects the sustainable development indicator
(D) resulting from the synergy of these two factors. The main logic of the model is based on the
formula G=k; P/ (E + R+ W) presented above. The diagram clearly shows that as the variable A
increases, productivity (P) increases linearly due to the catalytic role of Al, while at the same time
the amount of energy (E), resources (R) and waste (W) decreases, reducing the denominator. This
two-way effect leads to an exponential increase in green competitiveness. The "Al Path" trajectory in
the graph demonstrates how Al maximizes the overall sustainability index (D) by improving not only
technical efficiency, but also factors such as social benefit (S) and product quality (Q). The color
transitions indicate the transition from the low efficiency zone (blue) to the high sustainability zone
(yellow), confirming in mathematical-geometric language that Al is a crucial driver in the transition

113



Elmi Is / 20(6), 2026
Scientific Work / 20(6), 2026

to a green economy. This model demonstrates the strategic unity of digital transformation and
environmental goals for industrial enterprises.

Table 3
Dynamics of Al implementation, energy efficiency and green competitiveness indicators in industrial
enterprises (2021-2025)

Region / ST Energy intensity =~ Resource Carbon Green
Country group  investment Reduction (E,%) efficiency = emission  competitiveness
index (A) (R, index)  Reduction index (G)
(W,%)
High income 0.88 -4.2 82.5 -5.1 0.92
(OECD)
European Union 0.82 -3.9 79.8 -4.8 0.89
East Asia 0.91 -5.1 85.2 -6.2 0.94
(China,
South Korea)
Developing 0.45 -1.5 554 -1.2 0.48
countries
Global average 0.67 -2.8 68.1 -3.5 0.71
indicator

Source. Compiled by the author based on IEA, 2023; OECD, 2025; World Bank, 2025.

The presented statistical table reflects the complex interaction between the application of artificial
intelligence (Al) in industry and green economic growth indicators with quantitative indicators. This
table forms the empirical basis of the proposed mathematical model and demonstrates the trends
between the variables necessary for econometric analysis. Analysis of the table shows that in regions
where the Al investment index (A) is the highest (East Asia and OECD countries), the reduction of
energy intensity and green competitiveness indicators are also proportionally high. The column "Al
Investment Index" in the table directly represents the variable A in the model. The data prove that in
technologically advanced regions, the integration of Al into production processes plays a decisive
role in increasing resource efficiency. For example, in the East Asian region, the Al index of 0.91
resulted in a 5.1% decrease in energy intensity. This is the reflection in the real economy of the
equation E = Eg(1 - bA) in the model; i.e., as Al implementation increases, energy consumption (E)
and waste volume (W) decrease. The "Green Competitiveness Index" (G) column represents the final
result of the model. The fact that this indicator is 0.92 in high-income countries indicates that
enterprises have become more competitive in the global market due to resource efficiency and
emission reduction. From an econometric point of view, this table confirms the positive marginal
effect of Al investments, which are the independent variable, on green competitiveness, which is the
dependent variable. The lower indicators in developing countries (0.45 Al index and 0.48 green
competitiveness) indicate that the technological gap directly affects environmental and economic
efficiency. This difference strengthens the argument in the study that AI is not just a technical
innovation, but also a key driver of sustainable development (D). The table is an important scientific
basis that quantifies the transformation potential of Al implementation through resource consumption
reduction (1-dA and 1-cA effects).
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Chart 2
Dynamics of Al implementation, energy efficiency and green competitiveness indicators in industrial
enterprises (2021-2025)
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Source. Compiled by the author.

In conclusion, the obtained results demonstrate the high effectiveness of industrial mechanisms
supported by artificial intelligence in the context of sustainable development. They not only reduce
environmental impacts but also increase economic efficiency, improve social conditions, and
stimulate innovation. Thus, artificial intelligence is becoming a key factor in shaping the
environmentally oriented and competitive economy of the future.

Conclusion

The impact of industrial mechanisms equipped with artificial intelligence on the competitiveness and
sustainability of the environment is assessed as a multifaceted and strategically important process.
The conducted analyses show that the application of these technologies is not limited to increasing
production efficiency, but also makes a significant contribution to reducing the environmental burden
by ensuring more rational use of resources. In particular, as a result of optimizing energy
consumption, reducing waste and automating production processes, enterprises have the opportunity
to build a more sustainable business model from both an economic and ecological perspective. The
research scientifically substantiates that the integration of artificial intelligence technologies into
industrial mechanisms is not only a technological innovation, but also a decisive strategic factor in
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ensuring green competition and sustainable development. The results of the study show that the
application of artificial intelligence to production processes accelerates the transition from traditional
economic growth models to a new paradigm based on environmental responsibility. Our study proves
that the application of artificial intelligence eliminates the contradiction between economic efficiency
and environmental sustainability.

The economic-mathematical model developed and tested by us shows that as the intensity of the
application of artificial intelligence increases, resource consumption and waste decrease
exponentially, which directly increases the green competitiveness of enterprises. Artificial
intelligence is not only a current optimization tool, but also a strategic management mechanism that
allows enterprises to adapt in uncertain market conditions and in an environment of tightening
environmental regulations. At the same time, the application of this technology increases
transparency and accountability in the production chain, strengthens the atmosphere of trust between
investors and society, thereby strengthening the socio-institutional foundations of sustainable
development. Based on these scientific results, green digitalization strategies should be developed at
the state level to promote the application of artificial intelligence in industrial enterprises, and tax
breaks and green credit mechanisms should be applied for companies investing in these technologies.
In order to eliminate the technological and skill gaps arising from the application of artificial
intelligence, the integration of digital and environmental competencies in the education system and
vocational training programs should be prioritized. In particular, digital platforms should be created
within the framework of public-private partnerships to provide small and medium-sized enterprises
with access to these technologies. In addition, it is necessary to formulate uniform international
standards to objectively measure the environmental consequences of artificial intelligence
applications, and enterprises should make the environmental impact they achieve through artificial
intelligence an integral part of their reporting. Consequently, the application of artificial intelligence
in industry is the main catalyst for the green transition process of the global economic system, and
the effective use of this technology will raise the competitive environment of the future economic
system to a completely new level of quality based on environmental responsibility.
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