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Editorial on the Research Topic
Fuzzy mathematical model and optimization in digital green innovation for
Industry 5.0

1 Introduction

Since the implementation of the Paris Agreement, countries worldwide have made
significant efforts to promote green development and transition towards a low-carbon
economy. Among the various sectors, the global manufacturing industry stands out as the
largest contributor, responsible for approximately 30% of total carbon emissions (Huang and
Zhang, 2023). The manufacturing industry plays a critical role in determining the success or
failure of global climate change mitigation efforts through its actions aimed at reducing
carbon emissions. As the world embraces the rapid advancement of artificial intelligence, its
impact on the industrial landscape cannot be underestimated. The integration of intelligent
manufacturing applications and the new generation of artificial intelligence is unlocking
tremendous value from data, which serves as a core element of the digital economy. This
convergence has the potential to revolutionize the way manufacturing processes are
optimized and managed, leading to more sustainable and environmentally friendly
practices (Singh et al., 2023). Digitization technology plays a pivotal role in empowering
green manufacturing by providing a crucial pathway for reducing emissions within the
manufacturing industry.

Digital technology plays a significant role in optimizing various aspects of the
manufacturing process, including product design, production efficiency, material waste
reduction, and energy emissions minimization. The integration of intelligent transformation
and green upgrading emphasizes leveraging digital technology to enhance energy, resource,
and environmental management within the manufacturing industry (Yin et al., 2022). This
approach enables the manufacturing industry to explore new economic growth
opportunities in the field of green and low-carbon initiatives. Green innovation,
propelled by artificial intelligence and big data, not only facilitates the digital
transformation and green upgrading of the manufacturing sector, but also brings forth
various benefits, including environmental preservation, climate mitigation, and economic
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impact (Dong et al, 2023). Digital green innovation is the
integration of information, computation, communication, and
connectivity technologies to reshape digital resources and
incorporate digital technology into green innovation. This
leads to the

enhancements in production processes, changes in organizational

integration development of new products,
structures, and the creation and modification of business models. All
of these advancements have a profound positive impact on the
environment (Yin and Yu, 2022).

The introduction of the artificial intelligence era has sparked
considerable interest in the field of intelligent manufacturing,
particularly in relation to fuzzy set theory. This interest is observed
both in academic and industrial sectors. The components within the
digital green innovation system of the manufacturing industry are
intricately interconnected, giving rise to an integrated entity that is
characterized by, complexity, non-linearity, and hysteresis (Mahmood
et al, 2023; Singh et al, 2023). However, traditional precise
mathematical methods have certain limitations when it comes to
expressing this system in a fuzzy manner (Garg et al, 2022).
Therefore, it is crucial to utilize a dynamic analysis tool that is
capable of capturing these characteristics. Fuzzy set theory has
emerged as a valuable tool in addressing this challenge and provides
valuable insights into the complex landscape of digital green innovation
management. Consequently, the application of fuzzy system models
plays a pivotal role in addressing the challenges associated with
digitization and green innovation management, thereby promoting
the advancement of intelligent manufacturing and green
manufacturing (Dong et al.,, 2022).

This Research Topic significantly contributes to the integration
of fuzzy mathematics and digital green innovation within the
context of Industry 5.0. The research focuses on two main areas:
the use of fuzzy mathematics models in environmental economics
and management, and the exploration of digital green innovation. In
terms of environmental economics and management, the research
examines the intersection between fuzzy mathematics-based tools
such as artificial intelligence, big data, and the internet of things, and
their impact on the green economy. The goal is to understand how
these tools can be harnessed to promote sustainable practices and
enhance environmental management. Regarding environmental
management, the research centers on the application of fuzzy
mathematics-based digital

technologies in fostering green

intelligent manufacturing through digital innovation
highlights  the

mathematics plays in facilitating the green development of the

green

management. It critical role that fuzzy
manufacturing industry. Through this research, we aim to the
gap between fuzzy mathematics and digital green innovation,
ultimately contributing to the advancement of Industry 5.0 and

the promotion of sustainable practices in the manufacturing sector.

2 Overview of the Research Topic

The Research Topic reveals the international experiences in the
application of fuzzy mathematics and digital green innovation
management. Within Industry 5.0, the advancement of intelligent
manufacturing and the transition to green manufacturing are
facilitated by the implementation of digital green innovation
technologies theory. The

grounded in fuzzy mathematics
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Research Topic of papers pertaining to this research theme
extensively examines and highlights the paramount significance
of fuzzy mathematics and its derivative models in enabling digital
and green innovations. These approaches are essential for effectively
navigating the challenges and opportunities presented by the era of
artificial intelligence and the imperative of carbon reduction.

In terms of environmental economics. Zhang et al. delved into
the correlation between digital transformation and sustainable
development within enterprises. It was posited that digital
transformation could mitigate challenges such as knowledge
circulation barriers, brain drain among technical personnel,
industry monopolies, disadvantages faced by female board
members, and the aging workforce, consequently injecting fresh
momentum into the sustainable development of enterprises.
Mingkai et al. examined the influencing factors impacting the
harmonized development of green innovation and the digital
economy using a fuzzy set qualitative comparative analysis
method. The researchers found that a single influencing factor
alone is not sufficient as a prerequisite for achieving a high level
of coordination between green innovation and the digital economy.
Consequently, the authors put forth four pathways to enhance the
level of coordination between these two domains: human capital +
research and development intensity + openness, excluding joint
driving; research and development intensity + openness, excluding
dual driving; human capital + government subsidy, excluding dual
driving; and government subsidy direction. Zhao et al. revealed the
influence of the digital economy on carbon emissions intensity. The
authors assert the presence of a long-term equilibrium relationship
between the two variables. Specifically, the digital economy exhibits
a negative long-term impact on carbon emissions intensity, whereas
carbon emissions intensity does not exert a negative impact on the
digital economy. Ning et al. conducted an analysis of the influence of
environmental liability insurance on green innovation within
enterprises. Moreover, it examined the driving role of
environmental liability insurance in fostering green innovation
through the lens of green governance. Environmental liability
insurance plays a crucial role in enhancing the capacity for green
innovation by alleviating financing constraints and diminishing
agency costs. Zhu et al. used the Entropy-CoCoSo method to
assess the level of business environment for inter-provincial
the proposed Entropy-CoCoSo
evaluation framework, the weight of each indicator is determined

economic development. In
using the entropy method, and the comprehensive evaluation of the
business environment for each province is achieved through a
combination of compromise solution. Ashraf et al. proposed a
complex intuitional fuzzy ELECTREE method to evaluate the
impact of industrial pollution on the environment. This study
focuses on four common criteria: air pollution, water pollution,
land degradation, and waste generation. The proposed method is
effective as it allows for the use of multiple criteria for multi-attribute
decision-making and also allows us to visualize the ranking of
members in a two-dimensional manner. Yang et al. developed a
bipolar complex fuzzy set methodology to analyze the impact of
various pollution on the environment and evaluate the most harmful
types of pollutants. The authors believe that air pollution and water
pollution are currently key factors affecting environmental safety.

In terms of environmental management, Hou et al. formulated
the concept of digital green and proposed a novel Maclaurin
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Symmetric Mean operator based on interaction operational laws for
T-spherical fuzzy information to assess digital green technologies.
The authors believe that the concept of digital green refers to the use
of digital technologies, techniques, and procedures in the field of
ecological or sustainable protection. Khan et al. developed an
aggregation operator to solve the green supplier selection
problem with q-rung orthopair fuzzy hypersoft information.
Although fuzzy sets can handle incomplete information in
various real-world problems, they cannot handle all types of
uncertainty, such as incomplete data and uncertain data. The
structure of q-rung orthopair fuzzy hypersoft sets is a very
effective processing tool. Ashraf et al. extended the evaluation
based on the distance from the average solution approach under
Pythagorean fuzzy Z-numbers. In this study, Pythagorean fuzzy
Z-number arithmetic aggregation operators are proposed to assist
manufacturing producers while incorporating uncertainty and
reliability. Junjie et al. revealed the impact mechanism of social
entrepreneurship ~ opportunity — recognition and  resource
mobilization on growth performance. Social entrepreneurship, as
away for businesses to fulfill their social responsibilities, is becoming
one of the important means to address social responsibility conflicts.
The more ties in the entrepreneurial social network, the stronger the
impact of social entrepreneurship opportunity recognition on the
growth performance of business start-ups. Guang-lin and Tao
investigated the correlation between management capability and
the processes of digital transformation and green technology
innovation. The findings indicate a notable and positive
relationship between management capability and both green
technology innovation and digital transformation. In addition,
internal control was identified as a significant and positive
moderating factor within this relationship. Sun screened the
factors that influence green innovation risk within the global
value chain. The characteristic root method of group decision-
making was employed to establish an evaluation index system for
assessing the risks associated with manufacturing green innovation.
The identified factors include the global proportion of investment in
green R&D personnel, the global proportion of investment in green
R&D funding, the stability of global manufacturing green R&D, the
challenges associated with international transfer of green
technologies, and international protection of green technology
patents.

Therefore, these articles successfully address the gap in digital
green innovation management by utilizing the principles of fuzzy
mathematics. They offer a comprehensive understanding of how
digital green innovation is distributed within Industry 5.0’s
environmental economy and management in the age of artificial
intelligence. Moreover, they present a holistic perspective on
environmental economy and environmental management,
highlighting the interconnectedness and interdependence of these

facets.

3 Conclusion

The Research Topic introduces the concept of “digital green
innovation”, which refers to the use of digital technology in
implementing green innovation practices. These papers offer
valuable insights into the

relationship ~ between  fuzzy
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mathematical theory and digital green development. The ultimate
goal is to assist industries in adapting to the complexities of the Al
era and the inevitable shift towards decarbonization. Furthermore,
this research explores various avenues within the realms of digital
innovation and green innovation, systematically expanding upon
different directions. It investigates the reasons and phases of digital
green innovation, aiming to shed light on the crucial aspects of this
process. Moving forward, there is a pressing need for further
exploration new industrial intelligent technologies that are
applicable to large-scale green complex industrial systems. The
development of such large-scale modeling technology is expected
to have a transformative impact in tackling highly intricate problems
within the domain of industrial intelligence and greening.
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