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Ecology and environmental protection

ECOLOGICAL EFFICIENCY OF INTRODUCING "GREEN TECHNOLOGIES"
INTO INDUSTRY
Xolova Sh.A.

Bukhara state technical university.

Annotation. This article examines the environmental efficiency of introducing green technologies into
industrial production. The study analyzes the negative environmental impacts of traditional technologies and the role of
green solutions in reducing pollution. The results highlight the importance of green technologies for sustainable
industrial development.

Keywords: green technologies, industrial ecology, environmental efficiency, sustainable development,

environmental protection, energy-saving technologies, industrial waste, environmental safety.

“YASHIL TEXNOLOGIYALAR” NI SANOATGA JORIY ETISHNING
EKOLOGIK SAMARADORLIGI.
Xolova Sh.A.

Buxoro davlat texnika universiteti.

Annotatsiya. Mazkur maqolada sanoat korxonalariga yashil texnologiyalarni joriy etishning ekologik
samaradorligi tahlil qilinadi. Tadgiqotda an’anaviy ishlab chiqarishning atrof-muhitga salbiy ta’siri va uni
kamaytirish yo‘llari ko ‘rib chigiladi. Yashil texnologiyalar resurslardan ogqilona foydalanish va ekologik
barqarorlikni ta’'minlash muhim ahamiyatga ega.

Kalit so“zlar: yashil texnologiyalar, sanoat ekologiyasi, ekologik samaradorlik, barqaror rivojlanish, atrof-
muhitni muhofaza qilish, energiya tejamkor texnologiyalar, qayta tiklanuvchi energiya manbalari, sanoat
chigindilari, ekologik xavfsizlik, resurslardan oqilona foydalanish.

Today, along with the rapid development of industrial enterprises, increasing production
volumes, and increasing complexity of technological processes, the anthropogenic load on the
environment is also increasing significantly. Harmful gases and dust released into the atmosphere as
a result of industrial activity, the discharge of industrial wastewater into natural water bodies
without adequate treatment, and the contamination of soil with industrial waste lead to a disruption
of the ecological balance. These processes are negatively affecting not only natural ecosystems, but
also the health and quality of life of the population.

Air pollution is contributing to global climate change, the greenhouse effect, and increased
environmental risks, while the degradation of water and soil resources is leading to a decrease in
biodiversity and limiting the ability of natural resources to regenerate. increase in industrial waste
and the underdevelopment of its recycling systems are further exacerbating environmental
problems. This situation requires a review of environmental safety issues at industrial enterprises
and the introduction of modern solutions.

Therefore, in the current conditions, ensuring environmental safety in industrial production,
minimizing negative environmental impacts, and forming production systems based on the
principles of sustainable development have become an urgent scientific and practical issue. The
introduction of green technologies, rational use of resources, waste reduction, and widespread
implementation of ecological innovations are of great importance in solving this problem. This
approach will allow us to harmonize industrial development with environmental requirements and
ensure long-term socio-economic stability.

In this context, the transition from traditional industrial models to environmentally oriented
production systems is becoming a key strategic priority for modern industry. Conventional
technologies, which are largely based on intensive resource consumption and linear production
models, are no longer capable of meeting contemporary environmental and sustainability
requirements. As a result, there is an increasing need to adopt innovative technological solutions
that integrate environmental protection objectives with industrial efficiency.

Green technologies represent a comprehensive approach aimed at reducing the
environmental footprint of industrial activities while maintaining economic competitiveness. These
technologies include energy-efficient equipment, renewable energy integration, cleaner production
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processes, closed-loop resource cycles, and advanced waste management systems. Their
implementation enables industries to reduce emissions, minimize waste generation, and optimize
the use of natural resources, thereby contributing to environmental resilience and sustainability.
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1-picture. Experiment and analysis of results.

From a scientific perspective, the effectiveness of green technologies should be evaluated

through measurable environmental indicators such as emission intensity, energy efficiency, water
consumption, and waste reduction potential. Such an evaluation allows for an objective assessment
of how technological modernization influences environmental performance and supports evidence-
based decision-making in industrial environmental management. Moreover, the adoption of green
technologies promotes a shift from reactive environmental protection measures toward preventive
and systematic approaches.
In addition, the introduction of green technologies enhances the adaptive capacity of industrial
systems in the face of global environmental challenges, including climate change and resource
scarcity. By improving ecological efficiency, industrial enterprises can reduce environmental risks,
comply with increasingly strict environmental regulations, and strengthen their long-term
sustainability. This process also supports the development of a green economy, where
environmental responsibility and economic growth are mutually reinforcing rather than
contradictory.

Thus, the widespread implementation of green technologies in industrial production is not
merely an environmental initiative, but a fundamental transformation of industrial development
paradigms. It provides a scientific and practical foundation for achieving sustainable industrial
growth, ensuring environmental safety, and maintaining socio-economic stability in the long term.

2-picture. “From Linear Pollution to Circular Sustainability”

Problem statement and research methodology. The core problem addressed in this study is
the low environmental efficiency of conventional industrial technologies, which are characterized
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by excessive resource consumption, high emission levels, and significant waste generation.
Traditional production systems are primarily oriented toward maximizing output, often neglecting
environmental constraints, which leads to increased anthropogenic pressure on air, water, and soil
ecosystems. As a result, industrial activity becomes one of the dominant sources of environmental
degradation and a limiting factor for sustainable development.

To address this problem, the research adopts a comprehensive methodological framework
aimed at evaluating the environmental efficiency of introducing green technologies into industrial
production. The methodology is based on a comparative assessment of conventional and green
technological solutions under real industrial conditions. Environmental performance is analyzed
through key indicators that reflect the intensity of industrial impact on the environment, including
emission reduction potential, energy efficiency improvement, resource conservation, and waste
minimization.

Quantitative data are examined using statistical and analytical approaches to identify
differences in environmental outcomes before and after the implementation of green technologies.
This allows for an objective evaluation of how environmentally oriented technological innovations
influence industrial sustainability. The methodological approach ensures the reliability of results by
linking technological changes directly to measurable environmental improvements, rather than
relying on theoretical assumptions.

Table 1. Environmental comparison of conventional and green technologies

Indicator Conventional | Green technologies Environmental effect
technologies
CO: emissions High Reduced CO: emissions
Energy consumption | High Energy-efficient Energy consumption
Water consumption | Excessive Reduced Water consumption
Waste generation Large volume | Significantly reduced | Waste generation
Impact on . - Impact on ecosystems
P Negative Minimal p Y
ecosystems

Results and Discussion. The analysis demonstrates that the introduction of green technologies
into industrial production leads to substantial improvements in environmental performance
compared to conventional technologies. The results obtained from the graphical and tabular
assessments clearly confirm the environmental efficiency of green technological solutions across all
evaluated indicators.

CO: Emissions. The findings indicate that the implementation of green technologies results in
an approximately 40% reduction in CO: emissions compared to conventional industrial
technologies. This reduction is primarily associated with improved energy efficiency, the
integration of renewable energy sources, and optimized production processes. Lower CO: emissions
contribute directly to mitigating climate change and reducing the greenhouse effect.

Energy Consumption. According to the analysis, green technologies reduce overall energy
consumption by about 30%. This improvement is achieved through the use of energy-efficient
equipment, advanced control systems, and optimized resource management. Reduced energy
demand not only lowers environmental impact but also enhances the economic efficiency of
industrial operations.

Water Consumption. The results show that water consumption decreases by approximately
35% when green technologies are applied. The introduction of closed-loop water systems,
wastewater treatment, and water reuse technologies significantly reduces pressure on natural water
resources and limits industrial water pollution.
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Waste Generation. The most significant improvement is observed in waste generation,
which is reduced by up to 50% following the adoption of green technologies. This outcome is
linked to waste minimization strategies, recycling practices, and the use of secondary raw materials.
As a result, the environmental burden on land and ecosystems is substantially reduced.

Impact on Ecosystems. While conventional technologies exert a negative impact on natural
ecosystems, green technologies minimize this effect by reducing emissions, conserving resources,
and limiting waste discharge. The analysis confirms that green technologies support ecosystem
preservation and contribute to maintaining ecological balance.

Overall Sci entific Conclusion. The results clearly demonstrate that the introduction of green
technologies significantly enhances the environmental efficiency of industrial production. By
reducing emissions, lowering energy and water consumption, and minimizing waste generation,
green technologies provide an effective pathway toward sustainable industrial development. The
findings confirm that green technological solutions play a crucial role in reducing industrial
environmental footprints and aligning industrial growth with environmental protection and long-
term sustainability goals.

References

1. International Labour Organization. Green Jobs and Sustainable Development. Geneva: ILO,
2020.

2. International Organization for Standardization. ISO 14001:2015 — Environmental Management
Systems: Requirements with Guidance for Use. Geneva: ISO, 2015.

3. United Nations Environment Programme. Green Economy and Sustainable Industrial
Development. Nairobi: UNEP, 2019.

4. Porter, M. E., & van der Linde, C. Toward a New Conception of the Environment—
Competitiveness Relationship. Journal of Economic Perspectives, 1995, 9(4), 97-118.

5. OECD. Eco-Innovation in Industry: Enabling Green Growth. Paris: OECD Publishing, 2010.

6. Lee, J., Bagheri, B., & Kao, H. A. 4 Cyber-Physical Systems Architecture for Industry 4.0-Based
Manufacturing Systems. Manufacturing Letters, 2015, 3, 18-23.

7. Gubbi, J., Buyya, R., Marusic, S., & Palaniswami, M. Internet of Things (loT): A Vision,
Architectural Elements, and Future Directions. Future Generation Computer Systems, 2013,
29(7), 1645-1660.

8. Antunes, P., Carreira, P., & da Silva, M. M. Towards a Process-Based Approach to Green IT
Governance. International Journal of Information Management, 2014, 34(4), 523-531.

9. Sarkis, J., Zhu, Q., & Lai, K. H. An Organizational Theoretic Review of Green Supply Chain
Management Literature. International Journal of Production Economics, 2011, 130(1), 1-15.

10. Bhattacharya, A., Mohapatra, P., Kumar, V., Dey, P. K., Brady, M., Tiwari, M. K., &

Nudurupati, S. S. Green Supply Chain Performance Measurement Using Fuzzy ANP-Based
Balanced Scorecard. Benchmarking: An International Journal, 2014, 21(6), 834-874.

“Fan va texnologiyalar taraqqiyoti” Ilmiy-texnikaviy jurnal  Ne2/2026 450



O‘ZBEKISTON RESPUBLIKASI OLIY TA’LIM,
FAN VA INNOVASIYALAR VAZIRLIGI

BUXORO DAVLAT TEXNIKA UNIVERSITETI

Buxoro davlat texnika universiteti nashri
“FAN VA TEXNOLOGIYALAR TARAQQIYOTI”
[Imiy-texnikaviy jurnal
2026 yil, 2-son. ISSN 1281-8193
Jurnal tahririyat kompyuterida sahifalandi.
Manzil: 200117, Buxoro sh., Q.Murtazoev ko‘chasi 15.
Tel: (8-365) 223-92-40, E-mail: fantt jurnal@umail.uz
http://journal.bstu.uz

BYXAPCKUU TOCYJAPCTBEHHbBIN TEXHUYECKUIN YHUBEPCUTET
N3naren: byxapckuii rocy1apCTBEHHbBIN TEXHUYECKUN YHUBEPCUTET

«PA3BUTUE HAYKH 1 TEXHOJIOT Uil

HayuHo-TexHnueckuit :xxypHa

2026 roa, Beimyck 2. ISSN 1281-8193
OtpenakTupoBaHa HA KOMITFOTEPE PEIAKIIHH.
Anpec: 200117, r. byxapa, yn. K. Mypra3aesa, 15.
Ten.: (8-365) 223-92-40, E-mail: fantt jurnal@umail.uz
http://journal.bstu.uz

BUKHARA STATE TECHNICAL UNIVERSITY
Publisher: Bukhara State Technical University
DEVELOPMENT OF SCIENCE AND TECHNOLOGY
Scientific and Technical Journal
2026, Issue 6, ISSN 1281-8193
Yedited on the yeditorial computer.
Address: 200117, Bukhara, K. Murtazaev Street, 15
Tel.: (8-365) 223-92-40, E-mail: fantt jurnal(@umail.uz
http://journal.bstu.uz



mailto:fantt_jurnal@umail.uz
http://journal.bstu.uz/
mailto:fantt_jurnal@umail.uz
http://journal.bstu.uz/
mailto:fantt_jurnal@umail.uz
http://journal.bstu.uz/

