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Abstract
The aim of this research is to assess the influence of digital technologies on foster-

ing sustainable green development, thereby enhancing resource efficiency, reducing 
emissions, improving energy efficiency, and advancing environmental management. 
Investigating the impact of digital technologies on sustainable green development is 
pertinent due to their potential to enhance the effectiveness of renewable energy 
sources, like solar panels and wind turbines, through weather forecasting, system 
optimization, and energy storage. Moreover, digital technologies can facilitate re-
source efficiency and the adoption of circular economy models, converting waste 
into valuable resources. The paper aims to scrutinize leading international practices 
in leveraging digital technologies for sustainable development and to delineate their 
role in achieving sustainable green development. Sensor networks and Internet of 
Things (IoT) systems enable precise data collection on resource utilization, air and 
water pollution, enabling targeted interventions. The paper delineates how digital 
technologies optimize energy consumption in buildings, industry, and transport, and 
how automation systems, smart grids, and data analytics contribute to enhanced en-
ergy efficiency and reduced emissions. The study examines exemplary global prac-
tices, such as Far EasTone's commitment to the RE100 Global Renewable Energy 
Initiative, aiming to transition to 100 % renewable energy usage across its facili-
ties by 2040. Far EasTone Telecommunication is leveraging artificial intelligence to  
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optimize 5G base station selection and minimize power consumption while main-
taining user satisfaction. The study underscores the extensive and wide-ranging im-
pact of digital technologies on sustainable green development, enabling comprehen-
sive data collection on environmental metrics like CO2 emissions and water usage.  
Utilizing this data can inform better decision-making by businesses and governments 
to mitigate environmental impact. Digital technologies play a pivotal role in expe-
diting innovation and ensuring efficient resource utilization for environmental pre- 
servation. Additionally, the RE100 Initiative, a global coalition of companies commit-
ted to sourcing energy exclusively from renewable sources, is discussed for its role in 
reducing carbon footprints and promoting sustainable energy transitions. The article 
analyzes fundamental principles of green sustainable management and highlights 
best practices in employing digital technologies for sustainable green development. 
Theoretical insights into the potential of digital technologies for sustainable green 
development contribute to the formulation and execution of practical initiatives to 
address global environmental challenges.

The chapter thoroughly examines both the theoretical underpinnings and practi-
cal applications of digital technologies in sustainable green development, positioning 
it as a valuable contribution to ongoing discourse in this field. The chapter analyses 
the impact of digital technologies on sustainable green development, in particular 
their role in increasing resource efficiency, reducing emissions and implementing 
circular economy models. International practices of using digital technologies to op-
timize energy consumption, environmental monitoring and environmental manage-
ment are explored.
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3.1  Introduction

The significance of studying the impact of digital technologies on advancing sus-
tainable green development lies in their ability to enhance the efficiency of renew-
able energy sources like solar panels and wind turbines. This is achieved through 
accurate weather forecasting, optimized system operations, and effective energy 
storage solutions. Furthermore, digital technologies contribute to more efficient 
resource utilization and support the adoption of circular economy models, where 
waste is transformed into valuable resources.
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The relevance of this study is emphasized by several key factors:
1. Climate change and environmental instability: human activities have contrib-

uted to climate change and an increase in natural disasters, highlighting the urgent 
need for a balanced approach to sustainable development. Digital technologies can 
play a crucial role in reducing environmental impact through improved efficiency and 
smarter resource management.

2. Digital technologies in green development: the effective use of resources and 
reduction of emissions are essential for sustainable development. Digital technolo-
gies are critical to these efforts, supporting everything from monitoring environmen-
tal performance to optimizing production and transportation processes.

3. Synergy as a driver for results: the integration of digital technologies with 
green development initiatives can create powerful synergies, helping to achieve 
sustainable environmental outcomes. Understanding how these areas interact will 
uncover the most effective pathways to reach sustainability goals.

4. Challenges of instability and the need for new approaches: global instability, 
driven by factors such as economic crises and pandemics, creates new challenges for 
sustainable development. By studying the relationship between digital technologies 
and green development, it is possible to develop adaptive strategies that are resilient 
in the face of uncertainty.

The aim of this study is to analyze the best international practices on the role 
of digital technologies in sustainable development, with the goal of identifying how 
these technologies can support the achievement of sustainable green management.

The object of this study is the creation of a sustainable environment under con-
ditions of instability, viewed as a multifaceted social, economic, and environmental 
phenomenon. The subject of the study is the impact of the synergistic interaction 
between digital technologies and green development in fostering a sustainable envi-
ronment amidst instability.

The main tasks:
– to study the impact of digital technologies on reducing the negative impact of human 

activity on the environment by increasing resource efficiency and reducing emissions;
– to analyse international practices of integrating digital technologies into sus-

tainable green development processes to optimise production, transport and envi-
ronmental monitoring;

– to determine the synergistic effect of combining digital technologies and green 
initiatives as the main driver for achieving sustainable environmental results;

– to assess the impact of instability on green development processes and formu-
late recommendations for increasing the resilience of socio-economic and environ-
mental systems through digital solutions.
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These tasks allow to deepen our understanding of the interaction between dig-
ital technologies and green development, as well as to contribute to the creation of 
effective strategies to ensure a sustainable environment in the face of instability. 
By combining digital technologies with green development strategies, a substan-
tial positive impact can be achieved, particularly in uncertain conditions. Instabil-
ity, characterized by unpredictability and turbulence, arises from various sources 
such as economic crises, political upheaval, natural disasters, and technological or 
socio-cultural shifts. This instability affects multiple sectors, including business, pol-
itics, economics, society, and the environment. Responding to these conditions de-
mands adaptability, flexibility, and the development of strategies that reduce risks 
and enhance resilience.

Digital technologies like the Internet of Things (IoT), real-time data analytics, and 
smart systems can effectively monitor and address environmental concerns such as 
air quality, water pollution, and climate change. Smart grids and automated process-
es can significantly reduce energy consumption, lowering greenhouse gas emissions 
and promoting more sustainable urban and industrial environments. By enhancing 
the efficiency and reliability of renewable energy sources, digital technologies help 
optimize power generation and storage, while waste management systems enable 
better recycling and resource use.

Furthermore, digital tools can raise public awareness on environmental issues, 
fostering sustainable consumption and behavior among individuals and businesses. 
This integrated approach will be essential in addressing the challenges posed by in-
stability and ensuring a greener, more sustainable future. Mobile apps, online cours-
es, and other digital resources can provide information and skills for conservation. 
They can work synergistically, reinforcing each other to promote sustainable envi-
ronmental development, even in times of instability.

3.2  Research methodology

The research employs a combination of system analysis and synthesis, Agile 
methodology, and a variety of other approaches, including axiological, synergistic, 
ecological, and humanistic methods. This methodological framework enables a com-
prehensive analysis of international best practices regarding the impact of digital 
technologies on sustainable development and facilitates the identification of how 
these technologies contribute to achieving sustainable green development. These 
approaches provide valuable insights into addressing environmental challenges and 
developing sustainable strategies for the responsible use of the planet's resources. 
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1. Ecological approach: this interdisciplinary method has evolved alongside en-
vironmental challenges and advancements in research, prioritizing environmental 
protection and the rational use of resources across all areas of human activity. The 
key principles of the ecological approach encompass international best practices 
for the role of digital technologies in sustainable development, strategic planning,  
reducing environmental impact, promoting resource recovery and recycling, increas-
ing the use of renewable materials, managing waste, fostering social responsibility, 
and ensuring sustainable development.

The ecological approach is vital for preserving natural resources and ecosystems 
while promoting sustainable interactions between humans and the environment.  
It emphasizes the responsible use of resources and the interdependence of human 
and ecological systems.

In studying the impact of digital technologies on sustainable green development, 
this approach helps identify strategies to:

– use resources more efficiently;
– reduce emissions and pollution;
– increase energy efficiency;
– improve environmental management practices.
By adopting these principles, the ecological approach contributes to advancing 

both sustainability and the long-term protection of ecosystems.
2. The method of systematic analysis and synthesis is a powerful tool for com-

bining various facts and best international practices into a system aimed at increas-
ing resource efficiency and implementing circular economy models. This method 
allows for a comprehensive approach to resource and waste management aimed at 
maximizing their use and recovery. The main stages of the systematic analysis and 
synthesis method in this context may include: analysis of the current state; identifi-
cation of key issues and challenges; analysis of international best practices; develop-
ment of an integrated strategy; implementation and monitoring of existing practices.  
Assessment of current resource use and waste management in different countries 
and sectors. This includes collecting and analyzing data on resource use, waste vol-
umes and the effectiveness of existing management models. Identify the main chal-
lenges and obstacles that hinder the efficient use of resources and the implementa-
tion of the circular economy. Research and analysis of best practices in resource and 
waste management from around the world. This may include successful projects, 
technological innovations, legislative and regulatory measures, etc. Develop a com-
prehensive strategy that combines best practices and innovations to increase re-
source efficiency and implement circular economy models. Implementing the strat-
egy and continuously monitoring the results to identify opportunities for further 
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improvement. This method allows to take into account all aspects of the resource use 
and waste management system, creating an integrated approach that contributes to 
the goal of resource efficiency and sustainable use.

3. An axiological method based on the values of digital technologies for achiev-
ing sustainable green development as a factor of green sustainability; An axiological 
method that considers the values of digital technologies in the context of achieving 
sustainable green development can be based on the following aspects – defining 
values, assessing impacts, developing strategies. Digital technologies can stimu-
late innovation in solving environmental problems and contribute to the creation 
of a sustainable environment. An axiological analysis helps to identify the values 
that these technologies can embody, such as efficiency, environmental friendliness, 
innovation, etc. Digital technologies can have different types of impact on green 
development, including reducing emissions, optimizing resources, improving envi-
ronmental monitoring, etc. An axiological approach allows to assess this impact in 
terms of the values of sustainability and green sustainability. An axiological analysis 
can help develop strategies for using digital technologies to increase their favorable 
impact on the sustainability of the environment. This can include prioritizing proj-
ects and initiatives that are most in line with green development values. An axiolog-
ical approach can also help to take into account the ethical aspects of using digital 
technologies in green development, including issues of transparency, responsibility 
and justice. Thus, the axiological method allows for a deeper understanding of the 
value aspects of using digital technologies to achieve sustainable green develop-
ment and develop strategies aimed at increasing their positive impact on environ-
mental sustainability [1].

4. The synergistic method, which is based on self-organizing processes and the 
possibility of finding an attractor that can lead to synergy and overcome all the 
problems of the impact of digital technologies on achieving sustainable green de-
velopment and environmental sustainability. A synergistic approach to the study of 
digital tools for the effective functioning of a sustainable ecological environment in 
conditions of instability, reflecting a new understanding of the analysis of complex 
systems, such as production systems, tax systems, ecological systems, using the 
tools of the synergetics methodology. According to this approach, the interaction 
of individual components of a complex system can lead to emergent properties and 
unexpected results that cannot be explained by analyzing each part of the system 
separately. When studying digital tools in the field of complex systems in a state of 
instability, the synergistic methodology is used to understand the interaction of dif-
ferent technologies, processes and participants in this system in order to reveal their 
impact on the overall result. 
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The synergistic method of studying this problem provides some important ad-
vantages and opportunities. The synergistic approach allows to consider the prob-
lem in the context of a complex system, taking into account the interconnections 
and interactions between its constituent parts. It helps to understand how digital 
technologies and green sustainable management interact with each other and with 
other elements of the system.

The synergistic approach allows to identify the emergent properties of a sys-
tem – those that arise as a result of the interaction between its components.

It allows to identify unexpected or non-linear effects of digitalization in green 
sustainable management [2].

The synergistic method allows studying system changes over time and identify-
ing key phase transitions or critical points when the system moves from one state to 
another. This helps to predict and manage changes in the system.

The synergistic approach allows for the inherent instability and nonlinearity of 
the system, which are characteristic of many complex systems. This helps to devel-
op more effective change and risk management strategies. The synergistic method 
may include elements of various research methods, such as modelling, data analysis, 
expert opinions, and others. This allows for a comprehensive and in-depth analysis 
of the problem. The synergistic method of researching this problem provides an op-
portunity for a deep understanding of the relationships and interactions between 
digital technologies and green sustainable management strategies, which allows for 
the development of more effective and innovative approaches to their integration.  
The synergistic method involves an integrative analysis that takes into account the 
technical, social, economic and political aspects of using digital tools to analyze 
complex systems. interaction between different digital tools, socio-economic and 
political aspects of introducing digitalization into tax systems, as well as identifying 
potential risks and challenges.

5. The use of the Agile method in addressing the synergy of digital technolo-
gies and green sustainable management can have several advantages. The Agile ap-
proach allows for flexible adaptation of strategies and plans in line with changes in 
requirements, market conditions and technological capabilities. This is especially 
important in the case of complex innovation projects where digital technologies 
need to be combined with green sustainable management. The Agile method con-
siders a project as a set of short iterations, each of which brings a specific result 
or functionality. This allows to quickly test hypotheses, experiment and make 
changes in the early stages of the project. The Agile approach promotes the ac-
tive involvement of stakeholders in the development process, including experts 
in digital technologies and green sustainable management. This helps ensure that 
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the solutions developed meet the real needs and requirements of users. The Agile 
approach supports active communication and collaboration between project team 
members. This helps to solve complex problems through collective problem-solv-
ing and the exchange of ideas. Thanks to the iterative and flexible nature of the  
Agile approach, teams can quickly develop and launch new products or services. 
This minimizes time-to-market and allows to get feedback from users faster. In gen-
eral, the use of the Agile method in addressing the synergy of digital technologies 
and green sustainable management allows to effectively solve complex problems 
and respond quickly to changes, ensuring high quality and compliance with market 
and consumer needs.

6. General philosophical methods – analysis and synthesis, generalization, com-
parison, which allowed to formulate the concept of the impact of digital technol-
ogies on achieving sustainable green development, optimizing energy consump-
tion in buildings, industry and transport, creating smart grids and helping to use 
energy more efficiently and reduce emissions. "Eco-agriculture" based on a digital 
culture of green management. Thanks to the methods and approaches used, it is 
proved that the impact of digital technologies on achieving sustainable green de-
velopment can be very significant and multifaceted. Digital technologies can help 
to implement monitoring and management systems that ensure the optimal use 
of resources such as energy, water and materials. The use of sensors and artificial 
intelligence systems to optimize production or transport system management 
can help reduce resource consumption and emissions. Overall, digital technolo-
gies can play a key role in achieving sustainable green development by helping to 
optimize resource use, reduce emissions and encourage environmentally con- 
scious consumption [3].

Despite the significant potential of digital technologies in fostering sustainable 
green development, several unresolved issues remain:

1. Inconsistent integration across sectors: there is a lack of uniformity in the adop-
tion and integration of digital technologies across various sectors and regions, lead-
ing to uneven progress in sustainability initiatives.

2. Digital divide: disparities in access to digital infrastructure, particularly in devel-
oping countries, hinder the global implementation of green development strategies.

3. Data privacy and security concerns: the increased use of digital tools raises con-
cerns about data protection, privacy, and cybersecurity, which can impede the wide-
spread adoption of these technologies.

4. Uncertainty in measuring synergy effects: the non-linear and emergent nature 
of the interaction between digital technologies and green management strategies 
presents challenges in quantifying their combined impact.
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5. Resource constraints and high costs: implementing advanced digital solutions of-
ten requires substantial financial and technical resources, which can be a barrier for 
smaller enterprises or economically disadvantaged regions.

6. Regulatory and ethical challenges: the rapid evolution of digital technologies  
outpaces regulatory frameworks, creating gaps in governance, ethical standards, 
and accountability mechanisms.

3.3  Literature review

Based on the results of new research and practical findings, let's try to emphasize 
the importance of digital technologies that can help in implementing monitoring and 
control systems, ensuring optimal use of resources such as energy, water and mate-
rials. For example, the use of sensors and artificial intelligence systems to optimize 
production or transport system management can help reduce resource consump-
tion and emissions. In this paper, let's rely on the research of V. Nikitenko, V. Voron- 
kova, R. Oleksenko, H. Matviienko, O. Butkevych "Sustainable agricultural devel-
opment paradigm formation in the context of managerial experience of industri- 
alized countries" [4].

The authors rely on the applied aspects of this mechanism, that digital technol-
ogies such as solar panels and wind turbines are becoming more affordable and ef-
ficient due to continuous development. Data analytics and forecasting can help op-
timize energy production from renewable sources for the purpose of environmental 
protection and international legal protection what it is possible to found in the work 
of A. Getman, O. Danilyan, O. Dzeban, Yu. Kalynovsky, J. Crespo "International legal 
environmental protection: Historical aspect" [5]; O. Danilyan, O. Dzeban, Yu. Kaly-
novskyi "Social instability as a global trend of the modern world" [6].

The analysis of the work by V. Nikitenko, V. Voronkova, R. Oleksenko, H. Mat-
viienko, O. Butkevych "Sustainable agricultural development paradigm formation 
in the context of managerial experience of industrialized countries" [4] proved that 
the use of digital technologies such as blockchain can help track, recycle and recover 
resources within the circular economy, reducing waste and promoting sustainable 
use of resources. The work of N. Metelenko, I. Klopov, V. Voronkova, V. Nikitenko, 
R. Oleksenko, A. Brytvienko, N. Runcheva played a major role in our research "Devel-
opment of flexible management structures in the context of digital transformation of 
industry 5G" [7] and T. Teslenko, V. Voronkova and M. Hakova "Green agro-produc-
tion as a factor of competitiveness, sustainability, efficient and ecologically safe agri-
culture" [8]. The literature analysis shows that digital technologies can be a powerful 



82

Transformations of national economies under conditions of instability

tool in achieving sustainable development, helping to reduce emissions, optimize re-
source use and promote environmentally conscious consumption [9]. 

Digital technologies, such as sensors, monitoring and data analytics systems, al-
low companies and governments to collect and analyze large amounts of information  
about energy and water consumption, CO2 emissions and other environmental in-
dicators. This helps to identify opportunities for efficient resource use and emis-
sions reduction, which has been confirmed in the literature: M. Graham, R. Jorgen  
"In search of prosperity. Managing economic development to reduce unemploy-
ment, inequality and climate change" [3]; N. Klein "Everything changes. Capitalism 
against the climate" [10]; D. Meadows, J. Randers, D. Meadows "The limits of growth. 
30 years later" [11]. An analysis of the literature has shown that the impact of digi-
tal technologies on achieving sustainable green development can be significant and 
multifaceted. Digital technologies can optimize energy use in various sectors such as 
construction, transport and industry. Remote control, intelligent building manage-
ment systems and energy-efficient networks are just a few examples.

The literature and concepts analysis of the synergy of digital technologies and 
green sustainable management includes an overview of modern technologies such 
as the Internet of Things (IoT), artificial intelligence (AI), blockchain, data analytics, 
etc. and their possible impact on green sustainable management. Concepts such as 
digital transformation and others are used to understand and describe this impact. 
The literature review includes research into green sustainability strategies and con-
cepts, such as the Sustainable Development Goals (SDGs), the circular economy con-
cept, ESG (environmental, social, governance) principles, and others. These concepts 
point to the importance of environmental and social responsibility for businesses. 
The literature review helped to identify key links between digital technologies and 
green sustainable management. It can include the use of digital technologies to mon-
itor and optimize energy consumption, production and logistics, as well as to improve 
resource efficiency and reduce emissions and waste [12].

The literature review helped to uncover innovative approaches and practices 
in using digital technologies to achieve green goals. This includes using blockchain 
to track the production chain, implementing smart energy and water management 
systems, and using artificial intelligence to analyze and predict environmental per-
formance. The literature review revealed challenges and barriers to the integration 
of digital technologies and green sustainable management. These may include tech-
nological limitations, cost aspects, data privacy risks, as well as cultural and orga-
nizational challenges. Overall, the literature and concepts review allow to explore 
various aspects of the synergy of digital technologies and green sustainable manage-
ment, opening up opportunities for further research and development in this area.



83

Synergy of digital technologies and green development and their impact on 
achieving a sustainable environment in the conditions of instability

Chapter 3

3.4  Results of the study

3.4.1  Areas of influence of digital technologies on sustainable green 
development

The impact of digital technologies on sustainable green development is extensive 
and multifaceted. Key areas of influence identified in the study include:

1. Data collection and environmental monitoring: digital technologies facili-
tate the collection of vast amounts of data on environmental indicators such as CO2 

emissions, water consumption, and more. Analyzing this data enables companies and 
governments to make informed decisions aimed at reducing environmental impact.

2. Sustainable mobility: the rise of electric vehicles (EVs), charging infrastruc-
ture, and ride-sharing mobile applications have contributed to lowering emissions 
and reducing fuel consumption. Smart transport systems, combined with GPS, rout-
ing data, and advancements in EV technology, further enhance the efficiency of 
transportation, leading to reduced emissions.

3. Circular economy and resource management: digital technologies play a cru-
cial role in tracking and managing resource use within a circular economy. Blockchain 
and similar technologies provide transparency and reliability in resource recovery 
and recycling, supporting the shift to a sustainable resource loop.

4. Public awareness and sustainable consumption: information technologies 
promote environmental awareness by providing easy access to information about 
the environmental performance of goods and services. Social media and online plat-
forms enable companies and organizations to advocate for environmentally con-
scious consumption, influencing consumer behavior towards sustainable choices.

5. Geographic information systems (GIS) and environmental modelling: GIS and 
modelling tools help assess the environmental impact of construction and infrastruc-
ture projects, aiding in the mitigation of negative effects and optimizing environmen-
tally friendly solutions.

6. Renewable energy optimization: digital technologies improve the efficiency 
and reliability of renewable energy sources, such as solar and wind power, by using 
weather forecasting and data analytics to predict and optimize energy production.

7. Waste management and IoT: Internet of Things (IoT) systems allow for real- 
time monitoring and management of waste and resources, improving waste manage-
ment practices and increasing recycling efficiency [13].

8. Supply chain sustainability and ESG Data: high-quality environmental, social, 
and governance (ESG) data is now essential for companies seeking to build trust in 
the market. The 2023 revisions of the Dow Jones Sustainability Indicators (DJSI) 
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and the Carbon Disclosure Project (CDP) emphasize the importance of sustainable 
supply chain management. Digital tools such as big data analytics and AIoT allow 
businesses to better monitor the sustainability performance of their supply chains, 
helping to identify risks early and make informed decisions.

9. Sustainable enterprise development: companies are increasingly incorporat-
ing digital sustainability tools into their operations to enhance sustainability actions 
and manage costs effectively. A truly sustainable enterprise integrates sustainability 
from the product or service source to the deployment of digital capabilities, support-
ing decision-making through effective data management.

10. Green logistics and carbon reduction: enterprises in the logistics sector are 
adopting smart technologies and innovative applications to reduce carbon emissions 
and enhance energy efficiency. Advanced technologies like AI computing, automatic 
identification systems, and modern mail processing equipment significantly improve 
operational efficiency and accuracy, contributing to greener logistics systems.

11. Sustainable competitive advantage through ESG: as businesses undergo dig-
ital transformation, ESG considerations are becoming a key competitive advantage. 
Companies that integrate sustainability into every decision, from production to logis-
tics, can achieve long-term success while ensuring a positive environmental impact.

Overall, digital technologies are accelerating innovation and enabling more efficient 
use of resources to protect the environment. However, ensuring that these technologies 
are employed in a sustainable and socially responsible manner is critical to maintaining 
the balance between technological advancement and environmental preservation [9].

Back in 2021, the EU's Digital Europe Project Group proposed the concept of a  
"double transition", which includes harnessing the power of digital technologies to 
achieve corporate sustainability goals, including corporate greenhouse gas emis-
sions reduction, service modernization, and strengthening corporate governance. 
The World Economic Forum's report notes that the use of digital tools will lead to a 
reduction in the trinity of global leaders in the energy, materials and transport sec-
tors. As a result, emissions will reach the goal of reducing global carbon emissions 
by 20 %. This shows that the use of digital tools for sustainable development has 
unlimited potential. In recent years, digital management platforms have become an 
integral trend in the transformation of sustainable development, including resource 
efficiency, improving sustainability performance and supporting businesses in imple-
menting sustainable strategic development. It is necessary to use new technologies 
that will help reduce carbon dioxide emissions and become an indicator of success. 
These technologies include: 

1. Introduction of carbon-free hydrogen production.
2. Development of batteries capable of storing energy for the entire season for cities. 
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3. Use of electric fuels. 
4. Improvement of biofuels. 
5. Production of carbon-neutral cement. 
6. Production of carbon-neutral steel. 
7. Development of carbon-neutral fertilizers. 
8. Use of new generation nuclear reactors. 
9. Development of nuclear fusion. 
10. Implementation of technologies for carbon capture directly from the air and 

point removal. 
11. Development of underground power lines. 
12. Production of carbon-neutral plastics. 
13. Use of geothermal energy. 
14. Implementation of hydroaccumulation. 
15. Increasing the accumulation of thermal energy. 
16. Development of carbon-neutral alternatives for palm oil. 
To achieve these goals, it is necessary to: 
1. Increase funding for clean energy and climate change research and develop-

ment fivefold. 
2. Focus on ambitious but risky research. 
3. Develop cooperation with industry. 
4. Build appropriate infrastructure. 
5. Change the emissions pattern and recognize the right choice of trajectory. 
If countries start taking action today, using the power of science and innovation, 

they have a chance to avoid repeating the mistakes of the past. The key is to embrace 
innovations that not only improve technologies and processes, but also reflect the 
possibility of new approaches to business models, supply chains, markets and regula-
tion. This will help to realize ideas and implement them on a global scale. Innovations 
are new tools and ways of doing things that are already available to humanity, but 
achieving zero global emissions requires the combined efforts of all nations, as it is a 
global problem for.

3.4.2  Global climate change as one of the greatest challenges to humanity 
in the 21st century

The study of the topic is that every day the economic progress of the world is 
accompanied by the aggravation of environmental problems. Air, water, and ocean 
pollution is increasing, threatening ecosystems and the survival of wild animals and 
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plants. The exploitation of forests and minerals poses a threat to humanity. Global 
climate change is having an unprecedented impact, altering weather patterns and in-
creasing the risk of catastrophic events that threaten food production and increase 
flood risk. Adapting to these changes will be more difficult and costly in the future if 
urgent action is not taken now. Global climate change is one of the greatest challeng-
es of the 21st century. The use of carbon-based energy, such as coal and oil, meets 
needs but causes climate change. Immediate action by countries and governments is 
needed to address this issue. Transitioning to a low-carbon climate is a challenge that 
encompasses climatic, political, technical, economic, environmental, social, ethical 
and security aspects [6].

To address global climate change and reduce greenhouse gas emissions, a wide 
range of technologies must be used: 

1. Solar, wind, hydro, tidal and natural gas can replace coal and other fossil fuels. 
The use of these energy sources helps to reduce greenhouse gas emissions. 

2. Energy efficiency, which is based on reducing energy use through more effi-
cient technologies and methods of energy consumption, can significantly reduce  
CO2 emissions. 

3. Carbon capture and storage (CCS), which allows carbon dioxide to be removed 
from industrial plant emissions and stored in underground tanks, reducing emissions. 

4. Green building, which is based on the use of energy-efficient materials and 
design, the installation of photovoltaic elements on roofs and the use of other en-
ergy-efficient systems can help reduce energy consumption in the construction and 
operation of buildings. 

5. Electric vehicles, which aims to shift to electric cars and public transport, which 
can reduce oil use and reduce carbon dioxide emissions from motor vehicles. 

6. Forest protection and growth, as forests play an important role in absorbing 
carbon dioxide. Preserving forests and increasing their area can help reduce carbon 
dioxide in the atmosphere. 

7. Increasing environmental education and awareness, aimed at raising public 
awareness of global climate change and promoting environmental initiatives, can 
lead to changes in consumer habits and support for environmental policies. These 
technologies, when used together, can help combat global climate change and re-
duce greenhouse gas emissions.

One of the main means of addressing these issues is the Kyoto Protocol, which 
has the status of a legally binding document. It sets emission reduction targets 
that developed countries must meet. This protocol includes two commitment pe-
riods: from 2008 to 2012 and from 2013 to 2020. As of today, 198 parties to the 
Climate Change Convention are bound by the Kyoto Protocol, which means that  
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192 countries are signatories. In 2015, the 21st session of the Conference of the Par-
ties to the Convention on Climate Change took place in Paris, during which the Paris 
Agreement was signed. 

The Paris Agreement is a historic event, as it unites all countries of the world for 
the first time to achieve a common goal – to combat climate change. It provides for 
decisive measures to reduce emissions and adapt to the effects of climate change, 
in particular by attracting more support from developing countries. The main goal 
of the Paris Agreement is to keep the global temperature rise within 2 °C compared 
to pre-industrial levels and to limit the temperature increase to 1.5 °C. This agree-
ment sets a new course for global climate action aimed at strengthening the global 
response to the threat of climate change [10]. 

In today's world, growing threats and disasters are forcing to address the well-be-
ing and security of all people as never before. This topic not only unites under unprec-
edented pressure, but also creates unique opportunities and motivation for change. 
Countries with large carbon emissions must actively work to reduce their carbon foot-
print. This can be done by developing sustainable development strategies that focus 
on energy conservation and emissions reduction. This includes energy efficiency, op-
timization of the energy mix and other measures. In terms of technology, it is import-
ant to develop energy-saving technologies and the use of renewable energy sources.

Investing in clean and efficient technologies will help reduce our dependence on 
fossil fuels and reduce greenhouse gas emissions. It is important to reduce the cost 
of clean energy and make it accessible to all. Through the full implementation of sci-
entific developments and technological innovations, it is possible to achieve control 
over climate change and ensure the well-being and security of all people.

Greenhouse gases from human activity play an important role in providing the 
heat on Earth that is necessary for life. However, following industrialization, defor-
estation and large-scale agriculture, the amount of greenhouse gases in the atmo-
sphere has reached levels not seen in millions of years. Population growth, economic 
development and rising standards of living lead to an increase in greenhouse gas 
emissions. The concentration of these gases in the atmosphere has a direct impact 
on the global average temperature. The most common of these gases is carbon di-
oxide, which is produced mainly by the combustion of fossil fuels. In recent years, 
there have been significant changes in the climate system, such as weather instabili-
ty and other anomalies that have not been seen for centuries or even millennia. This 
indicates the need for immediate measures to reduce greenhouse gas emissions and 
minimize the negative impact on the Earth's climate system.

Climate change, induced by human activity and extreme weather events, has al-
ready led to a number of disasters, such as heat waves, heavy rainfall, droughts and 
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tropical cyclones, in different parts of the world. Approximately 3.3–3.6 billion peo-
ple live in areas vulnerable to climate change. If global temperatures remain above 
1.5 °C, many human communities and ecosystems will face significant risks. Reducing 
greenhouse gas emissions across the energy sector requires significant changes, such 
as a rapid reduction in the use of coal and other fossil fuels, a shift to low-emission 
energy sources, and increased energy efficiency and conservation. Scientific evidence 
suggests that the Earth›s ecosystems and climate system may be on the verge of, 
or have already passed, important tipping points that could lead to irreversible. 

Various ecosystems, such as the Amazon rainforest and the Arctic tundra, are 
currently experiencing severe changes due to warming and drought. To limit glob-
al warming to 1.5 °C, rapid and profound transformations are needed in a variety 
of areas, including land use, energy, industry, construction, transport and urban 
planning. By 2030, global carbon dioxide emissions should be reduced by around 
45 % compared to 2010 levels, and by 2050 they should be almost zero. This means 
not only reducing emissions, but also removing carbon dioxide from the atmosphere 
to balance the remaining emissions. Climate change can be caused by both natural 
internal processes and external influences, but anthropogenic factors such as chang-
es in the composition of the atmosphere and land use play a major role in modern 
climate change. These changes have been observed for a long time and have serious 
consequences for ecosystems and life on the planet.

The greenhouse effect is the process of thermal insulation of the atmosphere, 
which occurs due to the trapping effect of greenhouse gases and leads to global cli-
mate change. There are several types of greenhouse gases on Earth, but the main 
ones are water vapor, carbon dioxide, methane, nitrous oxide, perfluorocarbons and 
sulphur hexafluoride. The total contribution of water vapor to the greenhouse effect 
is about 60–70 %, and carbon dioxide is about 26 %. Carbon dioxide is considered 
the most important greenhouse gas because of its long-term presence in the atmo-
sphere, which can last up to 200 years. Even if carbon dioxide emissions stop today, 
the effect of previous emissions will be felt for the next two centuries [14].

Carbon dioxide is the result of both natural and human activity, and its impact 
on the climate is significant. Since the Industrial Revolution, human production has 
indeed reached unprecedented levels, leading to significant changes in the natural 
environment. Efforts to limit greenhouse gas emissions are indeed at the heart of the 
future international climate regime. Recent years have shown that more and more 
countries are realizing the need for sustainable development that meets social needs 
without endangering future generations. The transition from carbon-based energy 
to clean energy sources is becoming a key principle in modern energy construction. 
We, as a society, are not only facing the consequences of historical pollution in other 
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countries, but also have the right to develop today while ensuring a responsible atti-
tude towards the future of our descendants [7].

The development of new renewable energy technologies and energy-efficient 
systems is becoming a critical step in reducing environmental pollution. The energy 
challenges are global, and the transition to new energy sources is inevitable.

All developed countries, which primarily relied on carbon-based energy sources, 
have gone through a period of high carbon dioxide emissions. Today, almost 90 % 
of the world's primary energy consumption depends on three main fossil sources: 
oil, coal and natural gas. However, 70 % of primary energy consumption is based on 
coal, which is a seriously polluting source and emits significant amounts of carbon. 
There is an urgent need to adjust the energy mix, reducing dependence on coal and 
other carbon-intensive sources and promoting a transition to clean and sustainable  
energy sources [15].

Currently, coal power remains the largest source of energy, determining the ab-
solute dominant position in the energy mix. However, China is taking decisive mea-
sures to effectively control air pollutant emissions, especially from thermal power 
plants. The country is developing clean power generation technologies, reducing coal 
consumption for electricity generation, eliminating outdated production facilities, 
increasing energy efficiency and reducing emissions. The closure of small thermal 
power units and the promotion of restructuring of the electricity sector have yielded 
significant results. The use of wind energy is also important, especially for remote 
regions where other energy sources may not be available. Today, solar energy is con-
sidered to be the most ideal substitute for coal energy, as it has become a reliable and 
efficient source of energy without having a significant impact on the environment.

The benefits of using solar energy are enormous: 
1. Sunlight is available almost everywhere and has no geographical restrictions. 

The production and use of solar energy can be carried out locally, which reduces the 
need for transportation. 

2. The use of solar energy is not accompanied by emissions of harmful substances 
and does not pollute the environment. This reduces dependence on energy sources 
that have a harmful impact on the environment. 

3. Solar radiation is a limitless source of energy that can be used without restric-
tions. Its potential exceeds the needs of modern society and can provide energy for 
future generations [14].

4. Solar energy reserves are infinite compared to other energy sources. The sun 
will continue to emit energy for tens of billions of years, making solar energy a reli-
able and long-term source of energy. Although there are disadvantages, such as solar 
radiation scattering, which reduces the efficiency of energy use, the benefits of solar 
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energy outweigh the disadvantages, making it one of the most attractive and envi-
ronmentally friendly energy source.

Despite its advantages, solar energy also has its disadvantages: 
1. A large area of photovoltaic elements or collectors is often required to gener-

ate a certain amount of solar energy conversion power, which can be costly in terms 
of equipment and installation. 

2. Solar energy is not a stable source of energy due to the influence of weather 
conditions such as clouds or rain. This can make it less efficient and impractical for 
some areas or applications. 

3. Storing solar energy for use when the sun is not shining is challenging. Current-
ly available technologies for storing solar energy, such as batteries, can be expensive 
and not very efficient.

4. Some devices for collecting and using solar energy may have low efficiency and 
high cost, making them uncompetitive with other energy sources [16]. 

The development of technologies to overcome these obstacles is key to the fur-
ther deployment of solar energy as a clean and efficient energy source. According to 
the latest data, solar energy production has the potential to become a key source of 
energy for the future. Although the cost of this technology is currently relatively high, 
with the development of technology, its production may become more affordable. This 
will pave the way for the large-scale use of solar energy and contribute to the devel-
opment of a low-carbon economy. Climate change poses a serious threat to global 
food security, poverty alleviation and sustainable development. It is important that 
all sectors, including public and private financial institutions, commit to promoting a 
green economy. This will help reduce global greenhouse gas emissions and address 
climate change. The next decade is critical for reducing greenhouse gas emissions. In 
order to limit global warming to 1.5 °C by 2030, emissions must be reduced by 45 %. 
This will require significant efforts from governments, industry and society as a whole.

The synergy of digital technologies and green development can play a key role 
in addressing these challenges. Digital technologies, such as satellite observation, 
sensor networks and big data analytics, can help collect and analyze information on 
climate change. This will allow for a better understanding of the causes and impacts 
of climate change and more effective decision-making on how to manage it.

The use of digital technologies to optimize energy production and consumption 
can help reduce greenhouse gas emissions and natural resource consumption. For 
example, smart energy and grid management systems can automatically adjust elec-
tricity consumption depending on needs and conditions.

The development of renewable energy sources, such as solar and wind power, 
is helping to reduce greenhouse gas emissions and dependence on hydrocarbons.  
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Digital technologies can help in the efficient deployment of these energy sources and 
the management of energy systems [17].

Digital technologies can help to implement systems and infrastructure for cli-
mate change adaptation, such as water purification systems, flood defenses and oth-
er measures to reduce the risk of climate disasters.

Digital technologies can stimulate cooperation between sectors and coun-
tries in developing and implementing innovative solutions to reduce the impact of  
climate change.

Thus, the synergy of digital technologies and green development can significantly 
improve our ability to address the challenges of global climate change by providing 
more effective and innovative solutions.

3.4.3  Implementing a green strategy in the context of the ESG 
(environmental, social, governance) paradigm

Implementation of a green strategy in the context of the ESG (Environmental, Social, 
Governance) paradigm is the practice of planning and managing the urban environment 
to ensure sustainable development, protect the environment and improve the quali-
ty of life of residents. The main goals of a green urban development strategy include: 

1. Conservation of natural resources, which includes reducing energy and water 
consumption, rational use of land and biodiversity, and encouraging the use of re-
newable energy sources. 

2. Reducing emissions and pollution, which includes minimizing emissions of 
harmful substances into the atmosphere, water sources and soil, and promoting the 
use of clean technologies and environmentally friendly modes of transport. 

3. Improving the quality of the environment, including increasing the number of 
green areas, parks, squares and other urban landscapes that contribute to improving 
air quality, deepening groundwater and maintaining biodiversity. Stimulating an en-
vironmentally friendly lifestyle, which includes promoting and supporting environ-
mentally conscious habits and consumer behavior, and developing public transport, 
pedestrian and bicycle paths.

4. Ensuring sustainable economic growth aimed at developing green technologies 
and economic sectors related to environmental protection and sustainable develop-
ment, as well as creating new jobs in green industries. Green urban development is 
aimed at creating a harmonious and environmentally balanced and synergistic ur-
ban environment that meets the needs of the current population without harming  
future generations [18].
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The transformation of green urban development plans can include various strat-
egies and initiatives to preserve the environment, reduce emissions, improve air and 
water quality, promote the conservation of natural resources and use green technol-
ogies. Improving the energy efficiency of buildings can include promoting the use of 
green technologies in construction, such as photovoltaic systems, energy-efficient 
heating and air conditioning systems, building insulation and other methods. Pro-
moting the use of public transport can help reduce car emissions and traffic con-
gestion, and include expanding the public transport network, promoting the use of 
bicycles and pedestrian paths. Increasing the number and area of green spaces in 
the city will help improve air quality, reduce temperature differences and improve 
the overall comfort of residents. Developing waste management systems, material 
recovery and recycling can help reduce the amount of waste going to landfills and re-
duce the negative impact on the environment. Promoting environmental education 
and awareness, including developing programmes for residents and businesses to 
live greener and support sustainable practices, can help to preserve the environment 
and increase environmental awareness. These examples are just a few of the possible 
green urban development strategies that can be used to improve the quality of life of 
residents and preserve the environment.

The following cities stand out in the context of implementing the green ESG 
(Environmental, Social, Governance) paradigm Singapore (city-state) is renowned 
as one of the most densely populated and greenest cities in the world. It is known 
for its innovations in green building and environmental design. The city is actively 
promoting its 2030 Green Development Plan, which aims to improve the quality of 
life for residents and reduce greenhouse gas emissions. Singapore is also a leader in 
sustainable tourism, striking a balance between environmental protection and eco-
nomic stability. New Taipei (Taiwan) is known for its green environment and natural 
beauty. A large number of parks and green areas throughout the city contribute to 
the active use of these areas for recreation, sports and education. New Taipei active-
ly develops and supports environmental initiatives such as green buildings, recycling 
programmes and energy efficiency. An extensive public transport system and bicycle 
paths help reduce traffic congestion and carbon emissions. Both of these cities show 
a strong interest in green development and sustainable environmental solutions, 
making them examples for other cities around the world [11].

Some countries are actively working to preserve the natural environment and 
implement sustainable development strategies and green technologies. Here are 
some examples: Copenhagen is known for its bike lanes, parks, and CO2 reduction 
initiatives such as the Copenhagen Climate Plan programme. Curitiba has one of 
the best public transport systems in the world and many parks and green spaces for 
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residents. Portland is actively working to create a sustainable city, with many bike 
paths, parks and energy efficiency programmes. Malmö is known for its innovations 
in energy efficiency and renewable energy, such as green building facilities and wind 
turbines. Wellington has a large number of green spaces and parks, and actively en-
courages the use of public transport and green technologies [19]. Stockholm has an 
impressive amount of green space that includes parks, forests and lakes, creating 
natural oases in the middle of the city, and is actively implementing energy-efficient 
technologies and working to reduce CO2 emissions. Freiburg is known for its en-
vironmental awareness and developed renewable energy system, and has a large 
number of bike paths and pedestrian areas, promoting an active lifestyle. Amster-
dam is known for its cycling culture and the green corridors that run through the 
city. A well-developed public transport system adds to the convenience of residents, 
and many parks and squares add a touch of green to the city. Kyoto is renowned 
for its traditional Japanese gardens and green spaces, reflecting the city's natural 
beauty and tranquility. It is also home to energy efficiency and renewable energy 
initiatives. Both of these cities have demonstrated their commitment to sustainable 
development and nature conservation, serving as excellent examples for other cities  
around the world.

To create a livable and sustainable zero-emission future, the New Taipei City 
government held the International Forum on Zero Emission Transformation 2023 
to Create a Sustainable Home, inviting experts from around the world. The govern-
ment is actively working to implement the zero-emission city model, waste reduc-
tion and energy conservation, which is contributing to the rapid transformation into 
an international zero-emission city. In addition, the New Taipei City government has 
made continuous efforts in the areas of gender equality, labor rights and housing 
justice. The city's leadership is always innovating and pushing the envelope, bring-
ing innovative thinking and working methods to government departments. This has 
helped to achieve outstanding achievements in the Sustainable Development Goals 
and gender equality, and to actively engage in the international arena to achieve 
these goals. New Taipei City Government's efforts were recently recognized by 
the 2023 Asia Pacific and Taiwan Sustainable Development Action Award and  
the "Great City" award [4].

In the context of implementing a green strategy, the Sustainable Development 
Goals (SDGs) and the ESG approach (Environmental, Social, Governance) are import-
ant for ensuring sustainable transformation of the urban environment, which aim to 
achieve a sustainable society by addressing environmental, social and governance 
issues, although they differ in terms of their functions and scope. The SDGs are an 
updated version of the Millennium Development Goals launched by the UN in 2000. 
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Its goal was to successfully eradicate poverty and hunger, promote basic education, 
advance gender equality, reduce child mortality, improve health and combat AIDS 
within 15 years. These 17 Sustainable Development Goals apply to all countries and 
encompass business, local governments and civil society. The SDGs emphasize the 
inextricable link between the Sustainable Development Goals, which are based on 
cross-sectoral integration and cooperation between countries, governments, busi-
nesses, civil society groups and individuals. Despite the fact that the SDGs are not 
legally binding, many companies are taking the initiative to implement them and 
incorporate them into their business strategies. The ESG approach (Environmen-
tal, Social, Governance) assesses the environmental, social and corporate aspects 
of a company's operations. It is an important tool for investors and businesses to 
identify and assess environmental, social and governance risks and to implement 
more sustainable and resilient practices. ESG criteria help companies to focus on 
sustainability and responsibility in their operations, as well as to meet the require-
ments of social responsibility and environmental standards. Both SDGs and ESGs 
play an important role in promoting sustainable urban development and ensuring a  
resilient future [20].

ESG is an acronym made up of the first letters of three English words: Environ-
mental, Social and Governance, and is used to assess and manage risks related to the 
environment, social aspects and corporate governance. 

Environmental includes an assessment of the environmental impact of the com-
pany's operations. It covers energy and water use, waste management, climate 
change and other environmentally relevant issues. 

Social aspects assess the company's interaction with society, employees, customers 
and other stakeholders. It may include issues related to employee rights, equality, safe 
working conditions, community development and other socially important aspects. 

Governance assesses a company's governance systems and corporate lead-
ership. It includes questions about the governance structure, corporate ethics,  
anti-corruption, and openness and transparency in decision-making. 

Together, these three components help companies and investors to assess the 
overall impact of their business on the environment and society, and to ensure that 
their operations are sustainable and responsible.

ESG investing is a growing trend in the financial world, as more and more inves-
tors believe that a balanced focus on environmental, social and governance aspects 
can improve the long-term sustainability and return on their investments: 

1. Environment covers the reduction of carbon emissions and the protection of 
the environment. Investors take into account environmental aspects such as the 
impact of companies on the climate and the conservation of natural resources [21].
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2. Social refers to improving the working environment, promoting diversity and 
other social aspects. Investors care about the impact of companies on society, includ-
ing the issues of employees, consumers and other stakeholders. 

3. Governance refers to fair and transparent management and proactive dis-
closure. Investors analyze how companies are governed, their corporate ethics and  
anti-corruption practices. 

ESG aims to assess the risks of sustainable urban development, explore opportu-
nities for risk control and readiness to respond to climate change, epidemics and so-
cial turbulence. Investors are also looking at zero-carbon supply chain achievements 
and water management, assessing companies' readiness for the environmental and 
social challenges of the future.

Indeed, analysis suggests that the worsening climate crisis could have a signif-
icant impact on financial markets in the long term. It is predicted that changing cli-
mate conditions will lead to radical changes in the world order, and this will require 
corporate organizations to adapt to new realities. In particular, they will have to 
respond to political and economic changes, while at the same time stabilizing their 
sustainable development strategies. 

The adoption of the Taiwan Climate Change Response Act in 2023 is an import-
ant step in this direction. The law sets ambitious targets, such as achieving zero emis-
sions by 2050, and introduces regulations, such as carbon pricing, to help reduce 
negative environmental impacts. Corporations will have to proactively define their 
position and develop strategies to meet the requirements of the new legislation 
and adapt to the changing climate. In light of these developments, corporate orga-
nizations are encouraged to actively pursue ESG strategies to ensure their future 
sustainability and respond to the challenges posed by climate change and increased 
environmental risks [22].

Indeed, the carbon issue is becoming increasingly important and influencing cor-
porate sustainability strategies. In order to ensure a more sustainable and systematic 
sustainability plan, the relationship between internal and external governance must 
be actively considered. Thus, it is important to understand that environmental, social 
and governance aspects are interconnected in the process of sustainable develop-
ment and transformation of enterprises. Integrating these aspects into management 
strategies will allow businesses to cope more effectively with the challenges posed 
by climate change and increasing environmental risks and ensure sustainable devel-
opment in the future. 

Changing the sustainability cycle in 2024 is crucial, as only about 15 % of the 
goals are on track. The onset of the "global boiling point" announced by UN Secre-
tary-General Antonio Guterres requires cities to accelerate the transition from the 
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Net Zero initiative to discuss real strategies and solutions. It also means refocusing 
on social aspects, the "S" in ESG, and equity [4].

The European Union's adoption of the Green Claims Directive and the introduc-
tion of strict rules on "eco-friendly" claims on UK product labels demonstrate the 
growing focus on environmental issues and the need for transparency in the market-
place. The introduction of carbon dioxide emission reduction targets demonstrates the 
growing awareness of companies of the need to take concrete steps to reduce their 
impact on the climate. It is a very important step towards achieving a more sustainable 
and environmentally conscious world. Synergy analysis does indeed reflect important 
trends in the field of sustainable development and climate change. This shift from con-
sciousness to action is indeed reflected in various sectors of society, from governments 
to businesses and civil society organizations, and the implementation of sustainable 
development requires to constantly deepen our understanding and find new ways to 
achieve goals in the context of the synergy of digital technologies and green develop-
ment and their impact on achieving a sustainable environment in an uncertain world.

Thus, the synergy of digital technologies and green development is manifested in 
the implementation of a green strategy in the context of the ESG (environmental, so-
cial, governance) paradigm as follows. Digital technologies allow collecting, analyz-
ing and using large amounts of data related to environmental and social indicators. 
This helps companies develop effective green development strategies, taking into 
account the impact of their activities on the environment and society [23].

The use of digital technologies such as the Internet of Things (IoT), artificial intel-
ligence and data analytics can improve energy efficiency and reduce emissions. For 
example, smart energy management systems can optimize energy consumption and 
reduce waste. Digital technologies are driving innovation in green technologies and 
the development of environmentally friendly products and services. This can include 
the development of new energy-efficient technologies, the use of renewable energy 
sources and waste reduction. Digital technologies allow companies to collect and 
analyze data on their environmental and social responsibility and make this informa-
tion available to stakeholders. This increases the transparency of companies' opera-
tions and helps to improve the management of environmental and social risks. Digital 
technologies can be used to involve stakeholders in decision-making and planning of 
green development strategies. This can include using online platforms to communi-
cate with stakeholders and collect their feedback and ideas.

Overall, the synergy of digital technologies and green development allows com-
panies to more effectively implement green strategies in the context of the ESG par-
adigm, which contributes to the creation of more sustainable and environmentally 
friendly business models [8].
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3.4.4  International practices of companies in achieving sustainable green 
development

Far EasTone is a leading telecommunications operator in Taiwan. Joining RE100 
is an important step in reducing their carbon footprint and contributing to a more 
sustainable development. The RE100 initiative is a global platform that brings to-
gether companies from around the world who are committed to using exclusively 
renewable energy sources for their operations. RE100 members are committed to 
reducing their carbon footprint and contributing to the transition to a more sustain-
able energy system. 

Some key RE100 initiatives include: 
1) commitment to 100 % renewable energy: companies that join RE100 commit to 

achieving 100 % renewable energy for their operations within a specified timeframe;
2) collaboration and knowledge sharing: RE100 members share experiences and 

best practices in the use of renewable energy sources, which helps to spread these 
practices in the business environment;

3) supporting sustainable development: RE100 members demonstrate their 
commitment to sustainable development and reducing their impact on climate 
change through the use of clean energy;

4) influencing policy: by bringing together large companies and committing to 
100 % renewable energy, the RE100 initiative can influence policy development and 
create favorable conditions for the development of clean energy;

5) visibility and leadership: companies that join RE100 act as leaders in the tran-
sition to renewable energy, which can encourage other companies to make similar 
commitments. The RE100 initiative has a significant impact on promoting sustain-
able development and reducing climate change impacts by accelerating the transi-
tion to renewable energy in large corporations and companies.

It can also serve as an example for other companies in the telecoms industry and 
other sectors to switch to cleaner energy sources. 

To achieve the zero-emission sustainability goal, Far EasTone continues to devel-
op environmentally friendly information and communication technologies through 
technological innovation. They are implementing low-carbon operations, collabo-
rating with value chain partners and corporate customers to move towards sustain- 
ability together [8]. 

RE100 is a global initiative that brings together leading companies from around 
the world who are committed to using exclusively renewable energy sources for 
their operations. Far EasTone's joining RE100 means that they have committed to 
switching to exclusively renewable energy sources for their needs.
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To accelerate the transition to zero net energy, Far EasTone has joined the RE100 
Global Renewable Energy Initiative, committing to use 100 % renewable energy in 
all IDC computer rooms, offices and stores in Taiwan by 2030 and to achieve full use 
of renewable energy across the company by 2040. 

Far EasTone Telecommunication is committed to building the most environmen-
tally friendly telecommunications network. The company is using artificial intelli-
gence to select 5G base stations to maximize network efficiency and is introducing 
technology to effectively reduce base station power consumption without compro-
mising user experience. 

Far EasTone is the first telecoms operator in Taiwan to join the Global Plan for the 
Recycling of Telecommunications Equipment for Environmental Protection. The re-
cycling rate of base stations will reach 98 %, effectively reducing e-waste and allow-
ing everyone to enjoy the quality of the 5G network while considering sustainability 
and environmental protection. Far EasTone is actively investing in environmental 
protection and greenhouse gas emission reduction through technological innova-
tion to help enterprises with one-stop smart management capabilities. In addition, 
the company is investing in the construction of remote microgrids, uninterruptible 
power supply systems for traffic signs, universal intelligent control systems, and 5G 
remote diagnostics to create a sustainable smart city [24].

Far EasTone's efforts are aimed at creating an environmentally friendly, sustain-
able and innovative telecommunications network that demonstrates their commit-
ment to environmental protection and the development of a sustainable society. 
Through the use of advanced technologies such as artificial intelligence and remote 
diagnostics, the company is developing in an environmentally friendly way, reducing 
its environmental impact and promoting sustainable development. In summary, the 
integration of digital technologies into companies' operations is becoming a key fac-
tor in achieving sustainable development [25].

Far EasTone is an example of a company that actively uses these technologies 
to ensure efficiency, sustainability and innovation in its operations, contributing to 
the preservation of the environment and the development of a sustainable society. 
Humanity will ultimately follow the path of "digital sustainability" as it will have a 
profound impact on the future development of humanity. Some companies propose 
to add digital technologies as the SDG 18, as digital advancement and the original 
17 goals are interconnected. For example, digital transformation impacts employ-
ment opportunities, the digital divide exacerbates social inequality, remote learn-
ing can bridge the educational resource gap in rural areas, smart grids can enhance 
the resilience of key institutions, and digital healthcare can improve human health 
and well-being. Therefore, it is essential to comprehensively study the potential  
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impact of digital development on humanity's sustainability, and digital evolution  
itself should also incorporate the concept of sustainability.

Digital resilience can be defined as the integration of virtual and real systems, 
fostering innovative viability, continuously advancing digital transformation, and 
practicing social, economic, and environmental sustainability to create a sustainable 
future for humanity [2]. 

Here are examples of companies that have joined the RE100 initiative:
1. Google: this tech giant has committed to using 100 % renewable energy for all 

its operations and data centers.
2. Apple: Apple has also joined RE100 and announced its goal to transition entire-

ly to renewable energy sources for all its factories, offices, and data centers.
3. Microsoft: Microsoft has committed to achieving 100 % renewable energy us-

age for its operations and software production.
4. IKEA: the Swedish retail company produces and uses its own renewable ener-

gy, such as wind and solar, for residential construction and its stores.
5. Inditex: one of the world's largest clothing manufacturers, known for 

brands like Zara, has pledged to use 100 % renewable energy for all its operations 
by 2025.

These companies are just a few examples among many organizations that have 
joined RE100, committing to reducing their carbon footprint through the use of re-
newable energy. Joining RE100 signifies their pledge to operate using energy gen-
erated from renewable sources such as solar, wind, water, and other inexhaustible 
sources. This commitment is a significant step for these companies in reducing their 
carbon emissions and promoting sustainable development. They recognize the im-
portance of transitioning to clean energy sources to protect the environment and 
mitigate climate change [26].

Achieving synergy between digital technologies and green development requires 
a comprehensive and systematic approach. A key step is defining common goals for 
both areas – digital technologies and green development. This can include reducing 
carbon emissions, improving energy efficiency, and protecting biodiversity.

Implementing modern digital technologies, such as the Internet of Things (IoT), 
data analytics, and artificial intelligence, for the collection, analysis, and monitoring 
of environmental data will help understand the effectiveness of environmental mea-
sures and uncover new opportunities for green development [27].

Creating incentives for the development and implementation of innovative solu-
tions that combine digital technologies and green development can include financial 
support, competitions, startup incubators, and other initiatives. Establishing part-
nerships between digital technology industries and green businesses will facilitate 
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knowledge and experience exchange, allowing for joint development and implemen-
tation of initiatives aimed at reducing environmental impact.

Raising awareness among the public, businesses, and government structures 
about the benefits of synergy between digital technologies and green development 
will help engage more participants in this process and support the creation of a favor-
able environment for these initiatives to grow.

All these steps will contribute to fostering an effective synergy between digital 
technologies and green development, leading to the creation of a sustainable and 
eco-friendly future. These examples show that companies from various industries 
recognize the importance of adopting responsible, sustainable practices and are tak-
ing steps to reduce their carbon footprint by switching to renewable energy sources.

International company practices in achieving sustainable green development can 
provide valuable insights for Ukraine. Many global companies are taking measures 
to reduce emissions and resource usage, which helps decrease their environmental 
footprint. Ukrainian companies can prioritize responsible production and resource 
management approaches. International companies are actively adopting renewable 
energy sources, such as solar and wind power, to reduce their carbon footprint and 
dependency on fossil fuels. Given Ukraine's strong potential in wind and solar ener-
gy, there are significant opportunities in this area [28].

Companies are also embracing the principles of the circular economy, aimed at min-
imizing waste and maximizing resource use. This can include waste recycling, reduc-
ing packaging use, and producing more durable goods. Furthermore, businesses are 
developing strategies to adapt to climate change, as their operations may be at risk 
due to its impacts. This includes taking measures to mitigate climate-related risks 
and ensuring the sustainability of raw material supplies.

Many international companies adhere to global sustainability standards, such as 
ISO or the UN Global Compact. These helps ensure high standards of environmental 
and social responsibility.

It is crucial for Ukrainian companies to consider these international practices and 
incorporate them into their operations to achieve sustainable green development. 
This approach will not only reduce the negative environmental impact but also en-
sure competitiveness and stability in the long term [29].

Some examples of practical applications of digital technologies can be incorpo-
rated, among them:

1. Google’s use of Artificial Intelligence for renewable energy optimization.
Google applies advanced AI algorithms to predict energy demand and optimize 

the use of renewable energy sources in its data centers. For instance, its AI-driven 
system predicts weather patterns to determine the most effective times to store  
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and utilize solar and wind energy. This approach has enabled Google to achieve 
100 % renewable energy usage across its operations while minimizing costs and  
energy waste.

2. Microsoft’s carbon negative initiative and IoT solutions.
Microsoft has committed to being carbon negative by 2030 and employs IoT 

technologies for efficient resource management in its buildings. Smart IoT sensors 
track real-time data on energy and water usage, allowing for precise adjustments 
and reducing wastage. Additionally, Microsoft's AI solutions help businesses world-
wide optimize energy consumption and minimize emissions.

3. IKEA’s circular economy platform and digital solutions.
IKEA integrates digital solutions to promote its circular economy initiatives, such 

as its buy-back and resell program for furniture. Digital tracking systems monitor the 
lifecycle of products, helping reduce waste and encourage recycling. The company 
also uses blockchain to ensure transparency in its supply chain, focusing on sustain-
able sourcing and waste minimization.

4. Tesla’s smart grid and energy storage systems.
Tesla has revolutionized renewable energy integration with its digitalized Pow-

erwall and Powerpack systems. These systems enable smart grids to store surplus 
renewable energy and distribute it efficiently during high-demand periods. Coupled 
with real-time data analytics, Tesla's solutions reduce energy loss and improve the 
sustainability of energy grids.

5. Siemens’ smart cities initiative.
Siemens leverages digital technologies, including IoT and AI, to optimize urban 

infrastructure for sustainable green development. The company's smart building 
systems monitor energy use and automatically adjust settings to minimize consump-
tion. Additionally, Siemens provides digital platforms for managing smart grids, im-
proving energy efficiency, and integrating renewable energy into urban areas.

6. Unilever’s digital water management solutions.
Unilever uses advanced digital tools to monitor water usage across its production 

facilities. With IoT sensors and AI analytics, the company has significantly reduced 
water consumption and improved its wastewater recycling processes, contributing 
to more sustainable manufacturing.

These examples not only demonstrate the diversity of digital technologies being 
used globally to achieve sustainable green development but also highlight their prac-
ticality and scalability. 

Ukrainian companies can adopt and adapt these practices to local contexts, fo-
cusing on renewable energy, resource efficiency, and waste reduction to foster long-
term sustainability.
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3.4.5  Key principles for implementing green sustainable management 
strategies

"Green sustainable management" is a business management approach that com-
bines strategic planning, management practices, and innovative solutions to achieve 
sustainable development while minimizing negative environmental impact.

Principles in Table 3.1 align with the core tenets of green sustainable management 
and contribute to fostering a more sustainable and responsible business environment. 
In essence, green sustainable management aims to strike a balance between environ-
mental, social, and economic responsibilities to support sustainable development.

Table 3.1 Key principles of green sustainable management

No. Principle Contents and development direction

1 Environmental  
responsibility

Green management aims to reduce waste, use renewable energy 
sources and conserve resources

2 Social  
responsibility

Companies practicing green management pay attention to social 
aspects such as employees, communities and general well-being

3 Economic  
efficiency

Green management also aims to reduce costs, optimize processes 
and create new opportunities for sustainable development, leading 

to economic benefits

4 Innovations Green management promotes innovation in production,  
technology and management to ensure more efficient use of 

resources and reduce environmental impact

5 Long-term  
perspective

Green management takes into account the long-term  
consequences of its actions and makes decisions aimed at  

preserving resources and sustainable development in the future

6 Transparency and 
reporting

Companies applying green management report on their  
sustainability actions and achievements to ensure transparency 

with stakeholders and consumers

7 Effective risk  
management

Green management takes into account potential environmental 
and social risks in its strategy and activities, and develops mecha-

nisms for their management to prevent negative consequences

8 Involvement of  
interested parties

Green management takes into account the opinion and interests of 
various stakeholders, such as customers, employees, shareholders 

and public organizations, in the decision-making process

9 Environmental  
innovation

Green management stimulates the search and development of new 
environmentally friendly technologies, products and services that 

contribute to reducing the impact on the environment

10 Training and  
development

Companies that practice green management provide training 
opportunities for their employees on the principles of sustainable 

development and environmental responsibility

Source: developed by the authors
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It ensures that both public and private sectors remain operational in the face 
of various changes, including the introduction of new commercial and public ser-
vices, protection of critical assets, and the rapid accumulation of digital resources 
like data and NFTs. Therefore, leveraging digital technologies effectively is essential 
to building a national ecosystem of resilience. This is crucial for securing critical in-
frastructure, managing vital resources, facilitating rapid disaster recovery, enhanc-
ing interagency and public-private cooperation, and ensuring seamless informa- 
tion sharing [30].

The practice of digital sustainability will enhance people-centered governance, 
strengthen digital government functions, foster a culture of innovation, and com-
plete the establishment of digital legal frameworks to bolster social trust. It also pro-
motes broadband development in both urban and rural areas. For example, smart 
governments can implement comprehensive data management systems to protect 
citizens' personal information, making government services more accessible on-
line. This will empower citizens to effectively engage with online services. Digital 
sustainability also promotes social inclusion, fosters an inclusive online community, 
strengthens democratic digital practices, and ensures equal opportunities for public 
digital development [31].

To achieve digital sustainability, enterprises should adopt the following strategies:
1) establish a robust digital governance system to safeguard digital human rights 

and promote digital trust, democracy, and stability. This includes the right to lifelong 
learning of digital skills, broadband access, personal data management, participation 
in online public affairs, and equal digital development opportunities;

2) foster innovation and embrace digital diversity as key drivers of sustainable 
development. This approach should reflect the diversity of national behaviors, cul-
tural and environmental variations, and expand workforce participation to create an 
optimized economic structure;

3) strengthen national digital capabilities and connect diverse talent. This 
strategy involves raising digital literacy across the population, developing new  
digital talents, and leveraging the global digital elite. Human capital is foundational  
to sustainability;

4) enhance information security management and bolster national digital resil-
ience. This involves creating a national ecosystem that is adaptable, integrating com-
munication systems and human resources for effective national mobilization;

5) promote the integration of digital technologies and foster an inclusive digital 
economy and society. This includes advancing the digital and zero-carbon transforma-
tion in both public and private sectors, promoting smart and low-carbon operations, 
and ensuring digital innovations align with societal values of trust and democracy;
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6) expand the digital frontier and uphold core values. The strategy should focus 
on "responsible manufacturing" by producing eco-friendly and secure digital solu-
tions, positioning enterprises as global suppliers of sustainable digital technologies.

Developing strategies for digital sustainability within enterprises is critical. 
Green sustainable management encompasses the resilience to digital threats, safe-
guarding confidential information, and maintaining operational continuity, even 
during cyber-attacks or other disruptions [26].

Key components of these development strategies include:
1) conducting a comprehensive risk analysis to identify potential digital threats 

and vulnerabilities within the enterprise;
2) developing and implementing policies, procedures, and technological solu-

tions to protect digital assets from potential threats;
3) ensuring that all employees are well-informed about digital threats, preven-

tive measures, and incident response procedures for security breaches;
4) establishing and implementing data backup and recovery strategies to prevent 

the loss of critical information due to cyberattacks or unforeseen incidents;
5) adopting advanced technologies and protection methods, as well as continu-

ously updating software and hardware to mitigate emerging digital threats;
6) performing regular security audits to identify vulnerabilities in information 

protection and ensure effective internal controls;
7) engaging security experts for consultations and developing more effective 

strategies to safeguard against digital threats [32].
Implementing these strategies will help enterprises maintain digital resilience 

and reduce the risk of data loss or security breaches, which could severely impact 
their operations. Digital technologies can play a pivotal role in achieving sustainable 
green development by accelerating innovation and minimizing negative environ-
mental impacts. Below are some best practices in utilizing digital technologies for 
sustainable green development that have been successfully implemented interna-
tionally (Table 3.2).

These best practices demonstrate that digital technologies can serve as a powerful 
tool for achieving sustainable green development, accelerating the transition to envi-
ronmentally friendly and sustainable economies. They not only help reduce negative 
environmental impacts but also contribute to economic growth and enhance competi- 
tiveness, making them key components in achieving sustainable green development.

The theoretical significance of the impact of digital technologies on sustainable 
green development lies in their potential to address complex environmental chal-
lenges, ensure the sustainability of natural resources, and reduce the negative ef-
fects of human activity on the environment [33]. 
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Table 3.2 Best practices for using digital technologies in sustainable green development

No. Best practices Content and direction of sustainable green development

1 Intelligent energy  
networks

The introduction of digital monitoring and control 
systems in energy networks allows optimizing energy 

production and consumption, increasing efficiency and 
reducing harmful gas emissions

2 Smart agriculture Use of data from sensors, drones and other digital  
technologies to optimize crop production, reduce the use 

of chemical fertilizers and resources, while conserving 
water and soil

3 Digital technologies in 
urban planning

The use of smart systems to control transport, lighting 
and water supply can reduce energy consumption and 

pollution, and improve the quality of life for city dwellers

4 Digital platforms for waste 
management

Developing digital systems that help track, manage and 
recycle waste more efficiently, promoting recycling and 

reducing emissions

5 Internet of Things (IoT) for 
sustainable production

The introduction of IoT sensors and communications in 
production processes can improve monitoring, planning 

and resource management, reducing costs and  
environmental impact

6 Using Artificial  
Intelligence (AI) for  

environmental monitoring

The use of AI to analyze large volumes of data allows for 
the timely detection of environmental problems and the 

development of effective strategies to solve them

7 Digital carbon credit 
markets

The emergence of digital platforms and blockchain tech-
nologies is enabling the creation of carbon credit markets 
where businesses can trade CO2 emissions and incentiv-
ize environmental investments and emissions reductions

8 Digital solutions in water 
supply and water  

treatment

The use of digital technologies in water supply and water 
treatment enables efficient management and monitoring 

of treatment processes, reducing energy and chemical 
consumption, which helps to conserve water resources 

and reduce pollution

9 Digital solutions in  
forestry and logging 

control

The use of drones, satellite monitoring and artificial  
intelligence allows for effective monitoring and  

management of forest resources, preventing illegal  
logging and promoting sustainable forestry

10 The use of blockchain 
technologies in renewable 

energy

 Blockchain can be used to track and certify renewable 
energy, ensuring transparency and integrity of data on its 

production and use

11 Electronic payment 
systems to encourage 
sustainable purchases

The introduction of electronic payment systems and  
loyalty programmes that provide discounts and  

bonuses for environmentally friendly goods and services 
can encourage consumers to consume sustainably

12 Digital technologies for 
climate change adaptation

The development and use of digital tools for predicting, 
monitoring and managing the effects of climate change 

helps to reduce its negative impact and increase resilience 
to its consequences

Source: compiled by the authors
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Theoretical aspects include:
1. Efficient resource utilization – digital technologies enable the optimiza-

tion of production processes and resource consumption, leading to reduced waste  
and pollution.

2. Environmental monitoring and management – through sensors, IoT, and data 
analytics, it is possible to effectively monitor the environment and respond to emerg-
ing negative trends.

3. Promoting eco-friendly consumption – digital solutions can raise consumer 
awareness of their environmental impact and encourage more environmentally con-
scious decision-making [34].

4. Climate change forecasting and response – the use of data analytics and ar-
tificial intelligence allows for more accurate climate change predictions and timely 
responses to their effects.

The synergy between digital technologies and green sustainable management 
strategies can be realized through several key principles:

– digital technologies enable the collection of large volumes of data on environ-
mental indicators such as emissions, resource, and energy use, as well as the social 
impacts of businesses. Analyzing this data helps companies understand their envi-
ronmental footprint and the social implications of their operations;

– the integration of technologies like the Internet of Things (IoT), artificial intel-
ligence, and data analytics allows for the creation of "smart" management systems 
that optimize resource and energy usage, while minimizing waste and emissions;

– digital technologies facilitate efficient planning and resource management, 
reducing losses and optimizing resource usage, which aligns with the principles of 
green sustainable management;

– they also enable enterprises to ensure transparency and openness in their op-
erations, including environmental and social performance, which enhances stake-
holder engagement and trust in the business;

– stimulating innovation and green initiatives;
– digital technologies can drive innovation and the development of green solu-

tions, supporting the implementation of green sustainable management strategies;
– digital tools can engage employees and stakeholders in the development and 

execution of green sustainable management strategies, fostering greater involve-
ment and accountability.

Overall, the synergy between digital technologies and green sustainable 
management strategies allows businesses to more effectively implement green 
initiatives, reduce their environmental footprint, and contribute to sustain- 
able development [35].
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3.5  Conclusions

The theoretical significance of researching the synergy between digital tech- 
nologies and green sustainable management strategies is determined by the follow-
ing key aspects:

1. The research reveals the opportunities that digital technologies offer in green 
sustainable management. This includes identifying effective ways to leverage in-
formation technologies, the Internet of Things (IoT), data analytics, artificial intel-
ligence, and other tools to optimize environmental efficiency and reduce negative 
impacts on the environment.

2. The study promotes the development of concepts and models that explain 
the mechanisms of interaction between digital technologies and green sustainable 
management. This could involve the creation of synergy theories, concepts of digital 
transformation in green business, and other related aspects.

3. The research defines key principles and strategies that help effectively inte-
grate digital technologies with green sustainable management. This includes devel-
oping methodologies, guidelines, and recommendations for businesses and govern-
ment organizations.

4. The study allows for the comparison and analysis of best practices in using dig-
ital technologies for green sustainable management. This helps identify successful 
strategies and methods that can be applied in various contexts.

5. The research fosters the development of new ideas and innovations in green 
sustainable management, including new approaches to solving environmental prob-
lems, developing new products and services, and building a sustainable economy.

The research on the synergy between digital technologies and green sustainable 
management strategies holds significant theoretical value as it contributes to ad-
vancing scientific knowledge and understanding the interconnectedness of these 
two areas of management.

The practical significance of the research includes real-world initiatives and proj-
ects that are already being implemented and showing successful results in achieving 
sustainable green development. The practical aspects of the impact of digital tech-
nologies on sustainable green development include:

1. Implementation of smart technologies in urban planning and transport: smart 
cities and smart transportation systems contribute to reducing emissions, improving 
energy efficiency, and enhancing the quality of life for residents.

2. Digital carbon credit markets and ecosystems: these platforms support the 
financing and promotion of projects aimed at reducing emissions and preserving  
the environment.
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3. Smart agriculture and data-driven optimization: the use of advanced tech-
nologies in agriculture increases crop yields while reducing the negative impact on  
the environment.

4. Electronic waste management systems and resource recovery: digital solutions 
enable effective waste management and ensure the reuse or recycling of materials.

Theoretical knowledge about the potential of digital technologies for sustainable 
green development contributes to the development and implementation of practical 
initiatives that can genuinely improve the global environmental situation.

The synergy of digital technologies and green development plays a crucial 
role in achieving a sustainable environmental future, especially in the face of inst- 
ability. Digital technologies such as artificial intelligence, the Internet of Things, 
and data analysis can be used to collect, analyze, and monitor environmental 
data, aiding in environmental management and problem detection. They also help 
optimize production processes and energy management, which can lead to a re-
duction in harmful emissions and resource consumption. For example, the use of 
"smart" energy management systems in construction can reduce electricity and  
water consumption.

Green development emphasizes an environmentally protective approach to 
development, considering the needs of modern society. This includes the use of re-
newable energy sources, reducing emissions into the atmosphere, and preserving 
natural resources. The synergy of these two directions lies in the fact that digital 
technologies can support the implementation of green initiatives. For instance, mod-
ern technologies in the transport sector can facilitate the introduction of electric 
vehicles and the development of charging infrastructure. Data analysis can help 
identify areas with the highest environmental stress and develop effective protec- 
tion strategies.

In conditions of instability, such as climate change, economic instability, or crisis 
situations, the importance of this combination becomes even more evident. It en-
ables more effective responses to challenges, ensuring a sustainable environmental 
future and reducing its vulnerability.

References

1.	 Altrade, D. (2021). New thinking. From Einstein to artificial intelligence: science 
and technology that changed the world. Kharkiv: Vivat, 368.

2.	 Fon Vaytszeker, E. U., Anders, V. (2019). Capitalism, Short-termism, Population 
and the Destruction of the Planet. Kyiv: Samit-Knyha, 276.



109

Synergy of digital technologies and green development and their impact on 
achieving a sustainable environment in the conditions of instability

Chapter 3

3.	 Maxton, G., Randers, J. (2017). In search of prosperity. Managing economic 
development to reduce unemployment, inequality and climate change. Report 
to the Club of Rome. Kyiv: Pabulum, 320. 

4.	 Nikitenko, V., Voronkova, V., Oleksenko, R., Matviienko, H., Butkevych, O. (2023). 
Sustainable agricultural development paradigm formation in the context of 
managerial experience of industrialized countries. Revista de La Universidad 
Del Zulia, 14 (39), 81–97. https://doi.org/10.46925//rdluz.39.05

5.	 Getman, A. P., Danilyan, O. G., Dzeban, O. P., Kalynovskyi, Y. Y., Crespo, J. E. 
(2021). International legal environmental protection: historical aspect. Revista 
Notas Históricas y Geográficas, 27, 389–413. Available at: https://dspace.nlu.
edu.ua/handle/123456789/19663

6.	 Danilyan, O. G., Dzeban, O. P., Kalynovskyi, Y. Y. (2022). Social instability as a 
global trend of the modern world. Cogito, 14 (3), 141–161. Available at: https://
cogito.ucdc.ro/COGITO_SEPTEMBER_2022.pdf

7.	 Metelenko, N., Klopov, I., Voronkova, V., Nikitenko, V., Oleksenko, R., Brytvienko, A., 
Runcheva, N. (2023). Development of flexible management structures in the context 
of digital transformation of industry 5G. International Journal of Membrane Science 
and Technology Review of Economics and Finance, 10 (3), 2052–2060. Avail- 
able at: https://refpress.org/wp-content/uploads/2023/12/Oleksenko-3_REF.pdf

8.	 Teslenko, T., Voronkova, V., Hakova, M. (2023). Green agro-production as 
a factor of competitiveness, sustainability, efficient and ecologically safe 
agriculture. E3S Web of Conferences, 452, 01001. https://doi.org/10.1051/
e3sconf/202345201001

9.	 Eco Forum – 2021 (2021). Zaporizhzhia, 311. 
10.	 Naomi, K. (2016). Everything changes. Capitalism against the climate. Kyiv: Nash 

Format, 480.
11.	 Meadows, D., Randers, J., Meadows, D. (2018). Growth limits. 30 years later. 

Kyiv: Pabulum, 464.
12.	 Gulac, O., Marchenko, O., Kapitanenko, N., Kuris, Y., Oleksenko, R. (2022). State 

environmental policy on the issue of legal regulation of fire safety in the forests 
of Ukraine. Cuestiones Políticas, 40 (74), 195–206. https://doi.org/10.46398/
cuestpol.4074.10

13.	 Gramchuk, M., Nikitenko, V. (2023). Present trends and prospects of smart city 
development. Humanities Studies, 91 (14), 35–41. https://doi.org/10.32782/
hst-2023-14-91-04

14.	 Klopov, I., Shapurov, O., Voronkova, V., Nikitenko, V., Oleksenko, R., Khavina, I., Che-
bakova, Y. (2023). Digital Transformation of Education Based on Artificial Intelli-
gence. TEM Journal, 12 (4), 2625–2634. https://doi.org/10.18421/tem124-74

https://doi.org/10.46925//rdluz.39.05


110

Transformations of national economies under conditions of instability

15.	 Metelenko, N., Voronkova, V. (2021). Pytannia hlobalnoho poteplinnia klimatu 
yak rezultat diialnosti liudyny. Eco Forum – 2021. Zaporizhzhia, 104–105.

16.	 Metelenko, N. G, Voronkova, V. G., Nikitenko, V. O., Silina, I. V.; Tabachnikov, S. 
(Ed.) (2023). Formation and development of the smart economy and its modifi-
cations in the context of digital development. Vectors of the development of sci-
ence and education in the modern world. Sherman Oaks: GS Publishing Services, 
79–95. https://doi.org/10.51587/9798-9866-95976-2023-014 

17.	 Metelenko, N., Voronkova, V., Silina, I., Ohloblina, V.; Tabachnikov, S. (Ed.) 
(2023). Evolution from traditional to intelligent logistics models in digita-
lization conditions (using international experience). Socio-humanitarian 
and technicaltechnological explorations of modern science. Sherman Oaks:  
GS Publishing Services, 79–94. https://doi.org/10.51587/9798-9866-95983-
2023-015-64-78 

18.	 Marienko, V. (2024). The influence of information and communication technol-
ogies (ict) on the development of society, humans, and technology: a social and 
philosophical analysis. Educational Discourse: Collection of Scientific Papers,  
47 (12), 61–72. https://doi.org/10.33930/ed.2019.5007.47(12)-6

19.	 Nikitenko, V. O., Voronkova, V. G., Oleksenko, R. I. (2023). Rozumne eko-misto 
yak chynnyk uprovadzhennia zelenoho budivnytstva ta tsyfrovykh tekhnolohii. 
Green Construction. Kyiv: Kyiv National University of Construction and Archi-
tecture, 166–172.

20.	 Nikitenko, V., Voronkova, V., Oleksenko, R., Filoretova, L., Lanoviuk, L., Khvist, V.  
(2023). Perspectives of civilizational political development of world regions 
in the context of current challenges and opportunities. Cuestiones Políticas,  
41 (76), 274–291. https://doi.org/10.46398/cuestpol.4176.15

21.	 Nikitenko, V., Andriukaitiene, R., Punchenko, O. (2019). Formation ofsustainable 
digital economical concept: challenges, threats, priorities. Humanities Studies,  
1 (78), 140–153. https://doi.org/10.26661/hst-2019-1-78-11

22.	 Nikitenko, V. A., Voronkova, V. H., Andriukaitiene, R., Oleksenko, R. I. (2021). The 
crisis of the metaphysical foundations of human existence as a global problem of 
post-modernityand the ways of managerial solutions. Propósitos y Representa-
ciones, 9(SPE1). https://doi.org/10.20511/pyr2021.v9nspe1.928

23.	 Oleksenko, R., Kolokolchykova, I., Syzonenko, O. (2019). Ukraine in the Context 
of the World Organic Production of Agricultural Products. Modern Develop-
ment Paths of Agricultural Production. Cham: Springer International Publishing, 
507–514. https://doi.org/10.1007/978-3-030-14918-5_51

24.	 Trusova, N. V., Oleksenko, R. I., Kalchenko, S. V., Yeremenko, D. V., Pasieka, S. R., 
Moroz, S. A. (2021). Managing the Intellectual Potential in the Business-Network  

https://doi.org/10.51587/9798-9866-95976-2023-014
https://doi.org/10.51587/9798-9866-95983-2023-015-64-78
https://doi.org/10.51587/9798-9866-95983-2023-015-64-78


111

Synergy of digital technologies and green development and their impact on 
achieving a sustainable environment in the conditions of instability

Chapter 3

of Innovative Digital Technologies. Studies of Applied Economics, 39 (5). https://
doi.org/10.25115/eea.v39i5.4910

25.	 Kyoto protocol (1992). United Nation. Available at: https://en.wikipedia.org/
wiki/Kyoto_Protocol Last accessed: 14.11.2022

26.	 Voronkova, V. G., Azhaja, M. A., Nikitenko, V. (2021). Tsyvilizatsiia, zalezhna vid-
vykopnoho palyva. Eco Forum – 2021. Zaporizhzhia, 80–81.

27.	 Voronkova, V., Nikitenko, V. (2021). Suchasni shliakhy zmenshennia vykydiv-
vuhlekysloho hazu yak indykator dosiahnennia uspikhu. Eco Forum – 2021. 
Zaporizhzhia, 78–79.

28.	 Voronkova, V. H., Nikitenko, V. A., Teslenko, T. V., Bilohur, V. E. (2020). Impact of 
the worldwide trends on the development of the digital economy. Revista Ama-
zonia Investiga, 9 (32), 81–90. https://doi.org/10.34069/ai/2020.32.08.9

29.	 Woomeck, J., Jones, D. (2019). Berezhlyve vyrobnytstvo. Yak pozbutysia vtrat i 
dobytysia protsvitannia vashoi kompanii. Kharkiv: Ranok: Fabula, 448. 

30.	 Voronkova, V., Nikitenko, V., Oleksenko, R., Andriukaitiene, R., Kharchenko, J.,  
Kliuienko, E. (2023). Digital Technology Evolution of the Industrial Revolu-
tion From 4G to 5G in the Context of the Challenges of Digital Globalization.  
TEM Journal, 12 (2), 732–742. https://doi.org/10.18421/tem122-17

31.	 Voronkova, V., Nikitenko, V., Oleksenko, R., Andriukaitiene, R., Polysaiev, O. 
(2023). Environmental crisis overcoming as a factor for achieving economic sus-
tainability in the context of the European green course. Cuestiones Políticas,  
41 (77), 612–629. https://doi.org/10.46398/cuestpol.4177.41

32.	 Voronkova, V., Burashnikova, O. (2024). Synergistic methodology for research-
ing digital tools for the effective functioning of the tax system. Digital Economy 
and Economic Security, 1 (10), 60–66. https://doi.org/10.32782/dees.10-11

33.	 Vysochanska, M., Zubchenko, V., Koval, A. (2023). Ecological and econom-
ic process of adaptation of berry cultivation in Ukraine. International Jour-
nal of Innovative Technologies in Economy. 2 (42). https://doi.org/10.31435/ 
rsglobal_ijite/30062023/7996 

34.	 Cherep, A., Voronkova, V., Nikitenko, V., Cherep, O. (2023). The concept of cir-
cular or closed-cycle economy as a variety of a new type of economy. Vectors 
of the development of science and education in the modern world. Sherman  
Oaks: GS Publishing Services, 96–113. https://doi.org/10.51587/9798-9866-
95976-2023-014-96-113

35.	 Cherep, O. H., Babajanov, B. A., Voronkova, V. H. (2022). Digitalization of the 
economy as a platform for creating new values in a transformational environ-
ment. Financial Strategies of Innovative Economic Development, 54 (2), 25–28. 
https://doi.org/10.26661/2414-0287-2022-2-54-04

https://en.wikipedia.org/wiki/Kyoto_Protocol
https://en.wikipedia.org/wiki/Kyoto_Protocol
https://doi.org/10.31435/rsglobal_ijite/30062023/7996
https://doi.org/10.31435/rsglobal_ijite/30062023/7996

