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Abstract: Green technologies, often referred to as clean or sustainable
technologies, represent a crucial step toward balancing economic growth with
environmental responsibility. In the face of global challenges such as climate change,
rapid industrialization, and the depletion of natural resources, the adoption of eco-
friendly innovations has become more urgent than ever. These technologies encompass
a wide range of solutions, including renewable energy systems, waste reduction
strategies, energy-efficient devices, smart city initiatives, and sustainable production
methods. The application of green technologies not only reduces carbon emissions and
pollution but also opens new economic opportunities by fostering green jobs,
encouraging investment in sustainable infrastructure, and driving technological
innovation. Governments, industries, and communities around the world are
increasingly recognizing the value of these technologies in ensuring long-term
ecological stability and resilience. Moreover, the integration of digital
transformation—such as artificial intelligence, the Internet of Things (loT), and big

data—with green technologies further enhances their efficiency and scalability. This
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paper examines the potential of green technologies in reshaping modern society,
highlighting their environmental, social, and economic benefits. It argues that a
transition toward sustainable practices is not merely an environmental necessity but
also a pathway to innovation, competitiveness, and global cooperation for a greener

future.
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friendly innovations, environmental protection, climate change, clean energy
INTRODUCTION

The increasing awareness of global environmental challenges, including climate
change, deforestation, and excessive energy consumption, has accelerated the demand
for sustainable solutions. Green technologies, also known as clean technologies, are
designed to minimize environmental impacts while maximizing resource efficiency.
They aim not only to reduce ecological footprints but also to provide long-term benefits
for economic growth and human well-being [1]. Over the past decade, the global
community has witnessed a paradigm shift toward renewable energy and eco-friendly
innovations. According to the International Energy Agency (IEA), renewable energy
sources such as solar, wind, and hydropower accounted for nearly 30% of the world’s
electricity generation in 2023, marking a significant milestone in the global energy
transition [2]. These advancements demonstrate that green technologies are no longer
optional but essential tools in addressing the pressing issue of climate change.
Furthermore, the integration of advanced digital technologies has expanded the
potential of green innovations. Artificial intelligence (Al), big data analytics, and the
Internet of Things (IoT) are now being employed to optimize energy consumption,
monitor emissions, and design smart cities that operate on sustainable principles [3].
Such interdisciplinary approaches not only improve efficiency but also open new
opportunities for industries and policymakers to collaborate in building greener

economies. From a socio-economic perspective, green technologies create substantial

@ https://scientific-jl.org/obr <7 43 ¥» Buinyck scypnana Ne-76
Yacmov—1 _Aezyc—2025



g ’,é ObPA30OBAHHE HAYKA U HHHOBAIIHOHHBIE H/IEH B MHPE I b\ l
2181-

opportunities for employment and innovation. The International Labour Organization
(ILO) estimates that by 2030, the global transition to a greener economy could generate
up to 24 million new jobs worldwide, particularly in renewable energy, construction,
and sustainable transportation sectors [4]. These projections underscore the importance
of investing in sustainable practices that not only protect the planet but also enhance
global competitiveness and economic stability. In addition, green technologies are
strongly linked to the concept of the circular economy, which emphasizes recycling,
reusing, and reducing waste. This model helps extend the lifecycle of products, reduces
dependence on finite resources, and encourages industries to adopt eco-friendly
production methods [5]. By combining renewable energy adoption with circular
economy principles, societies can significantly reduce environmental degradation
while fostering sustainable development. Therefore, the exploration of green
technologies is not only about environmental protection but also about shaping the
future of human civilization. They represent a pathway toward balancing
environmental sustainability, economic growth, and social equity, making them a

cornerstone of 21st-century development strategies.
LITERATURE REVIEW

The reviewed literature demonstrates that the concept of green technologies has
been widely studied by international organizations, research institutions, and policy-
makers. However, the scope and focus of these studies vary, which provides a
comprehensive but sometimes fragmented understanding of the subject. The UNEP
report Green Technologies and Sustainable Development (2022) provides a broad
overview of the role of green technologies in achieving the United Nations’ Sustainable
Development Goals (SDGs). It highlights practical strategies for integrating eco-
friendly innovations into industrial and social systems [1]. While comprehensive in
scope, the report remains general in nature and does not deeply analyze country-
specific challenges. The World Energy Outlook 2023 by the IEA (2023) offers
statistical and predictive data on global energy trends, especially the growing share of
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renewables in the energy sector [2]. This source is valuable for its data-driven
projections; however, it focuses more on energy and less on other green technologies
such as waste management or sustainable agriculture. The European Commission’s
publication Digitalization and Energy Transition (2022) specifically examines how
digital technologies, such as Al and loT, can enhance the efficiency of green
innovations [3]. Its strength lies in connecting two major fields—digitalization and
sustainability—but the findings are more applicable to developed regions, which may
limit their generalizability to developing economies. The ILO report World
Employment and Social Outlook 2018: Greening with Jobs emphasizes the socio-
economic dimensions of the green transition [4]. It estimates job creation potential in
various sectors, which provides an important economic perspective. However, as the
report is from 2018, some of the data may now be outdated, given the rapid evolution
of green technologies. Finally, the Ellen MacArthur Foundation’s study Completing
the Picture (2019) introduces the circular economy model as an essential complement
to green technologies [5]. It effectively connects environmental protection with
economic innovation, though it is more conceptual and lacks empirical case studies. In
summary, the analyzed literature shows that while there is a strong foundation of
research on renewable energy, socio-economic impacts, and policy frameworks, there
remains a gap in empirical studies focusing on developing countries and region-
specific challenges. Moreover, future research should place greater emphasis on

integrating digital transformation with green technologies in a global context.
METHODOLOGY

This study adopts a qualitative and analytical research design to examine the role
of green technologies in environmental protection and sustainable development. A

mixed-methods approach was used, which included the following components:

1. Document Analysis: Key reports and publications from

international organizations such as UNEP, IEA, ILO, and the European
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Commission were reviewed to understand the current state of green technologies

and their global applications.

2.

digital integration, and socio-economic impacts were compared across regions

to identify global trends and gaps.

3.

energy data, ILO employment reports) were used to illustrate the growth of green

technologies.

4.

Comparative Analysis: Data on renewable energy adoption,

applied to connect technological innovations with sustainability practices.

The research primarily relies on secondary data obtained from published reports,

Descriptive Statistics: Figures from secondary sources (e.g., IEA

Conceptual Framework: The circular economy model was

academic literature, and institutional databases. To ensure reliability, only peer-

reviewed articles and official publications from recognized organizations were

included in the analysis.

Table 1. Summary of Research Methods Applied in the Study

Research
Method Purpose Sources Used
Document To review theoretical UNEP (2022), European
Analysis and policy perspectives Commission (2022)

Comparative

To identify global and

IEA (2023), ILO (2018)

Analysis regional differences
Descriptive To present trends and IEA databases, Ellen
Statistics guantitative data MacArthur Foundation
(2019)
Conceptual To link circular Ellen MacArthur
Framework economy with green | Foundation (2019), UNEP
technologies (2022)
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RESULTS

The analysis of green technologies demonstrates that their adoption is steadily
increasing worldwide, with notable progress in renewable energy, digital integration,
and circular economy practices. The findings can be summarized in the following key

areas:

1. Renewable Energy Growth
The review of IEA data shows that renewable energy accounted for
approximately 30% of global electricity generation in 2023, compared to 26%
in 2019 [2]. Solar and wind power remain the fastest-growing sources,
particularly in Europe, China, and the United States. However, many developing
countries still lag behind due to insufficient infrastructure and investment.

2. Digital Transformation in Green Technologies
The integration of Artificial Intelligence (Al), Internet of Things (1oT), and Big
Data into green technologies has significantly improved efficiency in energy
distribution and monitoring. For example, smart grids powered by Al are
enabling real-time energy optimization, reducing waste, and lowering
operational costs [3]. Nevertheless, the digital divide between advanced and
developing economies presents a barrier to universal implementation.

3. Socio-Economic Impact
ILO projections indicate that by 2030, the green economy could create up to 24
million new jobs worldwide [4]. The majority of these jobs are expected to
emerge in renewable energy production, sustainable construction, and electric
mobility industries. However, the transition also carries risks of job losses in
traditional sectors such as coal mining and fossil fuel industries, underscoring

the need for reskilling programs.
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4, Circular Economy Practices
The Ellen MacArthur Foundation report highlights that applying circular
economy principles—such as recycling, reusing, and reducing waste—can
reduce greenhouse gas emissions by up to 45% by 2050 [5]. While the model is
gaining popularity, especially in the European Union, its adoption in developing
countries is still limited due to weak regulatory frameworks and lack of

awareness.

Table 2. Key Findings on Green Technologies

Focus Area Key Result Source

Renewable 30% of global electricity from IEA (2023)
Energy renewables in 2023 (1 from 26% in

2019)

Digital Al and IoT improving energy European
Transformation efficiency and reducing waste Commission (2022)

Socio-Economic Up to 24 million green jobs ILO (2018)
Impact projected by 2030

Circular Potential to cut 45% of Ellen MacArthur
Economy Practices | emissions by 2050 Foundation (2019)

CONCLUSION

The analysis of green technologies confirms their vital role in addressing the
pressing environmental, economic, and social challenges of the 21st century. The
results indicate that renewable energy sources such as solar and wind are rapidly
expanding, contributing significantly to global electricity generation. The integration
of digital innovations—particularly Artificial Intelligence (Al) and the Internet of

Things (loT)—has further enhanced the efficiency and scalability of these
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technologies. From a socio-economic perspective, green technologies create vast
opportunities for employment and innovation, with projections of millions of new jobs
emerging in renewable energy, sustainable construction, and eco-friendly transport.
However, the transition also requires careful management to mitigate the risks of job
displacement in traditional industries. Circular economy practices add another
dimension to sustainability by reducing waste, extending product lifecycles, and
cutting greenhouse gas emissions. While this approach has gained traction in developed
regions, wider global adoption remains a challenge due to economic and policy
barriers. Overall, the study concludes that green technologies are not merely optional
tools for environmental protection but a necessity for building sustainable, resilient,
and inclusive societies. Their successful implementation requires global cooperation,
investment in infrastructure, policy reforms, and the promotion of environmental
awareness. By aligning technological innovation with sustainability principles,

humanity can move closer to achieving a cleaner and more secure future.
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