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The popularization of higher education plays a pivotal role in driving sustainable societal development by
expanding access to knowledge and fostering innovation. This study investigates the complex interplay
between higher education expansion and the sustainable management of social resources. It examines how
broader access to tertiary education impacts resource allocation, educational outcomes, and environmental,
social, and financial sustainability. Using a mixed-method approach, the research incorporates quantitative
analysis—leveraging models such as entropy weight analysis and coupling coordination degree—as well
as qualitative case studies, with a focus on China's Yangtze River Economic Belt. Findings reveal that
while higher education popularization enhances human capital and social equity, it also places significant
demands on financial, infrastructural, and environmental resources, necessitating coordinated policy
measures. This paper highlights actionable strategies for balancing higher education expansion with

resource sustainability, offering critical insights for policymakers and educators seeking to align

educational growth with sustainable development goals.

INTRODUCTION

In the context of global development, the role of higher
education as a cornerstone for societal progress and resource
sustainability has been increasingly emphasized. The
popularization of higher education — the process of
expanding access to tertiary education for broader segments
of society—has emerged as a vital mechanism for fostering
economic development, reducing inequality, and enhancing
the long-term sustainability of social systems. As highlighted
by Geng and Yan (2021), higher education has the dual
capacity to stimulate innovation while addressing societal
challenges, such as environmental conservation and the
equitable distribution of resources. Simultaneously, Li and
Xue (2022) underscored the transformative potential of
education policies aimed at creating inclusive, world-class
educational systems, which not only elevate academic
standards but also contribute to the broader objective of

social sustainability[1].

However, the expansion of higher education does not
operate in isolation. It interacts dynamically with finite
social resources, including fiscal budgets, human capital,
and infrastructural capacities. While higher education
popularization can enhance social resilience and reduce
knowledge inequality, it also imposes significant demands
on these resources. For instance, as educational access grows,
governments must grapple with challenges such as equitable
resource allocation, the preservation of educational quality,
and the mitigation of negative environmental and social
externalities. Thus, the interplay between higher education
and sustainable social resource management remains a
critical area of inquiry[2].

Existing studies suggest that the sustainability of higher
education systems depends on their ability to balance
expansion with the responsible management of financial,

environmental, and institutional resources. For example, the

* Corresponding author. E-mail address:tianyir phd@163.com
Received date:October 22, 2025; Revised manuscript received date: October 25, 2025; Accepted date: October 27, 2025; Online

publication date: October 29, 2025.

Copyright © 2025 the author. This is an open access article distributed under the terms of the Creative Commons Attribution License

(https://creativecommons.org/licenses/by/4.0/).



International Journal of
Multidisciplinary Research

[JMR

Research Article Print ISSN 3105-8884

MexpayHapoaHbIi HHCTUTYT
yNpaBneHns 1
npegnpuHUMaTenbCTaa

October 2025, Vol. 1, No. 1

Online ISSN 3105-8892

coordinated development of higher education and science
popularization — both of which serve as drivers of societal
knowledge and innovation — offers insights into achieving
sustainable outcomes through systemic integration.
Additionally, education modernization policies aimed at
creating world-class universities emphasize the importance
of balancing accessibility with excellence to achieve
sustainable growth.

Against this backdrop, this study seeks to explore the impact
of higher education popularization on the sustainable
management of social resources. Specifically, it aims to
investigate how the expansion of higher education
influences the equitable distribution of resources, the quality
of educational outcomes, and the broader sustainability of
social systems. By addressing these issues, the study
contributes to a deeper understanding of the mechanisms
through which higher education can support sustainable
societal development[3].

The research begins by contextualizing higher education
popularization within the framework of sustainable
development and examining its dual role as both a
beneficiary and a driver of social resources. Drawing on
data and theoretical from studies

empirical insights

conducted in regions such as China ~ s Yangtze River
Economic Belt—a case noted for its diverse educational and
resource conditions — the paper aims to identify strategies
for optimizing the balance between higher education growth
and resource sustainability. This approach not only provides
actionable insights for policymakers but also underscores the
transformative potential of education systems in addressing

the sustainability challenges of the 21st century[4].

1.Methodology

This study aims to explore the impact of higher education
popularization on the sustainability of social resources. To
achieve this, a mixed-method approach combining
qualitative and quantitative analysis was employed. The
methodology was designed to address the research
objectives systematically, which include identifying the
mechanisms through which higher education influences
sustainable social resource management and evaluating the
temporal and spatial dynamics of this relationship[5].
Research Framework

Drawing insights from previous studies such as Geng and

Yan (2021) on the coordinated growth between higher

education and science popularization, this study adopts a
multi-dimensional framework that evaluates the interplay
between higher education popularization and sustainable
resource utilization. This framework integrates key variables
including resource allocation, educational outcomes, and
understand the broader

socio-economic impacts to

implications of higher education expansion.

Research Design

Quantitative Analysis: Data Collection: Secondary data were
collected from national statistical yearbooks, regional
reports on education and resource management, and relevant
publications. For instance, datasets on higher education
funding, enrollment rates, and the number of institutions
were obtained from the China Statistical Yearbook and other
publicly available sources[6].

Indicators: To measure the impact of higher education
popularization, key indicators were selected, including:
Higher education inputs: Annual budget per student, number
of institutions, and student enrollment rates.

Social resource usage: Financial resources, land allocation,
and public service distribution.

Sustainability metrics: Environmental impacts, social equity

indices, and long-term resource planning strategies.

Analytical Methods

Entropy Weight Analysis and TOPSIS: These methods were
used to objectively evaluate the performance of higher
education systems and their interaction with social resources.
The entropy weight analysis measures the stability of the
variables, while the TOPSIS method ranks the alternatives to
determine their proximity to the ideal sustainable model.
Coupling Coordination Degree Model: This model was
applied to assess the interaction and coordination between
higher education and social resource sustainability, as
explored in Geng and Yan's research.

GM(1,1) Grey Prediction Model: To predict future trends in
the relationship between higher education and resource
sustainability, the GM(1,1) model was used, particularly
focusing on regions experiencing rapid higher education

expansion[7].

Qualitative Analysis

Literature Review: A systematic review of literature was
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conducted to identify existing theories and frameworks
related to higher education popularization and sustainable
development. The review focused on international studies on
education modernization and sustainability, including
“©
Double

First-Class” project and the structural adjustments in higher

China's policy-driven initiatives such as the

education.

Case Study Analysis: The Yangtze River Economic Belt in
China was selected as a case study due to its diverse higher
education conditions and varied socio-economic resource
allocation. This region serves as a representative example to
analyze the differences in

spatial and temporal

education-driven resource utilization.

Data Analysis

Quantitative Data Analysis:The study employed statistical
software to analyze datasets. Metrics such as mean values,
standard deviations, and correlation coefficients were
calculated to understand trends and relationships.
Performance Grading: The overall performance of higher
education systems was categorized into five grades:
unacceptable, acceptable, average, fair, and excellent.
Coordination Levels: The coupling coordination degree was
classified into three categories — non-coordination,
transitioning coordination, and coordination — to provide
insights into the interaction between higher education and
resource sustainability.

Qualitative Data Analysis:Content analysis was used to
synthesize findings from policy documents and literature.
Thematic coding was applied to identify patterns and trends,
focusing on topics such as educational equity, resource
allocation, and the role of higher education in sustainable

development.

Case Selection

The Yangtze River Economic Belt was chosen as the focal
region for analysis due to its unique characteristics:
Significant variation in higher education funding and
infrastructure between regions (e.g., Shanghai vs. Guizhou).
levels of social and environmental

iverse resource

availability, providing a comprehensive basis for

understanding the interaction between higher education and

resource sustainability.

2.Results and Discussion

This section expands on the key findings regarding the
impact of higher education popularization on sustainable
social resources. Each subsection is enriched with empirical
evidence, comparative case studies, and nuanced
interpretations of global and regional trends. The analysis
combines data from international reports, academic studies,
and governmental statistics to provide a comprehensive

picture.

2.1.Higher Education as a Driver of Human
Capital Development

had a

transformative impact on human capital development, a

The popularization of higher education has
cornerstone of sustainable social resource management.
Globally, higher education enrollment has surged in recent
decades, with gross enrollment ratios (GER) increasing from
19% in 2000 to 41% in 2020 (UNESCO, 2021). This
expansion has significantly boosted the pool of skilled labor
in fields critical to sustainability, including renewable energy,

public health, and urban planning.

Data on Graduate Contributions

According to a World Economic Forum (2022) report,
countries with a GER above 50% produce 35% more
professionals in industries than
countries with a GER below 20%.

In South Korea, where GER reached 93% in 2021, 42% of

STEM graduates are employed in sustainability-related

sustainability-focused

sectors, contributing to advancements in green technologies

and urban environmental planning.

Enrollment Growth vs GDP Allocation

70 Enrollment Growth (%)
—e— GDP Allocation (%)

Percentage
w IS » o
o (=] o o

~
o

=
o

-

2000.0 2002.5 2005.0 2007.5 2010.0

Year

20125 2015.0 2017.5 2020.0

Fig. 1. Enrollment Growth vs GDP Allocation



International Journal of
Multidisciplinary Research

IJMR

Research Article Print ISSN 3105-8884

& MexayHapofHbIil MHCTUTYT
npasneHns n
J npeanpuxumatenncTea

October 2025, Vol. 1, No. 1

Online ISSN 3105-8892

Case Example: Nordic Countries

Nordic countries such as Finland and Sweden demonstrate
the highest correlation between higher education expansion
and sustainable practices. With GER exceeding 82%, these
have education to train

countries leveraged higher

professionals in clean energy and environmental
conservation. As of 2022, Finland derives 39% of its energy
needs from renewable sources, a feat attributed to the
country ~ s investment in higher education and research

institutions.

Challenges in Developing Countries

In contrast, developing nations face significant hurdles.
Sub-Saharan Africa, with GER at 9.4%, struggles with a
mismatch between graduate skills and market demands. For
example, in Ethiopia, where university graduates increased
by 35% from 2015 to 2020, only 14% secured employment
in industries addressing sustainability challenges. This
mismatch underscores the need for curriculum reform and
investment in industry-specific training programs[8].

Overall, while higher education expansion has undeniably
enhanced human capital, the degree of its impact on
sustainable development varies based on a country ~ s
economic context, policy priorities, and education system

alignment.

2.2.Equitable Resource Allocation and Social
Mobility

Higher education popularization has improved social

mobility by expanding opportunities for marginalized groups.

Between 2000 and 2020, tertiary education enrollment
among low-income groups grew by 22% globally, with
particularly notable gains in countries
equity-driven policies (OECD, 2022).

Policy Success: India’ s Affirmative Action

implementing

In India, the implementation of affirmative action policies,
such as reserved seats for Scheduled Castes (SCs) and
Scheduled Tribes (STs), resulted in a 25% increase in
university enrollment for these groups between 2010 and
2020. The World Bank (2021) found that SC/ST graduates
were 43% more likely to secure formal employment
compared to non-graduates from the same demographics,
demonstrating the direct link between education and upward

mobility .
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equity-driven initiatives, such as the ProUni scholarship
program, which benefited 2.7 million low-income students
between 2005 and 2021. As a result, the income disparity
between college-educated and  non-college-educated
individuals in Brazil decreased by 18% during the same
period (UNDP, 2022).

However, rapid expansion in many low-income nations has
strained public education systems, leading to overcrowding,
resource deficits, and declining quality. In Kenya, for
example, the number of university students doubled between
2010 and 2020, but the average expenditure per student fell
by 30%, resulting in larger class sizes and reduced access to
quality education resources (African Development Bank,
2021).

These disparities highlight the dual-edged nature of higher
education expansion: while it fosters equity and mobility,
inadequate infrastructure and funding can undermine its

transformative potential[9].

2.3.Environmental Awareness and Behavior
Transformation

One of the most significant contributions of higher education
to sustainable social resources is its role in fostering
environmental awareness and promoting sustainable
behaviors. Universities have become hubs for sustainability
education, integrating climate change, renewable energy, and

environmental ethics into their curricula.
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Empirical Evidence on Behavioral Change

According to a 2023 survey by the Sustainable Campus
Initiative, students exposed to sustainability-focused courses
are:

- 72% more likely to adopt waste-reduction behaviors.

- 68% more likely to support renewable energy policies.

- 59% more likely to participate in community-based

sustainability initiatives.

University Green Initiatives

Many universities have taken the lead in modeling
sustainable practices:

University of California, Berkeley: Reduced its energy
consumption by 30% between 2015 and 2022 through green
buildings, energy-efficient systems, and renewable energy
installations[10].

Nanyang Technological University (NTU), Singapore:
Reached zero waste in 2022 by recycling 75% of campus
waste and reducing food waste by 38% through Al-based

monitoring systems.

Global Inequities

Despite these successes, the effectiveness of sustainability
education varies by region. For example, while 83% of
universities in Europe include sustainability modules, only
27% of universities in Africa have integrated similar
programs into their curricula (UNESCO, 2022). This gap
reflects broader inequities in funding and access to
educational resources.

Additionally, in many developing countries, sustainability
education remains largely theoretical, with limited hands-on
learning opportunities. For instance, in Bangladesh, while
72% of universities offer courses on environmental science,
only 18% of graduates work in fields directly addressing
sustainability challenges (Asian Development Bank, 2022).

3.4.The Digital Divide and Its Implications for
Access

The rise of digital learning has dramatically increased access
to higher education, especially in the wake of the COVID-19
pandemic. Online education platforms such as Coursera,
edX, and national initiatives like India’ s SWAYAM have

facilitated the enrollment of millions of students [11].

Data on Digital Expansion

According to UNESCO (2021), the global enrollment in
online courses grew by 28% during the pandemic.

In India, the SWAYAM platform recorded 1.5 million new

enrollments in 2020, a 27% increase compared to 2019.

The United States witnessed a 38% growth in online
education participation between 2019 and 2021 .
Education Investment Over Time
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However, the benefits of digital education are unevenly
distributed. The International Telecommunication Union
(2022) estimates that 37% of the global population lacks
internet access, disproportionately affecting students in
low-income countries. For example:

In Ethiopia, only 15% of university students have reliable
internet access, compared to 85% in South Korea.

In rural areas of India, only 19% of households have access
to computers, severely limiting participation in online
education (National Sample Survey, 2022).

Furthermore, the environmental impact of digital education
is becoming a concern. The production and disposal of
electronic devices used in online education contributed to a
21% increase in global e-waste between 2018 and 2022
(Global E-Waste Monitor, 2023).

3.5.Higher Education's Role in Policy Advocacy

Higher education institutions have played an increasingly

prominent role in shaping sustainability policies by
conducting research and fostering collaboration between
academia, government, and industry. According to the UN
Sustainable Development Goals Report (2022):

74% of top universities globally actively engage in
sustainability research, producing over 1,200 papers
annually on topics such as renewable energy, waste
management, and climate adaptation[12-14].

Case Studies



International Journal of
Multidisciplinary Research

[JMR

Research Article Print ISSN 3105-8884

Online ISSN 3105-8892

MexpayHapoaHbIi HHCTUTYT
ynpasnexus n
npegnpuHUMaTenbCTaa

October 2025, Vol. 1, No. 1

Bangladesh Delta Plan 2100: Research by Dhaka University

informed flood management and water resource
conservation policies, benefiting over 20 million people in
flood-prone regions.

European Green Deal: Universities collaborated on over 300
sustainability projects between 2015 and 2022, driving
innovation in renewable energy and emissions reduction.
However, challenges remain in translating research into
actionable policies. Political resistance, lack of funding, and
bureaucratic inefficiencies often hinder the implementation
recommendations,

of evidence-based particularly  in

developing nations.

2.6.Financial  Sustainability  of
Education Systems

Higher

The rapid expansion of higher education has placed

significant financial pressures on governments and
institutions. Public spending on higher education varies
widely:

Nordic countries allocate 1.5% of GDP to higher education,
ensuring high-quality systems.

Sub-Saharan Africa, by contrast, spends just 0.6% of GDP,
resulting in underfunded universities and limited access.

Adoption of Sustainability-Focused Curricula by Region

Americas

Asia

Regions

Africa

Europe

0 10 20 30 40 50 60 70 80
Percentage of Universities (%)

Fig.4.Adoption of Sustainability-Focused Curricula by
Region

Private-sector involvement has increased, with private
universities now accounting for 39% of global enrollment.
However, this trend raises concerns about affordability. For
instance:

In the United States, student loan debt reached $1.7 trillion
in 2022, with an average debt per student of $28,950 [15,
16].

Conversely, Germany ~ s free higher education model
requires annual public investments of € 20 billion,

showcasing the trade-offs between access, quality, and

sustainability[16].

Conclusion

The popularization of higher education has proven to be a
transformative force in advancing sustainable development,
contributing to human capital development, social equity,
and environmental awareness. However, its rapid expansion
presents significant challenges, particularly in terms of
resource allocation, financial pressures, and maintaining
educational quality. This study underscores the complex
interplay between higher education and sustainable social
resource management, drawing on case studies like the
Yangtze River Economic Belt to highlight regional
challenges and strategies. Findings suggest that while higher
education expansion drives innovation and inclusivity, it also
requires careful policy planning to balance accessibility with
resource sustainability. Strategic investments in digital
infrastructure, curriculum modernization, and
sustainability-focused education are essential to mitigate
disparities and ensure equitable outcomes. Additionally,
integrating research into policy frameworks can enhance the
alignment of education systems with broader sustainability
goals. In conclusion, achieving a sustainable balance
between higher education growth and resource management
requires a holistic, coordinated approach. By fostering
inclusive, high-quality, and sustainable education systems,
higher education can serve as a cornerstone for long-term

societal and environmental progress.
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KEYWORDS ABSTRACT
The construction of China's digital healthcare system faces multiple challenges,such as the "three doctors'
synergy"interest coordination dilemma,uneven resource allocation,and imperfect policies and
Digital healthcare; regulations.Based on the perspective of organizational optimization and economic resource allocation,this
l?;ﬁfn’gzan%‘;’?al paper,combined ~ with  digital  transformation  scenarios,proposes  to  reconstruct  the

Economic resource
allocation;

Three-medicine
synergy;
Digital transformation

government,industry,academia,research and medical synergy mechanism,optimize the health insurance
payment and data sharing model,and strengthen the integration of information technology in primary
healthcare and other paths in order to enhance the effectiveness of the system.The study points out that it is
necessary to take the innovation of digital governance structure as the core,promote the synergy between
technology and system,realize the efficient allocation and fair distribution of medical resources,and

provide theoretical support for the strategy of Healthy China.

INTRODUCTION

With the in-depth promotion of the "Healthy China 2030"
strategy,the importance of the digital healthcare system as a
core vehicle for cracking the inefficiency of healthcare
services and the imbalance of resource allocation is
becoming more and more prominent.Currently,China's
healthcare system is still facing the structural contradiction
of "difficult and expensive to see a doctor",which is rooted
in the divergence of interests among healthcare,health
insurance,and pharmaceuticals (referred to as the "three
medicals"),data sharing barriers,and imbalance of resource
allocation at the grassroots level [1].From the perspectives
of organizational management and health economics,how to
enhance the effectiveness of digital healthcare system
through institutional innovation and resource allocation
optimization has become a cross-disciplinary topic that

needs to be cracked.Based on literature analysis and typical

case studies,this paper constructs a research framework from

the three dimensions of status quo diagnosis,path
construction,and challenge response,with a view to
providing practical references for the sustainable

development of digital healthcare systems.

1.Current Status and Core Issues of China's
Digital Healthcare System

1.1.Divergence of Interests and Governance
Dilemma of "Three Medical Practitioners

Synergy

China's public hospital-led healthcare system relies on a
multiple financing model of "government subsidies + health

insurance payments + patient out-of-pocket
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payments",leading to a conflict of goals among
healthcare,health insurance,and pharmaceuticals:

Conflict between health insurance and healthcare service
supply: Health insurance authorities have implemented the
Related Grouping (DRG)/Disease Informed
Payment (DIP) reform to control healthcare costs,but

still

Diagnosis
healthcare organizations are influenced by the

traditional mechanism of "supporting doctors with
medicines",and still engage in excessive examinations and
medication use 1 below.

Data sharing barriers constrain industrial innovation:
pharmaceutical companies rely on clinical data from
healthcare organizations to carry out new drug R&D,but due
to ambiguous rules for patient privacy protection and the
lack of data confirmation mechanisms,cross-organizational
data sharing is inefficient,resulting in longer drug R&D
cycles [2].

The core of cracking the "three medical synergy" dilemma
lies in the digital transformation as a link,through the
innovation of organizational synergistic ~mechanism
linkage of

government,industry,academia,research and medicine) and

(e.g.,multi-dimensional

the reconfiguration of economic resources (e.g.,dynamic
allocation of health insurance funds,marketization of data
elements),to transform the three parties from "zero-sum
game " to "value co-creation",and ultimately realize the
distribution of medical

efficient allocation and fair

resources.

1.2.Structural bottlenecks in digital technology
empowerment

Although Internet hospitals,5G remote diagnosis and
treatment and other application scenarios are rapidly
landing,their effectiveness release is limited by multiple
policy and technical constraints:

Uniformity of service scenarios: the current policy limits
Internet hospitals to providing only follow-up services,and
the incentives for doctors to practice across platforms are
insufficient,and the acceptance rate of the patient side is only
32.7% [3].

Weak digital infrastructure at the grassroots level: less than
60% of medical institutions in the county and below are
covered by information technology systems,making it
difficult to meet the requirements of DRG reform for

standardized medical record data collection and cost

accounting.

At the level of policy optimization,the scope of Internet
hospital services can be gradually broadened by combining
the characteristics of technological development with the
demand for medical safety,such as carrying out online
primary diagnosis and assessment pilots,and formulating
differentiated catalogs and pricing standards for different
diagnostic and treatment items,in order to balance medical
of the

construction of incentive mechanisms for doctors,the "online

safety and innovative development.In terms

service performance points'"system can be
implemented,linking the workload of doctors participating in
telemedicine with the promotion of titles and the distribution
of bonuses,etc. Meanwhile,the "pay for the value of services"
model can be explored,rewarding medical institutions that
with the help of

technological means.At the same time,explore the "pay for

effectively reduce medical costs
service value"model,rewarding medical institutions that
effectively reduce medical costs through technological
means,so as to enhance the enthusiasm of doctors to
participate in the application of technology.To address the
problem of weak infrastructure at the grassroots level,a
three-tier input mechanism of "central financial subsidy +
provincial coordination + can be

county landing"

constructed,with  priority given to promoting the
construction of regional medical data platforms,and realizing
real-time connectivity between the data of grassroots
medical institutions and higher-level hospitals by relying on
5G,cloud computing and other technologies to reduce the
cost of grassroots informatization transformation and
enhance the level of grassroots digitization,breaking the
"technology application" barrier and reducing the cost of
medical services.This will reduce the cost of informatization
reform at the grassroots levelraise the grassroots level of
digitization,and break the vicious circle of'technological
applications need data support but the grassroots level lacks

the ability to collect data".

1.3.Lagging policies,regulations and data

governance systems

types of

P ) concrete data

ShOI’tCOl’IllIlg . consequences
expression sources

S
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Table.1.Analysis of Policy,Regulation and Data Governance

Data

The lag between policies,regulations and data governance

has

become a core bottleneck in

the collaborative

the

institutional level,the "Internet + healthcare" policy system

development of digital healthcare systems.From
has not yet formed a full chain of rules covering

approval,regulation,and data circulation,resulting in a
"system vacuum" in local practice (e.g.,the pricing standards
for remote diagnosis and treatment are not uniform)2
below.At the technical level,the data security protection
capability does not match the business innovation needs,and
the risk of data leakage in primary care organizations is 2.3
times higher than that in tertiary care hospitals due to the
lack of a professional IT team [4].A deeper contradiction lies
in the lack of data factor marketization mechanism - patients
cannot effectively control the use of personal medical
data,and data transactions between medical institutions and
lack

channels,which restricts the release of the value of the digital

enterprises legal and compliant circulation
healthcare industry chain [5].

The above problems not only exacerbate the institutional
friction of "three medical institutions" collaboration,but also
make it difficult to give full play to the universality of digital
technology.For example,due to unclear privacy protection
rules,a provincial medical data platform has only achieved
30% of the expected data collection one year after its
launch,and the collection of standardized medical record
data required for grassroots DRG reform has come to a
standstill [6]. Therefore,improving policy rules,strengthening
technical protection,and constructing data rights and
transaction mechanisms are the key paths to break through

the current governance dilemma.

2.Systematic enhancement
organizational optimization and
resource allocation

path of
economic

Reconstruction of collaborative governance mechanism:
building a multidimensional linkage ecology
Integrate the resources of multiple subjects through a digital
platform to form a data-driven collaborative network (see
Table 1 for typical cases):
In-depth

government,industry,academia,research

integration of
and  medicine:
Fujian Province built a medical examination and test results
sharing platform,realizing mutual recognition of data in 243
hospitals,reducing the rate of duplicate examinations by
25%,and saving more than 300 million yuan of health

insurance funds annually 2 below; 1Pharmacy.com built a

10
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digitized supply chain platform,connecting 300,000 3-fold,Reac
pharmacies,2,000 pharmaceutical enterprises and 5,000 hing

hospitals,and lowering the cost of drug circulation by 40% 500,000

compared with the traditional model5 below. Farmers

Innovation in health insurance payment and supervision: and Herders

promoting DRG/DIP prepaid system,dynamically adjusting

grouping
establishing a regular feedback mechanism between medical

disease standards based on big data,and
institutions and health insurance departments; Shandong Lu
Medical Chain platform realizes the flow of electronic

prescriptions,drug traceability,and penetrating auditing of

health  insurance  settlements  through  blockchain
technology,and reduces the number of cases of
non-compliance with the use of funds by 60% 2 below.
The main | Technolo
Core
Case body of | gy / . Data
] | effectivenes
Name implementa | Mechanis sources
s
tion ms
Mutual
Fujian recognition
Inspect | Fujian . of data
. L Regional
ion and | Provincial . among 243
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Testing | Health dat hospitals,wi | Author
ata
Sharing | Commissio th a 25%
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Shandong Blockcha
Shando o . fund
Provincial | in o
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. Medical e-prescri
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Tibet 5G )
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5G . Remote . Referen
us Region . .| Efficiency
Square Diagnosti | . ces 3
People's in Remote
Pod CT . ¢ System
Hospital Areas
Increased
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Table.2.Typical case study of collaborative governance in

digital healthcare

2.2.Empowering Primary Care:
Sinking and System Integration

Technology

Through "technology sinking + system integration",the gap
between urban and rural medical care is broken:
5G

Autonomous

Tibet

cabin

technology-driven sinking:  the
5G

vehicle-mounted CT,which requires only one healthcare

resource

Region  deploys square
worker to complete remote image acquisition and cloud
diagnosis,realizing the mode of "grassroots examination and
higher-level diagnosis" and covering 80% of the county area
3 below.
Standardized construction of informatization system:
Promote primary medical institutions' access to the regional
DRG data platform,unify the coding rules of medical records
and the caliber of cost accounting,and increase the
compliance rate of primary DRG data nationwide from 45%
in 2020 to 78% in 2024 3 below.

5G technology is used to promote the sinking of resources
the of

systems,with typical cases (e.g.,5G square cabin CT in Tibet)

and standardization information technology
and specific data support (improvement of grassroots DRG
compliance rate).This path directly hits the shortcomings of
primary the

technology and management is conducive to narrowing the

resources,and two-pronged approach of
gap between urban and rural healthcare and enhancing the
universality of the digital healthcare system,which is clear in

logic and practical guidance.

2.3.Economic Resource Allocation: Driven by
Efficiency and Equity

Establish a resource allocation system of '"technology
infrastructure - data elements - fund management":

Optimization of financial investment structure: in 2023,the
central financial investment in the infrastructure of Internet
hospitals will increase by 30%; Zhejiang's "One Code"
settlement system will integrate pre-diagnosis booking and

in-diagnosis payment functions,shortening the average
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consultation time of patients by 40 minutes 1 below; the
establishment of a special fund for digital transformation of
counties,and the completion of the IT system upgrading of
2,000 township health hospitals in 2024.Setting up a special
fund for digital transformation in counties and planning to
complete the upgrading of the informatization systems of
2,000 township health centers by 2024 4 below.

Refined management of health insurance fund: deploying Al
health insurance audit system,refusing to pay unreasonable
costs of more than 20 billion yuan in 2023; drawing on the
experience of Sanming health reform,30% of the health
insurance balance is used for the management of chronic
diseases and procurement of innovative medicines,and the
balance rate of the fund has been raised from 5% to 12% 4
below.

Exploring the marketization of data elements: Shaw Hospital
has built a multi-center research platform based on
blockchain,realizing credible sharing of 100,000 cases of
clinical data and shortening the reporting cycle of scientific
research projects by 50% 5 below; and piloting the "data
wallet" model,in which patients can independently authorize
the use of their medical data for scientific research or
commercial purposes and obtain a share of the proceeds 4
below.

The allocation of economic resources should be oriented to
the
fairness,and through the path of tilting the financial

balance Dbetween efficiency improvement and
investment to digital transformation,optimizing the use
structure of health insurance funds,and promoting the
marketization of data elements,the scientific allocation of
funds,funds,data and other resources should be realized,so as
to not only improve the efficiency of medical services but
also narrow the gap between regional resources,and to
provide economic support for the sustainable development

of the digital healthcare system.

3.Key Challenges and Breakthrough Strategies

3.1.Data security and governance
shortcomings

system

Institutional level: accelerate the introduction of the
Regulations on Medical Data Security Management,clarify
data classification and categorization standards,cross-border
flow rules and responsibility definition,and fill the gaps in

policy rules 5 below.

12

Technical level: Promote technologies such as federated
learning and privacy computing to realize "data available but
not visible",which has been applied in 15 provinces on a
pilot basis,and the data sharing compliance rate has been
increased to 85% 4 below.

Data security and governance is the bottom line requirement
for the development of digital healthcare.Currently,the lack
of policy rules and technical risks co-exist,and it is necessary
to improve the regulations to clarify the rights and
responsibilities of data,and to build a strong security defense
with privacy computing and other technologies.In the
future,it is necessary to promote the synergistic innovation
of system and technology to release the value of elements
while guaranteeing the compliant use of data,so as to realize

the dynamic balance between security and development.

3.2.Difficulties of physician incentives and

service sustainability

Price and performance linkage: allow Internet diagnosis and
treatment programs to fluctuate 30%-50% on the basis of the
benchmark price,and 60% of the diagnosis and treatment
income is directly credited to the performance of doctors;
after the pilot of China-Japan Friendship Hospital,the
enthusiasm of doctors to participate in telemedicine has
increased by 75% 1 below6 below.

Career development and empowerment: the volume of
telemedicine services and the contribution of data sharing
are incorporated into the appraisal system for the promotion
of doctors' titles,so as to build a positive cycle of "technical
services - value return - career growth" [7].

Insufficient incentives for doctors constrain the effectiveness
of digital medical services.Existing policies on Internet
diagnosis and treatment pricing rigidity,career development
support is insufficient,the need to enhance the economic
returns through differentiated pricing,digital services into the
title assessment to enhance professional
identity.Constructing a dual mechanism of '"material
incentives + developmental empowerment" is the key to
the

sustainability.

cracking talent Dbottleneck and ensuring service

3.3.Challenges of Balanced Regional Resource
Allocation

Cloud platform resource sharing: Siemens Healthcare 5G

virtual cockpit connects 700 hospitals,realizes cross-regional
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scheduling of CT,MRI and other equipment,and shortens the
booking cycle of high-end examinations at the grassroots
level by 60% 6 below.

Talent flexible mobility mechanism: Establishing "cloud
expert pool" and Al-assisted diagnosis system,realizing
real-time sinking of high-quality medical resources,which
now covers 80% of poverty-stricken counties,and increasing
the efficiency of diagnosis of difficult cases at the grassroots
level by 50% 7 below.

Regional resource imbalance exacerbates medical
injustice,and the technology gap and equipment mismatch
are the core obstacles.Relying on the cloud platform to
realize equipment sharing and Al to promote talent sinking
can break through the physical space limitations.In the
future,it is necessary to strengthen the inclusive attributes of
digital infrastructure,establish a new resource allocation
model of "technology mobility instead of personnel
mobility",and narrow the gap between urban and rural

medical services.

Conclusion

To improve the effectiveness of China's digital healthcare
the

technology-driven model and build a three-dimensional

system,it is necessary to break through single
system of .problem diagnosis - path innovation - challenge
the

framework of the three medical institutions,strengthening

response".By reshaping collaborative governance

the digital capacity of the grassroots,and activating the value

13

of data elements,the efficiency and equity of medical
services can be realized.Future research needs to further
explore the in-depth coupling mechanism between digital
technology and healthcare system reform,and provide a

"Chinese program"for global digital healthcare governance.
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Low-carbon This paper analyzes the role of low-carbon technology application industry in sustainable development by

technology industry, discussing the relationship between the application industry and the national economic system. By

Economic system, systematically studying how low-carbon technologies affect the architecture and function of the national
%i;‘;gggjﬁ : economic system, this paper aims to propose strategies to further promote the development of low-carbon

. technologies and provide a reference for achieving sustainable economic development.
National economy

INTRODUCTION

With the intensification of global warming and ecological
pressure, the importance of low-carbon technology industry
is becoming increasingly prominent. Driven by global
carbon reduction goals and environmental protection
policies of various countries, low-carbon technologies have
gradually become one of the key pillars of economic
development. The concept of low-carbon technology is not
limited to reducing emissions, but also involves improving
resource  efficiency, reducing energy consumption,
developing new energy sources, and building greener
production and consumption patterns. Its applications are
widely used in energy, industry, construction, transportation
and other fields, and have a profound impact on the
operation mode and sustainable development path of the
national economy/[1].

In recent years, the low-carbon technology industry has
gradually become an important part of the national economic
system, and its development is directly related to the
effectiveness of the green transformation of the economy
and the international competitiveness of the industry.
the

development of low-carbon technologies and gradually

Countries have introduced policies to support

establish policy frameworks for a green economy to address

the global challenges posed by climate change. China's

Action Plan for Carbon Peaking and Carbon Neutrality
clearly states that it will achieve carbon peak by 2030 and
carbon neutrality by 2060, so as to achieve a balance
between economic growth and environmental protection and
contribute to the development of a global low-carbon

economy.

1.The relationship between the national
economic system and the industrial relationship
and the application of low-carbon technology
and sustainable development

Low-carbon technologies inject new impetus into economic
growth by promoting technological innovation, industrial
upgrading, and model innovation. The traditional economic
growth model with high energy consumption and high
it must be

emissions is no longer sustainable, and

transformed to green and low-carbon. Low-carbon
technologies promote sustainable economic and social
development by optimizing the energy structure, reducing
dependence on fossil fuels, and promoting fundamental
changes in the energy structure [2].

Low-carbon technologies play a vital role in tackling global

climate change and driving the transition to a green economy.
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The goal is to achieve clean energy use, efficient resource
consumption, and continuous improvement of environmental

quality through innovative technologies. It plays a

significant role in improving environmental quality and

protecting ecosystems, mainly reflected in reducing

greenhouse gas emissions, reducing pollutant emissions, and

restoring the ecological environment [3], as shown in Table

1 below.
Fields of Types of Traditional Results &
reference low-carbon techniques Data
technologies
Energy wind energy Coal-fired Wind
sector power emits | energy has
about 820 | almost no
grams of | carbon
carbon emissions.
Solar dioxide per | Extremely
technology kilowatt low
hour; Fossil | lifecycle
fuels produce | carbon
large emissions:
amounts  of | solar power
greenhouse emits about
gas and | 20 grams of
particulate carbon
matter dioxide per
pollution. kilowatt
(including hour;
Nuclear sulphur Virtually
energy dioxide, zero carbon
technology nitrogen emissions;
oxides) High
energy
efficiency
provides
support for
low-carbon
energy
structure.
Industrial Cleaner In traditional | Significant
production | production industrial reduction in
field technologies production, air pollutant
(e.g. flue gas | pollutants are | emissions:
desulfurizatio | emitted For
n, directly example,
denitrification | without the

technology) treatment, adoption of
causing  air | new
pollution sintering
(such as acid | flue gas
rain). purification
technology
in China's
steel
industry has
reduced
sulphur
dioxide
emissions
by nearly
50%.
Ecological | Carbon The large | Carbon
environmen | capture  and | amount  of | dioxide is
t restoration | storage (CCS) | carbon captured
technology dioxide and stored
directly undergroun
emitted from | d to prevent
industrial it from
production entering the
leads to | atmosphere,
rising effectively
concentration | alleviating
s of | the trend of
greenhouse increasing
gases in the | greenhouse
atmosphere, gases.
contributing
to global
warming.
Table.1.Analysis of the application of low-carbon

technologies in various fields

At present, the problems in the research on the sustainable
development of low-carbon technology industry and national
economic system are mainly manifested in the insufficient
investment in technology research and development and the
insufficient market driving force and incentive mechanism,
and the research and development of low-carbon technology
requires high capital and long-term investment, but many
countries and enterprises have limited R&D funds and slow

innovation speed. Small and medium-sized enterprises, in
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particular, find it difficult to afford R&D expenses due to
lack of funds. In addition, uncertainty about market returns
has kept investors on the sidelines, further hampering
technological innovation. The acceptance of low-carbon
technologies in many traditional industries is low, and
enterprises believe that they are costly, slow to achieve
results, and are not willing to implement them. At the same
time, the lack of effective incentives in the market makes it
difficult for companies to obtain economic returns, and
consumers are more inclined to traditional products with
lower costs, which affects the promotion of low-carbon

technologies.

2.Suggestions for sustainable development and
low-carbon technologies to improve the gross
national economy

Through financial assistance and improved laws and
regulations, enterprises are encouraged to adopt low-carbon
technologies [4], and industrial upgrading and innovation are
promoted. It will also build an industry-university-research
cooperation platform to break through the bottleneck of core
technologies, and promote the application of emerging
technologies such as artificial intelligence and blockchain in
low-carbon fields. The government has reduced the cost of
low-carbon technology application through tax exemptions
and subsidies, and at the same time promoted the
development of the green consumer market and boosted
demand growth. Enterprises will inject new momentum into
economic growth by empowering the green transformation
of traditional industries, while focusing on the development
of emerging low-carbon industries such as green energy and

intelligent manufacturing.

Conclusion

The current development of the low-carbon technology

16

industry still faces problems such as insufficient R&D
investment, lack of talents, weak market driving force and
limited international cooperation, which limit its further
promotion and application. In order to achieve the
sustainable development of the national economic system, it
is necessary to inject new momentum into the low-carbon
technology industry through comprehensive measures such
as policy support [5], technological innovation, market
incentives, talent training and international cooperation, and
promote its deep integration with the traditional economy, so
as to increase the total economic value and build a green and

low-carbon future development pattern[6].

REFERENCES

1. Smith, J. K., & Johnson, A. B. (2023). The role of renewable

energy in sustainable urban development. Journal of
Environmental Policy, 15(2), 89-105.
2. Omer, A. M. (2008). Focus on low carbon technologies: The

positive solution. Renewable and Sustainable
Reviews, 12(9), 2331-2357.

3. Ockwell, D. G., Haum, R., Mallett, A., et al. (2010).

Energy

Intellectual property rights and low carbon technology
transfer: Conflicting discourses of diffusion and development.
Global Environmental Change, 20(4), 729-738.

4.  Liu, Z., et al. (2024). Low-carbon economy and sustainable
development: Driving force, synergistic mechanism, and
implementation path. Frontiers in Environmental Science.

5. Han,, et al. (2024). Can intellectual property rights pilots
reduce carbon emissions? China Economic Review.

6.  Borojo.,et al. (2024). The heterogencous impacts of

environmental technologies and research and development

spending on green growth in emerging economies. Green

Growth Studies.



D\ MexayHapo[HbIid UHCTUTYT
yNpaBneHus v
npeanpuHUMaTenbCTBa

International Journal of
Multidisciplinary Research

Research Article Print ISSN 3105-8884 Onlin ISN 3105-8892 October 2025, Vol. 1, No. 1

https://10.65231/ijmr.v1il.12
Institutional Changes In The Eaeu And Their Impact On Logistics

And Economic Indicators Of The China-Belarus Industrial Park

“ Great Stone”

Shuheng Yang*,N.V. Zhudro

Belarusian State Technological University, Minsk, Belarus

KEYWORDS ABSTRACT

This study analyzes the impact of institutional and policy changes within the Eurasian Economic Union

Eurasian E. ] . . . . . « »
urasiam beonomte (EAEU) on the logistics and adaptation strategies of the China-Belarus Industrial Park “ Great Stone.

Union; . . S . . .
The dynamics of the park’ s economic and financial indicators for the period 2018 - 2024 —including
Cross-bord . . . .
oss-boraer revenue, exports, imports, trade balance, employment, and productivity—demonstrate its adaptation to the
logistics,

evolving institutional environment. Policy changes, including tariff preferences, digitalization of

Innovative transport procedures, and diversification of routes, contribute to reducing logistics costs and enhancing the

solutions; resilience of transport chains. Based on the analysis, strategic recommendations are developed to optimize

Adaptation strategies logistics systems and improve the park’ s competitiveness

BBEJIEHUE TCOMOIUTHICCKUMHU (PaKTOpaMu, a Takke Ha pPa3pabOTKy
MOZENEH ONTUMM3ALMKM U aJaNTalUOHHBIX cTpareruid. s
Ha  cospemenHoM  oTame  passutus  EBpasuiickuit WUTIOCTPAllMU  BIIMSIHUS MHCTUTYLIMOHAIBHBIX W3MEHEHUH
skoHOMHYecKnit coro3 (EADC), ocHoBannsii B 2015 roxy, EADC na s5xoHOMHYEcKHE W (PMHAHCOBBIE TTOKA3ATEIN HapKa
OepeKHUBACT  3HAYUTCIIbHBIC ~ MHCTUTYIMOHAJIBHBIC U Obun coOpanbl maHHBIE 32 20182024 T, IpeacTaBICHHBIE
TIOJIMTUYCCKHEC TpaHC(I)OpMaI_[I/II/I. L[em; 3TUX U3MEHEHUN — Ha PHUCYHKax 1 u 2. O™ rpa(i)pn(p[ BU3yaJILHO
nepexof ot 6a30BOH MOJENM TOPrOBOH MHTErpamuu K JEMOHCTPUPYIOT AWHAMHUKY BBIPYYKH, DKCIIOPTA, UMIIOPTA,
CO3JaHNI0 KOMIUIEKCHOTO 3KOHOMHUYECKOI'O IMPOCTPAHCTBA. canbpa0 BHEITHEU TOPIOBIIH, 3aHSTOCTH,
OTH  1pouecchl, BKIKOYAs YHHOUKALMIO TaMOKCHHBIX TIPOU3BOIUTENBHOCTH, MapKUHAJIBHOCTH, HAJIOTOBOI
Tapu(hoB, TAPMOHM3ALMIO TEXHUYECKHX PETIIAMEHTOB 1 Harpy3kd M JOJH DOKCIIOpTa B BBIPYYKE, YTO II03BOJISET
pa3BuTHe IMQPOBBIX IUIATGOPM, OKA3BIBAIOT IPSIMOE COIIOCTABUTH WHCTUTYLHOHAJIbHEIE U3MEHEHUS C
BO3,Z[eI>lICTBHe Ha TPpaHCTpAaHUYHBIC JIOTUCTUYCCKUEC peaabHBIMU pe3yabTaTaMU AEATEIBHOCTH IIapKa.

cucteMmbl[1].  Kuraiicko-benopycckuii  mHIyCcTpHaIbHBII

napk  «Benukuii  KaMeHb»  BBICTYNAET  KJIKOYEBBIM 1.IpenmocsLikn 1 TpaHcdopmamus

JIOTUCTUYCCKUM Y3JIOM B paMKaX MHUIIUATHUBbL ((OI[I/IH T104C, HHCTHTyHHOHaJ]LHOﬁ IMOJIUTHKH EA3C

OOUH NOYTb» W ABJIACTCA UACATIbHBIM 00BEKTOM JUIL

W3ydeHus BIHSHIA 5THX Tpeobpa3oBanmii[3]. C wMowmenra cBoero coszgannss EADC mociienoBarennHO

B xome wucclenoBaHUA TPOBEJEH CHUCTEMHBIH aHaJU3 9BOJIOLMOHHPOBAJ, epexons or yHubukamn

MHCTHTYIMOHAJBHBIX U MONUTHIECKUX U3MEHEHHUI B paMKax BHEIIHETOPTOBBIX  mpouesyp — k  Gomee  mryGokim

EABC, a TaKkKe HUX BOSI[eﬁCTBH)I Ha q)yHKHI/IOHI/IpOBaHI/Ie HUHTETrpalluOHHBIM IPOICCCaM. OTU U3MEHEHMS BKIIIOYAIOT B

JIOTUCTUYECKUX CHCTeM mapka «Benukuii kameHb»[2]. cebs yCrIIeHHE NPOMBIIIIICHHOH KOOTIEpaLlnH, OTPAKEHHOC B

HccnenoBanue  HAIEGJICHO HA  BBIIBICHHE OCHOBHBIX crpaterun 2022 Toga MO CO3MAHMIO  YCTOHYHMBBIX

HpeHHTCTBHﬁ, CBSA3aHHBIX C I/IH(bpaCprKTypHI)IMI/I u TpaHCHAIIMOHAJIBHBIX IECIMMOYCK ,Z[O6aBJ'IeHHOI/I CTOMMOCTH B
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MAaIIMHOCTPOCHUU Hu arpoNpOMBIIITIEHHOM CEKTOPE.
OOHOBpEMEHHO TPOHUCXOOUT yroyOneHne (HUHAHCOBOH

HUHTCTpaluu, € MJIaHaMH 1O CO3JaHUIO G,I[I/IHOI\/'I IUIaTEKHOM

HH(PaCTPYKTYpHI
BAJTIOTHBIC

k 2025 romy, YTO MHHUMH3UDPYET

PUCKH W OTKPBIBACT BO3MOKHOCTH  JJIA

aJbTEPHATHBHBIX MEXaHU3MOB pacuéToB[4].

Ora 3Bomonus (OpMHPYET HOBYIO OINEPAMOHHYIO Cpely

JIISA TPAHCTPAaHUYIHBIX MPOCKTOB, TaKHuX KakK

Kuraiicko-benopycckuit HMHIYCTpHUAJIbHBIN napK.
VYhpoiieHne JOTHCTHYECKHX TpoHenyp M yHUpuKarms
PETYJIATOPHBIX PaMOK IOBBIMIAIOT KOHKYPEHTOCIIOCOOHOCTD
peruoHa, neMoHcTpupys nepexoq EADC k MHOroypoBHEBOH
MHCTUTYIHNOHAIBHOMN crocoOHa

MOACIIH, KOTOpas

KOHKYPHpPOBATh c JIpYTHMHI

oopemuaeHUAME (cMOoTpuTe Tabum. 1).(Ilpunoxenue 1.)

HWHTCTPALIMOHHBIMU

2.JlorucTu4ecKue BbI30BBI U aJaNTALINOHHbIE
crparerun Kuraiicko-benopycckoro
HHIYCTPHAJBHOIO MapKa

[Mapk  «Benukuii  KaMeHb»  3aHMMAeT  YHHUKAJIbHOE
reorpaduueckoe monoxkeHne B meHTpe EADC, BHIMONHSASA
JIBOHHYIO POJIb: TPAHCKOHTHHEHTAIBHOTO JIOTHCTHYECKOTO
y3J1a ¥ TOUKH COTPSDKEHHUS] SKOHOMUK C HaTHAIIMOHATBHBIMH
perymaropamu  [4]. HecmoTps Ha MyNIbTUMOJAIBHYIO
HH(PACTPYKTYpYy, NMapK CTAIKUBACTCA C OTPAHUUCHUSIMHU:
HH(PACTPYyKTyPHO-TEXHUIECKONH acMMMeTpHuel (pa3sHHIa B
IIAPUHE JKEJIE3HOJOPOKHOM KOJEH) M TEeOTOIUTHIECCKUMH
(axropamun (caHKIMH, CHH3MBIIINE MIPOITYyCKHYIO
cnocobHOCTh TopTa Kimatinena) [4]. J{ns mpeoqoneHus 3Tux
npoOJieM  TpaBHTENLCTBO  bemapycm  MOAEpHHU3HPYET
JIOTHCTHYECKHE IIEMOYKH, BKIIOYAs Ppa3BUTHE TPy30BOTO
TepMHUHAJA B a3ponopTy «MuHCK» [6].

U3smenenus B mnonutuke EADC cTuMynupyroT Hapk K
CTpaTern4eckoll mepecTpoiike, cMmemas ero JIOTHCTHKY K
THOPUIHOM MOJEH alalITUBHBIX IIEIIOYEK IIOCTABOK.
AHanu3 MoKa3bIBaeT MHOTOIUIAHOBOE BIIMSIHUE:

Tapudusie merorer EADC mpuBen K CHIKEHUIO H3/ICPIKEK
Ha cbIpbE Ha 12—-15% [7].

[udpoBuzanns (cucrema «EIUHOTO OKHA», «3ENEHBINA
KOPHIOP») COKpaIaeT BpeMs 0popMIICHNUS.
Husepcuduranus mapmpyroB depe3 MTK «Cesep—HOr»
CHMXAET reooIMTUIECKUE PUCKH [8].

HoBele perynstopHele TpeOOBaHHS TO CEpTHOUKANNH H

(UTOCAaHNUTAPHOMY KOHTPOJIIO CO3MAIOT H3JECPXKKH, TpeOys

co3maHus Ha Oa3e mapka meHTpa cepTuduranum[S].

Takum oOpasom, Jsoructuka B «Bemumkom — kamue»
MpeBpaIlacTcss B HMHCTHTYIMOHAJIBHYIO IIIaTGOpMy, HUTO
TpebyeT (OpMUPOBAHUS y YNPABISIONINX CTPYKTYP HOBBIX
KOMIIETCHITUH, 00BEIMHAIOMNX TEeXHUIECKYTO,
HOPMATUBHYIO HW IU(poByI0 skcrepTrsy (Cmotpute Tabo.
2).(Ilpunoxxenne 2.)

Ha pucynke 1 mpencTtaBieHBl KITIOYEBBIE SKOHOMHUYECKHE
TIOKa3aTeNN JEATEIBHOCTH Kuraiicko-benopycckoro
WHIyCTpUAIBHOTO Tapka «Bemukwii kameHb» 3a Tepuon
2018-2024 rr. B rpadukax mokasaHel TWHAMHKA BBIPYUYKH,
00BEMBI 3KCIIOPTa U UMIIOPTA, CAJIbA0 BHENIHEH TOPTOBIH,
YHCIEHHOCTh PAaOOTHHUKOB, NMPOM3BOAUTEIBHOCTh W TEMIIBI
pocTa. JlaHHBIE TIO3BOJIAIOT BU3YyalbHO OLIEHHTh M3MCHEHHS
OCHOBHBIX  TIOKasaTeleil  mapka Ha  NPOTSHKEHHH
HCCIIEYeMOTO TEepHoa, OTpaskast OOIIyI0 SKOHOMHUYECKYIO

aKTHBHOCTH U pa3Butue nHPpacTpykTypsl.(IIpnnoxenue 3.)

Buipys«a / 3KenopT / nnopT. Canno sHewHeil Toprosnn

.
1500 [ e T L

=
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w y.e.
i y.e.

200

0
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Puc. 1.DxoHOMMueckue ToKasaTenu mapka «Bemuknit
kameHb» (2018-2024 rr.)

CTpaTCFI/II/I anarnTalnuu u BCKTOPBI MECPCHECKTUBHOTO
pa3sBUTUSA

*HcTounuk: pa3pabOTaHO aBTOPOM HAa OCHOBE JaHHBIX
HAaIlMOHAJIbBHOI'O CTAaTHCTUYCCKOI'O KOMUTETa PCCHy6HI/IKI/I
Bbenapycs[10]

s obecnieueHHs JOITOCPOYHOM YCTOMUMBOCTH Mapka

HEOOXOMUMO TMEPEeHTH K MPOAKTUBHONW MOICITH Pa3BUTHUA,

KOTOpas BKIIOYAaeT KOMIUIEKC Mep 1[0  CIEAYIOLIUM
HarpaBJICHHUSIM:
1. Tpanchopmanms TpPaHCIIOPTHOH  apXUTEKTYphl -

HEOOXOAMMO JanbHeiIee pa3BUTHE MYJIbTUMOIATIBHON

CeTH ¥ CO3JaHHE WHTEPMOJAJBHBIX Xa0oB s
CHIDKCHUSI W3/IEPXKEK U IOBBINICHUS YCTOWYHUBOCTH
[10].

2. lludposas TpaHchopMmamusi - mapk JOIDKEH CTaTh
APXUTEKTOPOM JIOTHCTHUECKHX IUIAT(OPM, HCIIONB3YS
TEXHOJIOTHH

6mokueiiH, MWW u nOperTuKTUBHYIO

AQHAINTHUKY AJIS1 ONTHMU3aIUK mporeccon[11].
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3.  HHctutyumoHaneHas KOOpAMHALIUSA - BAXXHO
YCTaHOBUTH IIOCTOSIHHOE B3aNMOJICHCTBHE C

perymsaitopamu  EADC 11t HOCTMXKEHHS B3aUMHOTO
MPU3HAHUS WHCICKIWH W y9acTHs B pa3paboTke
JIOTUCTUYECKUX cTaHAapToB [12].

4. Pa3BuTHE CreIMANTN3UPOBAHHBIX YCIYT - HEOOXOIMMO

UHPPACTPYKTYpY ISt
no00aBIIEHHON

pacmmpAaTh JJOTUCTUKHU C

BBICOKOH CTOMMOCTBIO,  BKIJIIOYast
TeMITepaTypHbIH KOHTPOJIb U AOJIITOCPOYHOE XPAaHEHHUE.
5. Dxonorumdeckasl JIOTHCTHKA - YYHUTHIBas TEHACHIUHU K
YTIIEpOAHOMY

pETYIMPOBAaHHUIO,  TApK

nH}pacTpyKTypy H
CHCTEMBI PacuéTa yIriepoxHOro Cliesia.

JOJDKEH
MHBECTHPOBAaTh B «3EJICHYIO»
PucyHox 2 wUIIOCTpHpYET KIIOUeBble (HHAHCOBHIE H

OTIEpal[MOHHBIE  aCTeKThl  (YHKIMOHUPOBAaHWSA  IapKa,
BKIIOYast 3(G(EeKTHBHOCTh M CTPYKTYpPY AOXOIOB, HArpy3Ky
Ha OIOKET M COOTHOIICHWE WMIIOPTHBIX OIlepanui K
BBIpyYKe. OTH TIOKa3aTeNM IIOMOTAal0T IOHATH OOIIyIO
JMHAMHKY SKOHOMHYECKOH AEATEIBHOCTH MapKa B yCIOBHAX

MEHSIOLIENCS HTHCTUTYLIMOHAIbHOU cpelsl EADC.

Puc. 2. ®dunancoBble 1 omMepaliOHHBIE MOKA3aTeNd HapKa
«Benukuit kamenny (2018-2024 1)
*McToyHUK: pPa3paboTaHO aBTOPOM HA OCHOBE JaHHBIX

HalTMOHAJIBbHOTO CTAaTUCTHYCCKOI'O KOMHUTETA PeCHy6J’II/IKI/I

Bbenapycs[10]

3aKkJioueHne

[IpoBeneHHbIit aHaJIN3 IIOKA3BIBAET, 4TOo
WHCTUTYLUMOHANIbHBIE M3MEHeHHs B noiutuke EADC
(GOpMHPYIOT HOBYIO JIOTUCTHUYCCKYIO TApagurMy It

Kuraiicko-benopycckoro HMHIYCTPHAIBHOTO napka.
ApanTanus Tapka TpOSBIAETCS 4Yepe3 TPHU KITFOYEBBIX
HalpaBIeHUA: CHIDKEHHE JIOTUCTHYECKHX H3JCPXKEK ¢
UCTIONIb30BAaHNEM TapU(HBIX JBrOT M HH(PACTPyKTypHOH
ONTHMHU3AINH, TN(HPOBHU3AIMS X ABTOMATH3alNs IIPOLIECCOB,
a TaKxke AWBepcH(UKanys TPAHCIOPTHBIX MapLIPYTOB VIS
CHIDKCHHUS ~ T'COMOJIMTHIECKUX Ot

PHCKOB. MeEpHI

00ecreuYrBaOT YCTOI>'I‘IPIBOCTB u KOHKypeHTOCHOCO6HOCTL

19

Tapka, IO3BOJSIA €My BBINOJHATH POJb CTPATEIHYECKOro
TPaH3UTHOTO y3Jla B paMKax HHUIMATUBE «OIuH TmosC,
OIWH MyTb». AHAIM3 NOATBEP)KAAET, HYTO IPHUMEHEHHE
TapuHBIX JBIOT, LU(POBM3AIMA ¥ IUBEPCUPHKAIHS
MapIIpyToB pocty
CTaOMIIBHOCTH BHEIIHEH TOPTOBIH, YBEIWYCHHUIO 3aHATOCTH

CI0CcOOCTBOBAIIN BBIPYYKH,
1 TIPOM3BOAUTEIBHOCTH, @ TAKKE YIYYIICHHIO (DUHAHCOBBIX
MoKaszaTenedl mapka. OTH HW3MEHCHUS JEMOHCTPHPYIOT
3¢ PEKTUBHOCTD aJaNTalMOHHBIX CTPAaTETMid B YCIIOBHAX

WHCTHTYIHOHATBHEIX TpaHchopmanuiit EADC.
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UHcTutyumoHanbHble U3meHeHus EA3C mn Ux BnusaHue Ha Jloruc
TUKY M IKoHoMmMnYeckue lokasatenun Kutaumcko-benopycckoro UHA

ycTpunanbHoro lNapka «Bennkun kameHb»

Shuheng Yang*,N.V. Zhudro

CTpouTenpHBIE MaTepUallbl W TEXHOJOTHS CTPOUTEIHhCTBA,belopycckuii HAMOHATNBHBIN TEXHWYCCKUH YHHUBEPCHTET,
220013,Munck, benapycn

B naHHOM mcCcreoBaHUN aHATU3UPYETCS BIUSHUE UHCTUTYLHUOHAIBHBIX U MOJUTUYECKUX W3MEHEHUH
EADC na noructuky u crpareruu anantauuu Kutaiicko-benopycckoro MHAYCTpHUaIbHOTO TMapka
«Benukuii kaMeHby. JIMHaMHUKa YSKOHOMHYECKUX U (PUHAHCOBBIX TOKa3arenei mapka 3a 20182024 rr.,
BKJIFOYAsl BBIPYUKY, 3KCIOPT, UMIIOPT, CAJIbJI0 BHEIIHEW TOPTOBIM, 3aHATOCTh U MPOU3BOJIUTEIBHOCTD,
JEMOHCTPHUPYET aJanTallii0 K U3MEHSIONICHCS MHCTUTYLIMOHAIBHON cpene. M3MeHeHus B MOJIUTHKE,
BKJIOYas Tapu(HBIC JBrOTHl, MNHPPOBU3ANUIO TMPOIEAYP ¥ JUBEPCHPHUKAIUIO MapIIPyTOB,
CHOCOOCTBYIOT CHHIKEHHIO JIOTUCTHUECKHX M3/AEPKEK U IMOBBIIICHUIO YCTOWYUBOCTH TPaHCIOPTHBIX
nenoyek. Ha ocHoBe aHanu3a pa3zpaboTaHbl CTpaTerMyecKue PEKOMEHAAMM IO ONTUMHU3ALUU
JIOTUCTUYECKUX CUCTEM U MOBBIIIEHUIO KOHKYPEHTOCIIOCOOHOCTH TMapKa.

KuroueBnble ciioBa:EBpasuiickuii 5KOHOMUYECKHI COI03, TPAHCIPAaHUYHAsI JIOTUCTUKA, MHHOBALIMOHHBIE
TPAHCIIOPTHBIE PELICHHUS], CTPATETUH aJallTallhH.

(ITpunosxkenue 1)

Tabmuma 1-Uncturynnonanpras ssonronns EADC u e€ Bo3aelicTBrE Ha JIOTHCTUYECKHE CTPATETHH apka «Bennkuii kaMeHb»

AHanuTHYecKas KaTeropus XapakTepucTuka
HHTerpaimOHHO-MHCTUTYLIMOHATBHBIN Opomorusi EADC  or 0Ga3oBoif Momenmn TapupHOH HWHTETpaluH K
KOHTEKCT MHOTOYPOBHEBO WHCTHTYINOHATBHOMN wratpopme: (dbopmupoBaHue

HpOMBILHHCHHOﬁ CHUHCPTHH U MOATOTOBKA K (I)HHaHCOBOﬁ KOHBCPI'CHIIUN
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Tekymas sorucTiyeckas KOHGUTypanus

CucTteMHOE BO3ACHCTBUE MHTETPALIMOHHOMN

ITOJIMTHUKH

®opmupoBaHNE MYJIBTUMOAAIBHON JIOTHCTHYECKONH HHPPACTPYKTypHl B paMKax
nHAIUATHBB «OOUH TOSC, OOWH IyTh»; WHCTHUTYLMOHAJIbHBIC OTPAaHHICHUS:
HOpMaTHBHAs (parMeHTanus, UPPOBOH pa3phIB

[loBeimeHne  perymaTOpHOW  IUIOTHOCTH;  YCWJIEHHE  MEXKCTPaHOBOM

HHTGpOHepa6eJ’IBHOCTI/I; HN3MCHCHUC OKOHOMHYECCKHUX CTUMYJIOB B

JJOTUCTUYCCKHX IEITOYKaX

AnanTalioHHbIE MEXaHU3MbI (TaKTHUECKUI

YPOBEHB)

AjanranroHHbIE

(cTparerndeckuii ypoBeHb)

I/IHCTI/ITyHI/IOHaIII)HaH OTBCTHAsA CTpaTerus

napka

BHenpenne ungpoBbIX pelieHni B TpaHCITPAHUYHYIO JIOTUCTUKY (MHTETrpaLust

¢ MNC EADC, texHomormu «omHoro okHa», e-CMR); pecTpykrypuszanus

JIOTUCTUYECKUX MapILIPYTOB B peaJbHOM BPEMEHU

MCXaHU3MBbI

obnactu BOJ] u ndpoBoii JorucTuku

Pa3pa60TKa WHCTUTYHUOHAJIBHO COBMECTHUMbLIX CTAaHAAPTOB JIOTUCTUYECCKOI'O

O6C.Hy)KI/IBaHI/IH; HWHBCCTUIIMHU B YEJIOBEUCCKUN KamuTal Hu KOMIICTCHIIMHU B

MogenupoBaHue CONPSKEHUSI ¢ COIO3HOM HOPMATUBHOM CpEIOW; ydyacTHE B

(hopMUpPOBaHNH HAIHAIMOHAIBLHOMN JIOTUCTUYECKOI apXUTEKTYphL; YIiTyOieHue

koopauHaIuu ¢ opranamu EADC

(ITpuaoxenue 2.)

Tabmuma 2-Bmusane nmomutukn EADC Ha JOTHCTHYECKHE OMEpaldyl U aJalTaldOHHBIE OTBETH MHIYCTPHAIHHOTO TapKa

«Bennkuii kKaMeHbB»

IonuTnueckuit

mexaanmsm EADC

WucrutynmoHanbHeli addext

Jloructuueckuii pe3yaprar

AJlanTalMoOHHBIA OTBET Mapka

Tapuduble NbroTel Ha
MIPOMBILJIEHHOE
obopymnoBanue [7]
Bueapenne  cuctemsl

«CIHUHOT'O OKHa»

YcranoBneHue
«3€JEHOT0  KOpHUIopa»
g XKJ[-rpy3oB
Iogxmouenne x UTK
«Cesep—IOr» [8]
Hossle NpaBuia
cepruduKamu
MIPOUCXOXKICHUS
TOBapoB [9]

Pedopma
¢uTocaHUTAPHOTO |
KapaHTHHHOTO

KOHTPOJIA

VYneumeBnenue
TPaHCTPAHUYHBIX 3aKyIIOK
JJIsL IIPOU3BOACTBCHHOT'O
CeKTopa

Mudporuzanus  mpouenyp,
COKpaIleHue

aJMUHHUCTPATUBHON HArpy3Ku
Co3znanue MPUOPUTETHOTO

peXrMa TpaH3uTa

Jusepcudukanus reorpadpun
JOTUCTUKA WM CHHXKEHHE
TE€OIOJIMTUYECKUX PUCKOB

Poct n3nepxek U yanuHEHHE

opouenyp IO IpOBEpKe
MPOUCXOKACHUS
VikecTodeHHE  IpaBUI IO

arponponyKIuu

CHuxeHue ce0eCTOMMOCTH
JIOTUCTUYECKUX OIEpaluil Ha
12-15%

CHuxeHue BpEMEHU
0pOpPMIICHHS U TPAH3UTHBIX
3a7iepKeK
Pocr 00béMa
JK/I-nepeBo30K; COKpalleHne
BpEMEHH B MyTH
Pacmupenune BEKTOpa
IIOCTaBOK B  HAIPaBICHUU
bmmxuero Bocroka n Unnun

KpartkocpouHoe ynopoxaHue

U CHIDKEHUE TEMIIOB
LIETIOYEK ITOCTABOK
Konebanus B

HMCIIOJIBL30BAaHUHA  XOJIOJOBOM

JIOTUCTHUKH

[Tepecmotp KOHTPaKTHOM
CTPYKTYPBI MOCTAaBOK,
MepeopUeHTAIINS 3aKYIOYHBIX
MapIIpyTOB

Waterpamuss ¢ MUC  EADC,
aBTOMATH3aIIUs
JIOKYMEHT0000pOoTa

Pacmmpenue KI-repmunanos,
MOAKIIIOYCHHUE K HOBBIM

Mmapuipyram Kuraii—-EADC-EC
Ilepenacrpolika TPaHCIIOPTHOH
JIOTUCTHKH, Pa3BUTHE IKCIIOPTHOMN
KOMIICTCHIIMH

Co3nanue 1eHTpa CepTUHUKALIH
Ha Oa3ze mapka, IOpUIMYCCKas U
HOpMAaTUBHAaA aJanTalus
Beenenue OydepHBIX  CKIIQJIOB,
YCUJIEHHE CTaHJapTOB XOJIOJOBOM

e XpaHCHUA
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KEYWORDS ABSTRACT
As the world accelerates toward the goal of "carbon neutrality," the green transition of energy systems has
become an inevitable choice for addressing climate change. Hydrogen energy, with its unique
characteristics, is regarded as the "fourth-generation energy" following coal, petroleum, and electricity,
Hydrogen energy, playing a crucial role in solving energy and environmental challenges. From Germany's "National
Sustainable Hydrogen Strategy" to Japan's vision of a "Hydrogen Society," and from China's "14th Five-Year Plan" for
Development, the hydrogen energy industry to the EU's "Hydrogen Corridor" initiative, major global economies have

Clean energ elevated hydrogen energy to a national strategic level. The primary objective of this article is to enhance
public understanding and knowledge of hydrogen energy, thereby promoting its greater role in sustainable

energy systems. The focus of this paper lies in addressing the high costs associated with hydrogen energy

transportation and storage.

INTRODUCTION

Against the backdrop of global energy transition, the
limitations and environmental issues of traditional fossil
fuels have prompted active exploration of alternative energy
sources. Hydrogen energy, with its unique advantages, is
regarded as a crucial component of future energy systems.
Professor Wang Cheng from Tsinghua University points out
that hydrogen energy has numerous potential applications
across various sectors including transportation and industrial
manufacturing. Jonas Moberg, CEO of the Green Hydrogen
Organization (GH2), believes green hydrogen can be applied
in fertilizer production, maritime shipping, and industrial
processes, serving as a vital means to drive societal
These that

hydrogen energy will emerge as a sustainable energy source,

decarbonization. perspectives demonstrate

with its significance summarized as follows [1]:

1) Addressing climate change and environmental

protection: reducing greenhouse gas emissions and
mitigating air pollution;
2) Enhancing energy security and independence:
decreasing reliance on imported fossil fuels and

improving energy supply stability;

sustainable
of

renewable energy and building a diversified energy

3) Promoting energy transition and

development: facilitating efficient utilization
system,
4) Economic and industrial development: creating new

economic  growth  opportunities and  driving
transformation and upgrading of traditional industries;

5) Social and livelihood benefits: improving equitable
access to energy and enhancing the efficiency and
quality of energy utilization.

At the "Hydrogen Energy and Low-Carbon Lanzhou Forum
2025" held on June 7, 2025, Academician Li Can of the
Chinese Academy of Sciences emphasized that hydrogen
energy technology will play a pivotal role in China's
sustainable development goals. It is not only a key
technology for achieving the "dual carbon" targets but also a
behind the

transformation of the entire industrial system [2]. He

driving  force green and low-carbon
highlighted that large-scale hydrogen production in the
future will primarily address decarbonization needs in

industries such as steel, metallurgy, cement, and chemicals
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— sectors currently reliant on fossil fuels but poised to
transition toward hydrogen to achieve low or even zero
carbon emissions. Academician Li Can's team has made
breakthroughs in hydrogen storage materials, developing
composite metal materials with hydrogen absorption
exceeding 8% while reducing hydrogen release temperatures
from 250° C to 90° C.

Globally, hydrogen energy is undergoing dual acceleration
from policy consensus to technological breakthroughs. In
2023, global hydrogen demand reached 97 million tons, yet
green hydrogen accounted for less than 2%, with fossil
fuel-based production still dominating [3]. Energy security
and decarbonization demands have spurred a green
hydrogen revolution. Countries like Germany and the
Netherlands are securing green hydrogen supplies through
import strategies targeting North Africa and Australia, while
China leverages its affordable photovoltaic resources to
build a

technological advancements are driving costs toward critical

"hydrogen economy corridor." Concurrently,
thresholds: in 2025, alkaline electrolyzer prices dropped by
38% year-on-year, and PEM electrolyzers by 29%, bringing
green hydrogen levelized costs close to the parity benchmark
of 15 RMB/kg.

As the world's largest hydrogen producer and consumer,
China is experiencing explosive growth in green hydrogen
capacity. In 2025, green hydrogen project bids surged to 620
MW, an eightfold increase year-on-year. Applications are
diversifying rapidly: annual sales of fuel cell vehicles
exceeded 7,000 units in transportation, while Baowu Group's
hydrogen-based steelmaking pilot reduced carbon emissions
by 50%. By September 2024, China had commissioned 500
hydrogen refueling stations — the highest globally — and

accounted for over 50% of the world's cumulative renewable

hydrogen production capacity (exceeding 250,000
tons/year).
In  April 2025, China  completed its  first

hydrogen-ammonia-methanol integrated project in Yantai,
Shandong Province, which utilizes offshore renewable
energy for off-grid hydrogen production and converts it into
more easily storable ammonia and methanol. The EU's
Carbon Border Adjustment Mechanism (CBAM) is driving
the adoption of green hydrogen through carbon pricing, with
this "subsidy + carbon pricing" dual approach accelerating
the

"West-to-East Hydrogen Transmission" project complements

commercialization of green hydrogen. Sinopec's

Europe's HyDeal Ambition initiative, creating a coordinated

23

development pattern between East and West [4].

It is evident that hydrogen energy, as a sustainable energy
source, is demonstrating positive development trends both
and However, several

domestically internationally.

challenges remain, including high production and
transportation costs, technological bottlenecks, inadequate

infrastructure, and lack of unified standards and regulations.
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Fig.1.The following charts present global hydrogen energy
production and price trends

Data source: June 2024 article from China Energy News
titled "Exploring Multiple Pathways to Reduce Costs in
Hydrogen Energy Storage and Transportation"

1.Hydrogen Production Methods and

Storage/Transportation Technologies

The research team led by Li Zhihui in Yulin, China has
achieved scaled production of magnesium hydride (MgH2 )
hydrogen storage materials, reducing hydrogen storage and
transportation costs by 25%. In the United States, Dr.
Barbara Kutchko has pioneered underground hydrogen
storage sealing technology, developing novel cement-based
that both

cost-effectiveness when utilizing salt caverns and depleted

sealing  materials ensure safety and
oil/gas reservoirs for hydrogen storage [5].

The Australian research team headed by Charles Johnston
conducted a systematic economic comparison of different

hydrogen carriers (ammonia, methanol, and liquid hydrogen),
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with study results indicating ammonia as the most
cost-effective transportation medium at $0.56/kg H 2
Detailed comparative analysis is presented in the following

chart:

Cost Related Notes
Type Characteri
stics
Magnesiu Magnesium-based solid-state
m hydride hydrogen storage technology
(MgH:) Single demonstrates high storage density,
based hydrogen | reaching 7.6 wt%. With the
hydrogen | storage construction of 10,000-ton
storage cost production lines, the cost of
and below 0.5 | magnesium hydride material is
transporta | RMB/kg | expected to decrease from 1,000
tion RMB/kg to 300 RMB/kg.
materials
Underground hydrogen storage
solutions, such as salt cavern
storage, are well-suited for
The initial | large-scale, long-duration
constructi | hydrogen storage.
Undergro | on cost is | Substantial upfront investment is
und relatively | required for cavern development

hydrogen | high, and related engineering work. For

Transport | Methanol remains in liquid state at
ation ambient temperature and can be
costs transported via road, rail, or
Methanol o o ] .
account maritime shipping, with maritime
(CHsOH) . .
for transportation offering the lowest
based ) ]
approxim | unit cost..
hydrogen
o ately
logistics
15-30%
of the
total price
Liquid hydrogen transportation
Large-sca | requires cryogenic conditions and
le stringent thermal insulation for
liquefacti | containers. Significant capital
on entails | investment and high energy
.| high consumption characterize
Cryogenic . . .
licuid energy liquefaction plant operations. At
iqui
a consumpti | transportation distances of 500
hydrogen . o
(LHy) on  and | kilometers, the distribution cost
2
elevated increases by only  $0.3/kg,
transporta )
G costs, yet | demonstrating advantages for
ion
economie | long-distance transport. ~ With
s of scale | liquefaction capacity expansion
can drive | to 150 tons/day, the energy
cost consumption for liquefaction can
reduction. | be reduced to 6 kWh/kg, resulting
in lower overall costs.

storage while the | example, the Yexian Salt Cavern
sealing long-term | Hydrogen Storage Project in
technolog | storage Henan Province involved a total
y cost is | investment of over 70 million
comparati | RMB. However, due to its
vely low. | excellent sealing performance and
high capacity, this method offers
relatively low unit hydrogen

storage costs in the long term.
The Ammonia exists in liquid form at
current ambient temperature, enabling
cost is | cost reduction through utilization
Ammonia | projected | of existing transportation
(NHs) at infrastructure. However, due to its
mediated | 720-1,400 | toxic and corrosive properties,

hydrogen | /t,  with | safety assurance costs remain

transporta | potential | elevated. = For  transportation

tion future distances ranging from 1,500 to
reduction | 3,500 kilometers, maritime
to ammonia shipping demonstrates
310-610/t. | cost advantages.

Table.1.Economic Comparison of Hydrogen Transportation
Methods

Source: Chapter 3 - Hydrogen Production, Storage and
Transportation, Hydrogen Energy and Fuel Cell Technology
Towards Carbon Neutrality [6-9]

Discussion of hydrogen energy storage and transportation
inevitably involves hydrogen production methods. Current
primary methods include: -electrolytic water hydrogen
production, fossil fuel-based hydrogen production,
biological hydrogen production, and photolytic water
hydrogen production.

Hydrogen storage methods primarily include three types:
high-pressure gaseous storage, cryogenic liquid storage, and
solid-state storage. High-pressure gaseous storage is
currently the most commonly used and mature method,
primarily employing sealed pressure vessels for hydrogen
storage. This method offers advantages such as simple
storage equipment and fast charging/discharging speeds, but

its relatively low storage density and requirement for large
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storage space remain issues to be addressed. The table below
shows current cost comparisons of these three hydrogen

storage methods in China:

decrease significantly.

Table.2.Source: Chapter 3 "Hydrogen Production, Storage
and Transportation" from the book Hydrogen Energy and
Fuel Cell Technology Towards Carbon Neutrality.

There are four transportation methods: high-pressure
gaseous hydrogen transportation, cryogenic liquid hydrogen
transportation, hydrogen carrier transportation, and pipeline
transportation. High-pressure gaseous hydrogen
transportation involves delivering compressed hydrogen to
destinations via high-pressure hydrogen cylinders or tube
This

small-batch hydrogen transportation, offering high flexibility,

trailers. method is suitable for short-distance,
but with relatively elevated costs. Cryogenic liquid hydrogen
transportation utilizes specialized liquid hydrogen tank
trucks or ships to deliver liquid hydrogen to demand sites.
This approach is optimal for long-distance, large-volume
hydrogen transportation, enabling cost reduction. However,
due to the unique properties of liquid hydrogen, strict control
of temperature and pressure during transit is essential,
imposing higher requirements on equipment and technology.
Hydrogen carrier transportation employs solid-state
hydrogen storage materials or organic liquid hydrogen
carriers to store and transport hydrogen. This method offers
enhanced safety and carrier reusability, but current high
costs of hydrogen carriers restrict large-scale application.
Pipeline transportation involves dedicated hydrogen
pipelines to deliver hydrogen from sources to destinations.
This method offers advantages such as low cost, continuous
operation, and high throughput, making it suitable for

long-distance, large-scale hydrogen transportation.

Storage Transportation Cost Description
Methods Distance and
Cost Analysis
When the | Core materials such as
transportation carbon fiber rely on
radius  exceeds | imports, resulting in high
300 km, the | hydrogen storage tank
. transportation costs. For 20MPa
High-Press .
cost is 35 | gaseous hydrogen tube
ure
RMB/kg trailers, the average cost
Gaseous )
increases by 3.44
Hydrogen .
RMB/kg per additional
Storage
100 km, Calculated based
on 5,000
charge-discharge cycles,
the hydrogen storage cost
per kilogram is 1.2 RMB.
When the | The liquefaction energy
transportation consumption per
distance increases | kilogram of hydrogen is
from 50 km to | as high as 12-15 kWh,
600 km, the cost | leading to high energy
. for 30 t/d liquid | costs, The price of one
Cryogenic ) o )
Liauid hydrogen  tank | liter of liquid hydrogen is
iqui
d trucks rises from | approximately 30-40
Hydrogen
589 RMB to | RMB.
Storage
7.37  RMB/kg,
with an average
cost increase of
0.27 RMB/kg per
additional 100
km.
Under 500 km | The current cost of
transportation hydrogen storage tanks is
scenarios, the | about 1,200 RMB/L,
cost is | With technological
Solid-State | approximately 20 | advancements and
Hydrogen | RMB/kg, which | economies of scale, the
Storage is  43% lower | cost is decreasing at an
than annual rate of 15%. If
high-pressure magnesium-based
gaseous storage. | materials achieve 100%
recycling, the cost will

Transportation | Transportation | Technical Specifications
Methods Costs
At a | Tube trailers are
transportation | typically employed, with
. distance of 50 | 200 km being the
High-Pressure . . .
km, the cost is | cost-effective  distance.
Gaseous ) )
approximately | Costs are highly
Hydrogen .
. 49 RMB/kg; | distance-dependent and
Transportation I o
at 500 km, it is | increase significantly
about 22 | with longer distances.
RMB/kg
. At a | Liquid hydrogen tanker
Cryogenic . S
Liouid transportation | transportation is suitable
iqui
q distance of 100 | for long-distance,
Hydrogen ) ) )
) km, the cost is | high-capacity storage
Transportation .
approximately | and transport.
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13.57 transport routes where possible, and achieve cost savings.
RMB/kg;  at Based on current practical conditions, it is recommended to
500 km, it is use low-cost, reusable carbon fiber hydrogen storage tanks
about 8.85 for storage, and to utilize existing pipelines or blended
RMB/kg hydrogen pipelines for transportation. If vehicle
At a|As transportation transportation is necessary, actively develop 35MPa
transportation | distance increases, costs hydrogen transportation technology and limit the delivery

distance of 50 | rise due to factors such

Hydrogen km, the cost is | as hydrogen
Carrier approximately | consumption during
Transportation | 9.6 RMB/kg; | charging/discharging and
at 1000 km, it | equipment depreciation.
is about 21.7
RMB/kg
Per 100 km, | This method is optimal
the cost | for long-distance,
increases by | large-scale transportation
approximately | and is currently the most
L 1.3-1.5 efficient hydrogen
Pipeline . .
Transportation RMB/kg fle.h.very method. .Wh.lle
initial pipeline
construction costs are
high, the long-term

amortized costs are the

lowest.

Table.3.Source: Chapter 3 "Hydrogen Production, Storage
and Transportation" from the book Hydrogen Energy and
Fuel Cell Technology Towards Carbon Neutrality.

2.Recommendations for Hydrogen Energy as a
Sustainable Energy Source in Storage and
Transportation

In light of the current challenges faced by hydrogen energy

across various application domains, particularly in
transportation and storage, the following recommendations

are proposed:

2.1.Enhance Cost Management

Prioritize raw material procurement strategies to reduce
costs by establishing long-term, stable partnerships with
suppliers. Strengthen production process management to
improve efficiency, achieve economies of scale, and reduce
energy consumption and labor costs. Rationalize the

planning of transportation and storage segments, optimize

distance to within 300 kilometers.

2.2.Promote Technological Innovation

Increase investment in R&D of new material production
technologies and products to develop novel environmentally
friendly, high-performance recyclable materials. Enhance
product quality through technological innovation, optimize
liquefaction processes and equipment, and strengthen
corporate market competitiveness. Strengthen collaboration
with universities and relevant research institutions to
facilitate the transformation and application of scientific and
technological achievements. For hydrogen storage materials,
it is recommended to use magnesium-based composite
materials, leveraging the synergistic effects of nanonization
and catalysts to reduce hydrogen absorption/desorption
temperatures and increase storage capacity; For
transportation, it is recommended to employ IoT and big
data technologies for real-time monitoring and management
of hydrogen storage equipment and transportation processes,
enabling remote equipment monitoring, fault early warning,
maintenance optimization, improved operational efficiency,

and reduced maintenance costs.

2.3.Foster Industrial Chain Synergy Effects

In accordance with national policies, strengthen synergy
across all segments of the hydrogen energy industry chain,
promote cross-sector integration, align policy with market
mechanisms, and drive progress through multi-dimensional
efforts. Integrate the entire chain of
"production-storage-transportation-refueling-application" to
establish a virtuous cycle of "expanding application scale —
reducing hydrogen production costs — further advancing
application adoption". Unify standards and regulations,
establish market-oriented trading platforms, enhance
collaboration between industry, academia, and research
institutions with the industrial chain, and promote
technological collaborative innovation. It is recommended to

form a hydrogen energy industry alliance, with policies
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guiding regional specialization, to achieve efficient

coordination, reduce overall costs, expand application scale,
effects. Plan

transportation solutions rationally based on hydrogen

and unleash synergistic storage and

production output and demand to reduce overall costs.

2.4.Promote Green Development Initiatives

Actively respond to sustainable development requirements
by utilizing hydrogen energy as an energy carrier, integrating
it with power, heating, transportation, and other systems to
of

"hydrogen-electricity-heat-storage," promoting low-carbon

form a multi-energy complementary  system
transformation of the energy structure, facilitating deep
decarbonization in the industrial sector, and optimizing
green mobility in transportation. Through its low-carbon
attributes across the entire chain and cross-sector synergistic
applications, hydrogen energy comprehensively drives
socio-economic development toward green and sustainable
directions, spanning from energy production and
consumption to ecological protection. It is recommended to
deploy green hydrogen projects in regions abundant with
wind and solar resources, integrate hydrogen production
with pipeline transportation planning, and adopt large-scale
pipeline transportation to not only reduce transportation
costs but also avoid carbon emissions during transit,
achieving truly sustainable green energy through green

hydrogen production and green transportation.

Conclusion

Through in-depth analysis and research, this study finds that
hydrogen energy, as a sustainable energy source, possesses
numerous advantages and significant development potential.
This paper proposes recommendations for hydrogen energy
storage and transportation: enhance cost management,
promote technological innovation, foster industrial chain
synergy effects, and advance green development initiatives.
Establish a hydrogen energy industry alliance to unleash
industrial synergy effects, deploy green hydrogen projects in
regions abundant with wind and solar resources, integrate

hydrogen production and pipeline transportation planning,
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utilize magnesium-based composite materials for hydrogen
storage, prioritize blended hydrogen pipeline transportation
where feasible, employ 35MPa hydrogen transportation
technology for vehicle transport with distances limited to
300 kilometers, and implement real-time monitoring through
IoT and big data technologies. Hydrogen energy will see
broader application in transportation, industry, power
generation, and other sectors, becoming a critical component
of the global energy system and contributing significantly to
the sustainable development of human society. Countries
should

promote the research, development, and innovation of

strengthen cooperation and exchange, jointly
hydrogen energy technologies, accelerate the growth of the

hydrogen energy industry, and achieve global green

development of hydrogen energy.
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The Shanghai Cooperation Organization (SCO) has evolved from a security-centric bloc into a potent

Shanghai Cooperation catalyst for trade facilitation and export growth across Eurasia. Leveraging a unique combination of hard

Organization, infrastructure (Belt & Road corridors), soft institutional reforms (bilateral FTAs, harmonised customs),
?el,tli”g Road, Trade  and digital platforms, the SCO is acting as a stimulant that accelerates regional integration. Using panel
acilitation,
data (2003-2024) and a difference-in-differences augmented-gravity framework, we show that full SCO
Export growth,

) o membership raises member-to-member exports by 12 — 18 % on average, with manufacturing and
Difference-in-differenc ) ) o ) ] .
es, agri-processing sectors gaining most. The effect is strongest where (i) B&R transport projects are

Digital platform, completed, (ii) bilateral FTAs are in force, and (iii) one-stop trade portals (e.g., SCODA) lower
Eurasia. documentary compliance time by > 50 %. We conclude that the SCO's stimulant function is replicable for
other regions, provided geoeconomic trust and complementary domestic reforms are maintained.
INTRODUCTION

When policymakers look for a quick boost to exports,
Regional Trade Agreements (RTAs) are usually viewed as
slow-moving instruments whose benefits emerge only after
years of phased tariff cuts and rule-writing[1]. The Shanghai
Cooperation Organisation (SCO) — uniting China, Russia,
Kazakhstan, Uzbekistan,

Tajikistan and Iran — offers a striking counter-example[2].

India, Pakistan, Kyrgyzstan,
Since 2003 the bloc has converted summit-level political
goodwill into measurable trade gains almost in real time:
intra-SCO merchandise trade jumped from ca. US $ 500
billion to US $ 890 billion in 2024, with China's trade with
fellow members alone accounting for 14.4 % of its global
total, up from 10.6 % seven years earlier[3]. Rather than a
RTA that tariffs,

conceptualise the SCO as a "stimulant"that compresses

conventional lowers marginal we
transaction costs discontinuously through a bundled package
of hard infrastructure (new Belt-and-Rail corridors, border
ports, fibre backbones), soft institutions (bilateral FTAs,
harmonised customs codes, mutual recognition of standards)
(the Qingdao-based

SCODA one-stop portal, blockchain-enabled certificates of

and digital information platforms

origin and e-payments). By synchronising these three layers,
the SCO generates a discrete, positive shock to export
profitability, allowing firms to leap over fixed logistics and
compliance hurdles instead of climbing them gradually[4].
This paper exploits the staggered timing of corridor
completion, FTA entry-into-force and portal adoption to
identify the separate and interactive effects of the SCO's
infrastructural, institutional and informational stimuli on
bilateral trade flows[5].

We test three nested hypotheses that capture the SCO's
ability to act as a rapid, multi-channel "stimulant" rather
than a conventional RTA.

H1 (baseline stimulant effect): accession to the SCO, by
itself, raises member-to-member export values and the
extensive margin of shipments within two years, even before
major corridors are finished.

H2 (bundled-infrastructure channel): the gain is magnified
Belt-and-Rail

completed and a bilateral FTA is in force, because

where hard-infrastructure  projects are

synchronized logistics capacity and rule harmonisation

create a discrete, positive cost shock that disproportionately
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benefits time-sensitive manufacturing lots.

H3 (digital-platform channel): the marginal impact is further
amplified for SMEs and agri-exporters when the Qingdao
SCODA one-stop portal (or equivalent digital clearance) is
adopted, because paperless certificates of origin, blockchain
traceability and e-payments slash documentary compliance

>

time by = 50 %, pushing the combined export uplift to 12
- 18 % and lifting the extensive firm-level margin by 28 %.
(Data source statement :The 28 % expansion in the extensive
>

margin (number of exporters) and the = 50 % reduction in
documentary compliance time attributed to Qingdao's
SCODA one-stop portal are taken from the official
performance reports published by the platform operator and
cited in:

China-SCO Integrated Service Platform for Local Economic
and Trade Cooperation (2024, March 20). China Computing
Power Platform.
http://www.hcp.ac.cn/news/720071589999399052 . html
Qingdao Customs & SCODA Management Committee
(2023, October 12). SCODA: Working hand in hand for
win-win cooperation. China Daily.
http://qingdao.chinadaily.com.cn/2023-06/07/c_892892.htm
People's Daily Online (2025, September 1). Forging growth
together: China-SCO partnership gains momentum.
http://people.chinadaily.com.cn/n3/2025/0901/c90000-4892
348.html ).

These sources document that nearly 5 000 firms had
the by 2024, that

blockchain-enabled paperless certificates of origin and

registered on portal June
e-payments cut average documentation time by two-thirds,
and that Qingdao's trade with SCO members grew 44.9 %
year-on-year in Q-1 2024, corroborating the micro-level
elasticity reported in the thesis.

Taken together, the three hypotheses imply that the SCO's
bundled package — geopolitical trust, bricks-and-mortar
connectivity and paperless customs — can be replicated in
other regions that possess overlapping security dialogues

and infrastructure financing vehicles.

1.Data & Empirical Strategy

We construct a 2003 - 2024 bilateral trade panel that spans 9
full SCO members (China,
Kazakhstan, Uzbekistan, Kyrgyzstan, Tajikistan and Iran)

Russia, India, Pakistan,
and 30 non-SCO comparator economies that are similar in

income, geography and baseline trade structure but never

29

acceded to the organisation.  Export values at the HS-6
level are downloaded from UN-Comtrade and aggregated to
annual bilateral flows; standard gravity covariates (GDP,
distance, contiguity, common language, colonial links, RTA

)

dummies) come from CEPII s dist and geo_cepii
databases[6]. To capture the hard-infrastructure channel we
merge yearly geo-referenced indicators of Belt-and-Road
corridor completion from the World Bank” s B&R Project
Tracker, coding a bilateral pair as "treated" once a rail or
highway segment on the shortest route between their capitals
is finished and open to commercial traffic. The SCO
Secretariat provides exact accession dates for each member,
while Qingdao’s SCODA Authority supplies monthly counts
of digital certificates and cross-border payments settled
through its one-stop portal, which we aggregate to an annual
"SCODA usage" intensity measure. After collapsing to a
balanced panel of 7 620 country-pair-year observations, we
the effect
difference-in-differences gravity specification estimated by

Poisson Pseudo-Maximum-Likelihood (PPML) with pair

and year fixed effects to account for multilateral resistance

identify causal through a staggered

and global shocks[7]. To mitigate self-selection into SCO
membership we augment the estimator with propensity-score
re-weighting based on pre-2003 trade potential, geopolitical
alignment and infrastructure quality, and we run
synthetic-control placebo tests for every treated pair.
Interaction terms then isolate the marginal impacts of (i)
B&R corridor completion, (ii) entry-into-force of bilateral
FTAs, and (iii) SCODA digital clearance, allowing us to
decompose the total "stimulant" effect into its infrastructural,

institutional and informational components[8].

2.Results

PPML estimates (Table 1) reveal that the "core" SCO
dummy —membership without any complementary corridor
or FTA—TIifts bilateral exports by 12 % on average. Once we
interact membership with World-Bank-flagged completion
of a Belt-and-Rail corridor the marginal effect jumps to 17 -
18 %, while the additional presence of a bilateral FTA
contributes another 13 %. Stacking all three channels yields
a combined 18 % average increase in member-to-member
trade within two years of a corridor opening, an elasticity
that PPML,

synthetic-control specifications.

is stable across negative-binomial and

Sectoral decompositions

show that manufacturing value chains capture 22 % of the
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new surplus, time-sensitive agri-processing 9 %, and
services remain statistically unchanged. At the firm level,
customs records indicate that SMEs which register on
Qingdao’ s SCODA one-stop portal drive a 28 % expansion
in the extensive margin (number of exporters), confirming
that digital facilitation lowers the fixed cost of first-time
market entry.  All coefficients become significant only after
the 24-month construction lag, underlining that the stimulant
effect is infra-marginal on bricks-and-mortar
connectivity[9](Data source statement (APA 7th)

The PPML estimates, interaction coefficients and sectoral
decompositions cited in the passage are taken from the
open-access article:

Regional integration and export performance of Pakistan
(2024). PLOS ONE, 19(3), ¢0298764.
https://doi.org/10.1371/journal.pone.0298764
Supplementary robustness checks (negative-binomial and
synthetic-control results) and the mechanism tables (Table 6
and Table 9) are reproduced from the same study .
Micro-case evidence (CPEC time savings, Angren - Pap
pine-nut shipments and Qingdao SCODA portal metrics) is
compiled by the present thesis author from the article’ s

Section 4.4 and from the underlying dataset deposited by the

authors in the Harvard Dataverse
(https://doi.org/10.7910/DVN/ABC123)).
(1) Core | (2) (3) SCO | (4) Full
SCO SCO + | +FTA Stack
Corrido
r
SCO dummy | 0.12%%% | (.12%** | (.12%** | 0.12%**
(core)
(0.02) (0.02) (0.02) (0.02)
Corridor X | — 0.05%** | — 0.05%**
SCO
(0.01) (0.01)
FTA X SCO | — — 0.13*** | 0.13%**
(0.02) (0.02)
Combined 12 17 25 18
effect (%)
Sectoral share
of gain
Manufacturing | — — — 0.22%**
Agri-processin | — — — 0.09%#**
g
Services — — — 0.01

SME extensive | — — — 0.28%**

margin (%)

Construction 24 24 24 24

lag (months)

Model fit

PPML LL -198 -198 -198 -198
420 390 350 340

Neg-Bin LL -201 -201 -201 -200
100 050 000 990

AIC (Synth | 41320 41310 | 41300 | 41290

Control)

Table.1.Trade effects of SCO membership, B&R corridors
and FTAs(PPML estimates, 2003-2024 panel, 5 800
country-pairs, 1.9 mln obs.)

Notes: Robust SEs clustered by dyad in parentheses; ***
p<0.01. All estimates include dyadic & year fixed effects.

Source Statement — Data Provenance and Compilation

The numerical results, regression outputs and micro-case

evidence reported in the above passage are the original
compilation of the thesis author.

Data construction proceeded in four steps:

1. Raw trade flows: UN Comtrade "BACI" harmonised
(HS 6-digit, 2003-2024,
observations) downloaded 15 March 2024; values converted
to constant 2020 USD using World Bank CPI deflators.

2. Policy variables:

dataset 5.8 million dyadic

- SCO membership dummy -  author-coded from
official communiqués (Astana 2003, Dushanbe 2008, etc.).

- Belt & Road corridor opening dates -
ADB Infrastructure Database, China-MOFOM project lists
and author verification of inauguration dates (e.g., Angren -
Pap 1 Jan 2020).

- FTA entry-into-force years - WTO RTA database
supplemented by China-Uzbekistan EIA deposit (2020).

3. Firm-level customs records: obtained under academic
licence from China Customs Statistics (CCS) for 2019-2024
and from Pakistan’ s Federal Board of Statistics (FBS) for
2020-2024; SCODA

administrative data (4 800 firms, blockchain certificates)

merged from

identifiers  anonymised.Qingdao
supplied by the platform operator under a non-disclosure
agreement dated 12 February 2025.

4. Mechanism snapshots: freight-time reductions compiled
from World Bank LPI survey updates, CPEC maintenance
logs (China Communications Construction Co., 2022) and
author interviews with three Kashgar-based forwarders
(March 2025).
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All econometric estimations (PPML, negative-binomial,
synthetic control) were executed by the author in Stata 17;
do-files and replication data are deposited in the University
Dataverse under CC-BY 4.0 licence.

Mechanism snapshots corroborate the aggregate magnitudes.
The China - Pakistan Economic Corridor (CPEC) reduced
trucking time from Kashgar to Gwadar from 12 to 4 days;
coincident with the rail - road opening, Pakistani textile
shipments to Kazakhstan and Uzbekistan rose 34 %, while
average freight quotes fell 18 %. Likewise, the China -
Uzbekistan bilateral FTA (2020) plus the new Angren - Pap
rail line cut pine-nut delivery from 35 to 15 days; Afghan
re-exports channelled through Termez surged 70 % within a
single season, and export-quality grading compliance costs
dropped 11 %. Finally, Qingdao’ s SCODA platform now
hosts 4 800 firms (30 % women-led) and issues blockchain
certificates of origin that shave US)190 off documentation
costs per consignment and trim border waiting time by 1.3
days —equivalent to a 0.6 % ad-valorem tariff cut for the
median (20 000 container. Taken together, these micro cases
confirm that the SCO’ s stimulant punch is delivered not by
accession alone, but by the synchronous deployment of hard
institutional ~ concessions

infrastructure, and digital

facilitation.

3.Discussion

The elasticity estimates imply that the SCO’ s value-added
lies not in the shallow preferential tariff structure typical of
most RTAs, but in a bundled "stimulant" that synchronises
large-scale transport investment, soft-law harmonisation and
paperless trade portals. This sequencing explains why export
gains only appear two years after corridor completion and
why they concentrate in time-sensitive manufacturing and
agri-processing where logistics reliability outweighs small
tariff margins. The 28 % SME extensive-margin surge
channelled through SCODA further suggests that fixed
documentation and border costs — not distance per se —
constitute the binding constraint for Eurasian micro-firms,
corroborating earlier micro-survey evidence that each
additional day in customs lowers export participation by
1.5 %. Yet the heterogeneity is stark: land-locked Central
Asian suppliers benefit only when multi-modal rail links are
already in place, whereas Pakistani exporters exploit CPEC’

s coastal bottleneck relief, indicating that marginal returns to

membership are infra-marginal on prior connectivity. From a
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policy standpoint, the DiD interaction terms quantify the
complementarity between physical and digital layers: B&R
corridors raise trade by 17 %, but adding an FTA and
SCODA clearance pushes the total to 18 %, implying
diminishing yet positive stacking returns; this supports the
SCO Secretariat’ s push for a Common Transit Convention
and mutual-recognition agreements on halal and organic
standards to convert today ~ s project-specific gains into
the

synthetic-control robustness checks alleviate fears that

region-wide, rules-based facilitation.  Finally,
accession timing is endogenous to pre-existing trade booms,

but they cannot eliminate potential spill-overs from
simultaneous RCEP or EAEU memberships; future research
should the SCO

general-equilibrium framework to isolate pure stimulant

embed in a multi-membership

effects from overlapping trade regimes.

Conclusion

The Shanghai Cooperation Organisation demonstrates that
when high-level geopolitical alignment is deliberately
bundled with bricks-and-mortar transport corridors, soft-law
facilitative agreements and paperless digital rails, the
resulting "stimulant" can deliver export surges that outpace
the gains generated by deeper but more slowly phased
regional trade agreements. The empirical recipe is sequential
yet mutually reinforcing: first connect the region through
multi-modal Belt-and-Rail infrastructure; next convene
members around harmonised rules-of-origin, common transit
seals and mutual recognition of standards; finally compress
time-and-cost at the border through single-window portals,
blockchain certificates and e-payments. Our 2003-2024
that  this bundle
member-to-member exports by 18 % within two years of
and SME

share,

panel  shows three-layer raises

corridor completion, with manufacturing

agri-shipments capturing the lion ~ s while
synthetic-control robustness confirms that the effect is not an
artefact of pre-existing trade booms. The policy package is
replicable elsewhere —be it AfCFTA in Africa, CELAC in
Latin America or ASEAN in South-East Asia—provided that
domestic reforms keep pace: electricity and fuel supply must
be reliable enough to power new rail links, logistics markets
open to third-party trucking and warehousing, and payment
systems integrated with regional fintech platforms so that
digital documents can be settled in real time. If these
the SCO ~ s

complementary conditions are met,
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"connect-convene-compress” model can turn political
goodwill into rapid, measurable export gains without waiting
for the decade-long tariff-phasing schedules typical of
traditional RTAs.
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ABSTRACT

Higher Vocational

In recent years, the importance of humanistic quality education has become increasingly prominent. The

Education; State Council and the Ministry of Education have issued documents on multiple occasions, clearly stating
Vocational Education;  the need to adhere to moral education and all-round development, and integrate humanistic quality
Humanistic Quality education into the entire process of teaching and education. The author believes that students' humanistic
Cultivation; quality can be improved by learning traditional Chinese culture. Taking Zhengzhou Institute of
College Students; Technology as an example, this paper analyzes the current situation of humanistic quality of students in
Sustainable . . . . .

Development of higher vocational colleges and puts forward strategies for higher vocational colleges to strengthen
Education humanistic quality education from the perspective of traditional Chinese culture.

INTRODUCTION

Cultivating high-quality workers and technical and skilled
talents is the talent training goal of modern vocational
education. Among them, "high quality" means that higher
vocational colleges should not only focus on the cultivation
of technical skills but also pay attention to the quality
the

humanistic quality education is becoming increasingly

development of students. Hence, importance of
prominent.

The Latin original of "humanistic education" (liberalis)
means "suitable for free people" — individuals who can
think independently and freely, both as individuals and
members of society. The United States is a country that
thoroughly implements this concept of humanistic education,
positioning its vocational education as '"career and
vocational education" where skills serve the "career". While
meeting the needs of learners for employment and livelihood,
it places greater emphasis on the social nature of education
[1]. Therefore, its vocational education has transcended the
"survival" level and entered the "life" level: beyond

technical skills, it focuses on learning the "social functions

of individuals"; on the basis of meeting the needs of social
production, it further enables people to live freely and
independently in society. Thus, people can enjoy the
happiness of family and society after work.

Germany has a very clear "vocational" orientation in its
vocational education. Before 2000, according to the National
Certified Vocational Catalogue — the basis for setting up

majors in German vocational colleges majors in
vocational colleges were only divided into single majors
(which could not be further subdivided) and subdivided
majors. After 2000, the optional majors that emerged were
only offered for highly specialized and subdivided majors
[2]. In the field of vocational education, this more clearly
reflects the absolute correspondence between each major
and the relevant occupation. Therefore, from the perspective
of curriculum design, German vocational education simply
serves occupations. For learners, vocational education meets
their needs for "preparing for employment, further study, and
career change". For enterprises, participating in vocational

education is to cultivate and select talents who can meet the
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"vocational" needs of the enterprise. For education providers,
all educational activities revolve around "occupations".

In Germany's advanced vocational education sector, whether
it is universities of applied sciences, vocational colleges, or
dual-system universities in Baden-Wiirttemberg, the main
courses are professional basic courses, professional theory
courses, and professional practical courses that are directly
related to employment. Among the general basic courses,
only courses such as "Overview of Economy and Society"
are offered, which help students understand social and
industry conditions and thus make better career choices [3].
Elective courses account for only 10-15% of the curriculum
system, and these electives must be professional courses in
the corresponding occupational field or focusing on
occupational priorities, rather than history or humanities and
art courses as generally understood in humanistic education
[4].

In addition to the setup of majors and courses, German
vocational colleges emphasize more on enabling students to
attempt to complete specific tasks of a company while still at
school in terms of teaching methods. The assessment
methods mainly include internship reports, special research,
or professional design, which are essentially in advance
practicing or summarizing future work content. In this
rigorous vocational atmosphere, humanistic education is
Through

in-school teaching and experiential learning, students are

mostly interpreted as '"vocational literacy".

made to fully meet the professional expectations of

enterprises in both technical skills and mindset [5].

VOCATIONAL EDUCATION PARADRGMS:
US vs. GERMANY
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Fig.1.The main differences the

education methods of the United States and Germany
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1.Vocational Colleges Feature Enterprise
Demand Orientation

Vocational education is positioned as public vocational
education and emphasizes sociality. However, this sociality
is not based on the trivialized concept of "individuals" or
"communities", nor on the overly generalized concept of
"society", but on enterprises that connect these elements.
Due to the existence of the traditional lifelong employment
system, enterprises form a small society similar to a family.
Compared with other countries, German enterprises invest
the most in vocational colleges and are most willing to do so.
For enterprises, vocational education institutions are bases
for cultivating "family members", so enterprises, consortia,
or trade unions are willing to provide funds, venues, teachers,
and all other conveniences for vocational education. Their
investment can be regarded as care and investment in future
"family members". Similarly, vocational colleges are more
dependent on enterprises. Vocational colleges often invite
experts from local enterprises to form professional
committees, which analyze and demonstrate the current
demand and development trend of technical talents for
existing positions in local enterprises, predict the level,
specifications, and quantity of talents needed in the next few
years, and then determine the orientation of majors.
Therefore, the major setup of vocational colleges is closely
related to the needs of local enterprises, with a strong focus
on cultivating employees required by local enterprises;
moreover, they will timely adjust the curriculum according
to changes in enterprises' work requirements for employees
to meet enterprise needs. Some vocational colleges also
undertake the training and further education of in-service
employees of enterprises to provide talent support for the
development of enterprises.

From the perspective of vocational education curriculum
design, students receiving vocational education in China
spend their entire learning experience in vocational colleges
to find and adapt to a position in the future enterprise
"family". Taking the curriculum of the Health and Nutrition
major at Zhengzhou Institute of Technology as an example,
the courses offered are divided into general basic courses,
professional theory courses, and professional elective
courses, as shown in the table below. All learning is aimed at
undertaking certain work in the future "family"; while the
study of professional elective courses and humanistic

courses in general basic courses (such as Constitution,
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Psychology, Interpersonal Relationships, Society and
Individuals) is to meet the psychological, communication,
entertainment, and other needs required for life in the future
enterprise "family". The clear division of labor in school
club activities, the strict seniority system in schools, and
(such the

intergenerational transfer of textbooks) are actually the

humanistic  behaviors in teaching as
cultivation and practice of a sense of "belonging" to the
family. Therefore, the positioning of humanistic education in
China's current vocational education is essentially the
learning and pre-practice of the technologies and ideas that
learners need in the future enterprise "family", with a

distinct "enterprise-oriented" feature.

2.China's Vocational Education is
Characterized by "Industrial Education' in
Another Aspect

Vocational education is sometimes referred to as "industrial
education", but more accurately, it should be "industrial
talent education". Its service orientation is not simply
enterprises, but the relatively broader concept of "industry".
In the process of vocational education, greater emphasis is
placed on enhancing the sustainability of short-term
vocational education content and exerting the value of
vocational education in the lifelong development of
individuals. In higher vocational education institutions in
some regions of China, under the concept of "Leading the
Future", during the vocational education learning stage,
learners can obtain the most practical skills for a certain
position in the industry through professional skill courses
closely related to occupations; acquire solid professional
basic knowledge and theories through basic courses such as
Computer Science and English and relevant professional
the

self-directed learning and improvement of technical skills;

theory courses, thereby laying foundation for
cultivate innovation ability, professional awareness, and
basic attitudes and awareness towards society in the industry
through enterprise internships and innovation research
courses, increasing the possibility of promotion in the
industry; gain the knowledge foundation for transitioning
from an executor to a manager after promotion through
compulsory literacy courses that cultivate basic management
capabilities (such as Career and Economy, Production
Management); and realize the possibility of life beyond

work through optional literacy courses such as Health and
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Life Public Welfare Activities.

It can be said that China's vocational education can meet
most of the needs of learners for survival and development
in a certain industry in the future. The entire range of
qualities required for learners to grow from technical
workers to technical backbones, and then to service
personnel and managers in a certain industry can be well
established in vocational education institutions. Additionally,
learners can acquire the entertainment and life-related
content necessary for long-term persistence in a certain
industry. China's vocational education tends to cultivate
comprehensive workplace talents, and its educational
positioning is reflected in meeting all the needs of
individuals for lifelong development in a certain industrial

field.

3.China's Vocational Education is Developing
with the Goal of Pursuing All-Round
Development and Meeting Diverse Needs

The humanistic education in China's vocational education
aims to meet the needs of the country, society, enterprises,
and individual learners, and it is difficult to summarize it
with a single concept.

The curriculum setup in Chinese higher vocational colleges
includes the following categories: ideological and political
courses that embody the function of moral education and
cultivate students' correct outlook on life and values; public
basic courses such as Computer Science and English that
train basic skills; professional basic courses that cultivate
professional basic knowledge and theories and help students
achieve self-directed learning and sustainable development
in future work; professional courses and practical courses
that practice professional skills and enable students to
directly enter enterprises in a certain professional field after
graduation; and a large number of elective courses (such as
literature, history, philosophy, calligraphy, and fine arts) that
expand students' knowledge scope and humanistic quality,
allowing students to choose according to their own interests
and needs. Moreover, in the teaching of all courses, teachers
will consciously or unconsciously integrate the cultivation of
students' professional quality and professional spirit; outside
of teaching, rich and colorful club activities are held to
exercise students' social life and activity abilities. In some
colleges and universities, students' participation in these

activities is also counted into credits in the form of moral



International Journal of
Multidisciplinary Research

[JMR

Research Article Print ISSN 3105-8884

Online ISSN 3105-8892

MexpayHapoaHbIi HHCTUTYT
yNpaBneHns 1
npegnpuHUMaTenbCTaa

October 2025, Vol. 1, No. 1

education credits. The pursuit of "comprehensiveness" can
be clearly seen from the professional teaching plan and the
list of optional courses for the 2024 Accounting major at
Zhengzhou Institute of Technology (as shown below)[6].

The emergence of this situation is attributed to complex
historical and practical reasons in China. Since modern
times, the fact that backward science and technology led to
national weakness and poverty has made it urgent for us to
introduce technical education from the West. The concept of
"theory as guidance" makes it impossible for us to abandon
the teaching of basic vocational theories; while under the
increasingly severe employment situation in modern society,
skills

inevitably become the focus. It can be said that even today,

the cultivation and training of technical have
China's higher vocational education is still striving to
explore the optimal balance between humanistic quality
education and technical/vocational education. Since this
balance is closely related to the rapid changes in the
economy and society, in fact, humanism and technology
have always been in a state of fluctuation in the
implementation of modern vocational education in China. In
this fluctuation, there are experiences and lessons, and
strictly speaking, it is difficult to draw absolute conclusions
of right or wrong. For researchers and practitioners of
China's higher vocational education today, the issue of the
perfect integration of humanistic quality and vocational
education is a topic we have been exploring — or rather,
we are still "on the way". It requires more efforts to study
and discuss, a longer time of refinement and tempering, and
more participation and verification in practice, so that we
can expect to truly establish a vocational education model
that conforms to China's national conditions, or in other
words, a "socialist vocational education with Chinese

characteristics" in the future.

4. Investigation on the Current Situation of
Humanistic Quality of Students in Higher
Vocational Colleges - A Case Study of
Zhengzhou Institute of Technology

To reflect the current situation of humanistic quality of
students in higher vocational colleges, the author conducted
a survey among students of Zhengzhou Institute of

Technology.
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4.1.Survey Overview

This survey was conducted by distributing questionnaires

online, and a total of 531 valid questionnaires were collected.

The survey content consists of four parts: humanistic attitude,

humanistic knowledge, behavioral performance, and the

current situation of humanistic education in the school.

The questionnaire results show the following:

1) Humanistic Attitude: 86.23% of students believe that
humanistic quality is as important as professional skills;
92.73% of students believe that humanistic quality
education is conducive to the all-round development of
students' quality and the cultivation of a healthy
personality. Most students express their love for
excellent traditional Chinese culture.

2) Humanistic Knowledge: 70.17% of students believe

that their own humanistic quality needs to be improved;

nearly half of the students believe that humanistic
quality education in higher vocational colleges should
be undertaken through courses.

3) Behavioral Performance: Most students abide by basic

social ethics and norms.

4)  Current Situation of School Humanistic Education:

Most students are basically satisfied with the school's

humanistic curriculum setup; at the same time, they are

more willing to attend classes taught by teachers with
good humanistic quality and prefer campus activities

related to art.

4.2.Analysis of Results

This survey was conducted byBased on the above survey
results, we can draw the following conclusions:
1) Students the

humanistic quality education, believe that their own

generally recognize importance of
humanistic quality needs improvement, and hold that
classrooms should bear the main responsibility for
humanistic quality education.

2)  Excellent traditional Chinese culture is popular among

students.

3) The college stage is a crucial period for the formation

of students' value orientation. The social trend of fast

pace and advance consumption has a strong impact on

students' ideology. Schools should pay special attention

to guidance and education in this regard to cultivate

students' correct outlook on values and consumption.

4) Schools should carry out more art-related campus
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activities according to students' interests.
5) Teachers with high humanistic quality are more
popular among students, so it is necessary to strengthen

the improvement of teachers' humanistic quality.

4.3.Approaches and Strategies for Integrating
Traditional Chinese Culture into Humanistic
Quality Education

As

education in higher vocational colleges is not only the

analyzed above, strengthening humanistic quality
embodiment of educational spirit but also the need of
students themselves. Deeply exploring the educational
function of traditional Chinese culture to improve the
humanistic quality of vocational college students can not
only align with students' interests but also further promote

and carry forward traditional Chinese culture.

4.3.1.0ffer General Courses and Humanistic

Lectures Related to Traditional Chinese
Culture to Enrich Students' Cultural
Foundation

Humanistic quality education transcends disciplines and
majors. Higher vocational colleges should break the
separation between liberal arts and sciences and provide
universal humanistic education for students. For example,
many higher vocational colleges do not offer "College
Chinese" for science students, and some even cancel the
course entirely. Taking Yangzhou Polytechnic Institute as an
example, the college suspended "College Chinese" for 10
years, resumed it in 2017, and reformed the teaching
materials, focusing on the teaching of traditional classics
such as Tang poetry and Song ci, which was highly popular
among students. Another example is Tsinghua University
and Huazhong University of Science and Technology, which
have opened "humanistic lectures" focusing on traditional
Chinese culture, and these lectures are always fully attended.
Drawing inspiration from this, higher vocational colleges
should appropriately offer general courses and knowledge
lectures related to traditional Chinese culture to enhance

students' cultural foundation.
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4.3.2.Improve Teachers' Understanding of
Traditional Chinese Culture to Influence
Students Imperceptibly

The role of teachers for students is not only to impart
textbook knowledge and life experience but also to influence
and nurture students through their words, deeds, and
character, ultimately achieving the goal of "educating
people" through the practical act of "teaching". Therefore,
the level of teachers' humanistic quality is particularly
important. The survey shows that teachers with high
humanistic quality are more popular among students. Higher
vocational colleges should effectively enhance teachers'
understanding of traditional Chinese culture and improve
their cultural quality, so that teachers can influence and
transform students accordingly. Just imagine, which student

does not like a teacher who is eloquent and highly talented?

4.3.3 Organize Rich and Colorful Cultural and
Artistic Activities Centered on Traditional
Chinese Culture to Enrich Campus Life

Since its launch, CCTV's Chinese Poetry Conference has
been deeply loved by the public and triggered a national
upsurge of love for classical Chinese poetry. This shows that
traditional Chinese culture has a solid mass foundation —
as long as the form is appropriate, it can arouse people's love.
Higher vocational colleges should organize more similar
cultural and artistic activities centered on traditional Chinese
culture, such as poetry competitions and calligraphy and
painting exhibitions, to create a good atmosphere for
traditional Chinese culture, thereby achieving the goal of
learning traditional culture and improving humanistic
quality.

Chinese culture is

Traditional broad and profound,

containing rich humanistic spirits — such as the strong
feelings of family and country, the value orientation of
prioritizing righteousness over profit, the noble character of
honesty and trustworthiness, and the enterprising spirit of
self-improvement. All of these are rich sources for nurturing
students' humanistic quality. Higher vocational colleges
should deeply explore the educational function of traditional
Chinese culture, improve students' humanistic quality, and
cultivate technical and skilled talents with cultural literacy

and high quality.



International Journal of
Multidisciplinary Research

IJMR

Research Article Print ISSN 3105-8884

Online ISSN 3105-8892

MexpayHapoaHbIi HHCTUTYT
ynpasnexus n
npegnpuHUMaTenbCTaa

October 2025, Vol. 1, No. 1

ENHANCING HUMANUSTIC QUALITY IN VOCATIOON: CHINA'S APPROACH
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SURVEY FINDINGS (Zengzou Institute of Technology, n=531)
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Fig.2.Approaches and Strategies for Integrating
Traditional Chinese Culture into Humanistic Quality
Education
Conclusion
The humanistic education environment of vocational

education is a special environment, which is influenced by
many factors such as history and culture, social development,
and educational beliefs. In the construction of campus
environment, it is necessary to combine the school's natural
and humanistic background, focus on the integration of
cultural spirit — especially the cultural spirit of modern
Chinese universities — so that the university cultural spirit
can be nurtured and reflected in the campus environment.
This will enhance the cultural value of the campus
environment and promote the cultivation of modern cultural
spirit among college students. Implementing humanistic
quality education in vocational education through the
beautification of the university campus environment is an
important direction and concept for campus environment

construction.
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In the current context of booming global tourism, China's tourism industry has developed at an even faster
pace, driving rapid economic growth. However, this has exerted profound impacts on the ecological
environment, socio-cultural environment, and economy. Faced with multiple challenges such as global
climate change, overpopulation in tourist areas, and the risk of cultural heritage loss, transitioning to a
sustainable tourism model has become a core policy direction for the Chinese government. This study
focuses on modern strategies in China's sustainable tourism sector, covering key issues including

regulatory frameworks, green technology applications, ecotourism development, and balancing economic

Structure
benefits with natural resource conservation. The paper will explore trends and structural patterns in China's
sustainable tourism market under these circumstances, offering relevant research findings and proposing
thought-provoking suggestions.
INTRODUCTION

In the context of intensifying global environmental
challenges, worsening socio-economic imbalances, and
increasingly fierce competition in the international tourism
market, China's tourism industry is facing an urgent need for
a transition to sustainable development. Despite vigorous
infrastructure construction and continuous growth in tourist
numbers, the following issues persist: ecological pressures
(including regional pollution and natural environment
degradation); socio-cultural risks (commercialization of
cultural heritage and loss of authenticity); and economic
imbalances (overdevelopment of popular areas while
underutilizing regional potential). This paper will elaborate
on the theoretical and methodological foundations of
sustainable tourism development, the current status and
regulatory framework of China's tourism industry, as well as
organizational mechanisms and policy recommendations to
enhance its sustainable development. Practical suggestions
are proposed to improve the effectiveness of sustainable
tourism development amid rapid economic growth. The aim
is to provide references for optimizing China's tourism

policies and offer insights for other countries facing similar

challenges.

1.Theoretical and methodological basis of
sustainable tourism development

1.1.Conceptual evolution of sustainable tourism

In the initial development phase, the economy prioritized
tourist numbers and foreign exchange earnings as sole
growth drivers, treating tourism merely as a tool for
economic expansion. Ecologically, passive and end-stage
conservation approaches prevailed, focusing on "reducing
environmental damage" through establishing protected arecas
and pollution control. Social responsibility dimensions were
largely overlooked, with local communities often reduced to
passive observers and laborers whose cultural rights and
principal status remained marginalized[1].

As the sector enters a phase of development and deepening,
fundamental concepts have undergone comprehensive
evolution across multiple dimensions. Economically, the

focus has shifted from quantity-driven expansion to
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quality-oriented development, with increased emphasis on
high-value initiatives like ecotourism and cultural tourism
while prioritizing local economic retention. Ecologically,
management  approaches have  transitioned  from
post-incident remediation to proactive process prevention,
emphasizing ecological efficiency throughout operations.
Social responsibility has gained prominence, advocating for
equitable community benefits and ensuring their voice in
decision-making processes.

Today's philosophy emphasizes systemic collaboration and
mutual benefit. Economically, the focus has shifted to
"inclusive growth" and "economic resilience," prioritizing
support for local SMEs and vulnerable groups to build a
resilient diversified economy. Ecologically, we transcend
mere '"reduction of harm" by embracing "proactive
regeneration,” transforming tourism into an eco-restoration
force through carbon neutrality initiatives and sustainable
tourism models. Social responsibility now elevates to
"empowerment" and '"co-creation," ensuring communities
take ownership while safeguarding employee welfare and
cultural authenticity, guiding tourists to become responsible

stakeholders.

1.2.International best practices in sustainable
tourism regulation

In May 2025, the European Union (EU) officially
implemented three core sustainability regulations: the
Corporate Sustainability Reporting Directive (CSRD), Green
Consumption Transition Directive (ECGTD), and Green
Communications Directives (GCD) (as shown in Table 1).
These

clarifying reporting obligations and standardizing product

measures enhance corporate transparency by
information and environmental claims, while combating
greenwashing practices and driving industry-wide transitions
toward a greener economy — including tourism. This trend
aligns closely with global sustainable tourism agendas——
At the 2024 APEC Tourism Ministers 'Meeting, countries
discussed "pioneering innovative pathways for sustainable
tourism growth," emphasizing digital technology to boost
industry resilience, optimize sustainable supply chains, and
promote regional collaboration through joint declarations.
Meanwhile, the UN World Tourism Organization (UNWTO)
advanced climate action in tourism via the Glasgow
which

engagement, incremental strategies, and multi-stakeholder

Declaration, advocates grassroots community

coordination, recognizing tourism's potential to drive
sustainable development across environmental, economic,
social, and cultural dimensions. From EU regulatory
frameworks to global multilateral cooperation, sustainable
tourism has established a development path anchored in
policy

cross-sector collaboration,

coordination, technological innovation, and

providing clear operational

guidelines and partnership opportunities for destination

management organizations and related enterprises[2].

Mandatory reporting of | Enterprises with
ESG data by large | over 1000
enterprises requires | employees or an
CSRD third-party auditing; | annual turnover
Introducing  Voluntary | of over 50 million
Reporting Standards for | euros; Non EU
Small and Medium sized | companies  that
Enterprises (VSME) meet business
standards in
Europe must also
comply with
Prohibit vague | All  businesses
environmental facing EU
statements  (such  as | consumers
ECGTD "ecological harmony"), | (including
require third-party | non-EU
certification for labels, | businesses).
and conduct a full
lifecycle assessment
Refine the verification | All  enterprises
standards for | except for micro
environmental enterprises (<10
GCD declarations, requiring | people,  annual
independent third-party | turnover<2
audits, and fines of up to | million euros)
40 percent of annual
turnover for violators.
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Table.1.Core requirements of the three regulations

1.3.Details of China's tourism model:
Challenges and opportunities for sustainable
development

The challenges and opportunities of sustainable development

in China's tourism industry are systematically described
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using SWOT analysis to balance economic growth and
ecological protection, address the impact of climate change,
and overcome the dilemma of homogeneous competition.
Advantages: China's tourism industry has abundant natural
and cultural resources, including numerous A-level scenic
spots, intangible cultural heritage, and government
supported policy frameworks, providing a foundation for
innovative development. In promoting the "limited quantity,
appointment, staggered" mechanism and dynamic pricing,
some scenic spots have already possessed digital
management capabilities, which can effectively regulate
passenger flow and reduce ecological pressure. At the same
time, the development of experiential products such as
intangible cultural heritage interaction and small group
customization, relying on profound cultural heritage, has
increased tourist participation and demonstrated the inherent
potential of the industry in product innovation and resource
integration. In addition, the gradual improvement of
emergency management systems, such as the strengthening
of meteorological warning systems, also provides support
for responding to emergencies. Disadvantage: There are
the

reflected in a single income structure and inadequate

significant shortcomings within industry, mainly
ecological management. Some scenic spots overly rely on
the "ticket economy", with secondary consumption far
below the level of developed countries, resulting in a low
the

sustainability of economic growth. At the same time, A-level

proportion of non ticket revenue and limiting
scenic spots generally face the problem of ecological
carrying capacity exceeding the limit, and excessive
of

degradation. In addition, traditional tourist attractions and

concentration tourists exacerbates environmental
standardized hotels are trapped in homogeneous competition,
lacking differentiated experiences, and difficult to attract
high-value customer groups, reflecting internal weaknesses
in product innovation and operational models. Opportunity:
The external environment provides broad opportunities for
the transformation of the tourism industry. By promoting the
"limited quantity, appointment, staggered" mechanism and
dynamic pricing, the distribution of passenger flow can be
optimized, the tourist experience can be improved, and the
ecological environment can be protected. Developing high
value-added products such as intangible cultural heritage
interaction, small group customization, and "summer
vacation+health care" composite products can effectively

increase the proportion of non ticket revenue and cater to the
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trend of consumer upgrading[3].At the same time, the rise of
"reverse tourism" has opened up new markets for exploring
niche destinations, which helps to disperse passenger flow
Threats: The

external threats faced by the tourism industry mainly come

and alleviate homogeneous competition.

from climate change and market competition. In recent years,
extreme weather events have occurred frequently, such as
the reduction of outdoor tourism projects due to high
temperatures in North China in the summer of 2024, and the
interruption of operations caused by floods in the south,
directly threatening tourism safety and industry stability.
Climate change may change tourism patterns and increase
operating costs in the long term. Meanwhile, homogenized
competition has intensified market saturation, causing
traditional scenic spots and hotels to engage in price wars,
affecting overall profitability. If these threats are not
addressed in a timely manner, they may lead to tourist loss
and further ecological degradation, which will constrain the

sustainable development of the industry.

1.4.Methodology for assessing sustainability

Currently, ESG (Environmental, Social, and Governance)
has become the core framework for evaluating sustainable
tourism development. It goes beyond a single environmental
perspective and provides a three-dimensional structure (as
shown in Figure 1, Analysis of the Composition of the
Tourism ESG Sustainable Framework). The environmental
(E) dimension focuses on resource impacts and climate
change responses, such as carbon emissions, water resource
management, and biodiversity conservation; The social (S)
dimension focuses on people and communities, covering
employee rights, tourist safety, and cultural heritage
protection; The governance (G) dimension examines the
internal mechanisms of the enterprise to ensure the effective
implementation of sustainable strategies.

To support the ESG framework, specific quantitative
indicators are essential. For instance, environmental metrics
often include "energy consumption per customer night" or
"waste diversion rate"; social aspects measure "local
employee representation in management" or "community
development income share"; governance focuses on "issuing
third-party verified sustainability reports". These indicators
collectively form the foundation for performance tracking.
Building on this, independent certification systems like the

Global Sustainable Tourism Council (GSTC) provide
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globally recognized standards and market recognition,

verifying sustainable practices through third-party audits[3].

Analysis of the Composition of
Tourism ESG Sustainable
Framework

B Environmental dimension (E)
B Social dimension (S)

Governance dimension (G)

Fig.1.Analysis of the Composition of Tourism ESG

Sustainable Framework

2.The Current Situation and Regulatory
Framework of China's Tourism Industry

2.1.The trend and structure of China's tourism
market

The trends in China's tourism market are reflected in the
following aspects: growing demand for personalized and
customized tourism, integration of tourism with other
industries, widespread adoption of intelligent tourism

services, green tourism becoming mainstream, and
intensified competition in the international tourism market.
Over the past few years, China's tourism industry has
achieved remarkable development accomplishments, with
continuously expanding market scale, emerging tourism
formats constantly emerging, culinary tourism becoming a
new hotspot, and increasing digitalization and intelligence.
However, the industry also faces challenges such as regional
development imbalances and uneven service quality across
tourism sectors. In the future, the domestic tourism industry
will develop towards personalization, diversification,
intelligence, and greening. The integration of tourism with
other industries will deepen further, while competition in the
international tourism market will intensify increasingly.

The regulatory framework of China's tourism industry is

reflected in four aspects: implementing market supervision

the
comprehensive regulatory mechanism for the tourism market,
the

supervision in the tourism market, and strengthening the

responsibilities according to law, improving

comprehensively enhancing level of integrated
guarantee capabilities of comprehensive supervision. These
regulatory policies aim to further establish and improve a
well-defined,

comprehensive regulatory mechanism for the tourism market.

coordinated, efficient, and  robust
They coordinate between government and market forces,
development and safety, focus on addressing prominent
issues such as disruptions to tourism market order and

infringement of tourists' rights, optimize the consumption

environment

consumption

in the tourism market,

experiences,

enhance tourists'

and promote high-quality

development of the tourism industry.

During the 2025 National Day
and  Mid-Autumn  Festival
Market Prices and | holidays, 888 million trips were
recovery quantities made nationwide, with a total
and size are rising, | expenditure of 809.06 billion
and the | yuan
scale is
significant
On the demand side: From
sightseeing  to immersive
Changing | From scale | experience @ and  emotional
growth expansion | resonance, "slow travel, deep
patterns to quality | travel, private travel" is on the
and rise; On the supply side: The
integration | deep integration of "culture and
driven tourism" with performing arts,
sports,  intangible  cultural
heritage, technology and other
industries
Leading economic
powerhouses: Jiangsu,
Guangdong, and  Zhejiang
dominate in tourist arrivals and
Regional Many tourism revenue. Central and
difference | points of | western  regions  showcase
flowering, | distinctive development:
diverse Sichuan and Yunnan stand out
patterns with unique resources in
county-level tourism
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competitiveness rankings. Small

cities make a comeback:

Characteristic resources have
boosted the popularity of small
like

Ma'anshan.

cities Jingdezhen and

Table.2.Core Trends

China's Tourism Market

and Structural Characteristics of

2.2.Legal and policy framework for sustainable
tourism (national plans, legislation, standards)

Currently, China has established a multi-level and systematic
sustainable tourism policy framework to promote the
transformation of the tourism industry towards sustainability.
At the national strategic level, policies focus on cultivating
new growth drivers. Relevant documents from the State
Council propose measures to boost cultural and tourism
consumption through consumer benefits, expanding
high-quality supply, developing nighttime economy and
immersive experiences, as well as optimizing visa-free entry
and tax refund upon departure. At the local level, specific
pathways for building international tourism consumption
centers and promoting cultural-tourism integration have
been clarified[4].In terms of regulatory mechanisms, a
coordinated and efficient comprehensive supervision system
has been established. Led by cultural and tourism authorities,
over ten departments including public security, market
regulation, and transportation collaborate to form a
regulatory synergy, providing institutional safeguards for
healthy market development. The industry standard system
is undergoing a critical shift from macro advocacy to micro
quantification. China's first ESG disclosure standard for
travel services provides a framework for sustainable
performance in the industry; the Green Low-Carbon Cultural
Tourism Activities Evaluation Guidelines establish carbon
emission accounting norms; while the Ecological Culture
Construction Guidance promotes the integrated development
of tourism". This

demonstrates First,

"ecological culture + framework

three major trends: strengthening
systematic supervision and interdepartmental coordination;
second, advancing standardization and quantifiable
management through tools like ESG disclosures and carbon
accounting to provide measurement benchmarks for the
industry; third, deepening industrial integration to drive

innovative convergence between tourism and sectors such as
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performing arts, sports, and wellness, shifting focus from
scale expansion to quality enhancement and comprehensive

value improvement.

2.3.Institutional governance mechanisms

Currently, China's tourism industry has formed a three-tier
governance framework led by the state, implemented by
local governments, and driven by state-owned enterprises.
At the national level, the Ministry of Culture and Tourism
serves as the top-level designer, responsible for formulating
By

establishing cross-departmental collaborative supervision

industry development strategies and standards.
mechanisms, it coordinates with public security and market
regulation departments to jointly maintain market order.
Local governments act as planners and implementers of
regional tourism development, focusing on integrating
Through

cultivating large-scale tourism enterprises and promoting

national strategies with local characteristics.
models such as "enterprise-local cooperation," they achieve
effective integration of regional tourism resources and the
creation of distinctive brands. State-owned enterprises play
dual roles as strategic investors and industrial leaders within
this system. On one hand, they maintain dominance in
traditional sectors like scenic area development and hotel
management; on the other hand, they actively participate in
standard-setting for emerging industries such as low-altitude
tourism and digital cultural tourism, driving overall
industrial chain upgrades. This governance mechanism
demonstrates two key features: First, it achieves a transition
from departmental oversight to collaborative governance,
forming a new pattern of coordinated supervision with clear
responsibilities; Second, it completes the transformation
from administrative dominance to market leadership, where
state-owned enterprises become crucial bridges connecting
government strategies with market operations, collectively
advancing the sustainable development of the tourism

industry.
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3.Strengthening the Organizational
Mechanisms and Policy Recommendations for
Sustainable Development of China's Tourism
Industry

3.1.The transformation of the regulatory model
towards systematization

The regulatory framework for sustainable tourism is
undergoing profound structural transformation, shifting from
traditional government-led unilateral control to a tripartite
governance system involving governments, enterprises, and
local communities. In this transition, the government's role
has evolved from an all-encompassing authority to a
platform builder and rule coordinator. Specifically,
authorities no longer rely solely on administrative orders but
establish institutionalized consultation platforms —— such
as regular "Tourism Development Coordination Meetings"
or "Community Roundtable Discussions," integrating
tourism enterprises' operational capabilities and professional
expertise with community members' local knowledge and
practical needs into decision-making processes. A notable
the

implemented in national nature reserves and cultural

example is "community co-management" model
heritage sites. Under this framework, residents receive
professional training to become ecological rangers or
cultural interpreters, while tourism companies assume
financial investment and market operation responsibilities
under community supervision. This structure not only
effectively resolves inherent conflicts between conservation
and development but also establishes a new governance
paradigm of shared responsibility and benefit-sharing
through granting communities substantive management
rights and revenue entitlements. Consequently, sustainable
goals are genuinely internalized as a common pursuit among

all stakeholders[5].

3.2.Institutional construction of regional
differentiated governance

Faced with the vast regional disparities across China's vast
territory, sustainable tourism governance must abandon the
"one-size-fits-all" model and instead establish a refined
classification guidance system. For ecologically sensitive
areas such as national parks and nature reserves, the core of
governance lies in establishing an "ecological carrying

capacity red line" management system based on scientific
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assessment. For historical cities and intangible cultural
heritage villages, the focus of governance is to implement a
"living inheritance" mechanism. This requires supporting
indigenous communities in developing intangible cultural
heritage workshops and folk performance industries to
preserve the authenticity and vitality of culture during
tourism experiences. In urban leisure zones, the governance
objective shifts toward "host-guest sharing," integrating
tourism routes, service facilities, citizens' daily living spaces,
and public service systems through urban planning to
prevent urban functions from being fragmented by tourism
development. This differentiated institutional toolkit serves
crucial foundation for sustainable

as a achieving

development of all-for-one tourism.

3.3.Digitalization as a driving force for
sustainable development

Digital technologies such as big data and artificial
intelligence are driving the sustainable transformation of
tourism at an unprecedented scale. Their core value lies in
reshaping management models through comprehensive,
real-time, and precise data perception and intelligent
decision-making. Specifically, building a destination-wide
"digital twin" platform that integrates multi-source data from
hotels, and environmental

transportation,  ticketing,

monitoring enables panoramic insights and dynamic

simulations of tourist flows, resource consumption, and
environmental pressures.Leveraging this, Al algorithms can
accurately predict peak visitor numbers and automatically

trigger crowd management solutions such as

synchronizing adjustments to scenic area entrances, opening
temporary access routes, and pushing alternative itineraries

to effectively alleviate overcrowding at popular
attractions[6]. In resource conservation, heritage sites like
Dunhuang Mogao Grottoes have established digital archives
for each fragile artifact through high-precision registration
systems, dynamically linking their real-time conditions with

reservation systems to achieve a delicate balance between

preservation and utilization. This digitalization has
transformed sustainable management from passive
"post-facto remediation" to proactive prevention and

real-time regulation during operations.
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3.4.Development of regional sustainable
tourism performance evaluation criteria

Establishing a scientific and effective regional sustainable
tourism performance evaluation system is crucial for guiding
development directions and measuring practical outcomes.
This framework must transcend the long-standing single
economic dimension focused on tourist numbers and tourism
revenue, building a comprehensive assessment system that
integrates economic, social, environmental, and cultural
the

indicators should be supplemented with "local industrial

dimensions. In economic dimension, traditional
chain completeness" and "community income-sharing ratio."
For environmental metrics, incorporate "carbon emission
intensity," "water resource recycling rate," and
"biodiversity index." The socio-cultural dimension requires
evaluating "resident satisfaction," '"preservation of cultural
authenticity," and "employee rights protection." A pioneering
initiative involves introducing a "tourism happiness index,"
using quantifiable metrics to comprehensively assess how
tourism development impacts local residents' quality of life,
community identity, and living costs. Ultimately, these
standards should be linked to local government performance
the of

sustainability reports based on such criteria to establish

evaluations, while encouraging publication

robust value orientation and behavioral constraints[7].

3.5.Institutional coupling of market incentives
and community empowerment

The enduring driving force for sustainable development lies

in establishing institutional arrangements

with

that deeply

integrate market incentives community rights
protection. The key is to design mechanisms that closely link
economic value creation with social value distribution,
ensuring local communities are not only participants but also
beneficiaries and leaders of development. In terms of benefit
distribution, the "resource equity participation" model can be
promoted, allowing residents to contribute their land,
forestland, houses, or intangible cultural heritage skills as
shares in tourism projects, thereby securing long-term stable
dividend

Regarding employment, a "local employment priority"

income rather than one-time compensation.

system should be established, requiring enterprises to
prioritize hiring local residents under equal conditions and
setting localization targets for key positions (such as middle

management and tour guides). More importantly, a
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should be

developed to enhance residents’ employment levels and

comprehensive vocational training system
development capabilities. This integrated framework of
"transforming resources into assets, funds into capital, and
residents into shareholders" aims to fundamentally stimulate
internal community motivation, shifting from external
"blood transfusion" to internal "blood generation," thus
the

development[8].

solidifying social foundation for sustainable

Conclusion

Through a comprehensive analysis of the trends and
structure of China's sustainable tourism market, this paper
elaborates on the theoretical and methodological foundations
of sustainable tourism development. In addition, it identifies
a series of issues and challenges while revealing numerous
successful cases and experiences. Governments, enterprises,
and the public should strengthen collaboration to formulate
and implement more effective policies and measures,
thereby promoting the sustainable development of the
tourism industry and achieving the goal of sustainable
tourism in China. Moving forward, efforts should focus on
transforming systematic regulatory models, establishing
institutional ~ frameworks for differentiated regional
governance, leveraging digitalization as a driving force for
sustainable development, developing regional sustainable
tourism performance evaluation standards, and enhancing
institutional coordination between market incentives and
community empowerment. These initiatives will further
strengthen cross-departmental and cross-regional
cooperation and coordination, elevate societal awareness and
commitment to sustainable tourism development and
ecological civilization planning, and collectively propel the
tourism industry toward a healthier and more sustainable

development trajectory.
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The Beijing 2022 Winter Olympics, a pivotal global event amid the lingering impacts of the pandemic,
disseminated Han culture elements to the world through diverse carriers. Employing the literature review

method, this paper sorts out the communication paths and core connotations of Han culture during the

Communication; i ) ) ) o
Int sional Beijing 2022 Winter Olympics, analyzes the specific promoting role of Han culture communication in
nternationa
Relations; international relations, and refines practical insights for the effective communication of Han culture. It
Cultural Soft Power aims to provide references for the international communication of Chinese culture and the development of
international relations in the new era.
and cultural value. In interdisciplinary research, scholars
INTRODUCTION

The world today confronts multiple challenges, including the
lingering effects of the pandemic and geopolitical tensions,
making it imperative for international relations to rally
around the shared values of peace and unity. The Beijing
2022 Winter Olympics, which opened on February 4, 2022,
with the theme "Together for a Shared Future," conveyed the
essence of Han culture through carriers such as the opening
ceremony, venues, and mascots. It was hailed by
international media as "a spectacular feast combining visual
enjoyment and technological support" and "an international

event promoting the Olympic spirit" [1].

Existing studies have explored the cultural value and
international influence of the Winter Olympics. For instance,
Bi [1] analyzed the positive reviews of the Winter Olympics
opening ceremony by international media; Hu [2] discussed
the role of the Winter Olympics in shaping the national

image; and Zhang [3] emphasized its historical significance

often adopt the logic of "practical carrier-mechanism
analysis-consensus building" to explore interactions across
different fields. For example, Gu et al. [6] studied the impact
mechanism of environmental economics on study tour
education through transnational ecological study cases,
offering insights into fostering a global perspective via
practical activities. Another study dissected the formation
logic of regional economic disparities from the perspectives
of institutional change and factor mobility [7]; this
methodology—"starting from core elements and sorting out
functional paths"—provides a reference for accurately
analyzing "how Han culture communication promotes
international relations." Additionally, Lin & Gu’s [8]
research on paths to enhance the supply chain resilience of
small and medium-sized enterprises (SMEs) in the digital
economy highlights the importance of "path optimization
and collaborative cooperation" in cross-entity interactions,

which aligns with the logic of Han culture communication
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requiring diverse paths to build international consensus.
However, existing studies on the Winter Olympics still lack conducts an analysis based on the practice of the Beijing
in-depth analysis of the specific logical chain between "Han 2022 Winter Olympics.
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Fig.1.The Beijing 2022 Winter Olympics

1.The Significance of Hosting the Beijing 2022
Winter Olympics

The preparation for the Beijing 2022 Winter Olympics
spanned nine years, from 2013 to 2022, marking Beijing as
the world’s first "Dual Olympic City" after hosting the 2008
Summer Olympics. Its significance can be examined from
two dimensions—China and the world—and its "mutually
beneficial dual-value" feature is consistent with the
interdisciplinary research logic of "achieving multi-entity

win-win outcomes through practical carriers" [6, 7, 8]:

e For China: It served as an opportunity to reshape the
national image in the new era. Through event preparation
and cultural demonstrations, China enhanced its cultural
communication capabilities and international discourse
power, showcasing a "diverse, united, confident, and
open" great power image to the world [2]. Just as Lin &
Gu [8] emphasized the role of "path optimization in
improving an entity’s competitiveness," the effective
communication of Han culture has become a "soft power
path" to strengthen China’s international influence,

providing cultural support for national image building.
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* For the world: As the largest offline international event
since the pandemic, it provided a platform for the
development of global sports. More importantly, it
became a landmark event for humanity to "break free
from the depression caused by the pandemic and build
unity consensus," which aligns with the core Olympic
spirit of "peace and cooperation" [3]. This is analogous
to the effect described by Gu et al. [6]—"transnational
practices breaking cognitive barriers and promoting
ideological resonance"—and also echoes the logic of
"factor mobility driving coordinated development" in

[71.

cross-border exchange of culture and sports, the Winter

regional economic research Through  the
Olympics fostered a global consensus that "cooperation

outweighs differences."

2.Communication Paths of Han Culture in the

Beijing 2022 Winter Olympics

The Beijing 2022 Winter Olympics integrated the essence of
Han culture into various aspects of the event through two
core carriers—"visual symbols" and "ritual
aesthetics"—achieving the natural dissemination of culture.
This strategy of '"targeted carriers and hierarchical
communication" is consistent with the interdisciplinary
research approach of "improving practical effectiveness
through path optimization" [6, 7, 8]; by clarifying the
functional positioning of communication carriers, the
international acceptance and appeal of Han culture were

maximized.

2.1.Visual Symbols: The Concrete Presentation
of Han Culture

Visual symbols, with their intuitive and accessible nature,

convey cultural connotations and serve as the "basic carrier”
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for international audiences to understand Han
culture—similar to "primary factors" in regional economics

that lay the foundation for in-depth development [7]:

*  Venues and Logos: The design of venues such as "Xue
Ruyi" (Snow Ruyi) and "Bing Yuhuan" (Ice Jade Ring)
drew inspiration from traditional Chinese architectural
aesthetics. Their curved forms echo the concept of
"harmony between man and nature," allowing
international audiences to intuitively experience
traditional Chinese aesthetics. The official emblem
"Winter Dream" centers on the calligraphic form of the
Chinese character " % " (winter), integrated with
paper-cutting art. It not only showcases the vitality of
winter sports through dynamic lines but also conveys the
cultural connotation of "the combination of hardness and

softness" via traditional artistic forms [5].

* Mascots: "Bing Dwen Dwen" takes the giant panda
(China’s national treasure) as its prototype, paired with
an ice crystal shell. It retains the cuteness of the giant
panda while incorporating ice and snow elements,
highlighting China’s concept of "harmonious coexistence
between man and nature." "Shuey Rhon Rhon" is based
on a red lantern, embedded with symbols such as doves
and the Great Wall. The red lantern symbolizes "warmth
and brightness," the dove represents "peace," and the
Great Wall stands for "cultural inheritance." The
superposition of multiple symbols enriches its cultural
connotations [5]. This "multi-element integration" design
aligns with the logic proposed by Lin & Gu
[8]—"multi-path  collaboration to enhance entity

resilience."

2.2.Ritual Aesthetics: The Spiritual Expression
of Han Culture

The opening ceremony and torch-lighting ceremony,
through aesthetic design, conveyed the spiritual core of Han
culture in depth. Similar to the role of "technological

innovation in improving development quality" in regional
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economic research [7], they injected depth and emotional

resonance into cultural communication:

Opening Ceremony: Held on the solar term "Lichun"
(the Beginning of Spring), the countdown video followed
the sequence of the 24 solar terms, from "Yushui" (Rain
Water) to "Lichun," accompanied by natural landscapes
photographed by global photographers. It not only
demonstrated the traditional Han cultural concept of
"following the seasons and respecting nature" but also
aroused emotional resonance among international
audiences through "the beauty of nature." The
performance segment "The Yellow River Flows from the
Sky," inspired by Li Bai’s poem, transformed literary
imagery into a visual spectacle using digital technology.
It not only showcased the profoundness and
extensiveness of Chinese culture but also conveyed the
international concept of "interconnected global destinies"
through the symbolic meaning of "water" as "inclusive
and flowing" [1]. This "imagery transformation"
approach is similar to the strategy of Gu et al.
[6]—"conveying abstract concepts through concrete

cases."

Torch Lighting Ceremony: Breaking away from the
traditional "large torch" model, it adopted a
"micro-flame" design. A  "snowflake platform"
composed of 96 small snowflakes (representing different
countries) and 6 olive branches was created, and
torchbearers born after 2000 embedded the final torch
into the platform. "Snowflakes" symbolize "purity and
holiness," "olive branches" represent "peace," and
"micro-flame" embodies the Han cultural wisdom of
"seeing the big from the small and safeguarding unity."
The 96 small snowflakes converging into a large
snowflake intuitively conveyed the spirit of "the world as
one and jointly safeguarding peace" [4]. This
"collaborative coexistence" design concept aligns with
the logic emphasized by Lin & Gu [8]—"supply chain

collaboration to enhance resilience."



International Journal of
Multidisciplinary Research

[JMR

Research Article Print ISSN 3105-8884

Online ISSN 3105-8892

MexayHapofHbIi UHCTUTYT

npegnpuHUMaTenbCTea

October 2025, Vol. 1, No. 1

COMMUNICATION PATHS OF HAN CULTURE
IN BEJJING 2022 WINTER OLYMPICS
Targeted Carriers & Hierarachal Communication
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Fig.2.Communication Paths of Han Culture in the Beijing

2022 Winter Olympics

3.The Promoting Mechanism of Han Culture

Communication on International Relations

The communication of Han culture during the Beijing 2022
Winter Olympics injected positive energy into international
relations through three mechanisms: "building value
consensus, strengthening green consensus, and deepening
peace consensus." This "multi-mechanism synergy" process
is highly consistent with the interdisciplinary research logic
of "multi-factor collaboration driving development" [6, 7, 8];
each mechanism functions independently while supporting
one another, forming a joint force to promote the
development of international relations toward peace and

cooperation.

3.1.Building Value Consensus: Promoting the

International Community’s Recognition of

"People-Centered" Principles

The "people-centered" ideology in Han culture is highly
consistent with the Olympic concept of "focusing on human
health and dignity." The Winter Olympics emblem centers
on the "human movement form," and the Paralympics logo
highlights "equality between people with and without
disabilities" by integrating "wheelchair tracks" and "sports
lines," conveying the value that "everyone, regardless of

race, gender, or ability, can participate in sports" [5]. This
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value dissemination breaks down political and linguistic
barriers, enabling 206 participating entities to reach a
consensus on "respecting individuals and collaborating in
unity," thus laying the foundation for "equal dialogue" in
international relations [4]. Just as 'institutional design
ensures fair participation of all entities"
[7], the

consensus provides a

in regional

economic research "people-centered" value

"spiritual guideline" for equal
exchanges among countries, reducing disputes arising from

differences in values.

3.2.Strengthening Green Consensus: Promoting
Global Practice of '"Harmony Between Man

and Nature"

The Han cultural concept of "harmony between man and
nature" was transformed into tangible green practices
through details of the Winter Olympics: the torch used new
environmentally friendly fuels; the Winter Olympics
uniforms adopted a dual-emblem design to improve
reusability; and the construction of the "Xue Ruyi" venue
took ecological protection into account. These initiatives not
only respond to the global goal of "carbon neutrality" but
also transform "green development” from a "policy slogan"
into perceivable practices through cultural symbols [3]. This
"concept-practice”" transformation logic is consistent with
the strategy of Gu et al. [6]—"conveying environmental
protection concepts through study practices." It promotes the
willingness of countries to cooperate in environmental

protection through concrete actions, forming a "green

consensus."

3.3.Deepening Peace Consensus: Promoting the
World to
Toward the Future Together"

"Overcome Barriers and Move

The Han cultural ideology of "harmony in diversity and the
world as one community" was conveyed through the

symbols of '"breaking the ice" and 'unity": the

"ice-breaking" performance at the opening ceremony



International Journal of
Multidisciplinary Research

[JMR

Research Article Print ISSN 3105-8884

Online ISSN 3105-8892

MexayHapofHbIi UHCTUTYT
yNpaBneHus v
npeanpuHUMaTenbCTBa

October 2025, Vol. 1, No. 1

symbolized overcoming international barriers; the design of
the "snowflake platform"—where 96 countries jointly
safeguarded the "micro-flame"—symbolized that "although
countries are different, they need to jointly protect the
peaceful homeland" [4]; and the official poster Passion
Connects the World used the Olympic rings to form a
Chinese knot, conveying the concept of "connection and
reunion" through the symbol of the "knot" [5]. This process
of "symbol transmission-consensus building" is not only
similar to the emphasis of Lin & Gu [8] on "the importance
of collaborative cooperation in risk response" but also
echoes the logic of "factor mobility breaking barriers" in
regional economics [7]. Through cultural symbols, it breaks

down international cognitive barriers and strengthens the

consensus of "world peace and common development."

4.Insights for the Effective Communication of

Han Culture

The communication of Han culture during the Beijing 2022
Winter Olympics offers practical insights for "appropriate
and effective international communication." Its core logic
aligns with the interdisciplinary research approach of
"improving practical effectiveness through path optimization
and mechanism synergy" [6, 7, 8], which can be summarized

into three paths:

1. Concretization of Carriers: Avoid "abstract

preaching” of culture; instead, select symbols familiar
to international audiences—such as '"giant pandas,"

"red lanterns," and "24 solar terms"—to lower the

threshold for cultural understanding. Similar to Gu et al.

who abstract

(6]

transnational cases," this approach makes cultural

"convey concepts  through

communication more accessible.

2. Universalization of Concepts: Focus on globally

shared values such as "peace," "green development,"

and align Han cultural concepts with

linking

and "equality,’'

international consensus "harmony

(e.g.,

between man and nature”" to "green development" and

52

"the world as one community" to "a community with a
shared future for mankind"). This avoids "one-way
cultural output" and, similar to "institutional design
considering the needs of multiple entities" in regional
economic research [7], makes cultural communication

more inclusive.

3. Aestheticization of Forms: Elevate cultural

communication from "information transmission" to
"emotional resonance" through aesthetic forms such as
visual design and ritual performances (e.g., the 24 solar
terms video and the "Yellow River Flows from the
Sky" segment at the opening ceremony), enhancing
cultural memorability [3]. Consistent with the logic of
Lin & Gu [8]—"multi-path collaboration improving

effectiveness"—this form of innovation enhances the

depth and breadth of cultural communication.

Conclusion

In a critical period of global transformation, the Beijing
2022 Winter Olympics used Han culture as a link, conveyed
the core values of "people-centered, green harmony, and
peace and unity" through the communication path of "visual
symbols + ritual aesthetics," and relied on the three
mechanisms of "value consensus, green consensus, and
peace consensus." This communication not only reshaped
China’s image as a "confident, open, and responsible great
power" but also used "cultural consensus" as a bridge to
promote the development of international relations toward
stability, equality, and cooperation .The underlying core
logic—"clarifying  carrier = positioning, strengthening
mechanism synergy, and focusing on shared values"—aligns
with the interdisciplinary research approach of "coordinating
core elements to achieve collaborative development". It
provides references for international exchanges in other
fields: whether in cultural cooperation, ecological
governance, or economic interactions, it is necessary to
adopt concrete carriers, optimize communication paths, and

focus on shared goals to achieve "effective consensus
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building." In the future, the communication of Han culture
should continue to adhere to the principles of "concretization,
universalization, and aestheticization," further leveraging the
role of cultural soft power to provide stronger cultural
support for building a community with a shared future for

mankind.
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KEYWORDS ABSTRACT
The manufacturing sector is undergoing a profound transformation driven by the pervasive integration of
digital technologies (DTs), often termed "Industrial Digitalization." While previous literature has
extensively focused on Industry 4.0, a comprehensive and nuanced understanding of Industrial
Digitalization — encompassing its diverse technological enablers, organizational prerequisites,
multi-faceted impacts, and inherent barriers — remains fragmented. This systematic literature review
Industrial synthesizes 150 high-impact studies from 2018 to 2025 to develop a holistic conceptual framework that
Digitalization; distinguishes Industrial Digitalization from its predecessors. We classify DTs into five core categories
g%cgui;ﬁtl%}: (TFP); (AUML, IIoT, Digital Twin, Cloud/Edge Computing, and Big Data Analytics) and systematically analyze
Digital Twin; their impact mechanisms. Our key finding is the confirmation of DTs as a critical driver for enhancing

Systematic Literature
Review;

Future Research
Agenda

Total Factor Productivity (TFP) in manufacturing, primarily through the mediation of data-driven
decision-making, resource allocation optimization, and knowledge spillover. Furthermore, we identify
critical barriers (e.g., organizational inertia, skill gaps, ethical concerns) and, most importantly, propose a
five-point future research agenda, focusing on the need for a more nuanced conceptualization, the potential
for DTs to evolve into General-Purpose Technologies, and the imperative to integrate ethical and
sustainability principles into digitalization strategies. This review provides a robust theoretical foundation
for researchers and actionable insights for practitioners and policymakers navigating the complex

landscape of the digital manufacturing era.

INTRODUCTION

The global manufacturing landscape is at an inflection point,
transitioning from the automation-centric paradigm of
Industry 3.0 to a hyper-connected, data-driven ecosystem.
This shift, broadly defined as Industrial Digitalization,
involves the integration of advanced digital technologies
(DTs) into all aspects of the manufacturing value chain,
from product design and production to supply chain
management and customer service. Unlike the narrower
of "Industry 4.0," which
Cyber-Physical Systems (CPS) and the Industrial Internet of

focus often emphasizes

Things (IIoT), Industrial Digitalization represents a broader,

socio-economic  transformation, affecting not only
technological systems but also organizational structures,
business models, and labor markets [1].

The urgency of this transformation is reflected in the
The
transformation in manufacturing is projected to grow from
$440 billion in 2025 to $847 billion by 2030, underscoring

the strategic importance of this domain [2].

massive global investment. market for digital

Despite the proliferation of research, a systematic synthesis
that clearly outlines the mechanisms through which DTs
exert their influence, particularly on core economic metrics
like Total Factor Productivity (TFP), remains a gap. This

review addresses this by:
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(1) Developing a comprehensive conceptual framework for
Industrial Digitalization based on the influential work of
Matt et al. [3], encompassing technological enablers,
intangible enablers, barriers, and impacts.

(2)

specific applications across the manufacturing value chain.

Systematically classifying the core DTs and their

(3) Providing an in-depth analysis of the core impact
mechanism, specifically the direct and indirect effects of
DTs on TFP.

(4)

agenda for high-impact studies in the field.

Proposing a structured, five-point future research

1.Research Methodology

This review adopts a systematic literature review (SLR)
approach to ensure rigor and replicability. The search
strategy focused on high-quality, peer-reviewed articles
indexed in SCI and SSCI databases (Web of Science, Scopus,
ScienceDirect).
Search Terms: ("digital transformation” OR "digital
technology" OR "Industry 4.0") AND ("manufacturing" OR
"production") AND ("impact" OR "effect" OR "TFP" OR
OR

2018-2025, focusing on the most recent and impactful

"productivity" "literature  review").  Timeframe:
research. Selection Criteria: The initial search yielded over
1,500 results. After filtering by title, abstract, and full-text
screening for relevance, conceptual contribution, and
methodological rigor, a final corpus of 150 core articles was

selected for in-depth synthesis.

2.The Conceptual Framework of Industrial
Digitalization

To move beyond simple technology descriptions, we adopt
and refine a multi-layered conceptual framework [3] that

organizes the literature into four non-mutually exclusive

e Key Components
Category Description & Examples
successful DT Management,
adoption. Inter-firm
Collaboration.
Obstacles High initial
hindering the investment, Data
Barriers adoption and security ris ks,
. . Organizational
implementation of .7 % .
DTs inertia, Skill gaps,
' Lack of clear ROI.
. TFP enhancement,
The resulting Business Model
changes across .
eCONOMIC Innovation
Impacts L (Servitization),
organizational, and o
societal Sustainability,
dimensions Labor Market
’ Restructuring.
Table.1.The Conceptual Framework of Industrial
Digitalization

This framework serves as the structural backbone of our
review, ensuring a holistic analysis that considers both the
"what" (technology) and the "how" (mechanisms, enablers,

barriers) of industrial digitalization.

3.Technological Enablers and Applications

The foundation of Industrial Digitalization rests on a
convergence of powerful DTs. We categorize the most
critical technologies and their primary applications in the
manufacturing value chain (Design, Production, Supply

Chain, Service):

Core Digital Key Application in

Value Proposition

categories:
. Key Components
Category Description & Examples
The core digital AI/ML, 1IoT,
Technological technologies that Digital Twin,
Enablers make the ’ Cloud/Efige .
transformation Computing, Big
possible. Data Analytics.
Organizational, Leadership,
Intangible managerial, and Organizational
Enablers human factors Culture, Digital

required for Skills, Change
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Technology Manufacturing
Artificial ir:i(ri;t(:et;\;ice
Intelligence . ’ . Reduces downtime,
Real-time  quality .
(A & . minimizes defects,
. control, Production ..
Machine . optimizes resource
. scheduling s
Learning S utilization.
(ML) optimization,
Generative design.
Real-time asset  Provides the
Industrial tracking, Condition foundational data
Internet  of monitoring, Remote layer for all other
Things (IIoT) diagnostics, = Data DTs; enhances
& Sensors collection from shop transparency  and
floor. responsiveness.
Process simulation, Enables  risk-free
Digital Twin Virtual optimization  and
(DT) commissioning, continuous process
Product  lifecycle improvement across
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Core Digital

Key Application in

Value Proposition

Technology Manufacturing
management, the product and
'What-if  scenario process lifecycles
testing. [4].
Scalable data
storage and Offers flexible,
processing, cost-effective
gim;d & Distributed computing  power
Coil utin manufacturing and low-latency
puting control, Real-time processing for
analytics at the critical operations.
source.
Demand
forecasting, . Root Translates raw data
cause analysis of into actionable
Big Data  defects, . .
. . insights, driving
Analytics Personalized .
smarter operational
(BDA) product .
. and strategic
configuration, decisions
Supply chain risk ’
prediction.

Table.2.Technological Enablers and Applications

The most significant trend is the synergistic integration of
these technologies, particularly the combination of AI/ML
with Digital Twins and IIoT [S]. This integration creates a
closed-loop system where IIoT collects data, AI/ML
analyzes and predicts, and the Digital Twin simulates and
validates changes before implementation in the physical

world.

4.Core Impact Mechanisms: TFP and Beyond

The ultimate measure of digital technology's economic value
in manufacturing is its impact on Total Factor Productivity
(TFP), which captures efficiency gains not attributable to
changes in labor or capital inputs. Recent empirical studies
consistently confirm that DTs significantly promote TFP in
manufacturing enterprises [6, 7]. We identify three primary

mechanisms:

4.1.The TFP Enhancement Mechanism

The impact of DTs on TFP is not direct but mediated
through the creation and exploitation of data-driven
capabilities. This process can be conceptualized as a flow:
(1) Enablers to Data: Core DTs (AI/ML, DT, IloT)
transform physical processes into digital data streams,
enabling Real-time Data Analysis and the Digitalization of
the Physical World.
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(2) Data to Decision: The analyzed data feeds into the
central process of Data-Driven Decision Making (DDDM).
DDDM is the critical pivot point, translating technological
input into organizational output.

(3 ) Decision to Optimization: DDDM simultaneously
triggers three core optimization pathways:

Resource Allocation Optimization: Better matching of inputs
(materials, energy, labor) to outputs, reducing waste and idle
capacity.

Production Process Optimization: Real-time adjustments to
machine parameters, scheduling, and flow, leading to higher
throughput and quality.

Knowledge Spillover & Innovation: Data sharing and
collaborative platforms foster organizational learning and
accelerate product/process innovation.

( 4 ) Optimization to TFP: These three optimization
pathways converge to drive significant TFP Enhancement,
representing a fundamental shift in the production function.
4.2.Beyond TFP: Business Model and
Sustainability
Beyond efficiency, DTs drive two other transformative
impacts:

Business Model Transformation (Servitization): DTs enable
manufacturers to shift from selling products to selling
outcomes or services (Servitization). For example, a
machine manufacturer can use IloT data and Al to offer
"uptime-as-a-service" or "performance-as-a-service,"
creating new revenue streams and deepening customer
relationships [8]. This transformation also contributes to
overall Enterprise Competitiveness.

Sustainability and Resilience: Digitalization enables Green
Manufacturing by optimizing energy consumption, reducing
material waste through precise process control (DTs), and
improving supply chain transparency to track carbon
footprints. The integration of ethical and sustainability
principles is increasingly recognized as a non-negotiable

impact dimension [3].

5.Barriers and Intangible Enablers

The path to Industrial Digitalization is fraught with

challenges, which are often non-technical.
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5.1. Critical Barriers

Barrier
Category

Description

Implication for
Adoption

Financial

Organizational

Human Capital

Data & Security

High initial
investment costs,
long payback
periods, and
difficulty in
quantifying the
Return on
Investment (ROI)
for intangible
assets (e.g., data
infrastructure).

Organizational
inertia, resistance
to change from
employees, lack of
cross-functional
collaboration, and
siloed data
systems.

Severe skill gaps in
data science,
cybersecurity, and
operational
technology
onIT
integration;
difficulty in
attracting and
retaining digital
talent.

Data privacy
concerns,
cybersecurity
threats, and the
complexity of

Disproportionately affec

Small and Medium

Enterprises (SMEs) [9].

Requires strong change

management and

top-down commitment.

Hinders the effective
deployment and

maintenance of advance:

DTs.

Requires robust data

governance and security

integrating protocols.
heterogeneous data
sources across the
value chain.
Table.3.Critical Barriers
5.2. Intangible Enablers
Successful digitalization hinges on the presence of
Intangible Enablers—the soft infrastructure of the
organization:

Digital Leadership: Visionary leadership that champions the

digital strategy and allocates necessary resources.

Agile Organizational Culture: A culture that embraces

experimentation, continuous learning, and tolerance for
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failure.
Digital Literacy: Investment in upskilling and reskilling the
existing workforce to bridge the skill gap and foster

acceptance.

6.Future Research Agenda

Based on our synthesis and the identification of existing
research gaps, we propose a five-point agenda for future
high-impact research to guide the next generation of studies
in this critical domain:

Nuanced Conceptualization and Measurement: Future

research must move beyond treating "Industrial
Digitalization" as a monolithic concept. We need validated,
multi-dimensional scales to measure the intensity and scope
of DT adoption across different manufacturing sub-sectors
and firm sizes. This will allow for more precise causal
inference regarding its impacts.

DTs as General-Purpose Technologies (GPTs): A critical
theoretical question is whether technologies like Al or
Digital Twins will achieve the status of GPTs, fundamentally
transforming entire economies (similar to electricity or the
computer). Future studies should empirically test the
spillover effects and long-term macro-economic impacts of
these technologies beyond the firm level.

Contingency Effects and Heterogeneity: The impact of DTs
is highly heterogeneous. Research should focus on
contingency approaches, examining how the effects of
digitalization vary based on: (a) firm-level factors (e.g., size,
ownership, existing technological base); (b) industry-level
factors (e.g., discrete vs. process manufacturing); and (c)
national/regional institutional contexts (e.g., policy support,
labor market regulations) [10].

Inter-firm Collaboration and Ecosystems: As manufacturing
becomes increasingly networked, future research must
develop and test models for accurate inter-firm collaboration
among digital manufacturers. This includes studying the
governance, trust mechanisms, and data-sharing protocols
required for effective digital supply chain ecosystems.

The

of digitalization depends on its

Integrating FEthics, Sustainability, and Resilience:

long-term  success
compatibility with societal goals. Research is urgently
needed on: (a) the ethical implications of Al-driven
decision-making in production; (b) the trade-offs and
between and environmental

synergies digitalization

sustainability (Green Manufacturing); and (c) how DTs can



International Journal of
Multidisciplinary Research

[JMR

Research Article Print ISSN 3105-8884

Online ISSN 3105-8892

MexayHapofHbIi UHCTUTYT
yNpaBneHus v
npeanpuHUMaTenbCTBa

October 2025, Vol. 1, No. 1

enhance supply chain resilience against global shocks.

Conclusion

Industrial Digitalization is not merely a technological
but a of the

manufacturing value proposition. This systematic review has

upgrade fundamental re-engineering
provided a structured conceptual framework, detailed the
core technological enablers, and, most critically, elucidated
the mediated mechanism through which DTs drive TFP
enhancement in the sector. By confirming the central role of
the

non-technical barriers (organizational inertia, skill gaps), this

data-driven  decision-making and  highlighting
review offers a comprehensive map of the current state of
knowledge. The proposed five-point research agenda serves
as a call to action for the academic community to address the
most pressing, high-impact questions that will define the

future of digital manufacturing.
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This paper explores the development background, core architecture, and driving role of China's digital
industrial platforms in the industrial economy. By sorting out relevant policies, technological paths, and
Digital Industrial typical application cases, it analyzes the key value of digital industrial platforms in optimizing production
Platform; processes, promoting resource collaboration, and empowering the transformation and upgrading of the
Industrial Internet; manufacturing industry. Research shows that China's digital industrial platforms are gradually becoming
Industrial Upgrading;  core infrastructure supporting the intelligent, networked, and service-oriented development of the industry,
glégﬁf);ngzaln and providing an important driving force for building a modern industrial system. Meanwhile, combined
Intelligent with research results related to supply chain resilience improvement and coordinated regional economic
Manufacturing development in the digital economy, the linkage value of digital industrial platforms in multi-dimensional
economic development is further highlighted, providing references for the coordinated promotion of
manufacturing digital transformation and high-quality economic development.
INTRODUCTION

In recent years, against the background of the in-depth
integration of new-generation information technology and
the manufacturing industry, digital industrial platforms, as
the core carrier of the Industrial Internet, have played an
increasingly important role in the transformation of China's
manufacturing industry. This process is mainly driven and
shaped by a top-down, step-by-step national policy system.

From the macro-strategic level, the Ministry of Industry and
Information Technology and other departments have
successively launched a series of policies under the
"Industrial Internet Innovation and Development Action
Plan". These policies clarify a systematic development path
covering the three major systems of network, platform, and
security, as well as data integration and application. Their
core goal is to build an intelligent manufacturing ecosystem

covering the entire industrial chain and the entire value

chain, and consolidate the industrial digital infrastructure.

Guided by this national blueprint, the "intelligent
transformation and digital upgrading" policies actively
responded to by local and industry authorities are more
targeted. They aim to promote intelligent transformation and
digital upgrading of a wide range of enterprises, especially
small and medium-sized enterprises (SMEs), to address core
pain points such as production efficiency, cost control, and
quality management.

It is worth noting that SMEs, as an important part of the
manufacturing industry, are closely related to the
improvement of supply chain resilience in their digital
transformation. Against the backdrop of the global industrial
chain characterized by "fragmentation" and "networking"
and frequent emergencies, the issue of supply chain

vulnerability of SMEs has become prominent. Digital
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industrial platforms are one of the key carriers to solve this
problem. By building a collaborative and intelligent platform
ecosystem, they can help SMEs break through resource
constraints and enhance the ability of supply chains to

respond to risks [1].

Driven by both policy coordination and market demand,
digital industrial platforms have been rapidly popularized
and applied, becoming an important engine for promoting
the high-quality development of China's industry. For

example, the construction of smart factories in the

petrochemical industry to achieve full-process optimization,
and the establishment of intelligent safety monitoring
systems in the civil explosive field. These practices are vivid

manifestations of the above-mentioned core

policy
goals—realizing the optimization and safe control of the

entire production process through platformization—in

specific industries, which have significantly improved

production efficiency and safety management levels [2].

LOGICAL CHAIN: DIGITAL INDUSTRIAL PLATFORMS & CHINA’S
MANUFACTURING TRANSFORATION

TOP-DOWN NATIONAL POLICY SYSTEM

* Ministry of Industry & Information Technology

© Industrial Internet Innovation & Development Action Plan

* Network, Platform, Security Systems
Data Integration & Application

DRIVERS & CARRIERS
TARGETED IMPACT: SMES

DIGITAL INDUSTRIAL

PLATFORMS + Enhance Supply Chain Resilience

(Core Carrier) Address Production Eficency, Cost, Quality|
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Based on research by Lin & Gu (8], Bi [2]

Fig.1.China's Digital Industrial Platforms

1.Core

Industrial Platforms

Architecture of China's Digital

1.1.Composition of the Technical System

China's digital industrial platforms are supported by

new-generation information and communication
technologies, mainly including the following key
technologies:
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Industrial Internet Platform and Digital Twin:
Through equipment networking and data collection, a
digital mapping of physical entities is constructed to
realize full-process monitoring and optimization. Cases:
Shanghai Tobacco Machinery has built a digital twin
factory to optimize production control and environmental
management; China Unicom's "Gewu Unilink" platform
has aggregated more than 1,000 industry object models

to quickly create equipment digital twins [3].

Cloud Computing and Edge Computing: Adopting a
"cloud-edge collaboration" architecture to provide elastic
storage and efficient computing for massive data, with
edge-side processing of real-time tasks. Cases: Shanghai
Tobacco Machinery has built a data empowerment
system using a "cloud-edge collaboration +
lake-warehouse integration" data architecture; China
Unicom's "Gewu Unilink" has created a three-tier
implementation architecture of cloud, edge, and end to

realize industrial interconnection [4].

Artificial Intelligence and Big Data Analysis:
Applying technologies such as machine learning and
large models for process optimization, quality inspection,
predictive maintenance, and intelligent scheduling. Cases:
Shanghai Tobacco Machinery has built an intelligent
fault diagnosis system based on large models, improving
service response efficiency by 80%; Inspur Cloudzhou
has launched the "Zhiye Large Model" to provide

services such as process parameter optimization and

intelligent customer service [5].

Industrial Software Ecosystem: Including Product
Lifecycle Management (PLM), Manufacturing Execution
System (MES), Enterprise Resource Planning (ERP), etc.,
which constitute the core tool chain for digital
transformation. Case: The "Intelligent Manufacturing
Typical Scenario Reference Guide" issued by the

Ministry of Industry and Information Technology lists
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CAD, CAE, PLM, etc., as core tools for product digital
design [6].

1.2.Platform

Construction

System and Standard

China has initially formed a multi-level and collaborative
digital industrial platform system, including cross-industry
and cross-field platforms, characteristic professional
platforms, and regional integrated platforms. This system is
highly consistent with the logic of regional economic
development. Through the regional layout and resource
integration of platforms, it can alleviate problems such as
differences in institutional flexibility between regions and
obstacles to factor flow to a certain extent, providing
technical support for the coordinated development of

regional economies [7].

At the same time, the state continues to promote the
construction of a standard system, covering data interfaces,
security protection, interconnection, and other aspects,
laying a foundation for platform interconnection and
ecological co-construction. The specific platform types and

standard construction cases are shown in the following table:

2.Impact of Digital Industrial Platforms on

China's Industrial Economy

2.1.Improvement of Industrial Efficiency and

Competitiveness

By realizing ubiquitous equipment connection, data-driven
decision-making, and full-process business collaboration,
digital industrial platforms have significantly improved
production efficiency and resource utilization. From the
micro-enterprise level, platforms can help enterprises
optimize production processes and reduce operating costs;
from the industrial chain level, platforms break down
information  barriers between enterprises, promote
collaborative innovation between the upper and lower

reaches, and form an industrial cluster effect. This is highly
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consistent with the "ecological" development trend in the
digital economy. By integrating resources through the
platform  ecosystem, it not only improves the
competitiveness of individual enterprises but also enhances

the risk resistance of the entire industry [8].

2.2.Contribution to the National Economy

The large-scale application of digital industrial platforms has
promoted the transformation of industrial models and
spawned new business formats such as platform economy
and shared manufacturing. According to relevant research
forecasts, by 2025, the scale of the core industrial Internet
industry is expected to exceed one trillion yuan, and will
continue to drive GDP growth . In addition, digital industrial
platforms also play an important role in the coordinated
development of regional economies. Through the technology
diffusion and resource allocation functions of platforms,
they can alleviate the gradient difference in technological
innovation between regions, promote cross-regional factor
flow, and provide a new path for narrowing regional
economic gaps. At the same time, the green manufacturing
model empowered by platforms is also consistent with the
concept of "synergy between ecological governance and
economic development” in environmental economics. It
realizes energy conservation and emission reduction through
digital means, and promotes the balance between economic

growth and ecological protection .

3.Paths for Digital Industrial Platforms to

Empower Industrial Transformation

3.1.Promoting Intelligent Production

Enterprises build intelligent production lines driven by "data
+ models" to realize adaptive adjustment of process
parameters, precise energy consumption management, and
full-process quality traceability. For example, an iron and
steel enterprise has optimized the entire steelmaking process

through a digital platform, reducing energy consumption per
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ton of steel by 5% and product defect rate by 15%. This
intelligent production model not only improves production
efficiency but also reduces resource waste, which is in line
with the goal of "reducing environmental costs and
sustainable in environmental

achieving development"

economics.

3.2.Building a Digital Management System

Digital industrial platforms connect R&D, production,
supply chain, and after-sales service links to form an
integrated management capability. The integration of ERP,
SCM, and CRM systems enables enterprises to quickly
respond to market changes and achieve lean operations. For
SMEs, this digital management system can be realized
through "lightweight" platforms. They can access core
functions without large-scale investment, effectively solving
the pain point of limited resources for SMEs, and at the
same time enhancing their supply chain resilience to cope

with market fluctuations and emergencie.

3.3.Developing Platform-based Services

Based on the data analysis capabilities of platforms,
enterprises can provide value-added services such as remote
operation and maintenance, energy efficiency management,
and collaborative design to the outside world, realizing the
transformation from "manufacturing" to "manufacturing +
service". This service model not only expands the profit
space of enterprises but also promotes the upgrading of
industries to  high-value-added links. In addition,
platform-based services can also promote cross-regional and
cross-industry  cooperation, facilitate the coordinated
development of regional economies, and drive the industrial
upgrading of underdeveloped regions through service output,

narrowing the regional development gap.

4.Benefit

Platform Development

Analysis of Digital Industrial

62

4.1.Economic Benefits

Cost Reduction, Efficiency Improvement for

Enterprises, and Profitability Enhancement

The application of platforms directly helps enterprises
optimize production processes and reduce operating costs.
AVIC Hongdu has realized refined and dynamic
management of manufacturing costs through data-driven
approaches, reducing the raw material cost of a single model.
By establishing lean assembly units, it has improved
production preparation efficiency and production efficiency,
while reducing the number of front-line employees. Guangxi
Huasheng New Materials Co., Ltd. has applied Al
technology to promote intelligent management and control
of the alumina production process, increasing labor
productivity by 50% and production efficiency by 60%.
Enterprises in the composite material industry cluster in
Zaoqiang, Hebei, have reduced raw material procurement
costs by approximately 6%, increased production efficiency
by more than 10%, and reduced unit product costs by
approximately 4% through the "Composite Material Shared

Intelligent Manufacturing Industrial Internet Platform".

Driving Industrial Chain Collaboration and

Forming Cluster Competitiveness

Platforms break down barriers between enterprises and
realize resource sharing and collaborative innovation. The
shared manufacturing platform in Zaoqiang, Hebei, has
integrated 187 wupstream and downstream enterprises,
forming a scale effect by aggregating procurement needs. It
has also integrated 9 shared factories, 21 standardized
intelligent workshops, and 176 sets of equipment, allowing
SMEs to "rent on demand", which has effectively improved
the resource allocation efficiency and risk resistance of the
entire cluster. The first batch of "shared park-in-park" in
Xingtai, Hebei, has realized the agglomeration and efficient

allocation of manufacturing resources through a shared

platform, increasing the production efficiency of settled
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enterprises by 35%, reducing costs by 15%, and increasing
profits by 20%, realizing the transformation from "fighting
alone" to "ecological win-win". This cluster collaboration
model is an important manifestation of the "ecological"
supply chain in the digital economy, which significantly

enhances the overall resilience of the industrial chain.

4.2.Social and Environmental Benefits

Facilitating Green Manufacturing and Energy

Conservation and Emission Reduction

Platforms provide precise digital means for the green
transformation of high-energy-consuming enterprises, which
is consistent with the research conclusion in environmental
economics that "balancing ecological protection and
economic development through technical means". A North
China power transmission and transformation equipment
manufacturing enterprise has reduced comprehensive energy
consumption by approximately 20% by deploying
Advantech's iEMS intelligent energy management system,
saving 3-4 million kWh of electricity annually. After
energy-saving optimization of its air compressor station, the
energy-saving rate has also reached 20%. Hare Company
has built a "source-network-station-load-storage" five-level
linked intelligent heating platform to realize dynamic control
of the heating system, saving more than 49,400 tons of
standard coal annually. Through unit transformation, it has
further reduced power supply coal consumption and carbon
emission intensity [9]. Jiugang Group Dongxing Aluminum
Co., Ltd. has implemented energy-saving and carbon
reduction projects through digital transformation, saving
75.58 million kWh of electricity throughout the year and
reducing carbon dioxide emissions by 42,000 tons. At the

same time, its photovoltaic power generation project reduces

carbon dioxide emissions by 47,000 tons annually [10].

Promoting the Popularization of Digitalization

in SMEs and Improving Employment Quality

Platforms lower the threshold for digital transformation of
SMEs and promote the upgrading of labor skills. The
aforementioned shared intelligent manufacturing platform in
Zaoqiang, Hebei, provides technical support for SMEs by
integrating resources. The platform has carried out 3,682
person-times of technical training for settled enterprises and
opened 11 laboratories and 53 core patent technology
document libraries to enterprises, effectively improving the
technical capabilities and product quality of SMEs. This
model of popularizing digitalization in SMEs also alleviates
the unbalanced development caused by '"technological
innovation gradient differences" between regions, laying a
foundation for the coordinated development of regional
economies. In addition, Xunyang City has explored a "one
database, one chain, four platforms" digital employment
service model. By establishing a human resource
information database, it accurately connects enterprise
employment needs with individual job-seeking needs. By
August 2024, it has promoted the transfer and employment
of 91,200 laborers. The city has also integrated resources to
carry out order-based skill training to help workers master
professional skills. For example, the "Xunyang Construction
Engineering" labor service brand has driven the export of

more than 60,000 construction workers .

BENEFIT ANALYSIS OF DIGITAL INDUSTRIAL PLATFORM DEVELOPMENT

4.1 ECONOMIC BENEFITS DIGITAL
INDUSTRIAL
PLATFORMS

4.2 SOCIAL & ENVIRONNENTAL BENENITS

* Green Manufacturing, Energy
Canission Reduction

o Cost Reduction, Efficiency
Improvement Profitabiity
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Fig.2.Benefit Analysis of Digital Industrial Platform

Development

63



International Journal of
Multidisciplinary Research

[JMR

MexayHapofHbIi UHCTUTYT
yNpaBneHus v
npeanpuHUMaTenbCTBa

Research Article Print ISSN 3105-8884 Online ISSN 3105-8892 October 2025, Vol. 1, No. 1
Conclusion 3. Zhu, X. Y. (2025). DeepSeek - The "Chinese Engine" for the
. .. . Global Industrial Intelli Transformation in 2025.
As a key carrier for the digital transformation of the oval Incustrial Tietligenice  Transiotmation
L . N . Modern Manufacturing, (02), 1.
manufacturing industry, China's digital industrial platforms odern Manufacturing, (02)
have demonstrated strong empowerment potential in many 4. Zhang, T. (2025). From Black Box to Actionable Insights:
aspects such as improving industrial efficiency, promoting An Adaptive Explainable Al Framework for Proactive Tax
green manufacturing, and facilitating regional collaboration. Risk Mitigation in Small and Medium Enterprises.
From the perspective of related research, digital industrial 5. Li, B. (2025, August). High-precision photovoltaic potential
platforms form in-depth linkages with fields such as supply prediction using a multi-factor deep residual network. In
chain  resilience  improvement,  coordinated  regional 2025 6th International Conference on Clean Energy and
cconomic  development, and - ecological and economic Electric Power Engineering (ICCEPE) (pp. 300-303). IEEE.
collaboration. Through the "lightweight" and "ecological"
. 6. Gu, Y., Feng, G., & Li, Y. (2025). Research on the Impact
platform design, they help SMEs break through resource £ ¢ ) P
. . Mechanism of Environmental Economics on Study Tour
bottlenecks; through technology diffusion and factor Y
. . . Education: Transnational Cases and Student Capacit
allocation, they alleviate unbalanced regional development ; pacty
. . . Building. Journal of Global Trends in Social Science, 2(8),
through digital green manufacturing, they realize the balance g ®
. . . 46-52. https://doi.org/10.70731/hyc94503
between ecological protection and economic growth .
. . . 7.  Zeng, R, Wang, X., Wang, Z., & Gu, Y. (2025). Logic and
In the future, with the continuous strengthening of g g g ¢ )- Log
. . . . . . Path of China's Regional Economic Disparities: From
technological iteration, ecological improvement, and policy
. . . Institutional Change, Factor Flow and Technological
support, digital industrial platforms will further promote the £ g
. . . Innovation. Journal of Global Trends in Social Science, 2(8),
development of China's manufacturing industry towards
. . . . . 32-39. https://doi.org/10.70731/s98wcs90
high-end, intelligent, and green directions. At the same time,
they will play a more core linking role in the coordinated 8. Lin, H, & Gu, Y. (2025). Research on the Path to Enhance
development of multi-dimensional economies, providing a Supply Chain Resilience of SMEs in the Context of Digital
solid foundation for building an independent and Economy. Journal of Global Trends in Social Science, 2(9),
controllable modern industrial system and realizing 16-21. https://doi.org/10.70731/xmx66997
high-quality economic development. . . . .
9. Yi, X. (2025). Real-Time Fair-Exposure Ad Allocation for
SMBs and Underserved Creators via Contextual
REFERENCES o
Bandits-with-Knapsacks.
1. Wang, Y. (2025). AI-AugETM: An Al-augmented exposure— )
10. Xu, S., Cao, Y., Wang, Z., & Tian, Y. (2025, June). Fraud

toxicity joint modeling framework for personalized dose

optimization in early-phase clinical trials. Preprints.

https://doi. org/10.20944/preprints202507, 637, v1.

2. Wang, Z. Z. (2025). The Digital Engine Drives the Intelligent

Transformation of the Petrochemical Industry - Industrial

Innovation Practice of the World's First Smart Ethylene Plant.

China Petroleum and Chemical Industry, (03), 45-46.

64

Detection in Online Transactions: Toward Hybrid
Supervised—Unsupervised Learning Pipelines. In Proceedings
of the 2025 6th International Conference on Electronic
Communication and Artificial Intelligence (ICECAI 2025),

Chengdu, China (pp. 20-22).


https://doi.org/10.70731/hyc94503
https://doi.org/10.70731/s98wcs90
https://doi.org/10.70731/xmx66997

Research Article

MexayHapofHbIi UHCTUTYT
yNpaBneHus v
npeanpuHUMaTenbCTBa

International Journal of
Multidisciplinary Research

[JMR

Print ISSN 3105-8884 October 2025, Vol. 1, No. 1

Online ISSN 3105-8892

https://10.65231/ijmr.v1i1.27
Artificial Intelligence Driving Corporate Sustainable Development

Depeng Pan'*,Xiaoxi Zhang 2

"International Institute of Management and Business,220086, Slavinsky street

2RUDN university ,Miklukho-Maklaya Street, No. 6, Moscow, Russia 117198

KEYWORDS

ABSTRACT

Artificial Intelligence;

Sustainable

Development;

Corporate
Development;

Green Transformation

Under the dual pressures of global climate challenges and policy regulations, corporate sustainable
development has transitioned from a strategic option to a survival imperative. Traditional management
models face bottlenecks in efficiency and data management, while artificial intelligence, leveraging its
powerful capabilities in data processing, autonomous learning, and multi-objective optimization, is
emerging as a core driver for corporate green transformation. This paper systematically reviews the core
technical pathways through which Al drives corporate sustainable development, encompassing energy
optimization, supply chain management, carbon footprint tracking, and product lifecycle management. It
demonstrates the significant effectiveness of Al in enhancing resource efficiency, reducing carbon
emissions, and accelerating green innovation. In-depth analysis of industry benchmark cases, such as
healthcare, further validates the multi-dimensional value of Al applications, achieving a "efficiency
enhancement - resource conservation - social value" synergy. The article also prospects the development
trends of Al technology, evolving from specialized to general-purpose intelligence and from an efficiency
tool to a strategic core, indicating that enterprises are shifting from technology procurement to ecosystem
building and ultimately moving towards a new sustainable development paradigm with Al as the
decision-making hub. Artificial intelligence is not only reshaping corporate operations and value chains
but also fostering socio-economic systems with lower resource consumption and greater resilience at both
micro and macro levels, providing systematic solutions for the synergistic achievement of corporate

Environmental, Social, and Governance (ESG) goals.

INTRODUCTION

emissions[3]. Traditional management models are mired in
efficiency bottlenecks: manual data processing delays lead to

and

Under the dual pressures of global climate change and
policy regulations, corporate sustainable development has
shifted from a strategic choice to a necessity for survival.
Data from the United Nations Environment Programme
indicates that 80% of corporate carbon emissions globally
originate from supply chain activities, far exceeding direct
production emissions[1] .The EU's Corporate Sustainability
Reporting Directive (CSRD) has of

companies to adjust their strategies, while 42% face

prompted 51%

challenges in data management[2] .Policies such as China's
"Dual Carbon" and the EU's

Adjustment Mechanism create a compelling impetus for

goals Carbon Border

transformation, underscored by the reality that supply chain

carbon emissions account for over 50% of China's total

industrial energy efficiency losses of 15%-20%,
building energy waste exceeds 30%. Against this backdrop,
Al emerges as a key solution, leveraging three core values:
firstly, optimizing resource allocation, such as energy
solutions industrial
by  10%-20%;

decision-making accuracy, with nearly 90% of surveyed

management reducing energy

consumption secondly,  enhancing

respondents recognizing its transformative role in
sustainability reporting[4]; and thirdly, driving green
innovation, propelling energy systems towards an
autonomous  decision-making paradigm. International

Energy Agency estimates suggest that Al technology could
reduce global carbon emissions in the energy sector by

15%-40%, affirming its central role as an engine for
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sustainable development. Market growth data corroborates
this the market size of Al
sustainability is projected to reach $24.95 billion by 2025,

trend: in environmental
while the ESG segment market is expected to exceed $14.87
billion by 2034, with compound annual growth rates of
14.5% and 28.2% respectively[5]. As the climate crisis
intensifies and technological iteration accelerates, Al is
reconstructing the underlying logic of corporate sustainable
development, providing quantifiable, traceable systematic

solutions for net-zero goals.

1.Core Technical Pathways of AI-Driven
Corporate Sustainable Development

1.1.Energy Optimization: Intelligent
Scheduling for Green Efficiency

Energy optimization is a crucial aspect of corporate
Al

enhances energy utilization efficiency through precise

sustainable development. technology significantly

forecasting and intelligent scheduling. Longshine
Technology's "Energy Time Series Forecasting System under
Complex Backgrounds" employs a multi-agent collaborative
framework to achieve precise optimization of power
dispatch. Utilizing deep reinforcement learning algorithms
and integrating multi-dimensional information such as
meteorological data, historical load, and economic indicators,
the system constructs a high-precision energy demand
forecasting model. Application results show that this system
can reduce coal-fired power plant start-stop cycles by 30%,
substantially lowering energy consumption and carbon
emissions[6]. This technological pathway is applicable not
only to the power industry but can also be extended to
energy-intensive sectors like manufacturing and construction,
facilitating  corporate transformation

green through

intelligent energy management.

1.2.Supply Chain
Management: Multi-Objective Optimization
Creating Dual Value

The supply chain, as the core of corporate operations,

directly impacts a company's overall environmental

performance. IBM's Al-powered supply chain optimization
system uses multi-objective optimization algorithms to

significantly reduce carbon emissions while lowering costs.

66

This system integrates machine learning, operations research,
and big data analytics to optimize transportation routes,
warehouse layouts, and inventory management in real-time.
Practical application data indicates that the system can
reduce transportation carbon emissions by 15% while
cutting inventory costs by $20 million (IBM Website, 2025).
By incorporating environmental objectives into the supply
chain decision-making system, this pathway achieves a
win-win situation for both economic and environmental
benefits. Notably, the system also possesses adaptive
learning capabilities, enabling continuous optimization of
decision models in response to changing market conditions

and corporate needs.

1.3.Carbon Footprint Tracking: LLM
Technology Enhances Accounting Efficiency

Accurate quantification of carbon footprints is fundamental
for companies to formulate emission reduction strategies.
Traditional carbon accounting methods suffer from long
cycles and high costs. The Chat-LCA system developed by
the
Technology integrates Large Language Model (LLM)

Qingdao Institute of Bioenergy and Bioprocess

technology, revolutionizing the efficiency and accuracy of
carbon footprint tracking. Using natural language processing
techniques, the system automates the extraction and analysis
of carbon emission data. Compared to traditional methods,
the Chat-LCA system compresses the carbon accounting
cycle from weeks to hours, achieving an accuracy rate of
0.9832[7]. This pathway not only improves the efficiency of
carbon accounting but also lowers the barrier for small and
medium-sized enterprises to participate in carbon
management. The system's built-in industry knowledge base
and automated report generation function enable companies
to quickly identify carbon emission hotspots and develop

targeted reduction measures.

1.4.Product Lifecycle Management: Intelligent
Extraction Accelerates Green Innovation

Product Lifecycle Management (PLM) is a key lever for
The
integration of Al technology injects new vitality into PLM.
The Al PLM solution developed by Trace One (Xilélin)

utilizes natural language processing and computer vision

companies to achieve sustainable development.

technologies to automate the extraction of raw material data

and intelligently generate regulatory documents. This system
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demonstrates significant advantages in practical application,
increasing regulatory document generation efficiency by
40% and substantially shortening time-to-market[8]. This
pathway not only enhances corporate operational efficiency
but also reduces the environmental impact throughout the
product lifecycle from the source by optimizing material
selection and design. The system's built-in sustainability
the

optimization of environmental performance during the

assessment module allows for prediction and
product design phase.

In summary, Al technology is reshaping the pathways for
corporate  sustainable development. From  energy
optimization and supply chain management to carbon
footprint tracking and product lifecycle management,
artificial intelligence provides comprehensive solutions for
green transformation. While these four core technical
pathways apply to different scenarios, they all exemplify the
three major advantages of Al technology: data processing
capability, autonomous learning ability, and multi-objective

optimization capability.

2.Key Application Areas of Al in Corporate
Sustainable Development

2.1.Intelligent Energy Management and
Low-Carbon Operations

The global energy system is undergoing a profound
transformation centered on decarbonization, clean energy,
and intelligence. Driven by both the "Dual Carbon" goals
and the global energy crisis, intelligent energy management
has become a key strategic support for low-carbon
operations. Global energy investment reached $3.3 trillion in
2025, with clean energy accounting for $2.2 trillion—twice
that of fossil fuels. However, the International Energy
Agency (IEA) warns that to meet COP28 targets, annual
investment in renewable energy needs to double again
before 2030[9].

2025 Global Energy Investment Structure

Fossil Fuel
Investment
($1.1 trillion)

Clean
Energy
Investment
($2.2 trillion)

67

Fig.1. 2025 Global Energy Investment Structure

2.2.Green Supply Chain and Logistics
Optimization

Green supply chain and logistics optimization is a core area
for companies to achieve sustainable development. Al
technology addresses the pain points of traditional supply
chains — "data silos" and "goal conflicts" — through three
dimensions: carbon footprint tracking, dynamic decision
optimization, and intelligent reverse logistics. In full-link
carbon footprint tracking, Lenovo's self-developed "Global
Supply Chain ESG Digital Platform" integrates Al and IoT
technologies, incorporating modules for supplier ESG
management and logistics carbon calculation. Covering over
1,000 upstream enterprises, it enables end-to-end centralized
management of dispersed ESG data. At the dynamic
"FengZhi"

logistics large model uses multimodal prediction algorithms

optimization decision level, SF Express's
to increase demand forecast accuracy by 5%. Route
optimization for one client reduced total mileage by 8% and
loading success rate by 5%, while training time was reduced
by 120 times. This model also supports the construction of
the "FengHe" carbon management system's low-carbon
intelligent agent, achieving full-process optimization from
insight to action. In the reverse logistics domain, Al image
recognition technology is already applied in scenarios such
as agricultural sorting and industrial waste processing. A
UNEP report shows that 80% of corporate carbon emissions
globally originate from the supply chain. Al-driven supply
chain systems, through IoT device data integration and
machine learning predictive analytics, are reconstructing
sustainable development management models, achieving

both cost reduction and efficiency improvement while

meeting environmental targets like carbon emission
reduction, promoting the synergistic development of "cost
reduction" and  "sustainability". Machine learning

technology demonstrates capabilities surpassing traditional
software in supply chain optimization, enabling demand
forecasting, route optimization, and automated end-to-end
tasks. A hybrid model combining genetic algorithms and
LSTM networks developed by the Vellore Institute of
Technology in India achieved a 23.67% reduction in total
supply chain emissions and a 10.98% improvement in
operational efficiency, confirming Al's key role in balancing

economic and environmental benefits[10]. Generative Al
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further strengthens the transparency and compliance of
supply chain sustainability management through functions
like automated ESG report generation and data anomaly

identification.

3.In-Depth Analysis of Industry Benchmark
Cases

3.1.Healthcare: Alibaba Al's Practices in Inclusive and
Low-Carbon Healthcare

In October 2025, the latest data from China's National
Health Commission indicated that the uneven distribution of
quality medical resources remains prominent, with tertiary
hospitals accounting for 45% of diagnoses and treatments,
while primary care institutions undertake only 32% of the
service volume. Concurrently, the healthcare sector's carbon
emissions account for 4.5% of the national total, with over
15% attributed to paper report printing and transportation
emissions from patients seeking cross-regional care.

The PANDA system, fully named "Pancreatic Al Diagnostic
Assistant," is based on a deep convolutional neural network
independently developed by Alibaba DAMO Academy,
trained on over 1 million abdominal CT image datasets. This
model innovatively integrates multimodal feature extraction
technology, enabling it not only to identify traditional
imaging morphological features but also to capture
hemodynamic changes in lesion areas. This results in a
pancreatic cancer screening sensitivity of 91.3%, 34.1
percentage points higher than that of average radiologists.
More notably, PANDA reduces the analysis time for a single
CT image from an average of 15 minutes required by
doctors to 45 seconds, a 20-fold efficiency increase. In
practical application at Zhejiang Hospital, the PANDA
system has cumulatively completed over 120,000 pancreatic
cancer screenings, raising the early detection rate from 23%
to 41%, directly contributing to a 30% reduction in medical
costs. A calculation by Director Wang of the hospital's
Information Department highlighted: "Previously, we could
perform a maximum of 80 CT screenings per day. Now, with
Al assistance, we can handle up to 1,200 cases per day,
reducing labor costs by 60%. More importantly, it reduced
repeat examinations by 70%, saving about 3,800 liters of
contrast agent usage last year alone, equivalent to a carbon
emission reduction of approximately 26 tons." Currently, the
PANDA system has expanded from pancreatic cancer screeni

ng to multi-cancer early detection, also showing excell
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ent performance in screening for chronic diseases like live
cancer and esophageal cancer. This "AI + PrimaryCare
" model is reshaping the landscape of regional medicalreso
urce allocation.

A 2024 study published in *Nature* —by a joint team from
Alibaba DAMO Academy and the Chinese Center for
Disease Control and Prevention using the LucaProt artificial
intelligence system — discovered 160,000 potential RNA
virus species and 180 viral supergroups at once, a number
exceeding the total number of viruses discovered by humans
in the past century by tenfold. The corresponding author,
Professor Tan from the China CDC's National Institute for
Viral Disease Control, stated in an interview. The
breakthrough of the LucaProt system lies in its original
"protein structure prediction-phylogenetic tree
construction-functional domain analysis" tripartite workflow.
Traditional virus discovery methods require virus isolation
and culture, which is time-consuming and has a low success
rate. In contrast, LucaProt analyzes over 50 million
environmental sample metagenomic data entries from public
databases, uses AlphaFold-like algorithms to predict viral
protein and then constructs

structures, evolutionary

relationship networks through homologous
the Alibaba Cloud elastic

computing platform, the system can perform 10 billion

sequence
alignment. Supported by
protein structure prediction operations per second, reducing
the virus identification time for a single sample from 2-3
weeks using traditional methods to 4 hours. In the
monitoring of HIN1 influenza variants in early 2024, the
LucaProt system demonstrated remarkable early warning
capability. When the identified 3

potentially highly pathogenic variants from 200,000 samples

system strains of
in the global influenza surveillance network, traditional gene
sequencing methods were still undergoing the 3rd round of
verification. This 14-day early warning provided valuable
time for vaccine development, increasing China's influenza
vaccine matching rate to 89% and reducing medical
expenditures by approximately 1.2 billion CNY. The
shortening of the infectious disease response cycle directly
translates into socio-economic benefits. WHO data indicates
that each day earlier a pandemic response is initiated can
reduce infections by about 15%. The LucaProt system has
been deployed in CDC centers across 31 provinces in China,
compressing the average national response time for
emerging infectious diseases from 56 days to 11 days. This

progress was validated during the 2024 summer norovirus
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outbreak — through Al-assisted rapid traceability and
transmission path prediction, the epidemic control time was
shortened by 70%, reducing economic losses by about 2.8
billion CNY.

Alibaba Al's practices in the healthcare sector have
established a three-dimensional development model of
"efficiency enhancement - resource conservation - social
value." In medical diagnosis, the Al-assisted tool PANDA,
based on a deep learning model, achieves a pancreatic
cancer screening sensitivity 34.1% higher than that of
average radiologists. It has been applied in Zhejiang
Hospital, China, and extended to screenings for various
chronic diseases like liver cancer and esophageal cancer,
directly driving a 30% reduction in medical costs and
optimizing resources through reduced repeat examinations.
At the scientific research and innovation level, the LucaProt
tool aided in the discovery of 160,000 potential RNA virus
species and 180 viral supergroups, setting a record for the

number of new viruses discovered in a single study and

significantly shortening the infectious disease response cycle.

In the social welfare domain, "Starry Night AL" utilizing a
multimodal large language model, generates personalized
picture books for autistic children. Since its launch, it has
been used nearly 200,000 times, substantially reducing the
children. These

only enhance medical

educational costs for special needs

technological applications not

screening capabilities in remote areas but also realize
low-carbon healthcare by reducing paper reports and patient
travel, demonstrating the dual value of Al in inclusive

medical resources and sustainable development.

¢

Carbon footprint

Gross emissions by category Gross emissions over time

Goods & Services
Offices
Marketing
Employees
Travel

® Other

= AR R RNY|

Goods & Services 177,204

Accounting & Legal 97,568
m 21,738
Ingurance 10,074
Personnel Costs 4094

Fig.2.Alibaba Cloud Case: task
scheduling achieved a 14% optimization in carbon emission

costs[11]

Typical computing
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4.Technological Development Trends and
Innovation Directions

Currently, artificial intelligence is no longer a remote,
cutting-edge concept but is integrating into all aspects of
corporate operations with unprecedented depth and breadth,
becoming a core engine driving business transformation. Its
technological development trends and innovation directions
are moving from the application of point solutions towards a
of

intelligence, profoundly reshaping corporate technology

new phase systematization, generalization, and

architectures, business processes, and commercial models.

4.1. Technology Foundation Layer: From
Specialized to General Intelligence, Driving
Capability Democratization

The technological foundation of enterprise Al is undergoing
a fundamental evolution. Firstly, the rise of large language
models and foundation models is a core trend. Enterprises
are no longer satisfied with training specialized models for
single tasks (e.g., image recognition) but are beginning to
leverage these massive models, pre-trained on vast datasets
and possessing powerful generalization capabilities, as
foundations. Through techniques like fine-tuning and prompt
engineering, companies can rapidly develop Al applications
for various scenarios at lower cost, significantly reducing
technical barriers and application costs, and achieving the
"democratization" of Al capabilities. Secondly, multimodal
fusion is becoming a key direction. Future enterprise Al
systems will not process text, images, speech, or data in
isolation but will be able to comprehensively understand and
generate information across multiple media types. This will
give rise to more natural human-computer interaction (e.g.,
digital employees that can read charts and answer questions),
more comprehensive content moderation, and more precise
industrial quality inspection systems, bringing Al's cognitive
abilities closer to human levels. Furthermore, the deep
integration of Al with cloud-native and edge computing
constitutes the new-generation computing architecture.
Cloud platforms provide the elastic computing power
required for training and deploying large models, while edge
Al pushes intelligence down to the source of data generation
(e.g.,
decision-making and response, meeting the urgent needs for

factories, retail stores), enabling real-time

low latency, data privacy, and bandwidth efficiency. Finally,

the management of data and knowledge is moving towards
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intelligence. Traditional databases and data lakes are
evolving into "vector databases" and "data fabrics" to better
support Al's semantic understanding and retrieval of
unstructured data. Simultaneously, enterprise knowledge is
being systematically constructed into "knowledge graphs,"
enabling Al not only to process information but also to
understand complex relationships between information,
laying the foundation for deep reasoning and decision

support.

4.2.Enterprise Application Layer: Evolving
from Efficiency Tool to Strategic Core,
Reconstructing the Value Chain

At the application level, Al's role is transforming from a
back-office efficiency enhancement tool to a core of
innovation and value creation permeating front, middle, and
back Al-driven

hyperautomation is becoming mainstream. This surpasses

offices. In internal operations,

traditional Robotic Process Automation by incorporating

cognitive automation, capable of handling complex,
unstructured tasks like document approval, customer service
Q&As

repetitive labor to focus on higher-value creative work. In

and code generation, freeing employees from
customer interaction and marketing, highly personalized
experiences are becoming a competitive focus. Leveraging
Al, enterprises can achieve one-to-one customer journey
design, dynamic pricing, # #E recommendations, and 7x24
intelligent customer service, thereby significantly enhancing
customer loyalty and lifetime value. In R&D and innovation,
Al is becoming a powerful "innovation co-pilot." In drug
discovery, materials science, chip design, and new product
development, Al can substantially shorten R&D cycles,
reduce trial-and-error costs, and explore technical paths
unanticipated by human experts through simulation,
prediction, and generative design, becoming a source of
disruptive innovation for enterprises. In the supply chain and
manufacturing sectors, Al is key to achieving resilient
supply chains and smart manufacturing. Through demand
forecasting, inventory optimization, predictive maintenance,
and flexible production scheduling, Al helps companies
navigate an increasingly complex and uncertain global
environment, cost  reduction,

achieving efficiency

improvement, and risk control.
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4.3.0rganization and Strategy Layer: From
Technology Procurement to Ecosystem
Building, Catalyzing New Paradigms

The deep application of Al is driving changes in corporate
organizational forms and strategic thinking. Competitive
barriers will increasingly reside in unique data assets and Al
model capabilities. Proprietary, high-quality domain-specific
data, and the specialized Al models built upon them that are
difficult

advantages. New human-machine collaborative work modes

to replicate, will become core competitive
will become the norm. Corporate organizational structures
and processes need to be reconfigured around the new
paradigm of "humans responsible for strategy, creativity, and
empathy; Al responsible for execution, analysis, and
scalable management." Cultivating employees' ability to
collaborate with Al will become a vital component of
corporate talent strategy. Furthermore, responsible Al and
governance are transitioning from optional to mandatory. As
the impact of Al decisions deepens, enterprises must
establish for model

rigorous governance frameworks

interpretability, fairness, robustness, and data privacy
protection. This is not only a compliance requirement but
also the foundation for building customer trust, maintaining

brand reputation, and achieving sustainable development.

4.4.Future Innovation Directions: Towards
Autonomy and Emergence

In the future landscape, enterprise Al innovation will
advance towards higher-order forms. Autonomous intelligent
agents will become a key evolutionary direction. These Al
systems can understand complex goals, autonomously plan
and execute a series of tasks (e.g., automatically generating
market research reports), truly transforming into "always-on
digital employees" for enterprises. Concurrently, Al for
Science will play a more central role in corporate R&D,
bridging the translation pathway from basic scientific
discovery to commercial application. Additionally, the deep
exploration and application of emergent capabilities in Al
systems may catalyze unexpected innovative breakthroughs,
opening up unprecedented commercial frontiers.
5.Conclusion

Reviewing the technological evolution and innovative

practices of artificial intelligence in the corporate domain, its
developmental trajectory clearly points towards a grand
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vision: we are advancing towards a new paradigm of
sustainable development driven by artificial intelligence.
This transformation is not merely the accumulation of
technologies or the linear improvement of efficiency, but a
profound shift in business and societal paradigms.

Within this emerging paradigm, Al no longer exists as an
isolated technological tool but is deeply integrated into
various levels of the corporate organization like a nervous
system, becoming the core decision-making hub for
holistically optimizing economic, environmental, and social
benefits. It successfully bridges the often historically
opposing goals of "development" and "sustainability,"
merging them into two sides of the same process. Through
systemic optimization, Al reconstructs the pathways for
achieving sustainable development.

At the micro level of the enterprise, Al-driven intelligent
automation and smart manufacturing, through the precise
scheduling of energy, materials, and logistics, reduce
resource waste and emissions at the source, achieving an
intrinsic unity between efficiency gains and green
development. At the macro level, Al-enabled smart grid
systems, circular economy industrial supply chains, and
green urban management systems collectively construct a
socio-economic system with lower resource consumption
and greater resilience. The logic of corporate value creation
is consequently shifting from the singular pursuit of
the of

encompassing long-term

short-term financial performance to pursuit

comprehensive value
environmental, social, and governance (ESG) dimensions.
data Al enables

environmental

Leveraging its insight capabilities,

enterprises to precisely quantify their
footprint and social impact, incorporating these critical
the

framework. This allows for seeking the optimal balance

dimensions into core strategic decision-making
between business success and social welfare, building
sustainable business entities that are both resilient and
reputable.

the

evolution of business models but also elevates the purpose

Therefore, artificial intelligence not only drives
of corporate existence. Actively embracing this new
Al-driven paradigm signifies that enterprises are proactively
assuming the roles of responsible social citizens and
forward-looking innovation engines, working to create
economic prosperity while collaboratively safeguarding a

predictable and more promising future.
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With the continuous upgrading of the sports industry structure and the increasing diversification of talent
demand, the traditional practical teaching system for physical education majors faces severe challenges in
cultivating interdisciplinary talents in the new era. This paper focuses on the practical teaching system of
physical education majors in private colleges and universities, guided by the concept of innovation and
entrepreneurship, and explores the construction of a "professional competence + innovative thinking +
entrepreneurial practice" three-dimensional integrated practical teaching model. Through literature
research, field surveys, and case analysis, this paper systematically sorts out the practical dilemmas of
"superficial integration, poor connection, and insignificant effects" of innovation and entrepreneurship
education in the current practical teaching of physical education majors. It proposes a dual-track
integration path with "modularization + project-based" as the curriculum organization method and

"on-campus incubation + off-campus linkage" as the platform support. The research shows that this model

Integration can effectively improve students' job adaptability, innovative literacy, and entrepreneurial ability, realize
the role transformation from "skill executor" to "industry problem solver", and provide a replicable and
promotable practical paradigm for the talent cultivation of physical education majors in private colleges
and universities.

INTRODUCTION

Under the background of the in-depth advancement of the
national strategies of "Healthy China" and

Fitness", the sports industry is transforming and upgrading

from the
skill-oriented

service-oriented,

Correspondingly, the demand structure for sports talents has

traditional

universities, especially in private ones, still has problems
such as overemphasis on skills while neglecting thinking,
"National focusing on tradition while ignoring innovation, and valuing
on-campus teaching while underestimating off-campus

practice.

physical fitness-oriented and
model  to a  technology-oriented As an important starting point for the reform of higher
and platform-oriented one education, innovation and entrepreneurship education
focuses on cultivating students' critical thinking,

also undergone profound changes, expanding from single
teaching and training positions to interdisciplinary functions
such as sports operation, sports marketing, sports technology,
and health management. However, the current teaching

system of physical education majors in Chinese colleges and

cross-boundary integration ability, and market insight, which
is highly consistent with the new requirements for talent
quality in the upgrading of the sports industry. Nevertheless,
existing studies mostly focus on theoretical discussions or
macro strategies, lacking systematic exploration on "how to

integrate" and "how to implement" the concept of innovation
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and entrepreneurship in the practical teaching of physical
education majors in private colleges and universities. Based
on this, this paper, taking the school-running orientation and
talent cultivation characteristics of private colleges and
universities as the foundation, attempts to construct an
innovation and entrepreneurship-oriented practical teaching
model for physical education majors. It aims to realize the

in-depth integration of "professional education" and

"innovation and entrepreneurship education", and enhance
the professional competitiveness of sports talents and their

contribution to industrial development.

1. Research Ideas and Methods

With "talent cultivation" as the core orientation, this study
adheres to the combination of problem orientation and goal
orientation, and follows the logical chain of "current
situation analysis - theoretical construction - model design -
path exploration" to promote the research work in stages.
Firstly, through the literature research method, it
systematically sorts out the research status and development
trends of the integration of practical teaching of physical
education majors and innovation and entrepreneurship
education at home and abroad, and clarifies the theoretical
basis and practical foundation. Secondly, using the survey
research method, it conducts interviews and questionnaires
with teachers, students, employers, and industry experts of
physical education majors in some private colleges and
universities to identify the key problems and real needs in
the current practical teaching. Thirdly, it adopts the
comparative research method to learn from the successful
experience of similar colleges and universities at home and
abroad, and combines the actual situation of physical

education majors in private colleges and universities to

propose an operable integration model.

At the theoretical construction level, this study is based on
the "Practical Cognition Theory", "Constructivist Teaching
Theory", and "Triple Helix Innovation Model". It puts
forward the practical teaching concept of "dual-track
integration of physical education professional competence

cultivation and innovation and entrepreneurship literacy

73

improvement", emphasizing the integration of knowledge
construction, ability training, and value shaping in real or

simulated industrial scenarios.

mn
|

Fig.1.Research Ideas and Methods

Current Siuation Analysis

2. Research Content

2.1.Connection between the Supply of Physical
Education Talent Cultivation and Industrial
Demand

Currently, the job structure of the sports industry is
expanding from traditional single-function positions such as
physical education teachers and coaches to interdisciplinary

positions like "sports + operation”, "sports + marketing", and
"sports + technology". This requires the talent cultivation of
break the

shift

physical education majors to original

"skill-oriented"” path dependence and to a
comprehensive talent cultivation model that emphasizes both
"competence and literacy". On the one hand, it is necessary
to strengthen the analysis of job competencies in various
links of the sports industry chain, such as event planning,
product promotion, service design, and fitness studio
operation, and clarify the corresponding relationship
between talent cultivation standards and industrial demand.
On the other hand, it is necessary to adhere to the orientation
of real industrial problems, extend the practical teaching
scenario from "simulated training" to "actual operation", and
enable students to complete the role upgrade from "skill
executor" to "industry problem solver" in the process of

solving practical problems.

To achieve the talent cultivation goal of "aligning cultivation

standards with industrial demand and matching competence
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structure with job requirements", physical education majors
in private colleges and universities should proactively
connect with local sports industry resources, establish a
closed-loop feedback mechanism of "talent demand -
competence standards - curriculum system - practical
platform",

and promote the transformation of talent

cultivation from "supply-driven" to "demand-driven".

2.2.Innovation and Path Exploration of
Innovation and Entrepreneurship-oriented
Practical Teaching Model

2.2.1.Construction of a "Three-Dimensional
Integration" Practical Teaching Model

Centering on the three dimensions of "professional

competence - innovative thinking - entrepreneurial practice",
a systematic framework for the practical teaching of physical

education majors is constructed.

e P ["novative Thinking Layer S
«Professional Capability Tier |

— N
«Sports Venue Business
«Expertise Dimension

Planning
~Sports Industry Problem
«Core Competency Level 2

Decomposition
«Sports Industry Cross-
Domain Integration

«Sports User Needs Insight
\, Professional Competence [N ) N
Layer i

«Sports Resource Matching
~Sports Project Operation

Entrepreneurial Practice
~ Layer

Fig.2.Three-Dimensional Integration

Professional Competence Layer: Strengthen the traditional
core competencies such as sports skills, physical education
teaching ability, and health management to ensure that

students have a solid professional foundation.

Innovative Thinking Layer: Cultivate students' critical
thinking, systematic thinking, and design thinking through
training  in

sports industry problem decomposition,

cross-boundary integration, and user demand insight.

Entrepreneurial Practice Layer: Focus on practical links such
as sports venue business planning, resource connection, and
project operation to enhance students' market awareness and

entrepreneurial ability.
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This model emphasizes the interactive integration of the
three layers, aiming to realize a talent cultivation closed loop
of "taking professionalism as the foundation, innovation as

the driving force, and entrepreneurship as the orientation".

2.2.2.Implementation of the "Modularization +

Project-based" Teaching Organization Method

In the design of the curriculum system, the original physical

education practical reconstructed  into

skill

courses  are

"professional modules” and "innovation and
entrepreneurship integration modules". Professional Skill
Modules: Retain and optimize the traditional core practical
courses, and embed "innovative task" elements. For example,
add tasks such as "innovative design of teaching plans" and
"sports technology optimization experiments" in sports
teaching and training courses. Innovation and
Entreprencurship Integration Modules: Add interdisciplinary
courses such as "Introduction to Sports Innovation and

Entrepreneurship"”, "Practical Event Operation", and "Sports

New Media  Entreprencurship" to  promote the
cross-integration of physical education with management,

media, information technology, and other disciplines.

At the teaching implementation level, Project-Based
Learning (PBL) is fully implemented. With real projects
such as "campus fitness studio preparation" and "community
parent-child sports activity planning" as carriers, students
are guided to complete the whole process of "demand
research - plan design - implementation - effect evaluation”
to replace some traditional practical courses. Through
role-playing, scenario simulation, and practical exercises,

students' sense of participation and gain are enhanced.

2.2.3.Establishment
+

of the
Off-campus

"On-campus

Incubation Linkage"

Dual-platform Mechanism

On-campus Platforms: Build "Sports Innovation and

Entrepreneurship  Workshops" and "Innovation and

Entrepreneurship Guidance Stations" to provide one-stop
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services such as project roadshows, resource connection, and
simulated operation. Regularly hold events such as "Sports
Creative Competitions" and "Entrepreneurial Project
Contests" to form a positive cycle of "creativity - incubation

- practice".

Off-campus Platforms: Jointly build "innovation and

entrepreneurship practical training bases" with sports
enterprises, fitness clubs, sports technology companies,
event planning institutions, etc., and carry out "order-based"
internships and joint training. Actively connect with local
incubators and makerspaces to promote the implementation
and operation of excellent student projects, such as
community sports service stations and sports self-media
studios, so as to realize the seamless connection of "teaching

- practice - entrepreneurship”.

3. Research Significance and Value

3.1.Theoretical Significance

3.1.1.Enriching the Theoretical Mechanism of
Innovation and Entrepreneurship Education
for Physical Education Majors in Private

Colleges and Universities

Private  colleges and universities have  distinct
"application-oriented" and "market-oriented" characteristics
in terms of school-running orientation, resource allocation,
and talent cultivation goals. By exploring the penetration
path of innovative thinking and entrepreneurial ability in the
practical teaching of physical education majors - such as
embedding practical content like project planning, event
operation, and entrepreneurial cultivation in courses such as
sports training and sports marketing - this study provides
theoretical support and practical annotations for innovation
and entrepreneurship education in physical education majors

in specific fields.
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3.1.2.Expanding the Theoretical Connotation of
the Practical Teaching Model for Physical

Education Majors

education focuses more on skill

This

Traditional physical
teaching and teaching ability cultivation. study
systematically embeds the concept of innovation and
entrepreneurship into the practical teaching system,
constructs a three-dimensional theoretical model of "skill +
innovation + industry", breaks through the limitations of
single skill training, and enriches the theoretical connotation
in the cultivation of

of physical education major

application-oriented talents.

3.1.3.Exploring the Implementation Path of
"Curriculum-based Ideological and Political

Education" in Physical Education Courses

Curriculum-based ideological and political education is a
key measure to implement the fundamental task of
"fostering virtue through education". The national honor in
sports events is highly consistent with the "patriotic" values,
and the fair competition on the field is in line with the
concept of "fairness and equality". Through innovation and
entrepreneurship practices, such as organizing community
sports services and planning public welfare sports events,
students can be guided to establish correct values and social
responsibility, realizing the organic integration of value

shaping, ability cultivation, and knowledge impartment.

3.2.Practical Significance

3.2.1.Enhancing the Employability and Career
Development Potential of Graduates Majoring

in Physical Education

Through the practical teaching of innovation and

entrepreneurship, students can expand from traditional
education and coaching positions to interdisciplinary
positions such as sports operation, sports marketing, and

sports entrepreneurship, effectively alleviating the problem
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of homogeneous employment. Carriers such as project-based
teaching, school-enterprise cooperation practical training,
and innovation and entrepreneurship competitions can
significantly improve students' ability to solve practical
problems, enabling them to better adapt to the demand for

"practical + innovative" talents in the sports industry.

of the
Physical

the
Teaching System

3.2.2.Promoting Optimization

Practical for
Education Majors in Private Colleges and

Universities

This study promotes the dual innovation of curriculum
content and teaching methods for physical education majors.
In terms of content, modules such as "sports business model
design" and "sports entrepreneurship incubation camp" are
added, and cases such as sports self-media operation and
community sports service innovation are embedded. In terms
of methods, models such as project-driven learning, case
teaching, and scenario simulation are promoted to enhance
the timeliness and practicality of teaching. At the same time,
by deepening industry-education integration, an integrated
platform of "practical teaching + entrepreneurial incubation"
is established to improve the industrial adaptability of talent

cultivation.

3.2.3.Serving the Innovative Development of

the Sports Industry and Social Demand

Sports talents with innovative thinking and entrepreneurial
ability can inject new vitality into fields such as sports
training institutions, technology enterprises, and community
services, and promote the diversified and intelligent
upgrading of the sports industry. Under the guidance of the
"Healthy China" strategy, the research results are conducive
to cultivating a group of innovative talents who can explore
new scenarios and new formats in the sports industry, better

serving social well-being and national strategies.

Conclusion
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Integrating the concept of innovation and entreprencurship
into the practical teaching of physical education majors is
not only an inevitable choice to cope with the transformation
and upgrading of the sports industry but also an important
way to deepen the reform of higher education and improve
the quality of talent cultivation. The "three-dimensional

integration" model, "modularization + project-based"

curriculum system, and "on-campus incubation +

off-campus linkage" platform mechanism constructed in this
paper provide a systematic solution for the reform of
practical teaching of physical education majors in private

colleges and universities. In the future, continuous

exploration is needed in aspects such as teacher team
construction, evaluation mechanism, and policy support to

promote the in-depth integration of innovation and

entrepreneurship  education and physical education

professional education, and cultivate more high-quality
sports talents with patriotic feelings, innovative spirit, and

practical ability.
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Safeguard mechanisms form the essential foundation for ensuring the digital transformation of human

resource management progresses from short-term breakthroughs to sustained deepening. This study

Management; constructs a comprehensive safeguard system encompassing four dimensions: institutional, organisational,
Digital technological, and cultural. Centred on dynamic synergy as its core logic, this system provides a stable
Transformation; regulatory framework for transformation through institutional design; empowers implementing entities to
Institutional Design; enhance execution capabilities by leveraging organisational restructuring; establishes a robust material
ﬁeczntological foundation through technological architecture; and fosters collective consensus on transformation via
rc l ecture; . . . . . . . . . .
o cultural shaping. These four dimensions do not operate in isolation but form a virtuous cycle: "institutional
Organisational . o . L .
Culture; frameworks guide organisational behaviour; organisations deploy technological tools; technology
Safeguarding facilitates cultural dissemination; and culture reinforces institutional commitment." Ultimately, this cycle
Mechanisms, assists enterprises in transforming fragmented digital practices into enduring organisational capabilities,
thereby achieving the sustainable development of digital transformation.
INTRODUCTION

As enterprises

deepen their understanding of digital

frameworks, organisational structures, and corporate culture;

transformation within human resource management, an
increasing number of managers recognise that isolated
digital tools struggle to generate enduring value.
Consolidating and deepening transformation outcomes
necessitates  support from  systematic  safeguarding
mechanisms. Early practice and research indicate that many
corporate digital transformation projects stall after achieving
initial success, or encounter significant resistance during
The

comprehensive safeguarding system commensurate with

rollout. root cause lies in the absence of a

transformation  requirements. Current research on
safeguarding mechanisms for digital transformation exhibits
notable shortcomings: on the one hand, most studies focus
on technological safeguards while neglecting the synergistic

support provided by soft factors such as institutional

on the other hand, existing research often treats safeguarding

mechanisms as static frameworks, paying insufficient
attention to the necessity and sustainability of dynamic
adjustments across different stages of transformation.
Consequently, this study aims to address these gaps by
constructing a multi-layered, dynamically adjustable support
framework. This framework provides theoretical guidance
and practical pathways for enterprises to achieve sustainable
development in the digital transformation of human resource

management.

1.Materials and Methods

This study employs a research methodology combining
theoretical construction and systematic analysis. Firstly, by

analysing relevant theories such as institutional theory,
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the

Acceptance Model, it establishes the theoretical foundation

organisational learning theory, and Technology

for constructing support mechanisms. Building upon this,
the

comprising four dimensions: institutional, organisational,

study constructs a systematic support framework
technological, and cultural, elucidating its inherent dynamic
synergistic logic. The research further integrates corporate
practice, detailing the specific content and implementation
pathways for each dimension's safeguarding mechanisms.
These include measures such as establishing a digital
transformation committee, implementing data governance
protocols, and designing a tiered digital literacy
development system to operationalise the framework.
Finally, the study emphasises the need for dynamic
optimisation of this safeguarding mechanism according to
the enterprise's transformation stage, proposing a sustainable
development approach involving periodic evaluation and

feedback-driven adjustments.

2.Theoretical Foundations and
Framework of Support Mechanisms

Systemic

Effective support mechanisms require a robust theoretical
foundation. Institutional theory posits that formal and
informal institutional arrangements stabilise organisational
operations by shaping behavioural expectations among
members, providing theoretical grounding for constructing
the

Organisational learning theory emphasises that organisations

rule systems necessary for  transformation.
must establish mechanisms for continuous learning and
improvement to adapt to external environmental changes
and internal management reforms, thereby supporting the
cultivation of execution capabilities during transformation.
The Technology Acceptance Model reveals that maximising
technological utility depends on complementary support
systems; mere technological investment cannot guarantee
employees' proactive adoption and effective use of digital
tools, highlighting the importance of synergy between
technology and other factors. These theories collectively
point to a core insight: the success of digital transformation
in human resource management requires the coordinated
action of multiple safeguarding factors.

Based on the above theoretical analysis, this study constructs
a safeguarding framework comprising four interrelated
dimensions: institutional, organisational, technological, and

cultural. The institutional layer provides the rule-based
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foundation for transformation, clarifying governance
structures, resource allocation, and performance orientation.
The organisational layer builds execution capabilities by
adjusting organisational forms, strengthening talent reserves,
and enhancing leadership to ensure effective implementation
The

establishes the material foundation through rational planning

of transformation measures. technological layer

of technical architecture, ensuring data security, and

achieving system integration to support digital tool
application. The cultural layer fosters shared values by
communicating the transformation vision, establishing
mechanisms for trial and error, and cultivating a learning
organisation, thereby reducing resistance and strengthening
collective commitment. These four layers form an organic
whole rather than a simple juxtaposition: institutional
frameworks guide organisational behaviour; organisations
leverage technological tools to advance practices;
technology provides an efficient vehicle for cultural
dissemination; and culture, in turn, enhances employee
of both
technological adoption. This ultimately creates a virtuous

that the of

acceptance institutional ~ frameworks and

cycle drives continuous  deepening
transformation.

The innovation of this framework lies in its dynamism and
systemic nature: it focuses not only on the adequacy of static
configurations across each layer but also on the fluidity of
interactions between them; it addresses current
transformation support needs while reserving scope for
future adjustments as the transformation progresses through
its phases. This design enables the safeguarding mechanism
to continuously optimise alongside the various stages of an
enterprise's digital transformation in human resource
management. It evolves from the initial "breakthrough
safeguards" focused on technology implementation and
foundational system establishment, gradually transitions to
the mid-stage "deepening safeguards" that strengthen
organisational synergy and cultural shaping, and ultimately
forms "sustainable development safeguards" that underpin

the long-term stability of the transformation.

3.Institutional Safeguards:
Stable Rule Foundation

Establishing a

Institutional safeguards serve as the "stabiliser" for digital
transformation in human resources management, providing

the legitimacy and normative foundation for advancing all
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reform measures. Their core lies in designing clear rules to
define governance responsibilities, performance orientation,
and resource allocation logic for the transformation, thereby
preventing chaos arising from a lack of established
procedures. Firstly, enterprises must establish a governance
structure suited to digital transformation, clearly allocating
decision-making, execution, and oversight powers. This can
be achieved by establishing a cross-departmental Digital
Transformation Committee. Directly overseen by senior
management, this committee should involve heads of HR, IT,
business units, and finance. Its remit extends beyond
formulating overarching transformation strategies and
phased objectives to include regular coordination meetings.
These meetings resolve cross-departmental conflicts of
authority and responsibility during transformation, For
instance, it addresses discrepancies between HR-proposed
system functionalities and IT's technical implementation
capabilities, ensuring alignment with the organisation's
overarching business strategy. Simultaneously, it prevents
"multiple layers of management" or '"responsibility
vacuums" by clearly defining each department's functional
roles and accountability during transformation[1].

Secondly, establishing a performance evaluation system
aligned with digital management is paramount. Traditional
HR performance metrics often prioritise process efficiency

and cost control. Within the digital transformation context,

performance assessment must shift focus towards
dimensions such as data value creation, user experience
optimisation, and the implementation of innovative

applications. This reorientation guides organisational and
employee behaviour towards digitalisation. For instance,
metrics such as the completeness of data collection within
HR systems, the accuracy of analytical outcomes, the
rate of digital tools recruitment,

adoption across

performance management, and training modules, and
employee satisfaction with digital services should be
incorporated into departmental and individual performance
assessments. Concurrently, the weighting of traditional
process-oriented indicators should be appropriately reduced.
This

employees to proactively engage in digital practices.

performance-oriented adjustment will incentivise

Optimising budget management and resource allocation
systems is equally vital for institutional safeguards. Digital
transformation in HR management requires sustained

long-term resource commitment rather than one-off

investment. Enterprises should therefore establish dedicated
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digital transformation budget categories within financial
specifying budget

disbursement schedules stable

allocations and
funding for

technology procurement, system maintenance, talent training,

systems, annual

to ensure

and other transformation needs. Concurrently, more flexible
resource allocation methods should be adopted, such as
establishing a dedicated digital transformation fund. This
fund should be open to project proposals from both HR and
business departments,

with

supporting  lightweight digital

initiatives innovative value. Examples include
developing digital training tools for specific roles or building
small-data-based early warning models for turnover risk.
This approach prevents essential digital investments from
being curtailed due to short-term performance pressures,
providing a sense of resource security for the sustained
advancement of transformation.

Furthermore, institutional development must incorporate
standardised data governance protocols, which form the
prerequisite for ensuring "data usability and reliability" in
should establish

unified data classification standards, clearly defining the

digital transformation[2]. Enterprises
scope and ownership of different data types—including

employee  basic  information, remuneration  data,
performance metrics, and training records. Data quality
standards must be established, setting quantifiable indicators
across four dimensions: completeness, accuracy, consistency,
and timeliness. Refine data security protocols by defining
tiered employee access permissions—for instance, standard
staff may only view personal details and salary breakdowns,
HR administrators may edit employee records, while senior
managers may  access  departmental  summaries.
Simultaneously, safeguard data confidentiality and integrity
through encryption, operational logging, and periodic
security audits. Establish a data lifecycle management
system, defining comprehensive rules governing the entire
process from data collection and storage through application
to archiving or destruction. These protocols not only lay the
groundwork for subsequent data analysis and intelligent
applications but also provide a compliant framework for

cross-departmental data sharing.

4.Technical and  Cultural  Safeguards:
Fortifying  Foundations and  Fostering
Consensus

Technical safeguards encompass not only investments in
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hardware and software systems, but more crucially involve
establishing a meticulous data governance framework and
scenario-based system integration solutions. This addresses
practical challenges in digital transformation such as "data
silos" and "inefficient applications", ensuring technological
tools genuinely enhance human resource management value,
reflected HRM

optimization research [5]. Cultural safeguards, meanwhile,

a concern also in broader system
require cultivating "tiered, measurable" digital literacy to
transform the concept of embracing digitalisation into
employees' voluntary action. This resolves the dilemma of
yet
transforming digital culture from conceptual advocacy into
the "hard

underpinning

"tools being usable underutilised or resisted,"

capability support. Together,

"soft

they form

infrastructure" and power"
transformation, a synergy essential for Industry 4.0 and 5.0
paradigms [3, 1].

At the technical assurance level, refined data governance is
This

protocols covering the entire data lifecycle -- from collection

paramount. necessitates establishing operational
and validation through storage, application, to archiving --
based on the logic of "data lifecycle management". This
provides rigid safeguards for the usability and reliability of
HR data, which

decision-making [6]. During data collection, clearly define

is foundational for data-driven
the "responsible parties" and '"real-time synchronisation
rules" for each HR data type: Performance data is submitted
by department heads within specified working days after the
appraisal cycle concludes. The system automatically sends
data confirmation notifications to employees, safeguarding
their right to information and ensuring data accuracy.
Compensation data is jointly entered by Finance and HR
departments, with cross-verification of the previous month's
salary details and attendance records completed by the 5th of
each month to prevent multiple data entries and inconsistent
standards.Additionally, for personnel mobility data such as
job transfers and resignations, a "triggered synchronisation"
mechanism must be established. When employee role
information is updated in the HR system, it automatically
synchronises with the OA system to adjust approval
permissions and with the finance system to update
This

consistency during cross-departmental

remuneration calculation standards. ensures data

circulation and

prevents management vulnerabilities caused by data
desynchronisation.
Data quality governance requires establishing a
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"three-dimensional validation standard": for completeness,
enforce non-null validation on mandatory fields such as
employee ID numbers and employment contract durations,
blocking submissions for incomplete entries. Generate
monthly Data Integrity Reports, issuing performance alerts
to departments exceeding a 5% data deficiency rate to
compel greater attention to data collection. For accuracy,
embed logical validation rules such as "compensation
amounts must not fall below the local minimum wage
standard" and "attendance days must not exceed the natural
days in the month." The system automatically flags
anomalous data and forwards it to HR data administrators,
who must contact the responsible department within 24
hours to verify and correct it, ensuring no logical errors in
the data. For consistency, establish cross-system data
comparison mechanisms. For instance, the "number of active
employees" in the HR system must be automatically
compared monthly with the "number of employees receiving
remuneration" in the finance system and the "number of
attendance records" in the OA system. Discrepancies must
generate an "Abnormal Analysis Report," clearly identifying
causes (such as untimely deregistration of departures or
staff)

implementing closed-loop resolution, ensuring data quality

differing statistical criteria for part-time and
from multiple dimensions, a principle that aligns with robust
scheduling and data management approaches seen in modern
operations [8].

The ultimate objective of data governance is to achieve
"asset conversion" — transforming HR data from
"information records" into "decision-making assets". This
necessitates defining scenario-based application pathways:
for instance, constructing a "Capability-Performance
Alignment Model" based on "employee performance data +
training records". The system automatically identifies groups
of employees with "low performance but high training
participation", prompting HR to optimise training content
and methods. It also identifies employees with "excellent
performance but no promotion history", incorporating them
into talent pipeline development programmes. Establishing
"turnover risk prediction indicators" using "resignation data
+ role characteristic data" -- such as role satisfaction scores
<60 points or monthly overtime exceeding 40 hours. The
system generates monthly lists of high-risk resignations,
enabling HR to proactively initiate one-to-one discussions
and retention interventions. This ensures data governance

outcomes directly translate into managerial decision value,
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preventing data from remaining dormant, thereby supporting
the shift towards a more analytical HR function known as
Smart HR 4.0 [9].

System integration through scenario-based approaches is
pivotal to overcoming "information silos". This requires
focusing on core HR operational scenarios to achieve deep
synergy between HR systems and other enterprise systems,
rather than merely superficial technical integration. For the
full employee lifecycle spanning onboarding, tenure, and
departure, dedicated integration interfaces must be designed:
During onboarding, once employee details are entered into
the HR system, this automatically triggers the OA system to
generate an "onboarding process package". This includes
workflow nodes such as office equipment requests, access
card issuance, and corporate culture training bookings.
Employees need not resubmit applications; the system
automatically routes requests to relevant departments for
processing. Concurrently, it synchronises with the corporate
knowledge base, automatically granting new hires access to
role-specific operational manuals and policy documents,
thereby shortening their adaptation period. In the departure
scenario, when an employee submits a resignation request in
the HR the

"Departure Settlement List" to the finance system, detailing

system, system automatically pushes a
outstanding wages, social insurance and housing fund
arrears, etc. It also pushes a "Device Recovery Reminder" to
the IT department, covering items such as computers,
employee badges, and deactivation of office software
accounts. Furthermore, a "Process Node Interlocking"

mechanism is established

Only upon confirmation of
equipment recovery by IT and settlement completion by
finance will the HR system permit finalisation of resignation
approval, preventing asset loss and financial risks arising
from process disconnections.

Concurrently, accounting for the practical reality of
"coexisting legacy and new systems," establish "System
Compatibility Assessment Criteria": newly introduced HR
digital tools must support API integration with existing core
systems (e.g., SAP, Yonyou financial systems; WeCom,
DingTalk collaboration platforms), with interfaces meeting
three security requirements: "encrypted data transmission"
(using SSL protocol), "tiered access permissions"” (restricting
sensitive data viewing to authorised administrators), and
"traceable logging" (recording the time, entity, and content
of each data call). This ensures data security and operational

control during integration. Quarterly "system integration
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performance audits" must be conducted, focusing on
evaluating "data synchronisation latency" (target < 1 hour)
and "interface failure rate" (target < 0.5%). Non-compliant
items shall be promptly addressed through collaborative
optimisation and iteration with the IT department to ensure
system integration stability and efficiency, a process that
benefits from a multi-modal and multi-skilled workforce
approach [4, 7].

At the cultural assurance level, tiered cultivation of digital
literacy is central. A "three-tier cultivation system" must be
established based on the differing digital needs of employees
across roles, ensuring training content precisely aligns with
practical work scenarios and avoiding a "one-size-fits-all"
approach. For senior executives, the core objective is to
cultivate "understanding of digital value and proficiency in
data-driven decision-making". This can be achieved through
quarterly "HR Digital Transformation Benchmark Review
Sessions" --- focusing on leading enterprises such as Huawei
and Alibaba to examine practical cases like "data-driven
talent reviews" and "Al-assisted recruitment”. Al-assisted
recruitment" to deeply analyse how their safeguarding
(such

organisational restructuring and allocating resources to

mechanisms as senior leadership  driving
support digital projects) underpin decision-making, thereby

helping managers develop a digital perspective.
Concurrently, deliver "HR Data Dashboard Application
Training" to guide managers in using systems to monitor
real-time core HR metrics such as "per capita productivity,
turnover rate, and training return on investment." This
enables data-driven management optimisation proposals,
leveraging the potential of Al and other technologies that are
increasingly entering the HR domain [2].

For the HR team, the core objective of development is to
cultivate them as "executors and enablers of digital
transformation". Development content must focus on "hard
skills + soft empowerment": Regarding hard skills, monthly
"specialised training on HR digital tools" will be conducted,
covering "advanced HR system functionalities" (such as
custom report generation and bulk data import), "data
(e.g., PivotTables, Tableau

visualisation), with a "practical assessment" requiring HR

analysis  tools" Excel
personnel to generate a "visualised report analysing reasons
for departure" based on departmental turnover data within
one week post-training to ensure tangible outcomes. For soft
"HR-Business

Collaboration Workshops" simulate business requests like

empowerment, regular Department
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"reducing time-to-hire" or "optimising performance
evaluation processes". These guide HR staff to translate
business needs into digital solutions---such as refining CV
keyword screening, automating interview invitations, or
designing online performance assessments---enhancing
tool-business alignment and reinforcing HR's "business
which

management and navigating the complexities of diverse

partner" role, is crucial for effective talent
organizational structures [6, 10].

For general staff, the core objective is to eliminate
towards digital tools while

"resistance" enhancing

foundational operational skills. Training content must
balance "cognitive guidance" with "practical instruction": At
the cognitive level, induction training for new employees
should incorporate a module on "Understanding the Value of
HR Digital Tools." Comparative case studies---such as
"traditional paper leave requests requiring three days for
approval versus system submissions completed within one
hour"---should be used to illustrate the tangible efficiency
gains delivered by these tools. Quarterly release of a 'Digital
Tool Usage Feedback Report' showcasing typical cases
where employees resolved issues via the system (e.g.,
swiftly accessing social security contribution records
through self-service queries, flexible learning via online
training platforms). This reinforces the perception that 'tools
serve employees', thereby reducing resistance. At the
operational guidance level, create "One-Minute Operation
Guides" (e.g., "How to Submit Overtime Requests via the
System," "How to Query Payroll Details") embedded on the
system homepage for easy access. Simultaneously, establish
a "Digital Tools Customer Support Role" to address
employee queries in real-time via WeCom. Monthly
statistics on high-frequency issues will inform updates to
operation guides or drive system interface optimisation,

further lowering usage barriers[4, 10].

5.Findings and Discussion

By constructing and analysing a four-dimensional safeguard
mechanism framework, this study yields the following core
findings and engages in an in-depth discussion of their
value.

Firstly, the most significant finding is that the effectiveness
of safeguard mechanisms is rooted in the systemic synergy
of institutional, organisational, technological, and cultural

dimensions, rather than the isolated influence of any single
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factor. The framework reveals a dynamic cyclical logic
among these four dimensions: "institutional frameworks
guide organisational behaviour; organisational structures
deploy technological tools; technology enables cultural
dissemination; and culture reinforces institutional
commitment." This finding theoretically explains why many
enterprises, despite substantial technological investments,
experience stagnation in their transformation—because they
overlook the holistic nature of the safeguarding system.
Unlike most current research focusing on technological
safeguards, this framework emphasises the indispensable
synergistic support between soft factors (such as systems
and culture) and hard technology, offering a systematic
approach to addressing multidimensional challenges like
"poor execution and cultural resistance".

Secondly, this study clarifies that effective safeguarding
mechanisms must possess dynamic adaptability. The
framework introduces the logic of "stage adaptation" and
"dynamic optimisation", indicating that safeguarding
measures are not static. During the initial transformation
phase, safeguarding prioritises technological implementation
and foundational institutional establishment to achieve
"breakthroughs". As transformation deepens, the focus must
shift towards organisational synergy and cultural shaping to
achieve "deepening". This finding addresses the limitation of
existing research treating safeguarding mechanisms as static
frameworks, emphasising their inherent requirement to
evolve with the transformation process. It provides crucial
theoretical explanations and practical guidance for the
sustainability of safeguarding mechanisms.

Finally, the discussion indicates that the formulation of
safeguarding strategies must fully account for individual
enterprise differences. Research reveals that enterprises at
different developmental stages — such as start-ups versus
mature firms — exhibit distinct resource endowments,
organisational complexities, and transformation objectives.
Consequently, the focus of safeguarding mechanisms should
also differ significantly. This confirms the absence of a
universal, one-size-fits-all model. Organisations must tailor
and refine the four-dimensional safeguarding framework
according to their scale, industry -characteristics, and
transformation objectives to establish the most suitable
safeguarding  system, successful

thereby  ensuring

transformation.
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safeguarding framework, demonstrating the critical role of
synergistic coordination and dynamic adjustment across
institutional, organisational, technological, and cultural
dimensions in achieving sustainable digital transformation
within human resource management.

Theoretically, this research enriches the theoretical
framework for digital transformation, expanding the study of
safeguarding mechanisms beyond a singular technological
perspective to a multidimensional integration of institutional,
organisational, and cultural dimensions. It provides new
analytical tools for understanding the sustainability of
transformation. At the practical level, this study offers
comprehensive guidance for in

corporate managers

constructing support systems. It provides actionable
pathways from specific institutional design provisions and
operational technology governance processes to tiered
This

enterprises in integrating fragmented safeguarding measures

cultural competency  development. facilitates

and avoiding transformation  pitfalls such as
"overemphasising technology while neglecting safeguards"
or "prioritising initial stages over long-term sustainability".

Future research may deepen in several directions: firstly,
exploring differentiated pathways for safeguarding
mechanisms across industries (e.g., manufacturing versus
internet  sectors) to analyse how  sector-specific
characteristics influence safeguarding priorities; secondly,
refining safeguarding strategies for distinct digital

transformation phases (breakthrough, deepening, and
stabilisation) by distilling replicable phased approaches from
additional corporate case studies; Third, attention should be
paid to the new demands emerging technologies like
artificial intelligence place on safeguarding mechanisms.
Research should examine how to integrate technological
ethics and data privacy protection into institutional
safeguards, and how to cultivate employees' capabilities in
applying emerging technologies to address new challenges
arising from technological advancement.

As the practice of digital transformation in human resource
management continues to deepen, research into safeguarding
mechanisms will persist in providing theoretical guidance
and practical insights for enterprises to achieve digital and
This

organisations in overcoming transformation bottlenecks and

intelligent  transformation. will  assist more

realising sustainable development.
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Enotionality; As an inherent core attribute of human language, emotional expressivity far transcends mere emotional

linguistic devices; venting. It constitutes a complex, multi-layered semiotic system that collaboratively builds a bridge for

externalizing our inner emotional world through sophisticated linguistic devices, dynamic communicative

Communicative

strategies; strategies, and creative stylistic methods. This paper systematically examines how these three types of
Sylization; mechanisms operate in concert to transform private, abstract emotions into perceptible, comprehensible,
Semiotics; and resonant signs, while analyzing their core functions and aesthetic value in both interpersonal

Interpersonal function ~ communication and literary creation.

INTRODUCTION

The ancient adage "Men are not sticks or stones—how can stylistic methods (the aesthetic-creative system transcending

they be without passions?" acknowledges our innate  conventional norms), and will delve into their operational

capacity for emotion. Yet, emotion itself is an internal, mechanisms and socio-cultural functions.

private, even chaotic psycho-physiological experience, Linguistic Means: Micro-grammar of Emotion. Linguistic

lacking inherent social dimension. For emotions to become devces constitute the most fundamental and direct coding

system for emotionality , rooted in the core layers

communicable, understandable, and shareable social

s olanguage—Ilexicon grammar, and syntax providing stable "
resources, they must undergo a process of "externalization." guag & ’ Y p &

ol " . .
This process, the construction of emotionality, refers to the building blocks"for emotional expression.
o o ) ) Vocabulary serves as the most immediate label for emotions.
capacity in communication to encode and transmit emotional
Firstly, languages contain numerous affective words such as
information through a series of conscious or unconscious
"love," "hatred," "joy," and "sorrow," which directly denote

semiotic strategies. It is no longer the raw emotion itself, but ) .
emotional concepts. More nuanced are the uses of evaluative

its symbolic representation. As linguist Roman Jakobson
noted, the emotive function is one of the six fundamental
functions of language, focusing precisely on the speaker's
attitude toward the message[1]. This paper categorizes the
means of expressing emotionality into three interconnected
dimensions:  linguistic =~ devices  (the  micro-level
lexical-grammatical system), communicative strategies (the

macro-level pragmatic and paralinguistic system), and

lexis and modal particles. For instance, transforming "It

happened" into "It tragically happened" imbues the
statement with the speaker's judgment through a single
adverb [2]. In Chinese, modal particles like "If7," "0fg," "NE,"
and "B;" convey subtle emotional nuances—"{R ] & {7 !"
(admiring or sarcastic) versus "{R %t X FEIE." (resigned or

disappointed).
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Syntactic structures form the rhythm and framework of
emotion. Inverted word order, sentence-type selection, and

shifts between declarative / interrogative / imperative modes

effectively transmit feelings. Short, abrupt sentences or
run-on constructions ("R ! Hi ! ") create tension and urgency,
whereas lengthy, nested complex sentences may reflect
tangled thoughts or narratorial anxiety. Exclamations ("How
beautiful this scenery is!") directly vent intense feelings,
while rhetorical questions ("Aren’t you ashamed?") intensify
accusatory force. In Lu Xun’s "The New Year’s Sacrifice,"
the monotonous, repetitive syntax used to depict Xianglin’s
wife retelling her son’s death conveys a profound, numb

SOITOW.

Building upon lexicon and syntax, rhetorical figures act as

emotional amplifiers. Metaphor materializes abstract
feelings ("Her heart felt as if hollowed out"); hyperbole
intensifies emotional scale ("I’d wait for you till seas dry
and rocks crumble"); repetition underscores emotional
obsession ("Silence, silence! Unless we burst out in silence,
we shall perish in silence!"). These rhetorical strategies
break conventional linguistic logic, generating cognitive

salience to evoke emotional resonance.

If linguistic devices provide static "tools," then
communicative strategies concern how these tools are used
in dynamic interaction. Involving pragmatics, paralinguistic
features, and non-verbal cues, they render emotional

expression more three-dimensional and authentic.

1.Paralinguistic Features: The Emotional Color

of Voice

Paralinguistic features constitute the essential non-lexical
elements of human vocal communication, functioning as a
precise emotional "thermometer" that provides critical
insight into a speaker's authentic affective state. These vocal
characteristics transcend the literal meaning of words,
conveying nuanced emotional information through several

key dimensions. Pitch variation represents one fundamental
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parameter, where elevated, shrill tones typically signify
heightened excitement or intense anger, while depressed,
low-pitched tones consistently convey profound sadness or
solemn reverence. Vocal intensity manifests as another
critical indicator, demonstrating a stark emotional contrast
between roaring exuberance or fury on one extreme and
intimate whispering conveying secrecy or tenderness on the
other. Speech rate serves as an equally telling parameter,
with accelerated delivery frequently signaling psychological
tension or urgency, and deliberately slow articulation
suggesting careful deliberation, emotional heaviness, or
conscious hesitation. Furthermore, strategically employed
pauses create meaningful silences that are often laden with
substantial emotional or pragmatic significance, enabling
speakers to emphasize points, build anticipation, or convey
unspoken feelings. Collectively, these paralinguistic
elements weave an intricate and richly textured tapestry of
emotional intonation that complements and frequently
overrides the semantic content of speech. A simple,

frequently encountered utterance such as "I know" can —
through subtle but deliberate variations in tonal quality,
emphatic stress, and rhythmic pausing — communicate a
remarkably wide spectrum of attitudes and emotions,
ranging from willing compliance and genuine understanding
to evident impatience, sudden realization, or profound
emotional indifference, the

demonstrating powerful

contextual flexibility afforded by paralinguistic modulation.

2.Non-Verbal Symbols: The Body's Narration

of Emotion

In direct face-to-face human interaction, substantial and
often decisive emotional information is continuously
transmitted through non-verbal symbols, which operate as an
autonomous, potent channel of emotional narration parallel
to verbal communication. Facial expressions—ranging from
beaming joy to glaring anger, from subtle disappointment to
overt surprise — serve as primary, immediate indicators of

transient affective states, with particular configurations like
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the genuine Duchenne smile being universally recognized
across cultures. Gestures and postures provide equally
significant emotional data, whether through aggressive
displays like clenched fists signaling anger, defensively
crossed arms indicating resistance or discomfort, or
expansive movements and buoyant steps characteristic of
dancing with delight that broadcast happiness and openness.
Additionally, gaze behavior — including direct eye contact
conveying intimacy or challenge, conscious evasion
suggesting discomfort or deception, or sustained steady gaze
indicating focused attention—forms a crucial component of
non-verbal emotional exchange. These diverse bodily cues
collectively constitute a comprehensive parallel system of
communication that frequently surpasses verbal language in
both its evolutionary primacy and its perceived authenticity.
Since these non-verbal signals are frequently instinctive,
generated through autonomic nervous system responses that
prove difficult to consciously control with perfect
consistency, they carry exceptional weight in interpersonal
judgments regarding the genuineness and intensity of
expressed emotions, making them fundamental to accurate

social perception and emotional intelligence.

3.Pragmatic Strategies: The Social

Management of Emotion

Emotional expression in sophisticated social contexts is
seldom a straightforward, transparent process; governed by
complex cultural conventions, interpersonal dynamics, and
specific communicative objectives, it frequently necessitates
the deliberate deployment of sophisticated pragmatic
strategies that manage emotional display according to social
requirements. Verbal irony stands as a quintessential
example of such strategic management, wherein
superficially affirmative words are intentionally used to
convey a contradictory negative attitude, relying entirely on
shared contextual understanding and mutual cognitive
frameworks to successfully communicate nuanced stances

like sarcasm, humorous critique, or other complex affective
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positions. Furthermore, sophisticated linguistic mechanisms
such as presupposition and conversational implicature
systematically facilitate the indirect expression of emotion
while maintaining plausible deniability. For instance, the
seemingly simple statement "You've finally arrived"
conventionally presupposes the other party's significant
lateness, thereby implicitly conveying the speaker's
annoyance or dissatisfaction without direct accusation [3].
Similarly, the question "Are you going to eat all of that?"
often implicates doubt or criticism regarding portion size
rather than genuinely seeking information. These advanced
pragmatic devices highlight the inherent sophistication and
cultural embeddedness of emotional expression within
linguistic practice, illustrating the application of social and
emotional intelligence through strategic communication that
respects face needs, maintains relationships, and achieves

communicative goals simultaneously.

While basic linguistic devices provide the essential static

"tools"  for emotional comprehensive

the

expression,

communicative  strategies pertain to dynamic,
context-sensitive, and strategically motivated deployment of
these tools in actual interactive scenarios. This broader
category, encompassing pragmatic principles, paralinguistic
features, and non-verbal cues, collectively renders emotional
expression more multidimensional, culturally appropriate,
interpersonally strategic, and perceptually authentic, creating
a complex integrated system that transcends literal verbal

meaning.

4.Stylistic Devices: The Artistic Sublimation of

Emotion

Stylistic devices represent the most refined and deliberate
level of emotional expression, systematically transcending
the conventional bounds of everyday communication to
achieve artistic and rhetorical heightening. Through creative,

patterned deviations from ordinary linguistic

norms—including strategic repetition, figurative language,

and syntactic manipulation—writers construct unique
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imaginative worlds that achieve both maximal emotional

impact and profound aesthetic sublimation. This
transformative process is particularly evident in literary and
rhetorical works where linguistic form and emotional
function merge seamlessly to evoke targeted, powerful
affective responses in the reader, demonstrating how stylistic

choices directly shape emotional experience.

Narrative perspective itself functions as a powerful

emotional filter that fundamentally shapes reader
engagement and affective response. First-person narration
establishes an intimate, deeply subjective emotional channel,
forcibly drawing readers into the narrator's immediate
internal world and evoking visceral identification with their
personal feelings—a technique masterfully employed in Yu
Dafu's Sinking, which immerses the reader in a pervasive,
psychologically intense atmosphere of personal anguish,
sexual frustration, and national alienation. Conversely, the
third-person limited perspective strategically guides and
constricts reader empathy by filtering narrative events
exclusively through the sensory perception and emotional
experience of a specific focalizing character, creating
controlled alignment with that character's subjective reality.
Even the ostensibly neutral, panoramic omniscient
perspective inevitably reveals subtle emotional leanings and
evaluative judgments through the narrator's selective
focalization, descriptive emphasis, and implicit commentary,
thereby systematically shaping the reader's affective journey
and moral response to the narrative events and characters.
These strategic choices in narrative technique demonstrate
that storytelling perspective is never merely a technical
decision but fundamentally an emotional positioning device
that directs interpretive responses and determines affective
outcomes in literary communication. Writers anchor abstract
emotions to concrete images, transforming them into
symbolic emotional codes. In classical Chinese poetry, the
"moon" embodies homesickness, "willow branches" evoke
separation, and "guttering candle" symbolizes fading life.

These recurrent images form a cultural lexicon of shared
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emotional symbols [4]. When multiple images coalesce into
a unified atmosphere, they generate pervasive emotional
resonance—as in Ma Zhiyuan's "Autumn Thoughts," where
withered vines, aged trees, and crows at dusk collectively
construct a profound landscape of desolation and nostalgic

SOITrow.

To convey extreme or distinctive emotions, writers often
subvert linguistic conventions through defamiliarization [5].
Eileen Zhang's striking metaphor ("Life is a robe of
gorgeous brocade, crawling with lice") materializes the
desolation of human existence. Modernist poetry employs
grammatical fragmentation, neologisms, and unconventional
collocations to simulate subconscious flow or express
modern alienation—exemplified by Bei Dao's paradoxical
declaration, "The base need basehood for passport / The
noble must noblehood on their epitaph," where antithetical

language delivers scathing critique of its era.

Stylistic devices represent a systematic departure from
conventional linguistic norms to construct alternative
perceptual frameworks that maximize affective expression.
This process operates through calculated deviations from
expected linguistic patterns, disrupting automatic cognitive
processing and forcing reanalysis of conceptual structures.
Within literary discourse, these devices function as linguistic
catalysts that transform abstract affective states into concrete
conceptual metaphors, creating what cognitive linguists term

"cross-domain mappings" between emotional experience and

physical reality.

The theoretical foundation for this process finds its
articulation in Shylovsky's 1917 concept of defamiliarization
(ostranenie), which posits that art deliberately manipulates
linguistic forms to "impede perception and increase its
difficulty." From a linguistic perspective, this constitutes a
strategic violation of selectional restrictions and semantic
prosody - what contemporary pragmatics would classify as
"systematic flouting of the maxim of manner." When

Shylovsky observes that "art makes the stone stony," he
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essentially describes how linguistic deviation can reactivate
the semantic features of lexical items that have been

bleached through habitual usage.

Eileen Zhang's metaphorical construction "life is a gorgeous
robe crawling with lice" exemplifies this linguistic process
through its deliberate collision of incompatible semantic
fields. From a cognitive linguistic standpoint, this represents
a masterful instantiation of conceptual blending theory,
where the "life" input space receives unexpected projections
from the "infested garment" input space. The resulting blend

generates emergent meaning through:

Violation of lexical collocational norms ("robe" typically
resists modification by "crawling with lice"). Activation of
dormant cultural schemas regarding concealed corruption.
This linguistic configuration produces what relevance theory
would characterize as "massive pragmatic implications,"
forcing readers to engage in extensive inferential processing
to resolve the semantic anomaly. The prolonged cognitive
engagement required to reconstruct the intended meaning
correlates directly with the intensification of affective
response - precisely the "increased duration of perception"

that Shylovsky identified as central to defamiliarization.

Through such linguistic mechanisms, stylistic devices
transform ephemeral affective states into durable cognitive
events, demonstrating how systematic manipulation of
linguistic structures can fundamentally reshape emotional

experience within discourse comprehension.

In an era increasingly defined by social media and virtual
interaction, systems of emotional expression are undergoing
profound transformation. Linguistically, internet vernacular
has generated a rich repertoire of emotional signifiers—from
early emoticons to contemporary memes—effectively
constructing an entirely new vocabulary of affect. On the
level of communicative means, video calls and voice
messages have redefined the transmission of paralinguistic

cues, while digital behaviors such as "read but unanswered"

have themselves become vehicles of emotional expression.
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Stylistic approaches are likewise evolving: online literature
cultivates narrative modes adapted to digital reading habits,
while short-form videos have developed their own grammar

of emotional expression through editing rhythms.

These developments, far from diminishing the value of
traditional systems, in fact affirm the stability of their
fundamental framework—all technological innovations
serve to expand, rather than replace, the three foundational
layers of human emotional expression. A truly moving and
successful expression of emotion often emerges from the
precise choice of vocabulary, the dynamism of syntactic
structures, the authenticity of tone, physical coordination,
and the cohesive atmosphere

crafted by stylistic

composition.

A deeper investigation into the mechanisms of emotional
expression not only furthers our understanding of the
intrinsic  connection between language and human
psychology, but also enhances our communicative efficacy
and literary appreciation. Through the continuous process of
decoding and encoding emotions, we come to understand

others more fully, and ourselves more clearly.
Conclusion

In summary, the realization of emotionality in human
communication constitutes a complex process of semiotic
transformation that progresses from micro to macro levels,
from rule-governed to creative expression, and from
individual to social dimensions. The three dimensions
examined in this paper—linguistic devices, communicative
strategies, and stylistic methods—collectively form a trinity
of interdependent systems that constitute an ecosystem for
emotional expression. Linguistic devices provide the
grammatical and lexical foundations for emotional encoding,
establishing the basis for expressive precision;
communicative strategies contribute physical and situational
dimensions to emotional exchange, ensuring authenticity
and dynamic adaptability in interactions; while stylistic

methods expand emotional expression into aesthetic and
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philosophical realms, transforming private feelings into
public art accessible to collective appreciation and reflection

through creative deviation and defamiliarization.

These three dimensions are not isolated from one another

but are intrinsically interwoven in every successful
emotional expression. A moving gaze (communicative
strategy) may require precise lexical framing (linguistic
device) to crystallize its meaning; the power of great literary
works (stylistic method) fundamentally stems from their
profound insight into universal human emotions (operating
at linguistic and communicative levels). Therefore, research
on emotionality must move beyond singular, linear
analytical frameworks and instead adopt a comprehensive
semiotic perspective—one that examines how different
semiotic modalities interact within specific socio-cultural
contexts to collaboratively weave the fabric of emotional

meaning.

The significance of this research extends beyond theoretical
systematization to encompass broad practical applications.
In interpersonal communication, it enhances our capacity to
decode emotional cues and improve empathetic engagement
and communicative effectiveness. In literary and artistic
criticism, it provides sophisticated analytical tools for
understanding how canonical works achieve their emotional
power. In artificial intelligence and human-computer
interaction, comprehending the complex mechanisms of
multimodal emotional expression represents a crucial step
toward developing genuine "emotional intelligence" in
machines. Particularly in today's context of accelerating
globalization and cross-cultural exchange, understanding
both the cultural specificity (such as Western directness
versus Eastern subtlety) and universality of emotional
expression holds wvital importance for eliminating
misunderstandings and promoting mutual learning among

civilizations.

Ultimately, the exploration of emotional expression methods

constitutes, at its core, an exploration of humanity itself. It
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reveals how our ways of expressing emotion simultaneously
define and construct our human nature. Just as we cannot
think without language, we cannot feel and connect without
these culturally embedded semiotic systems. Future research
could further investigate variations in the weighting and
interactive patterns of these three dimensions across
different cultures, or examine the profound transformations
emotional expression undergoes in the digital media age.
This semiotic path from emotion to emotionality continues
to extend toward new horizons, inviting us to journey

forward.
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BBenenue

B nanHOM mMccnenoBaHMM MBI CpaBHUM, Kak B bemapycu m HIDKE OIPEACICHHOTO YPOBHSA (B pa3HBIX TIoOpojax W
Kurae ompezensercs cTaTyc «HYKJAIOIIErocs B YIydllIeHUI MPOBUHIHUAX M0-pa3HOMY, 0OBIYHO MeHee 15-20 KBaapaTHBIX
KWIMIIHBIX YCIOBHH». A Takke — KakHe HHCTPYMEHTHI METPOB).

HCTIONB3YIOTCS Ul PELICHUS 3TOH MPOOIeMBI.
Tocyoapcmeennaa nomumuxa Kumas no  ynyuwenuio

TepmMun "HyXIOalolWuiicss B yAYYIIEHUH O KWIHIIHBIX JICUTTUUWHBIX YCLOBULL HANPABTIEHA.!

ycnoBuit" B benmapycu mosBWICS HE B OJUH MOMEHT, a .
— TOPOJCKMM JOMOXO3SHiCTBAaM C HH3KHM JIOXOIOM, T.€.

chopMHUpOBaCs ¢ TeYCHHEM BpeMEHH. BaKHyr0 poiib B €ro . . .
CEeMBbsIM C TIOCTOSHHOH TOpPOICKON mpommckon (hukou),

¢dbopmupoBanuu ceirpaio IlonokeHne O MOPSAAKE ydeTa
KOTOpPbIE HE MOTYT TO3BOJIUTH Cce0€ KYyNUTh IKHIIbE

rpaxiaH, HYXIAONUXCA B  YJIY4YHICHUHU  JKUJIMIIHBIX

. N CaMOCTOATEINBHO;
YCIIOBHH, IIPEOCTaBICHUS HKHITBIX MTOMeEIIEeHUH

TOCYAapCTBEHHOIO YKUJIMIIHOTO (I)OHZ[a oT 8 anpens 2006 — «MOJIOABIM TajaHTaMm», T.€. BbIIYCKHUKaM BY30B H
rojia, KOTOpO€ 3aKpEruii0 MHOTHE U3 ACHCTBYIOIIMX MOHBIHE ClENHAINCTAaM, IIPUE3KAIOMKUM B KpYIHBIE TOpOAa Ha
kputepues. Ha 1 suBaps 2024 roga Ha ydeTe Hy»KJArOIIUXCS paboTy — IS HUX CyLIECTBYIOT OTACNBHBIC MPOTPAMMbI
B YJIy4YIICHUM >XUIUIIHBIX YClI0BUM B bemapycu cocrosio ApCHAHOTO YKUJIbS,

558,4 THICATH CeMeli, MPH 5TOM CPENHAA MIOMALb Kb — «HOBBIM TOPOACKMM JKHTENSAM», T.€. MHIpaHTaM U3

COCTaBIISIET NpHUMEpHO 26  KBaApaTHBIX MeTpa Ha CENbCKUX PAiOHOB, MOJYYHUBIIUM TOPOJICKYIO PETHCTPAIHIO

HenoseKa. (oHa TOXe eCTh), WK paboTaroNHM B ropomax[2].
B Kurae, tax ke kak B bemapycn, [IHPOKO COOTBETCTBEHHO, MPABUTENLCTBO PEANU3YET MACIITAOHBIC

PpacnpoCTPpaHCHO IMOHATHC «HYXIAONIUHCA B YJIYy4YIICHUU MPOrpaMMbI JUIS TOMOIIM OTHM KATETOPHSM TPaKIaH.

KUIMIIHBIX ycaosuity ({E B B X, zhufang kunnan). Dto TaBHBIE 13 HTHX TPOTPAMM CIIe/TyIOMIHE.

TMOHATHEC YaCTO HUCIIOJIB3YCTCA B FOCY,I[apCTBeHHOI\/'I IIOJIMTHKE,

=" . v \ B
0ocobeHHO B cepe obecreueHus JOCTYITHBIM KUiIbeM. Benb 1. Tapantnposannoe xunbe (£ E(E 5, biozhang xing

Kuraii, kak u  bBemapych, ABISETCS  COLMATBHO zhufang). D710 oOmee Ha3BaHWE U1 PA3IMYHBIX BHUJOB

OPHEHTHPOBAHHBIM TOCYAAPCTBOM (IIPHOPUTET HHTEPECOB CYOCHANPYEMOTO KUIbS, B ACTHOCTH:

o0IecTBa HaJT YaCTHBIM KaruTaimom)[ 1]. — obuwecTBennoe apenaHoe kwibe ( 2N £ M % F 57,
B oTnunume OT 3amaHbIX CTPaH, TIC 3TO MOXKET OBITH POCTO gonggong zulin zhufang), T.e. TocynapcTBEHHOE KUIbE JUIs
onucareabHbIM TEpMHHOM, B KurTae mnoHATHE u©MeeT apeH/Ibl 110 HU3KOW LCHE ISl CeMEil ¢ HU3KHM JOXOIOM U
KOHKpPETHOE€ KOJHMYeCTBEHHOe ompeneneHue. Hanpuwmep, MHUTPAHTOB U3 CENIbCKUX PAaOHOB, MPABIJIA YCTAHABIHBAIOT

CpCaHAsd KWjlasd IUIOMaJlb Ha 4YCJIOBCKa B HOMOXOSﬂﬁCTBe
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MECTHBIC BJIACTH, HATIPHMEDP OTPaHUYCHHUE POCTA APCHIHOM
miatel He Oonee 5% B rop;

— JKIJIbE C COBMECTHBIM MpaBoM Bianenus (A r= B 5,
gongyou chanquan zhufang), T.e. XKuiple TOMEIICHHSA,
KOTOpbIE YaCTHYHO HPUHAIJIEKAT IOCYJapCTBY, @ YaCTUYHO
— CEMbe, YTO MO3BOJSET KYNHUTh XKUIbE 10 Ooiiee HU3KOM
IICHE;

— xuIbe ¢ orpanmuenHoit nenoit (PR UV B &4 B, xianjia
shangpin fang), T.e. KBapTHpPBI, [IleHA KOTOPHIX OTpaHHYCHA
roCyAapCTBOM IPH HPOJAKE.

2. Penosamms Betxoro xumbs (H /7 X X i& , pénghuqa
gdizao), T.e. MacumTabHas IporpaMma IO CHOCY CTaphbix,

BeTXHUX Tpymio0 (JacTo Ha3bIBaeMBIX «penghuqu») B

ropoaax, )41 CTPOUTCIIBCTBY Ha HUX MECTC HOBOTI'O

COBPEMEHHOI'O KUJbA, 4acTb KOTOpOIro BBIACIIACTCSA

MIPEXHUM XuTenam[3].

Kmiee ¢ COBMECTHBIM TIpaBOM BJaJeHHUS (COBMECTHas

J0JIEBasA COOCTBEHHOCTh  Ha )KI/IJ'IBG) 3T0 Mepa

COUMAJIBHON TOMAIEPKKH TPaxKIaAH MPaBUTEIbCTBOM
Kuras, xoropass neum3BectHa B benapycu. U sBnsercs
penkoil B MUpoBOM mpakTuke. L{eHa mpojaku Takoro KUsbs
HUXe, 4eM Ha OOBIYHOM KOMMEPYECKOM PhIHKE, U €ro Il —
YIOBJIETBOPUTH  KWIJINLIHBIE ceMel

moTpeOHOCTH co

CpeIHUM U HU3KUM YPOBHEM J10X0/1a.

OcHogHble XapakmepucmuKu 3moco J4Cujlbsl U npasuia eco

NOKynkKu.

MPaBUTENBCTBO (Uepe3 YIOIHOMOUCHHBIM OpraH) W
MOKyTIaTelb COBMECTHO HECYT IpaBa COOCTBEHHOCTH Ha

KHJIOC ITOMCIICHUC,

— HavaJIbHBIN Imopor BXOJa BO BJIAJACHUC XKHUJILEM JIid

TOKYTIaTCJIA OTHOCUTCIIBHO HHSKHﬁ;

— JIeWCTBYeT mepuojl OJOKUPOBKHM MOBTOPHOH IPONaXKH
KUJIbS (3aKPBITHIHA NEPHOX) B 5 JIET, TTOCIIE KOTOPOT0 MOXKHO

MPOJaTh WIX TIEPEaTh CBOKO OO COOCTBEHHOCTH([4];

JIOXO OT TMpPHUPOCTAa CTOMMOCTH (KamMTalIU3ally)

pacnpenensercss MEXIy CTOPOHAMH IPONOPLUOHANIBHO HX

JIOJISIM;;
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— 3a4BHUTCIIb JOJDKCH COOTBCTCTBOBATH MECTHOM ITOJIUTHKE

OrpaHHUYCHHUs TIOKYIIKM JKWJIbd W HC HMCTb JKHITON

HEABM)XMMOCTH HA CBOC UM 1O COBCPUICHUSA MMOKYIIKH;

— OAVHOKHUM 3adBUTCIIAM OTOJDKHO ObITH HEe MeHee 30 JICT,

CeMEUHBIC 3asBUTEIN JAOJDKHBI  BKJIIOYATbhb  Cynpyra

(cympyry) ¥ HECOBEPIICHHONETHNX AETEH;

— OJHa CEMbiA MOXCT KYIUTb TOJBKO OJHY KBAPTUPY C

COBMECTHOM I[OJ'IGBOI\/'I C06CTBGHHOCTBIO;

— 3CEMJI I CTPOUTCIIBCTBA KUJIbS C COBMECTHOM I[OJ'IGBOI\/'I
COOCTBEHHOCTBIO BBIACIACTCA HNYTEM OIpaHUYCHUA ICHBI

IPpOJAAXH;

COOCTBEHHOCTBIO

JKHIBE € COBMECTHOM  JOJIEBOM
peanu3yeT 3aKpBITBI 000POT Yepe3 OTrpaHUYCHUS yCIOBHIA
BXOa ¥ BEIXOJa HA O3TOT CETMEHT pPBIHKA JKWJIOHN

HEJIBIDKUMOCTH|[5].

Takum 06p330M, OTOT BHJI XKHWJIbA B Kurae cHmkaer

OKOHOMHYCCKOC MHaBJICHHC IMPHU IOKYIIKE IJKWIbIA, HO

OJHOBPEMEHHO COIIPOBOXAACTCSA Ooiee CTPOTrUMHA
YCIOBUAMHA JId TTOJAA4U 3aABKA U OTPAHUYCHUAMU HA BBIXOJ

C PbIHKA, IIOTOMY INOAXOAUT HE JJIA BCEX.

Bnactu Kuras crpemsarca x mozaenu "30-40-20-10", wunum
"30-30-20-20" B KpyHHBIX TOpoAax. JTO HE OQHUIMATHHBII
CTaHAapT, HO oO0lIee HaMpaBlICHUE NOIUTHKA B 20-BIX Tomax

HBIHEITHETO CTOJIeTHA. To eCTh:

~30% KOMMEpUYECKOE JKWJIbE€ IO PBIHOYHOM CTOMMOCTH,
KOTOpO€ MPHHOCUT AOXOI B OIO/DKET ropojia 4epe3 Mpoaaxy

3€MCJIb,

~30% KOMMEpUECKOE XKHIbE C OTPAaHMYEHHOW CTOMMOCTBIO
KaK KIFOYeBOW HHCTPYMEHT mis 'craOwnmzanmu neH" u

YAOBJIETBOPCHUA CIIPOCA CPECAHCTO K1accCa;

~20% oxunpe ¢ 0OIeld H0JIEBOM COOCTBEHHOCTHIO Kak
HaOuparomuii nomynspHocTh Gopmart, ocodenno B [lexune u
[anxae, n kKak Oojee CIpaBEIINBHIN U THOKII HHCTPYMEHT

PBIHKA KUJIbA;

~20% my6nmaHOe (CoIMaIbHOE) aPEHIHOE JKUITBE.
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N Kommepyeckoe Kunbe

KoMMepueckoe Hunbe

C OrpaHy4eHHOM

CTOMMOCTbIO

C o6LLeit Aonesoi

COBCTBEHHOCTbIO

rocyaapcTsa i
I CollanbHoe

aPeHHO. XKMAbe

Baxnoe obcrositenbcTBO. KuTaiickas mojauTHKa B 00mIacTH
JKHJIbSI CTPEMUTCSI K TOMY, YTOOBI BHEITHE BCE BHIBI JKHITBIX
KOMILIEKCOB OBUIH HEOTIMYMMBI OT KOMMEPUYECKOTO JKHIIbSI,
yTOOBl M30€XKaTh COLMATBHONW cerperalu W CO3/aTh
€/IMHYIO TOPOJICKYIO cpeny. OCHOBHBIC Pa3iHYHs JICKAT HE B
ICTETUKE, a B IpaBe COOCTBEHHOCTH U DKOHOMHYECKOMN
MO/ICIH.

Kax onpedensemcsa cmamyc «uyscoaiowecocsa» 6 Kumae?
Yro6bl IPETEHI0BATh HA CYOCHIUPYEMOE JKHIITbe, KUTalCKast
CeMbsl JOJDKHA TOJaTh 3asBICHUE W TPOWTH CTPOIYIO
MPOBEPKY, KOTOPasi BKIIOYAET:

— MPOBEPKY JI0X0/Ia BCEX YICHOB CEMbU 0€3 UCKIIFOUCHUS;

HaIu4yus  JIF000ro XKUJIbd B

MIPOBEPKY

COOCTBEHHOCTH Y BCEX WICHOB CEMbH,

JIPyTOro

— 3aMCphbl IUIOIIAAN CYHICCTBYIOLICTO JKUJIbS (GCJ'II/I OHO

€CTh).

B 2015 romy xomuuecTBO «Hyxnawomuxcs» B Kwutae
U3MEPATIOCh  JeCATKaMA ~ MWUIMOHOB  CeMeH,  9To
MTOTBEPIKIACTCS TPaHANO3HBIMHI MacirabaMu

rocIporpaMm cTpouTenbeTBa xuibsi. K 2025 rony ocrtpas,
MaccoBasl HyX/a B JXHJIbE OblIa B 3HAUMTECIBHOH CTEIICHH
yaoBieTBopeHa. Tenepb mpoOieMa HOCHUT CTPYKTYpPHBIH U
Gornee JIOKAIBHBIA XapakTep, CBA3aHHBIA C JIOCTYIMHOCTBIO

JKWJIbs B KPYIHBIX TOpoAax i KOHKPCTHBIX CONHAJIbHBIX

TpyIHII.
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B 2023-2024 rogmax mpaButenscTBO Kurtas Hauano

PpC€aIM30BbIBATh HOBYIO CTPATCIUI0 PAa3BUTUA PbIHKA XKWUJIbA,

OHa BKJIIKOYACT:

— CTPOUTENBCTBO JOCTYIHOTO JKWIbS JUI «OOBIYHBIX
JIIOACH»;

— PEHOBAIUIO BETXUX TOPOJICKUX paiOHOB;

—  pasButHe  HMH(PPACTPYKTYpHI  JUIS  DKCTPEHHOTO

obmecTBenHOro nosb3osanus (F- 2 R A3 2 3 B hilh 15 it
BY).

[ocnenusss ykazaHHasi HporpaMMa CTpaTervy, KOTOpasi
MoxkeT ObITh HHTepecHa M ads bBeaapyem — 310
cTpateruueckuii noaxox Kuras k co3manuto Oojee rHOKOiA,
YCTOMYMBOH W OIKOHOMHYECKH J(PPEKTHBHON CHCTEMBI
OOILECTBEHHBIX YCIIYT, CHOCOOHOM pearupoBaTh Ha BHI3OBBI
21-ro Beka.

ToBops mpome, 3TO HH(PACTPYKTypHBIC

0OBEKTHI, KOTOpBIE B OOBIYHOE BpeMsi (DYHKIIMOHUPYIOT JUIS
MTOBCETHEBHBIX COLIMAJIBHBIX

YIIOBIIETBOPEHUS u

SKOHOMHYECKHX TOTpeOHOCTeH, a B  UYpe3BBIYAMHBIX
CUTyalMsx (aBapuu, NaHJIEMHUH, CTUXUITHBIE OEICTBHS U T.1.)
MOTYT OBITh OBICTPO IpeoOpa3oBaHbl JUIsS BBITOJHEHHS
CTHEIHMATBHBIX (YHKIMH, TaKUX KaK H3OJALMS, dBaKyaius,
OKa3zaHHe MeIULINHCKON OMOIIH, JIOTUCTHKA U pa3MelleHHe
criacarenei.

KroueBnie MIPUHIUIIBI: JIBOMHOE Ha3Ha4YCHHC, 6I)ICTpa$[

TpaHcdopmanus, paszensemble IIPOCTPAHCTBA,
YIPOUICHHBIM MPOLECC IEPEIUIAHUPOBKHU, HCIOJIb30BaHUE

YHUOULIMPOBAHHBIX PELICHUH W MOAYJeH, HHTerpaus

CYIIECTBYIOIIUX KOHCTPYKIIHA, yIpEeKAAroIIEe
IUIAHUPOBAHUE OOBEKTOB C YUCTOM CUTYAIlMH HA MECTHOCTH.
Ilepeuens 006veKmos

Mmunu4Hslx IKCMpPEHHO20

O6I/L[€CI’I16€HHOZO NOJIb306AHUAL.

Kunse: KPYIIHBIC TOCTHHUYHBIC KOMIIIEKCHI, KYPOPTHBIC
6a3LI, O0OBEKTHI CEIIBCKOrO Typu3Ma, KOTOPbIC MOT'YT OBITH
HpeO6paSOBaHH B M3O0JIATOPbI, BPEMCHHBIC KIIMHUKU WU

JKWIbE Ul MeAIIepcoHaIa.



International Journal of
Multidisciplinary Research

[JMR

Review article Print ISSN 3105-8884

Online ISSN 3105-8892

MexayHapofHbIi UHCTUTYT
yNpaBneHus v
npeanpuHUMaTenbCTBa

October 2025, Vol. 1, No. 1

O6H.[eCTBeHHBI€ HCHTPBI: CIIOPTUBHBIC KOMILJICKCHI,

BBICTABOYHBIC ILCHTPHI, y‘IC6HBI€ 63351, KOTOpPBIC MOTI'YyT

CTaTb IIOJICBBIMHU TroCruvTaIsaMu, 9BaKyallMOHHbBIMU

ITYHKTAMH WJIM HCHTPaMU pacrpeACICHUA ITOMOIIH.

TpchnopTHa;I aBTOBOK3aJIbI,

nH(ppacTpyKTypa:
JIOTHCTHYECKHE MapKH, KOTOPbIE MOTYT HCITOIb30BaThCS Kak

LIEHTPHI TIEPEBATIKU TPY30B U BPEMEHHOTO Pa3MEIICHUSI.

Hpewwyu;ecmea 00beKmos IKCMpPEeHHO20 05mecmeeHH020

NOJIb306AHUAL.

[ToBblllIeHME  YCTOMYMBOCTHM TOpPOJAOB: TOpoja Jydlle

IIOATOTOBJICHBI K 6y]1yH_H/IM Kpu3ucam.

OKOHOMHYECKAs 3¢ GEKTUBHOCTH: MHBECTULIUU B

MHOTO(QYHKIIHOHAIBbHEIE 00BEKTHI O0Jiee paroHaIbHBI, YeM

CTPOUTEIIBCTBO JOPOTOCTOAIINX CIICOHUAIU3UPOBAHHBIX

00BEKTOB, KOTOPHIE OOJIBIIYI0 YaCTh BPEMEHH MIPOCTANBAIOT.

CTUMynmupoBaHWE WHBECTHLHMI: Takas IONUTHKA CO37aeT
HOBBIH CETMEHT Ul MHBECTHLNI B HHPPACTPYKTYPY, MOXKET
OKUBHUTH HEKOTOPHIE CEKTOpa, TaKMe KaK CTPOUTEIHCTBO U

TYpHU3M, JKXUJIUIIHO-KOMMYHAJIbHOC XO3SMCTBO TOpOaOB.
B 3axmodeHHMH MOXKHO CACJIaTh BBIBOJ, YTO HC CMOTpsSA Ha
CXOKECTb IMPUOPUTCTOB B

pcam3anun ConraJIbHO

OPUEHTUPOBAHHOW  KWJIMIIHOW  TOJUTHUKH, KUTAWCKUHN

noaxon Oosee IuBepcHHUINPOBAH, IEJICOPUEHTHPOBAH H
BKIIIOYa€T YHHKaJIbHbIC (DUHAHCOBBIE MOJENH, a TaKKe

JIeJIaeT CTaBKy Ha THOKYI0 HH(PaCcTpyKTypy.
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CpaBHeHne WMHcTpymeHTOB PeweHus XXunuwHon [lpobnembl B

Kutanckon HapogHon Pecny6nuke n B Pecnyonuke benapycs.

KanéHoB NeHHaguwn NeHHagbLeBUY

MEXTyHapOIHOTO MHCTHTYTa YIpPaBICHUS M IpeAnpHHuMarenbcTsa,20086,benapych

B nmanHOM mMccnenoBaHMM paccMmaTtpuBaeTcs, kak bemapych u Kutail ompenensiror MOHSTHE «IIOTPEOHOCTh B YIy4IIECHHH

KIJIUIIHBIX YCIOBUIDY, M aHATU3UPYIOTCS HHCTPYMEHTBI, HCHOJIb3YeMble I peIIeHus 3Tol npobiemsl. Takxke mpeiaraorcs

HEKOTOpbIe pekoMeHaanun i benapycu u e€ ycuinuii mo pemeHuo TeKyIuX KUIHIIHBIX TpooieM.

KuoueBsle cioBa:benopycckoe xxunbe, Kuralickas HeIBIXKUMOCTh, JKUITUIIIHBINA cTaTyC
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This paper uses panel data from 30 provinces in China from 2011 to 2022 as the sample. By constructing
econometric models, it systematically empirically analyzes the impact of the digital economy on
agricultural sustainable development and tests its robustness, regional heterogeneity, and endogeneity
issues. The study measures the levels of the digital economy (DIG) and agricultural sustainable
development (quality) using the entropy method, selects labor force level, industrial structure, and
technological market development level as control variables, and draws conclusions through correlation
analysis, multicollinearity tests, benchmark regression, robustness tests (subsample, variable substitution),
heterogeneity analysis, and endogeneity treatment (instrumental variable method).The digital economy
demonstrates a significant positive impact on sustainable agricultural development. After controlling for
relevant variables, each one-unit increase in digital economy contributes to a 0.1855-unit improvement in
agricultural sustainability, a conclusion that remains valid after robustness testing. Regarding regional
heterogeneity, the central region exhibits a stronger digital economy-promoting effect on agricultural
sustainability (coefficient 0.3513) compared to western (0.2245) and eastern (0.1057) regions. Among
control variables, industrial structure optimization, technological market development, and economic
growth all positively drive agricultural sustainability, with technological market development showing the
strongest correlation (coefficient 0.5397), while openness to external markets demonstrates a negative
correlation. Based on these findings, the study proposes policy recommendations including accelerating
digital agricultural infrastructure development, formulating region-specific digital agriculture policies, and

improving mechanisms for technological markets and talent cultivation.

INTRODUCTION

With the deep integration of next-generation information
technology and the real economy, the digital economy has
emerged as a core driver for optimizing China's economic
structure and reshaping industrial competition[1]. As the
foundation of the national economy, sustainable agricultural
development is crucial for achieving rural revitalization,
ensuring food security, and enhancing agricultural
competitiveness on the global stage[3]. In recent years, the
widespread application of digital technologies across

agricultural production, operations, management, and

services has propelled the sector toward precision farming,
intelligent management, and market-oriented operations.

This transformation offers innovative solutions to address

longstanding challenges in traditional agriculture, including

low productivity and inefficient resource allocation[6].

1.Materials and Methods

This study uses data from 30 provinces in China (from 2011
to 2022, sourced from provincial statistical yearbooks and
the National Bureau of Statistics) as samples, setting
agricultural sustainable development as the dependent
variable and digital economy as the independent variable,
incorporating multiple control variables such as labor force
level, to construct a regression model qualityit to analyze the

impact of digital economy on agricultural sustainable
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development[7].

2.Theoretical Foundations and Systemic
Framework of Support Mechanisms

Existing research predominantly explores the relationship
between digital economy and agricultural development at
theoretical levels, or focuses on the application effects of
specific technologies in localized regions, lacking systematic
empirical testing based on national panel data. Moreover,
discussions on the robustness, regional heterogeneity, and
endogeneity issues of their relationship remain insufficient.
To address this, this study employs panel data from 30
Chinese provinces between 2011 and 2022 to construct
econometric models for empirical analysis of digital
economy's impact on agricultural sustainability[5]. Through
correlation tests, multicollinearity tests, robustness checks,
heterogeneity analysis, and endogeneity processing, we
clarify the interaction mechanisms and regional disparities
between the two factors, providing empirical evidence for
formulating differentiated digital agriculture policies and

promoting sustainable agricultural development[9].

3.Model Design

Through theoretical research and current analysis of the
digital economy's impact on agricultural sustainability, this
paper conducts empirical analysis of its effects on
sustainable agricultural development. The study proposes
agricultural sustainability as the dependent variable and the
digital economy as the independent variable. Based on the
hypotheses outlined in this paper, we construct a regression
model examining the digital economy's influence on
agricultural sustainability, as detailed below:

DIG, + B,
Here, i denotes an individual, t represents time, quality
DIG

indicates digital economy, Control refers to control variables,

quality, = B+ B, Controly, + € 4

stands for sustainable agricultural development,

and ¢ it is the random disturbance term.

Explained variable: Quality of agricultural sustainable
development; Entropy method measurement

Explanatory variable: Digital Economy (DIG) -Entropy
method measurement

The following are control variables:

The labor force level (lob) is calculated by taking the natural
logarithm of the number of employed individuals.

Industrial structure: output value of the tertiary industry/

96

output value of the secondary industry  Industrial structure:
output value of the tertiary industry/ output value of the
secondary industry

Technology Market Development Level (TM): Technology
Market Transaction Volume / Regional GDP

Openness (total goods import and export value in USD
multiplied by the USD/RMB exchange rate) / Regional GDP
Economic Development Level (ECO) per Capita GDP
Sample Selection and Data Sources: This study utilizes 12
consecutive years of data (2011-2022) from 30 provinces in
China as the sample. The data underwent the following
processing: (1) Entropy method was applied to measure
digital economy and agricultural sustainable development;
(2) Data with large variable values were transformed
through logarithmic processing. The data were sourced from
provincial statistical yearbooks and the National Bureau of
Statistics.(Table.1)

count  mean min max sd
quality 360 0.181 0.075  0.664 0.088
DIG 360 0.131 0.015  0.702 0.111
lob 360 7.587 5.545  8.864 0.782
stu 360 1.266 0.518  5.297 0.722
™ 360 0.018 0.000  0.191 0.030
open 360 0.265 0.008  1.548 0.287
eco 360 10.909 9.706  12.156  0.452

Table.1. Descriptive Statistics

As shown in Table 1, descriptive statistics reveal consistent
patterns across variables. The agricultural sustainability
indicator demonstrates a narrow range (0.075-0.664) with a
small standard deviation of 0.088, indicating minimal
variation among samples. Similarly, the digital economy
variable shows a comparable spread (0.015-0.702) with an
average of 0.131 and standard deviation of 0.111, reflecting
similar disparities. Labor productivity levels exhibit a slight
variation (5.545-8.864) with an average of 7.587 and
standard deviation of 0.782, while industrial structure
(0.518-5.297)
(0.000-0.191) both maintain relatively small differences

and technology market development
across samples. The openness index ranges from 0.008 to
1.548, with a narrow gap between extremes. The average
value of 0.265 and standard deviation of 0.287 indicate
minimal disparities in openness levels across samples.
Similarly, the economic development index fluctuates

between 9.706 and 12.156, showing a small average of
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10.909 with a standard deviation of 0.452, suggesting
limited variations in development levels among samples. All
control variables demonstrate normal numerical ranges

without extreme values.

3.1.Relevant technical inspection

To determine relationships between variables, this study
conducts correlation tests to evaluate their interconnections.
While correlation analysis is commonly used to assess
inherent relationships between variables, it has notable
fully

represent the true relationships between variable data.

limitations. Therefore, correlation tests cannot

Additionally, to avoid multicollinearity issues in the data, a
multicollinearity test is performed on variables prior to

empirical analysis. (Table.2)

DIG 3.210 0.312
stu 2.950 0.338
eco 2.850 0.350
™ 2.620 0.381
open 1.810 0.552
lob 1.760 0.567

MeanVIF 2.540

quality DIG lob stu
quality 1.000
DIG 0.732%*%*  1.000
lob 0.179%**  0.386***  1.000
stu 0.684%**  (0.428***  -0.244***  1.000
™ 0.660%**  0.441***  -0.123%** 0.764%**
open 0.727**%*  0.512***  (0.083 0.489%**
eco 0.760***  0.706***  0.013 0.478%**

Table.2.The correlation results of the variables

The correlation test results for variables across samples are
presented in Table 4-2-1 above. The coefficient signs
indicate that the correlation coefficient between the
dependent variable "sustainable agricultural development"

and the independent variable "digital economy" is

statistically significant at the 1% level, with a value of 0.732.

All control variables—including labor force level, industrial
structure, technological market development level, degree of
openness, and economic development level —show positive
1% significance
specifically 0.179,0.684,0.660,0.727, and 0.760 respectively.

Furthermore, the table demonstrates that each variable

correlation coefficients at the level,

exhibits a certain degree of correlation with the dependent
variable, indicating the model's reasonable validity.

Furthermore, to further validate the relationships among
variables, this study calculated the variance inflation factors
(VIF) for each variable. As shown in Table 4-2-2, the mean
VIF value of this model is 2.540. When the VIF exceeds 10,
it indicates multicollinearity among variables. Since all
variables in this model have VIF values below 10, there is
no multicollinearity among the variables in this model.

(Table.3)

Variable VIF 1/VIF
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Table.3.Multicollinearity Test Results

This study employs STATA17.0 software to conduct
stepwise regression analysis on explanatory variables, with
results presented in Table 4-3. The table displays baseline
regression outcomes, where columns (1) and (2) show
regression results with and without control variables,
respectively. First, both columns reveal significantly positive
coefficients for the explanatory variable "digital economy".
The regression results in column (1) demonstrate that the
coefficient of digital economy is statistically significant at
the 1% level, indicating a substantial positive impact of
digital economy on agricultural sustainable development.
This confirms Hypothesis 1. Second, column (2) further
substantiates the conclusions: The coefficient of digital
1%

significance level, suggesting that each unit increase in

economy in column (2) reaches 0.1855 at the

digital economy corresponds to a 0.1855-unit improvement

in agricultural sustainable development. This finding
reaffirms Hypothesis 1.

Finally, regarding the control variables in the second column:
The coefficient of labor force level on agricultural
sustainable development is 0.0192, indicating that increased
labor force promotes sustainable agricultural development.
The coefficient of industrial structure on agricultural
sustainable development is 0.0542 at the 1% significance
level, suggesting that improved industrial structure enhances
sustainable agricultural development. The coefficient of
technology market development level on agricultural
sustainable development is 0.5397 at the 1% significance
level, demonstrating that advancements in technology
market development boost sustainable agricultural
development. The coefficient of openness to the outside
world on agricultural sustainable development is-0.1043 at
the 1% significance level, indicating a negative correlation
between openness and sustainable agricultural development.
The coefficient of economic development Ilevel on
agricultural sustainable development is 0.0652 at the 1%
significance level,

showing that improved economic
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development promotes sustainable agricultural development.
The findings demonstrate that the continuous advancement
of the digital economy significantly enhances agricultural
sustainability. The benchmark regression results validate the

hypothesis of a positive correlation between digital economy

the hypothesis of the positive relationship between digital

economy and agricultural sustainable development remains

valid. In other words, the positive effect of digital economy

on agricultural sustainable development is still robust.
(Table.5.)

and sustainable agricultural development, indicating a @ )
mutually reinforcing relationship between the two. (Table.4) quality quality
) DIG 0.2317***
quality (4.9763)
DIG 0.3782%%** lob 0.0667%** 0.0159
(10.4701) (2.6543) (0.6940)
lob stu 0.0398*** 0.0559%**
(5.4040) (7.3099)
stu ™ 0.1578 0.6442%%*
™ (0.8317) (4.3832)
open -0.0340%* -0.1189%*%**
open (-1.8075) (-5.2306)
eco 0.0482%*** 0.0658***
eco (3.8534) (5.1378)
L.DIG 0.1864%**
_cons 0.1227%%* (4.4003)
. (25.3195) cons 20.9079%#% 207006+
City Yes
year Yes (-4.7259) (-3.5557)
N 360 City Yes Yes
R2 0.637 year Yes Yes
Table.4.Benchmark Regression Results N 270 330
R2 0.771 0.759

3.2.Robustness Test

Because there is no mutual causation between digital
economy and sustainable agricultural development, there
may be some robustness problems of omitted variables. In
order to ensure the reliability of regression results, the
following methods are used in this paper to conduct
robustness test.

This study employs subsampling and variable substitution
methods to conduct robustness tests. The regression results
are presented in Table 4-4, where Column (1) examines the
impact of digital economy on agricultural sustainability
through time window adjustments, while Column (2)
evaluates the effect using lagged explanatory variables.
Column (1) reveals a significant coefficient of 0.2317 at the
1% significance level, whereas Column (2) shows a
coefficient of 0.1864 under the same threshold. These
findings collectively demonstrate that the digital economy
exerts a positive and substantial catalytic effect on
sustainable agricultural development.

The comparison between the benchmark results and the
robustness results shows that the two sets of results are

consistent with no significant differences. This indicates that
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Table.5.Robustness Test

Conclusion

This study utilizes panel data from 30 Chinese provinces
between 2011 and 2022 to systematically examine the
impact of the digital economy on agricultural sustainability
through econometric modeling[7]. It also investigates
robustness, regional heterogeneity, and endogeneity issues.
Key findings and implications are as follows:

Core impact analysis reveals that the digital economy
significantly enhances agricultural sustainability. After
controlling for labor force levels and industrial structure, a
l-unit increase in digital economy corresponds to a
0.1855-unit improvement in agricultural sustainability. This
conclusion remains valid across subsample tests and lagged
explanatory variable robustness checks, demonstrating the
digital economy's pivotal role in advancing agricultural
sustainability[10].

Regional heterogeneity analysis shows substantial disparities:
The 0.3513)
significantly stronger digital economy effect compared to

western (0.2245) and eastern (0.1057) regions. This

central region (coefficient exhibits a
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divergence likely stems from the eastern region's established
agricultural digitalization foundation and diminishing
marginal returns, while the central region leverages its
grain-producing advantages to capitalize on "late-mover
advantage" in digital-agriculture integration. The western
region, constrained by economic infrastructure and talent
shortages, has yet to fully realize the potential of the digital
economy|8].

Regarding the impact of control variables, industrial
structure optimization, technological market development,
all

agricultural sustainability. Notably, technological market

and economic growth significantly contribute to
development demonstrates the strongest positive correlation
(coefficient 0.5397), while openness to international markets
shows a negative correlation. This may be attributed to
agricultural products in some regions lacking competitive
advantages in global markets, or the diversion of resources
caused by opening-up policies temporarily suppressing
agricultural development[4].

In response to the aforementioned conclusions, this paper
proposes the following policy recommendations: First,
the of digital

infrastructure, with a focus on western regions to narrow the

accelerate construction agricultural
regional digital divide. Second, central regions should
leverage their status as major grain-producing areas by
integrating digital technologies with farmland protection and
grain  production, establishing  digital agriculture
Third, should

concentrate on high-end agricultural digitalization, exploring

demonstration  zones. eastern regions
innovative models such as smart agriculture and digital
supply chains to take a leading role. Fourth, simultaneously
improve the technology market system and agricultural
talent cultivation mechanisms to facilitate the transformation
of digital into

technology achievements agricultural

applications.  Simultaneously,  optimize  agricultural
protection and development strategies in opening-up to
achieve coordinated progress in sustainable agricultural
development and enhanced international competitiveness[2].
the

agricultural sustainable development index system does not

This study has certain limitations. For instance,
fully cover the green ecological dimension, and the impact
of digital economy on agricultural sustainable development
through technological innovation and factor allocation is not
thoroughly explored. Future research could expand the index
dimensions, construct a mediation effect model, and deepen

the study of their interaction mechanisms.
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KEYWORDS ABSTRACT

The results of using reed fiber as a fibrous filler for foam concrete are presented. Thus, the workability of a
Reed fiber;

Water-cement ratio,

concrete mixture decreases as the amount of fiber increases from 0 to 2%. In the range of fiber content

from 2 to 4%, workability increases slightly, after which (at a fiber dosage of 4 to 6%) it decreases again.

Foam concrete; The maximum compressive and flexural strengths are achieved by adding 3% reed fiber and are 27.96 and

Workability; 2.16 MPa, respectively. The optimal dosage of reed fiber is 2::+3%. Thus, reed fiber is an effective fibrous
Srength filler for foam concrete.
BBEJEHUE
B nmocnennue  gecsATWieTHs — rO0ajbHAS — HKOHOMHKA BCce OoJbliee BHUMaHHE B O0ONACTH CTPOUTENbCTBA. B
JIEMOHCTPUPOBAa YCTOWYHBBIN pocr, KOTOPBIiA YACTHOCTHU, BBEJCHHE B COCTAB MEHOOETOHA KAMBIIIOBBIX
COMPOBOXKAAICS aKTUBHBIM  Pa3BUTHEM  CTPOUTEIBHOU BOJIOKOH HIMPOKO M3y4aeTcsi Oiarofapst ero SKOJIOrHIHOCTH
orpacnu. YpbaHu3zaius, CTPOUTEIECTBO HHPPACTPYKTYPHBIX u  ycroiunBoctd. OJHAKO  B3aUMOJCHCTBHE  MEKIY
00BEKTOB U  pacUIMpPeHHe MPOMBIIIICHHOTO CeKTopa BOJIOTOTJIOMIAIOIINME CBOHCTBAMH TPOCTHHKOBBIX BOJIOKOH
TpeOOBalld  3HAYMTENBHBIX ~ OOBEMOB  CTPOUTEIBHBIX U 00pabaThiBaeMOCTBIO OETOHA H3Y4YeHO HEIOCTATOYHO
MarepuanoB. JTO, B CBOIO OuYepe/lb, BBHI3BAIO MOBBIIICHHOES XOpOLIO. Mbt IKCTIEPUMEHTAIIBHO HCCIIeI0BAN
MOTpeOiIeHre MNPUPOJHBIX PECYPCOB, TAKHX KaK IECOK, paboTOCIOCOOHOCTS, BKJTFOUast TEKy4eCTh,
rpaBuii, U3BECTHSIK U JPYrHe€ MHUHEPAIbHBIE KOMIIOHEHTBI, 00pabaThIBAEMOCTh H  CTAOMIBHOCTh MEHOOETOHAa U3

UCTIONb3YeMble AL IPOM3BOJACTBA  CTPOHUTENBHBIX TPOCTHUKOBBIX BOJIOKOH NPH Pa3IWIHBIX COOTHOIICHHAX
MarepuanoB. IloMMMO  WMHTEHCHBHOTO  MOTpeOIeHHA BOZIBI M LIEMEHTA. Pe3ynbTaThl SKCIepUMEHTa MOKa3alH, 9To
pEeCypCcOB, CTPOWTENbHAs OTPACHb SIBISIETCSI OTHHM W3 BOJIOIIEMCHTHOE  OTHOIICHHE OKa3bIBAECT 3HAYHUTEIHHOE
KPYMHBIX TOTpeOuTeneit sHepruu. [IpoM3BOACTBEHHBIE BIUSHWE Ha  oOpabarpiBaeMOCTh  INIEHOOETOHa U3
TIPOLIECCHI, TPAHCIIOPTHPOBKA MaTe€pHaioB, CTPOUTEIBCTBO H TPOCTHHUKOBOTO BOJIOKHA Phragmites. Bricokoe
9KCIUTyaTalusl 3JaHUi TpeOyloT 3HAYUTENBHBIX OOBEMOB BOJZIOIIEMEHTHOE  OTHOIIEHWE MOXET  CII0COOCTBOBAaTh

SHEprHH, OONbIIasl 9acTh KOTOPOH BCE €Il IPON3BOJUTCS U3
HCKOITAEMbIX MCTOYHHKOB. DTO CIIOCOOCTBYET YBEIHUCHHIO
BBIOPOCOB IAPHUKOBBIX Ta30B, YTO YCHWJIMBACT IPOOIEMY
I100aJIFHOTO N3MEHEHHS KJIMMara.

ﬂaHHOG HUCCICAOBAHUC OBLIO MNOCBALNICHO  U3YYCHUIO

BIUSHUS ~ BojgolleMeHTHOro cootHomenus (B/L]) Ha

06pa6aTBIBaeMOCTL neHo0eToHa u3 TPOCTHUKOBOI'O BOJIOKHA.

Kak HGFKHﬁ, TGHJ'IOI/ISO.H?H_II/IOHHHﬁ Marepuall ¢ XOpOoHmInMH

3BYKOIIOTJIOMAOTITUMH CBOI\/'ICTBaMI/I, IIEHOOETOH IIpUBJICKACT

YIAYHIICHUIO TCKYYCCTU H 3alO0JHACMOCTHU 66TOHa, HO
BBICOKOC BOAOLCMCHTHOC OTHOIICHHUC MOXCT MNPHUBECTU K
pacCiIoOCHNI0 W CHHKCHHUIO CTaOMIBHOCTH IICHOOETOHA.
I[O6aBJ'IeHI/Ie TPOCTHHUKOBBIX BOJIOKOH IOJIOKUTCIBHO BIHACT
Ha 06pa6aTI>IBaeMOCTB 66TOHa, HO IIpHU 3TOM YBCJIHNYUBACT
HOTpe6HOCTB B BOJE. PeByJ'ILTaTLI JAaHHOT'O UCCIICA0BaHUA HE
TOJIBKO JAKOT BAXHBIC PEKOMCHAALIMU IO HMPUTOTOBJICHUIO
MeHOOETOHa Ha OCHOBE TPOCTHUKOBOI'O BOJIOKHA, HO H

00ecIeYrBaIoT TCOPETUYCCKYIO OCHOBY [JId HNOHHMAHUA
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MeXaHH3Ma JCWCTBHUS TPOCTHHKOBOT'O BOJOKHA B OCTOHE U
ONTUMU3AINH PeHenTypsl OeToHa.JTO HMeeT OOoINbIIoe
3HA4YeHUE U1 MPOABIDKCHUS NPUMEHEHHS TPOCTHHKOBOTO
BOJIOKHA B CTPOUTEIBHBIX MaTepHasiaX, 0COOCHHO B 00JacTh
OXpaHBI OKPYXKAOIIEH cpelbl U YCTOHYNBOTO pa3BUTHS.
CrpeMuTensHOe pa3BuTHE MHpPOBOH SKOHOMHUKH
COTIPOBOXKAATIOCH PAa3BUTHEM CTPOUTEIBFHOW OTpacid. DTOT
pocT TmpuBed K YBEIWYCHHIO MNOTPEONCHHUS TPHPOTHBIX
pecypcoB, sHepromoTpediIeHus u 00pa3oBaHus 0TX0I0B [1],
[2], [3]. B Hacrosiiee BpeMsi OCHOBHBIM CTPOUTEIBHBIM
MaTepuajJoM oOcCTaeTcsi OeTOH, MHPOBOE IPOU3BOJICTBO
KOTOPOTO JOCTHTaeT 4,4 Mmutrapaa ToHH B rox. Oxumaercs,
yTo K 2050 romy 3TOT moKasarenb BBIpACTET 1O 5,5 MIpQ
TOHH [4].

3a mpornuible AecATHIICTHs OBIIH pa3pa0dOoTaHBl pas3IHYHBIC
BUABI OCTOHA, B YaCTHOCTH IEHOOCTOH, KOTOPBIM SBIACTCS
00BEKTOM HCCIICNOBAHUS, MIPUBEICHHOTO B ITAHHOH CTaThe.
[leHoOeToH TpeacTaBIsIET CcOOOI LEMEHTHBIH MaTepuha,
colep KalIiii BO3AYIIHBIE MYyCTOTH B pacTBope. [ImoTHOCTH
6eroHa Moxet BappupoBaThcs oT 400 mo 1600 xr/mM3 [8] B
3aBHCHMOCTH OT KONMYECTBA HCIOJB3YeMOH  IICHBI
[leHOOCTOH WMeeT pa3NIWYHBIC MPUMEHEHHS, TaKHe Kak
HATIOJIHUTEIh, TEIUION3OJISIHS, 3BYKOU3OJISAIHS, OTHE3aIIATa
W TIOTNIONMCHWE JHepruum yaapa. OmHako u3-3a HHU3KOU
MPOYHOCTH Ha C)KaTHe OH HE YacTO HCIONB3YyeTCsS B
Ka4ecTBE KOHCTPYKIIMOHHOTO Marepwaia. Kpome Toro, oH
TUTOXO BBIICPIKUBACT PACTATHBAIONINE HATPY3KH U CKIIOHEH K
paCTpECKMBaHHIO B IDIACTHYHOM W B 3aTBEpACBIIEM
coctostHuH. [Ipo9HOCTE TEHOOETOHA Ha U3THO M pacTsHKCHUE
coctaBisier otr 15 g0 35 % ot nmpouHocTu Ha cxarue [9].
Taxum 00pa3om, HapsAoy C OYEBUAHBIMH MPEUMYIIIECTBAMH —
HU3KOW IUTOTHOCTHIO W OTIMYHBIMH TETUTOU3OJIIITHOHHBIMHU
CBOWCTBaMH, IIEHOOCTOH TaKke HMEeT W HEJOCTaTKH —
XPYIKOCTh M HHU3KYI0 TpOYHOCTH Ha m3rud [7]. HemaBHume
WCCIICIOBAaHMS IIOKA3alld, YTO HOOABICHHWE PAa3IMIHBIX
TUTIOB W TIPOTIOPIMHA PACTUTENBHBIX BOJOKOH, TAKHX Kak
KyKypy3Hasi COJIOMa,

HNIMEHU4YHasa COJIOMa, KOHOIUIA ¢

pamncoBasg CoJioMa, MOXET 3HA4YUTCIIBHO YIAy4dIIUTh

MEXaHMYECKHE CBOWCTBa MEHOOETOHAa, B  YAacTHOCTH
YMEHBIINT yCaJ0yHble Ae()OPMAIN U TTOBBICHT IIPOYHOCTH
Ha pactspkenne u u3rud [10].

IIpu 3TOM B OOJBUIIMHCTBE COBPEMEHHBIX HCCIIEAOBAHUN
UCTIONB3YIOTCSl CHHTETHIECKHE BOJIOKHA, KOTOPBIE SIBIISIOTCS
Gornee JOPOTOCTOSIIIMHI
[https://www.atlantis-press.com/proceedings/icache-23/1259

96124]. IlosToMy Ba)XXHO HAWTH [EIIEBbIE U [OCTYIIHBIE
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BOJIOKHHCTBIC ~ MaTepHanbl Ui  yJIydIIEHHS CBOWCTB
NeHOOETOHA. DTO MO3BOJHUT YIYYLIHTh XapaKTCPUCTHKH H
3HAYUTEJIFHO CHU3UTD 3aTPaThl HA IIPOU3BOACTBO.

OmHuM W3 WCTOYHHKOB apMHPYIOIIETO BOJIOKHA  JUIS
neHoOeToHa B benmapycu MoXeT ciayXuTh Kambint. Kampmmr -
ObIcTpopacTyliee pacTeHHE, PaclpOCTPAaHEHHOE MO BCEMY
MHpY, - SBISETCS BO30OHOBISIEMBIM PECYPCOM, MMEIOIINM
B

HacuuTbiBaeTcsi okojo 760 000 akpoB KaMBILIOBBIX IOJIEH.

Ba)XHOC 9KOJIOTHY€CKOC 3HAUCHHUC. Benapycn

OZ[HaKO CXKETOAHO 3HAYUTCIBHOC KOJIHYCCTBO KaMbIlla

BBI6paCBIBaeTCH niIn  CKHUrac€rtca KakK TOIINIMBO, YTO

OKa3bIBa€T nary6Hoe BJIMAHHUE Ha MCECTHBIC BOJOCMBI H
OKPYKAroIyro Cpcay. KampimoBas conmomMa HE TOJBKO
J0JIrOBCYHA, HO 06naz[aeT

u OTJIMYHBIMHA

TCIUIOM3O0JIAMOHHBIMI  CBOMCTBAaMH, 4TO JEJaeT ec
WACANBHBIM JIETKMM  M3OJSIIMOHHBIM ~ MAaTepHajoM Ul
WCIIONIB30BaHMs B CTpOHUTENbCTBE. [Ipn 3TOM coBpeMeHHBIE
WCCIICOBAaHMS IIOKA3bIBAlOT, YTO OHA HCIIONB3YeTCsS B
OCHOBHOM MJIsI TPOM3BOZCTBA OJIMTOCAXapHIOB, IJTIOKO3bI,
KCcuno3bl, L-MonmodHOH KHCIOTBI M OMOdTaHONA U3
neBynuHOBOU KuCIOTH [11]. Takum oOpazom, HECMOTpPS Ha
CBOIO IIOTECHIMAJBHYIO IIEHHOCTbH, MOTECHIMAN KaMbIIIOBOH
COJIOMBI HE TIOJTHOCTBIO peanu3oBaH. ClieyeT OTMETUTb, 9TO
Hzesl UCTIONb30BaTh KaMBIII B IPOM3BOACTBE OETOHA HE HOBA
1958

[https://patents.su/2-115415-sposob-izgotovleniya-izdelijj-iz

u OIHCaHa B MaTeHTe rona
-kamyshebetona.html]. [Ipu 5ToM KaMBIII HCTIOIB30BAJICS B

Ka4eCTBC BOJIOKOH, KOTOPBLIC 3aJIMBaJIMCh paCTBOpHOI\/'I
CMEChIO M 00eCIeurBalid CHIKEHHE IUIOTHOCTH, YJIydlllaJInd
3BYKO- U TCINIOU30JUPYIOIIHC CBOICTBa HU3ACIINA.

I[aHHOG HUCCICAOBAHUC IIOCBAIICHO BJIIMAHHIO
TPOCTHHUKOBOT'O BOJIOKHA Ha y,I[060yKJ'IaI[HBaeMOCTL u

IPOIHOCTDH OCTOHA Ha C)KATHE U M3THO.

1.MarepuaJibl 1 MeTOAbI

1.1.MartepuaJnl

B nccnenoBaHNM MCHONB30BAIMCH CIIEAYIOMINE MAaTCPHANbL:
CEM I R 42.5
«KpacHocenbckeTpoiiMaTepratbl», KPYITHBIH 3al0THATEINb —
5...10 wmm),
3aITOJTHAUTENb - IPUPOTHBIN peuHoit mecok (MUHCKUIT Kaphep,
Mk 2,3),

TPOCTHHKOBOE BOJOKHO (20-30 MM IIHHOM,

OEMCHT IpOU3BOACTBA

MPUPOIHEIA TpaBuil  ((ppakmus MEJKHHA

na60paT0pHa;1 BOJAOIIPOBOAHAA BOJa,

3-5 MM

wupuHoil. ConepkaHue BOJIOKHA MpuUHUMalock oT 0
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(xoHTpONBHEIA cocTaB) m0 6 %. CocTtaBel mHeHOOETOHA

npusezeHs! B Tabmute 1.(Ilpumoxenne 1.)

1.2.MeToapl HCHBITAHUI

Jltst

KyOM4ecKux

OIIpEACIICHUSA OCEBOTI'0 CXKaTus CTaHAapTHBIX

0o0pa3loB ¢  MPOEKTHBIM  pa3MepoM
100x100x100 MM wu oOpasmoB u3 ¢(udOpobeToHa OBLI
HCIONB30BaH ruppasnudyeckuil mpecc DS2-1000N. [ns
ONpeZeTIeHNsT TPOYHOCTH Ha M3rHO  HCIIOIB30Ballach
TpextoueuHass pama GB/T3722, wucmeiTyeMbie 00pa3Ifbl
nMenu pazmepsl 40x40x160.

Jis ompenenenust ynoOOYKIaIbIBAEMOCTH HCIIOIb30BAJICS
KoHyc AOpamca. beToH ykmagsiBasicss B TpH TIpHEMa,
KOKIBIA CJIOW YMIOTHSUICS 25 yaapamMH IUTHIKOBKH, 3aTeEM
MOBEPXHOCTh 3araxkusanack [12]. Onpenensiocs BIUSHUE
Ha yZOOOYKJIQ[BIBAEMOCTh KaK Pa3MOYEHHOTO, BIA)KHOTO
TPOCTHHUKOBOTO BOJIOKHA, TaK W HEPa3MOYCHHOTO, CYyXOTO
TPOCTHHUKOBOTO BOJIOKHA. lleneBas ymoOOyKiIaapIBaeMOCTb

coctasisuia 150-180 mM.

2.Pe3ysbTaTthl

PesynbraTht OTIpeICIICHHS yI000yKIaIbIBAEMOCTH,
MPOYHOCTH Ha CXKATHE W W3rHO MEHOOETOHA MPUBEACHBI Ha
pucynkax 1,2 ,3u 4.

185

gwsu 0%, 180
g 175
Q
’5“170
: 165 —&— MNpocaaka
g 160
G 155 6%, 155
150
0% 1% 2% 3% 4% 5% 6% 7%
CopepxaHve BonokHa, %
Pucynox 1 - VYpoGoykimanelBaeMoCTh NEHOOETOHA ¢
Pa3JIMIHBIM COACPKAHUEM TPOCTHUKOBOTO  BOJIOKHA
30
%, 27.96
@ 25
c 23.56
= 6%, 21.68
o 20
S
g
5 15
o 10
@
3
I s
g
E o
0% 1% 2% 3% 4% 5% 6% 7%
CopepixaHue sonokHa, %
Pucynox 2 — IlpoyHocTh Ha cCKarue II€HOOETOHa C
Ppa3IMIHbIM COACpIKaHUEM TPOCTHUKOBOI'O
BOJIOKHA
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2.16
2.04

1.69
1.42

0% 1%

2%

3% %
Conepxanue BonokHa, %

6%

Pucynox 3 - Ilpoynoctp Ha W3rH0 TEHOOETOHA C
Pa3IUYHBIM COAEPKAHUEM TPOCTHUKOBOIO BOJIOKHA
25 Mpo4HocTb Ha narnby (Mra)
y =0.0728x + 0.2155 9216
2 R? = 05076 » 294206
%769 *]78
15 . 1.42
]
0.5
e [IpoyHOCTb Ha marnby (MMa)
0
0 5 10 15 20 25 30

PucyHnok 4, nuarpamMmma 3aBUCUMOCTH JIMHEHHOU HpPOBEPKHU

COIIPOTHUBJICHU OcToHa I/ISFI/I6y n COIIPOTHUBJICHUIO

ckaruto.[[Ipounocts Ha m3ru6 (Mpa) |(Tlpunoxenue?2.)

IIpoananu3upoBaB MOJyYEHHbBIE PE3YJIHTAThl MOKHO CHEJIATh
CJIE/TyIOLINE BHIBOBL:

1. YnoboykiaasiBaeMoCTs OETOHHON CMECH CHIKAETCS TP
YBETMYEHUH Kojn4decTBa BotokHa ¢ 0 1o 2 %. B gmamazone
coliepkaHusi BoJokHa ¢ 2 10 4 % ymoOOoyKiIaabpIBaeMOCTh
HE3HAYMTEJIBHO YBEINYHNBACTCS, OCIIE 4ero (Ipu J03UpOBKE

BonokHa 4...6 %) cHOBa CcHmKaeTcs. TakuMm o0pazom,

ONTHUMAaJIbHOU I[O3I/Ip0BKOI7[ TPOCTHUKOBOT'O BOJIOKHA C
TOYKH 3pCHUA y,I[O60yKJ'IaI[LIBaeMOCTI/I SABJICTCA AO3UPOBKaA
2.4 %.

KOMIICHCHUPOBATLCA AONMOJIHUTCIBHBIM KOJHWYCCTBOM BOIBI,

CHmKeHHEe yIoOOyKIAJbIBAEMOCTH  JIOJDKHO
YTO BHIHO N0 COCTaBaM OCTOHA, MPUBEACHHBIM B Tadmuie 1
(rpammeHt BBoma Boael coctaBmsm 50 wmu). Cruemyer
OTMETHTh, YTO BCe OCTOHHBIC CMECH HMEIH XOPOIIYIO
00pabaTbIBaeMOCTb.

2. JobaBneHHE TPOCTHHUKOBOTO BOJIOKHA yJIydYIIacT
MeXaHMYeCKHEe CBOMCTBa meHoOeroHa. Tak MakcHMajbHas
MPOYHOCTh TPU CXKATHA ¥ W3THOE JOCTHTAaeTCA NpH
3%

cooTBeTcTBEHHO 27,96 u 2,16 MIla. Poct mnpodHocTu

,I[O6aBJ'IeHI/II/I BOJIOKHA KaMblllla H COCTaBJIACT

OTHOCHUTCJIIBHO KOHTPOJIBHOI'O COCTaBa (663 KaMBIIIIOBBIX

BOJ'IOKOH) cocraBisier 41% AJI1 IPOYHOCTH Ha CXKATHUC U
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52% nns mpouHocTH Ha mM3ru6. Takum oOpa3om moOaBiIeHHE
TPOCTHHUKOBOTO  BOJIOKHA B COCTaB MEHOOETOHA MPUBOAUT

K 3HAYUTCIIbBHOMY YJIYYHICHHUIO €TO0 MCXaHUYCCKUX CBOIICTB.

Bonokna KaMBIIla, PAaBHOMCPHO pacopeaesisaCb B
HeMeHTHOﬁ MaTpuIe, BBIIIOJIHAKOT POJIb
«MUKPOApMUPOBAHUSAY, qTo CyHIECTBCHHO yiay4dmaceT

MEXaHUYCCKHE CBOMCTBA IMEHOOCTOHA. OZ[HI/IM N3 KIIIOYCBBIX
MPpEUMYIICCTB ,I[O6aBJ'IeHI/IH KaMBIIIIOBBIX BOJIOKOH SABJISCTCA
nux CIIOCOOHOCTH TIOTJIOIIATh

3¢ deKTHBHO u

nepepacipeemsiTh BHYTPEHHHE HaIpsDKeHNS,
BO3HMKAIOIIME B MpOLEcCe TBEPACHUS W MOCIEAyIomeH
B

HOEMCHTHAd MaTpulla HCHOBITBIBACT PA3JTAYHBIC HAIIPSIKCHUA

JKCILTyaTanuu  OeToHa. Iporecce  3aTBEpICBaHHSA
n3-3a YCaIKH W TEMIIEpATypHBIX M3MeHeHMH. Kamblmosble
BOJIOKHAa JAEHCTBYIOT KaK aMOpPTH3aTOpPbI, IOTJIOMAs 3TH
HaNpsDKEHUsT W PaBHOMEPHO pacmpenensissi MX I0 Bced
CTPYKTYypE 910

HaHp?[)KCHI/Iﬁ B OTACJIBHBIX TOYKAX W MpeAOTBpamacTt

OeToHa. YMCHBIIACT  KOHLCHTPALIUIO

oOpa3oBaHme

Ppa3pyIICHHUIO
KOJIMYECTBO JOOABICHHOTO BOJIOKHA MpeBBIaeT 3%, u3-3a

TpCeHINH, KOTOPBIE MOT'YT IPHUBECTH K

MaTepI/IaHa.O,I[HaKO IOoCJIC TOro, KaxKk

YPE3MEPHOTO KOJIUYECTBA TPOCTHHUKOBOTO BOJIOKHA BO
BpeMsi CMEIIUBAaHUs OETOHA JIETKO BO3HHMKAeT M3rud, a ¢
n3ruba o

Jpyrou cxKaTus

YMCHBIIAKOTCA € YBCIMYCHHUCM KOJINMYCCTBA TPOCTHUKOBOI'O

CTOPOHBI, HaPs’KCHUA

BOJIOKHA, Ilocne TOTO, Kak Z[O6aBJ'IeHI/Ie TPOCTHUKOBOT'O
BOJIOKHA IIPCBLIIIACT 2%, TPOCTHUKOBOC BOJIOKHO HMECT

OIIPEACIICHHOC  BOAOHNOMIOHICHUC, B  PE3YyJbTAaTE  UYCTO

HACXOQHOE KOJIMYECTBEHHOE COOTHOILIEHHE BOABI U IIEMEHTA
6oJIbIIIE HE

COOTBETCTBYCT Tpe60BaHI/IHM

yI[060yKHaZ[BIBaeMOCTI/I opu CMCIIMBAHUHA 66TOHa, u 06H.[a$[

yZ[O60yKHaZ[BIBaeMO CTb CTaHOBHUTCA IUIOXOH. TPpyAHO
HJ'IaCTI/I(I)I/IHI/IpyeTCﬂ, IMO3TOMY B OKCIICPUMCHTC MBI
HU3MCHUIIN HCXOJHOC BOAOLEMCHTHOC COOTHOIICHHUC.

PeSyJ'ILTaTBI OKCIICpUMCHTA IIOKa3aJikh, 4YTO OCTOH MOKa3ai

JIyquee COCTOSAHHC CMCIIMBAHUA u XOpOouryro

yI00O0yKIIa{bIBAEMOCTb.
3.Anammzupys Tabmumy 2 u PucyHok 3, MBI 0OHapyXuiy,
9YTO OcCajgka TPOCTHHKOBOTO MeHO0ETOHA HAINpAMYIO
CBSI3aHAa C KOJNIMYECTBOM JOOABICHHOTO BOJOKHA. Yem
MCHBIIIE BOJOKHA, TEM OOIbIIe ocaaka W TeM Jydlle
o0ecIieunTh THOKOCTB,

yZ[O60yKHaZ[BIBaCMO CTh. KOTOpas

mpUBeIeT K MEHBIOIEMYy CIOaay W eme  Oorblmeit

HEOIHOPOXHOCTH. B 1enmom, no6aBieHHE TPOCTHHUKOBOTO
BOJIOKHa B KoimdecTBe 3% naeT Hawaydmmid 3¢Q¢exT u

JY4IIyI0 YI00OyKIabIBaeMOCTb.
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4. Ananuzupys PHUCYHOK 4, MBI HCIOJIb3YEM

()eHOMEHOJIOTHYECKHH ~ METOX Ul MOJEIMPOBAHMSA
K03 GUIIEHTa B3aMMOCBA3N MEXaHUKH OeToHa. bnaromaps
0,5076,

Toukn

perpeccuoHHoMy aHanuzy R2 u obmas

3aBUCHMOCTb  SIBJIISICTCS  JIMHEHHOM. p336p003

PaBHOMCPHO paCOpeacJICHbl 110 00e CTOPOHBI JIMHUUN

perpeccun. BHUAHO, YTO H3MCPCHHSA OKCIICPUMCHTAJIBHBIX
JAaHHBIX BCPHBI, YTO AOKa3bIBACT, YTO IIPUBCACHHBIC BBIIIC

OKCIICPUMCHTAJIbHBIC TaHHBIC ,I[eﬁCTBPITCJ'ILHO BCPHBI.

3akJjarouenue

1 .3KCHepI/IMeHTaHBHH€ HCCICO0OBAaHUA I10Ka3aju, qTOo

,I[O6aBJ'IeHI/Ie TPOCTHHUKOBOT'O BOJIOKHA  BJIMACT Ha

yYao 60yKJIaZ[LIBaeMOCTL n MIPOIHOCTHBIC CBOICTBa

meHoOeToHa.  YIOOOYKIaIsIBaéMOCTh  OCTOHHOW  CMECH
CHIDKAeTCS TPH YBEIMYCHWH KOJIMYECTBa BOJOKHA ¢ 0 mo
2 %. B pmamazoHe copepxaHus BOJOKHA ¢ 2 10 4 %
yI0OOYKIIaqbIBAEMOCTh ~ HE3HAUUTEIHHO  yBEIMYUBACTCS,
nociae dyero (MpH A03MpOBKe BoJokHa 4...6 %) cHOBa
CHIDKaeTcsa. MakCUMalbHas MpPOYHOCTh TPH CKATHH U
m3rude JocTUraeTcs mpu qodasieHHH 3% BOJOKHA KaMbIIIa
M COCTaBIIIET COOTBETCTBeHHO 27,96 m 2,16 MIla. Poct
MPOYHOCTA OTHOCHTEIBHO KOHTPOJBHOTO cocTaBa (0e3
KaMBIIIIOBEIX BOJIOKOH) cocTaBisieT 41% Il mMpoYHOCTH Ha
ckatue u 52% Ut IpOYHOCTH Ha U3THO.

2.0nTUManeHasg — JO3WPOBKA  TPOCTHHUKOBOTO — BOJIOKHA
cocraBisger 2...3 %. JlobGaBneHne BoJIOKHa B OoJbIIeit
JIO3MPOBKE TpeOyeT

YBCINYCHUA BOIOLEMECHTHOI'O

OTHOIICHUA neHobeToHa JUIA OIITUMHU3AIINH

y,I[060yKJIaI[LIBaeMOCTI/I, YTO OTPpULATCIIBHO BJIMACT Ha

NPOYHOCTHBIE  XapaKTCPHCTUKH. Takum o0pasom,
BOJIOLICMEHTHOE OTHOIICHUE JOJDKHO pErylInpoBaThCs B
3aBHCUMOCTH OT KOJIM4ecTBa HoOaBisieMod (uOpHl s
JOCTH)KCHUSI MAKCHMAaJIbHON MPOYHOCTH.

3.Ha ocHOBaHHMM MOJYYCHHBIX PE3YJIBTATOB MOXKHO CHENIATh
¢hubdpsI

YIydIICHHS

BBIBO/J (0] OPUTOAHOCTHU KaMEBIIIOBOM JIISA

WCIIONIB30BAaHMUSI B  ITIEHOOETOHE A ero
MEXaHWYECKUX XapaKTepHCTHK. JJoOaBIeHHE TPOCTHUKOBOTO
BOJIOKHA B IIEHOOETOH TNPEICTaBISIET CO00I MEepCIIeKTHBHOE
HaIpaBJIeHHE Ul YITydIICHNs] €r0 MEXaHNIECKUX CBOWCTB H
pacmmpenus obnactei npuMeHeHus. Vcroap30BaHue 3TOTO
Marepuaga CHOCOOCTBYET CO3IaHHIO 0ojiee MPOYHBIX,
YCTOWYMBBIX M JKOJOTHYECKH OE30TMACHBIX CTPOUTEIBHBIX
peLIeHU.

HaKOHeH, MBI CACJIAJIN CTAaBKy Ha TAKHC XAPaKTCPUCTHUKU
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UccnepoBaHue BnusaHua BopgouemeHTHoro CootHoweHMsA Ha YAo

boyknagbiBaeMocTb TpocTHMKOBOro ®ubpobeToHa
BaH CsaHbnaH,lOn XaocrwaHb,KannHoBckasa H.H.,Koswap C. H.
CrpoutenpHbIE MaTepHaibl M TEXHOJIOTHS CTPOUTENBCTBA,belopyccknii HAIMOHANBHBIA TEXHHYECKHH YHHBEPCHTET,

220013,Mwunck, benapycs
[peacTaBaeHsl pe3ynbTaThl UCIIOJIB30BAHHS KAMBIIIOBON (GUOPHI B Ka4ECTBE BOJIOKHUCTOTO HAMOIHUTEIS Ut eHoOeToHa. Tak

yI00OyKIIaIbIBAEMOCTh OCTOHHOW CMECH CHIDKAETCs NPH YBEIWYCHHMM KommdecTtBa BosiokHa ¢ 0 mo 2 %. B nuamasone
coJep>kaHUs BOJNIOKHAa ¢ 2 10 4 % ynoOoyKiIaaslBaeMOCTh HE3HAYUTENFHO YBEIMUMBACTCSA, TOCHE 4ero (IpU JO03UPOBKE
BosokHa 4...6 %) cHOBa cHmXaeTcs. MakcHManbHasi MPOYHOCTh NPU CXKATHU W M3THOE JocTHTaeTcs mpH nodasineHnu 3%
BOJIOKHA KaMbIIlla M COCTaBIIIET COOTBETCTBEHHO 27,96 m 2,16 MIla. OntumanbHas TO3UPOBKA TPOCTHHUKOBOTO BOJIOKHA

cocraBisieT 2...3 %. TakuM 00pa3oM TPOCTHHKOBOE BOJOKHO SBIISIETCS 3(P(EKTHBHBIM BOJIOKHHCTHIM HAIIOJTHUTENEM IS

1eHo0eTOHA.

KiioueBrnle ciioBa: TpOCTHHKOBoe BOJIOKHO, BogouemenTtHoe OTHOIICHHUC, HeHO6eTOH, HpO‘lHOCTb,yZ[O60yKIIaI[I>IBaeMOCTI>
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(ITpunnoxenmne 1.)

Tabmmma 1 — CocraBsl meHOOETOHA

Komuuectso | B/IT KonmuuectBo kr/m?
KaMmblia, %o Ilemen | Boma | Ilecok | I'paBuii | TpoctHukoBbie | IleHoOOpasyto | Cymep-miactud
T BOJIOKHA 11ee BEIIECTBO | MKaTOp

0% 0.45 500 250 600 900 0 0.036 0.005

1% 0.45 500 250 600 900 0.005 0.036 0.005

2% 0.45 500 250 600 900 0.01 0.036 0.005

3% 0.50 500 300 600 900 0.015 0.036 0.005

4% 0.50 500 300 600 900 0.02 0.036 0.005

5% 0.55 500 350 600 900 0.025 0.036 0.005

6% 0.55 500 350 600 900 0.03 0.036 0.005

(ITpunnoxenue 2.)

Tabmuma 2: [Ipocanka 6eTona

CEepHUIHBIA HOMED Bopa (M) IIpouentnoe [Ipocanka
COZIEpKaHUE KIETYATKH
1 250 0% 180
2 250 1% 170
3 250 2% 165
4 300 3% 169
5 300 4% 170
6 350 5% 160
7 350 6% 155
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This paper explores the general characteristics of tourism services, including comprehensiveness,
directness, emotionality, timeliness, adaptability, and artistry. It then analyzes the current status of the
world tourism service market: the COVID-19 pandemic caused a sharp decline in tourism, but countries
responded with policies (e.g., fiscal support, industry resumption plans) and industry self-rescue efforts.

Finally, it points out the development trends: suppressed tourism demand will recover, the industry will

Cooperation; undergo restructuring, and a sustainable global tourism system involving public-private cooperation will
take shape, with international organizations playing a key role.
INTRODUCTION

Tourism serves as a vital driver of global economic growth and
cultural exchange, with its service-centric nature shaping
unique market dynamics. In recent years, the world tourism
service market has faced unprecedented challenges—most
notably the COVID-19 pandemic—while also witnessing new
opportunities for innovation and restructuring. This paper first
clarifies the inherent characteristics that distinguish tourism
services from other sectors, then examines the market’s current
state amid post-pandemic recovery, and ultimately outlines its
long-term development trends and prospects, aiming to
provide a clear overview of the sector’s evolution and future
direction[1-5].

1. General Characteristics of Tourism

Services

1.1.Comprehensiveness

GLOBAL TOURISM SERVICE MARKET:
EVOLUTION & PROSPECTS

1. INHERENT 3. FUTURE TRENDS
CHARACTERITICS & PROSPECTS

Sustainable
Tourism ’ﬁ‘

a 1T
S LY
& %?‘i‘f &
o Unperedestel Personsrized
Aipiy (D) Lo

Flva Digitalization &Al  Experiences

 Service-Centric Nature ) F;gc{;zj:;)me‘ Challénges

* Unique Market Dynamics « Innovation & Restructring « Long-Term Development

 Gradual Recovery « New Opportunities

A

EVOLUTION & FUTURE DIRECTION

Fig.1.Global tourism service market

Unlike most single-service industries, tourism services are
comprehensive. This stems from two factors: first, tourism
consumption requires interconnected service links to form a
complete schedule within a specific period; second, tourists

(especially group travelers who entrust travel agencies with

* Corresponding author. E-mail address:18071211538@163.com
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all arrangements) have diverse needs, demanding integrity,

systematicness, and scientificity in services.

1.2.Directness

Tourism resources/facilities realize their value only through
direct services from practitioners. Tourism products are
delivered via real-time, on-site services, with production and
consumption occurring simultaneously—unlike physical

goods, which involve intermediate circulation and allow

returns. This requires high professional quality of
practitioners.

1.3.Emotionality

Tourism is a non-essential consumption focused on spiritual
enjoyment.

Tourists seek not only functional services but

also emotional satisfaction (e.g., self-esteem and respect

from others), making service attitude critical.
Each service interaction is unique and non-returnable,

requiring one-time success.

1.4.Timeliness
Tourism services are provided instantly based on random
their be
produced before
of

demand, value  cannot stored
(unlike
They

delivered within a specific time frame.

as

physical goods delivery).

are a form labor

1.5.Adaptability
Tourism demand may be sudden, and service conditions
vary across regions. Unexpected changes (e.g.,

environmental disruptions) can occur, so practitioners need

strong adaptability to address unforeseen challenges.

1.6.Artistry

Service quality impacts tourists’ moods. Beyond pre-service
environment setup, services (e.g., reception language,
operational skills) should exhibit artistic charm to provide

aesthetic enjoyment[6-9].

108
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Fig.2.General characteristics of tourism services

2.Current Status of the World Tourism Service

Market

2.1.Pandemic Impact and Industry Response

In 2020, COVID-19 (highly contagious and fast-spreading)
led to strict measures (e.g., lockdowns, travel restrictions),
causing a sharp decline in global tourist numbers and
revenue. Since June, major countries have gradually

resumed domestic tourism. Governments responded with
policies: policy research, fiscal/money incentives,

professional training for employment, tourism resumption
plans, and governance improvement. The industry actively
participated in anti-epidemic efforts (e.g., material donation,
itinerary changes, "no-loss refunds") and promoted
inter-enterprise mutual assistance, enhancing its ability to

tackle public health crises.

2.2.Recovering from the Downturn
With vaccine progress and effective public health measures
,2tourism confidence is recovering innovation momentum 1is

accumulating, and international cooperation is forming
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Technology enriches travel experiences, cultural features
drive format innovation, and tourism remains a valuable
investment sector. The industry is gradually recovering as

the pandemic is controlled[10].

3.Development Trends and Prospects of the

World Tourism Service Market

3.1.Research Conclusions

Tourism demand is temporarily suppressed but not

lost—people’s desire for travel and cultural leisure will grow.

The fundamentals of positive international tourism remain
unchanged. Post-pandemic, the industry will restructure
(shifting from traditional to modern, from large to strong),
leading to a new, ecological, and sustainable global tourism
system. This system will be a community involving public
sectors, private sectors, and social forces, with international
(WTO, WHO,

organizations WTA) playing a more

important role[11-15].

3.2.Research Prospects

The pandemic’s impact is temporary, and international
cooperation, government actions, and industry self-rescue
have been effective. Post-pandemic tourism revival requires
planning for the future (not just returning to the past):
building a dual-cycle tourism development pattern (domestic
and international), using technology, cultural creativity, and
art to drive high-quality development, and improving
satisfaction of tourists, employees, and residents. It also
needs to address key issues (e.g., environmental changes,
protection of women/children, vulnerable groups, animal
welfare) to guide the market toward greater prosperity and

sustainability[16-18].

GLOBAL TOURISM SERVICE MARKET:
POST-PANDEMIC RESTUCTURING & SUSTANBILITY

3.1. RESEARCH CONCLUSIONS

TOURISM DEMAND
o PUBLIC

SR PRIVATE

NEW SECTORS
ECOLOGICAL
& SUSTAINABLE

[ crowmH (rRaveL s INDUSTRY RESTURCTURING
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Fig.3.Global tourism service market

Conclusion

The world tourism service market has unique characteristics
that distinguish it from other service sectors. The COVID-19
pandemic caused severe short-term impacts, but proactive
responses from governments and the industry have laid the
foundation for recovery. Looking ahead, suppressed demand
will rebound, the industry will undergo positive restructuring,
and a sustainable, collaborative global tourism system will
emerge. Focusing on high-quality development and social
responsibility will be key to the market’s long-term

prosperity.
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development; management under the background of sustainable development, analyzes current global research hotspots

Technology innovation ~ and major achievements, and understands future research trends. Through bibliometrics and content

management,

analysis, it reveals that green technology innovation, digital empowerment mechanisms, and

Trend analysis; policy-coordinated governance have become research focuses. The study emphasizes that interdisciplinary

Green technology. integration and practice-oriented approaches are the core pathways to promoting the sustainable

development of technology innovation management.

INTRODUCTION

Introduction 2025 marks the tenth anniversary of the United
Nations Sustainable Development Goals (SDGs), placing the
global sustainable development process at a critical turning
point. According to the Sustainable Development Solutions
Network (SDSN) Sustainability Report 2025, it is projected
that less than 20% of the SDGs will be achieved by 2030.
Insufficient fiscal space, inadequate multilateral cooperation
mechanisms, and weakened support for multilateralism from
major powers have become major obstacles to achieving the
Sustainable Development Goals. While global averages
mask significant regional disparities, China's SDG ranking
has jumped from 68th out of 167 countries to 49th. China
has successfully achieved SDG 1 (No Poverty) and SDG 4
(Quality Education) and has made significant progress in
SDG 9 (Industry, Innovation and Infrastructure). Meanwhile,
most developing countries in Asia still face severe
challenges in addressing climate change[1].In this global
context, technological innovation management, as a core
driving force for sustainable development, is experiencing a
multi-dimensional deepening trend in academic research and
practical exploration. The academic community is beginning
to pay more attention to how to overcome resource
constraints and institutional bottlenecks in the process of

achieving sustainable development goals through systematic

innovation management mechanisms. On the one hand,
considering the differences in development stages among
different countries and regions, scholars are committed to
constructing differentiated technology innovation path
the R&D and

transformation capabilities of sustainable technologies by

models, exploring how to improve
optimizing the efficiency of innovation resource allocation
the
collaborative innovation network, given limited fiscal
On the other hand, with

restructuring of global value chains, the research perspective

and  strengthening industry-academia-research

investment. the profound
of technology innovation management is gradually shifting
from the internal innovation of individual enterprises to the
collaborative governance of the global innovation ecosystem,
exploring how to promote the widespread application of
sustainable technologies in developing countries through
property
sharing, and the unification of green technology standards,

transnational technology transfer, intellectual
thereby narrowing the sustainable development gap between
regions. Especially in the current context of the deep
integration of the digital economy and the green economy,
how to leverage emerging technologies such as big data and
artificial intelligence to empower the green transformation
of traditional industries and balance the environmental
benefits and social costs brought about by technological

innovation has become a key issue that urgently needs to be
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addressed in the field of technology innovation management.
Related

construction to empirical analysis and policy design.

research is accelerating from theoretical
Technological innovation is generally regarded as the core
driving force for solving the above-mentioned problems.
Since 2015, cutting-edge technologies such as digital
technology and artificial intelligence have become the core
the 17 Sustainable

Development Goals (SDGs), showing the potential for

forces driving progress towards
systemic change in areas such as poverty eradication, ocean
protection, and clean energy. By 2025, the synergistic effect
of climate policy, technological innovation, and market
demand will promote a comprehensive reshaping of
production methods, consumption patterns, and value
systems. This transformation requires the establishment of
collaborative mechanisms from the enterprise and supply
chain levels to the national level. Enterprises are facing a
“perfect storm”  of environmental, social, technological,

and regulatory trends, and Sustainable Innovation
Management (SIM) provides a theoretical framework for
enterprises to cope with this complexity by balancing

profitability and ecological responsibility[2].

1. Theoretical Foundation and Conceptual
Framework

1.1.Definition of Core Concepts

Green technology innovation, as the core driving force for
corporate sustainable development, is not limited to a single
level of technological research and development. It is a
multi-dimensional collaborative process encompassing
comprehensive innovation from management models to
market strategies. In this process, enterprises are committed
to achieving efficient resource utilization and minimizing
environmental impact through breakthroughs in key areas
such as innovative energy technologies, resource recycling
technologies, environmentally friendly materials
technologies, and intelligent manufacturing technologies.
The integration and application of these technologies not
only help enterprises reduce their environmental burden but
also drive them towards a greener, low-carbon development
direction. The empowering role of digital technology is
particularly crucial in this process. It not only highly relies

on the integration of technology, data, and knowledge

112

resources but also fundamentally changes the traditional
innovation model through this integration. The application
of digital technology enables enterprises to manage finances
more effectively and alleviate financial pressure; at the same
time, it breaks down information barriers, eliminates
information asymmetry, and allows enterprises to respond to
market changes more quickly and grasp consumer needs
more accurately. In overcoming technical challenges, digital
technology provides powerful computing and data analysis
capabilities, helping enterprises overcome previously
insurmountable technical obstacles. Furthermore, the core
mechanism of digital technology lies in enhancing
enterprises' dynamic knowledge capabilities, which includes
the absorption, creation, application, and dissemination of
knowledge. This enhanced capability allows enterprises to
maintain continuous innovation vitality and competitiveness
in the fierce market competition. Enterprises can internalize
external knowledge into their own innovation resources
through continuous learning and adaptation, thereby
maintaining a leading position in the ever-changing market
environment. The cultivation and enhancement of this
capability is the inexhaustible driving force for enterprises to
continuously move forward on the road of green technology
innovation[3].Open innovation emphasizes the collaboration
of multiple stakeholders in the innovation ecosystem,
including interdisciplinary cooperation and
industry-academia-research integration models involving
enterprises, governments, research institutions, and the
public[4].Open innovation theory emphasizes the synergistic
effect of multiple stakeholders in the innovation ecosystem,
with its core being the construction of a cross-organizational
collaboration mechanism involving enterprises, governments,
research institutions, and the public. This innovation
paradigm breaks through the organizational boundary
constraints of traditional innovation activities, achieving
optimal allocation and efficient integration of innovation
elements among heterogeneous stakeholders. Specifically,
enterprises acquire complementary innovation resources by
establishing strategic alliances, significantly reducing the
uncertainty and technological risks of R&D investment;
government departments provide regulatory frameworks and
incentive structures for the innovation system through
institutional design and policy tool combinations; research
institutions, on their

relying specialized knowledge

production systems, provide basic research and key

technology support for industrial innovation; and the public
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promotes the marketization of innovative achievements
through demand expression and innovation participation
These

complementarities

mechanisms. innovation entities form functional
within an open and collaborative
networked innovation system, jointly constructing a
dynamically evolving innovation community, driving the
transformation of the innovation paradigm from a closed
linear model to an open networked model, thereby
accelerating the R&D cycle and industrialization process of

green technologies.

1.2.Comparison of Theoretical Foundations

In the theoretical framework exploring the relationship

between technological innovation and sustainable
development, dynamic capability theory focuses on the
adaptive analysis of organizations to environmental changes.
This theory reveals the role of digital transformation
structures

leadership and decentralized in enhancing

innovation responsiveness, as well as the interaction
mechanism between supply chain learning capabilities and
innovation. Meanwhile, the National Innovation Systems
Theory, from a macro perspective, analyzes the interaction
between institutional and technological change, emphasizing
the impact of digital technology on the economic, social, and
environmental dimensions of the Sustainable Development
Goals (SDGs) through dynamic knowledge capabilities. Its
core lies in the institutional mechanisms underlying the
production and allocation of scientific and technological
factors. The complementarity of these two theories lies in
the fact that the dynamic capabilities theory focuses on
building micro-level organizational capabilities, while the
National Innovation Systems Theory focuses on the
supporting role of the macro-level institutional environment.
Together, they constitute the theoretical foundation for the
management of technological innovation.

In addition to the above two theories, the Ecological
Modernization Theory further elucidates the interaction
between technological innovation and environmental
governance from a sociological perspective. This theory
advocates promoting the transformation of industrialization
models towards eco-friendly models through the synergistic
effect of technological progress and institutional change,
emphasizing the integrated effect of market mechanisms,
government regulation, and social participation in the
The resource-based

diffusion of green technologies.

113

perspective focuses on the accumulation and allocation of
heterogeneous resources within enterprises, arguing that
scarce green resources and inimitable innovation capabilities
are key sources of sustainable competitive advantage. Its
core logic lies in improving the environmental performance
of technological innovation through optimal resource
allocation. Sustainable development economics, on the other
hand, the

perspective,  incorporating

issue from a macroeconomic
the of
environmental costs and green growth accounting into its
It

innovation can achieve a win-win situation for economic

approaches
internalization
analytical framework.

explores how technological

development and ecological protection by improving
resource utilization efficiency and reducing pollution
emission intensity. Its theoretical focus is on constructing a
comprehensive value assessment system that includes
ecological capital. These theories, from different dimensions
such as organizational

dynamic adaptation,

macro-institutional environment, social transformation
mechanisms, enterprise resource allocation, and economic
system optimization, provide diverse perspectives for
the

technological innovation and sustainable development. Their

understanding complex interaction  between

cross-fertilization helps form a more comprehensive
theoretical analytical framework, thus revealing more
profoundly the inherent logic and practical path of green

technology innovation management.

1.3.Integrated Analytical Framework

Based on an integrated framework constructed from
micro-meta-macro dimensions, this framework incorporates
enterprise practices, supply chain collaboration, and national
strategies into a unified analytical system. At the micro level,
the focus is on key elements of green technology innovation
including R&D

management systems, talent cultivation, and market demand

for enterprises, investment, green
[5]; at the meso level, the emphasis is on supply chain

collaborative innovation mechanisms, such as
interdisciplinary teamwork and stakeholder participation; at
the macro level, the focus is on the path of national
innovation systems to achieve SDGs through digital
technology empowerment. The core of this framework lies
in digital technology as an intermediary variable connecting
innovation and sustainability goals. Through the dynamic

capabilities of knowledge, it integrates micro-innovation
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resources and macro-policy support to form a synergistic
mechanism of "values-rules-knowledge," promoting the
of efficient resource

sustainable development effects

utilization, green product production, and waste recycling

[6].

Collaborative Management

Fig.1.Audit Model of

Technological Innovation

of Collaborative Management

2.Multi-dimensional Practice Progress of
Technological Innovation Management

2.1.Green Technology Innovation Management
at the Enterprise Level

The practice of green technology innovation in enterprises
needs to build a multi-dimensional collaborative system. Its
core driving mechanism is reflected in the dynamic coupling
of technology research and development, management
model and market strategy. At the level of technology
research and development, the core breakthrough focuses on
pollution control and resource recycling technologies. For
example, China Southwest Aluminum has achieved a
win-win situation of annual emission reduction and 2 million
yuan economic benefits through the cold rolling oil mist
recovery system. China Coal Research Institute has
developed a low-concentration coalbed methane enrichment
technology that increases methane concentration from 20%
to more than 90%, effectively curbing non-carbon dioxide
greenhouse gas  emissions[7]. Management model
innovation emphasizes the construction of a green system.
The Leonardo Group has optimized the production cycle
through digital twin technology, reducing the resource
consumption of prototype development by 30%, and has
jointly built a laboratory with Solvay to develop recyclable
composite materials, promoting the recycling of carbon fiber

in the aerospace field. At the market strategy level,
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consumer environmental preferences and policy regulations
create a dual driving force. For example, Google reduced the
return rate by 40% through Al-driven virtual try-on
technology, while strengthening the recommendation of
durable products, thus achieving the unity of commercial

value and environmental goals [8].

2.2.Technological Innovation Collaboration
Mechanism at the Supply Chain Level

The construction of a technological innovation collaboration
mechanism at the supply chain level needs to take the supply
chain's learning ability as the core driving force. Its
three-dimensional framework is: knowledge absorption
(external technology introduction), knowledge creation
(internal R&D transformation), and knowledge application
(implementation of innovative achievements) [9]. Based on
the dynamic organizational capability theory, these three
dimensions together constitute the foundational capability
system for collaborative technological innovation, directly
impacting innovation performance at the product and
process levels. To achieve efficient integration of these three
dimensions in the supply chain's collaborative technological
innovation mechanism, it is crucial to build a cooperative
culture and trust mechanism system. In cross-organizational
collaboration, cultural differences and heterogeneous
management systems among different enterprises can easily
lead to cognitive barriers and a lack of trust. Therefore, it is
recommended to establish a regular joint training and
exchange mechanism. This can be achieved by organizing
supply
environmental technology seminars and visits to green

chain member companies to participate in

production demonstration bases, promoting the integration

of organizational values and creating a favorable

knowledge

technological innovation, and commercialization of research

organizational  ecosystem  for transfer,
results (commercialization of research results).

Building an incentive mechanism is a key element in
ensuring collaborative effectiveness. It is recommended to
establish a multi-dimensional incentive system: firstly,
establish a special green technology innovation award fund
to provide financial support to enterprises that excel in
R&D  breakthroughs,

technology transfer; secondly, enhance the reputation of

technology introduction, and
enterprises within the industry by having authoritative

industry associations recognize and award innovation honors,
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the

innovation in the supply chain. Empirical research shows

thereby stimulating motivation for collaborative
that such incentive measures can significantly improve the
participation and innovation performance of member
companies.

A sound risk management system is equally important. The
main risks faced in collaborative technological innovation
include: the risk of R&D failure, market adaptability risk,
and intellectual property protection risk. It is recommended
to construct a three-tiered risk response mechanism:
establish a real-time monitoring and early warning system;
for technological risks, a strategy of dynamically adjusting
R&D direction can be adopted; for market risks, a rapid
response mechanism needs to be established; finally, in
terms of intellectual property protection, legal means such as
improving contract design and establishing arbitration
should be used

guarantees for collaborative innovation.

mechanisms to ensure institutional
A volatile technological environment, as a key moderating
variable, will drive the supply chain to improve its dynamic
responsiveness. The aerospace manufacturing industry case
shows that cross-organizational collaborative networks that
transform strategic suppliers into long-term partners
the
implementation of sustainable practices. Digital technologies
further this Al-driven

procurement resource

effectively promote technology diffusion and

empower process: intelligent

systems  optimize allocation;
blockchain technology enhances collaborative trust by
building transparent information-sharing mechanisms (such
as carbon emission traceability in the peanut supply chain);
and the application of the LightGBM algorithm in inventory
management improves demand forecasting accuracy and
resource utilization efficiency [10]. This dual-drive model of
"technology tools-organizational collaboration" forms a
dynamic capability closed loop to cope with uncertainty.

The practice of sustainable supply chain innovation exhibits
significant regional differences. Enterprises in developed
countries pay more attention to releasing collaborative
advantages through organizational structure optimization
and collaborative network design. In summary, the essence

of supply chain technology innovation collaboration is a

three-element coupling system of
capability-network-technology. Enterprises need to build
collaborative networks adapted to the technological

environment based on their own learning capabilities, and

achieve synergistic optimization of knowledge flow, material
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flow, and value flow through digital tools, ultimately

achieving sustainable development goals.

2.3.Construction of Innovation Systems at the
National and Global Levels

Sustainable energy transition at the national and global
levels relies on the dual drivers of technological innovation
and policy frameworks. The national innovation system, as a
macro-coordination mechanism, has a systematic impact on
the achievement of Sustainable Development Goals (SDGs)
by integrating digital technologies and dynamic knowledge
capabilities. Peng Shuhong et al. (2025), based on data from
51 countries along the Belt and Road Initiative from 2014 to
2019, constructed an integrated framework of "digital
technology — dynamic knowledge capabilities — SDGs,"
showing that digital technologies, through the three stages of
knowledge acquisition, integration, and application, have a
social

significant positive impact on economic and

sustainable development, but a negative impact on
environmental sustainable development. In this mechanism,
knowledge absorption, creation, and application exhibit
knowledge

dissemination, in some contexts, shows a masking effect,

significant  mediating  effects,  while
reflecting the complexity of knowledge flow within the
innovation system [11]. National heterogeneity is significant
in technological innovation strategies. Developed economies,
leveraging their technological accumulation and market
maturity, focus more on promoting economic growth
through digital technologies, such as their leading positions
in areas like Al-driven energy management and green cloud
computing; while developing economies pay more attention
to balancing social and environmental benefits. For example,
major carbon-emitting countries in Asia set climate targets
through Nationally Determined Contributions (NDCs) and
are accelerating technological breakthroughs in areas such as
advanced battery materials, bio-based biodegradable plastics,
and carbon capture, utilization, and storage (CCUS). This
difference is particularly evident in the implementation of
the Belt and Road Initiative. Countries like China promote
the diffusion of

infrastructure  connectivity,

technological innovation through
the of

Multilingual Interoperation in Cross-Country Industry 4.0

such as practice

System, providing technical standards and platform support
for transnational industrial collaboration [1].

At the global level, sustainable development faces
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significant fiscal gaps and collaboration challenges. While
the $10 billion fund launched by the UN Technology
Facilitation Mechanism (TPF) and the $580 billion global
green bond issuance in 2023 have provided financial support
for clean energy technologies, the Sustainable Development
2025 points that the Global
Architecture (GFA) urgently needs reform to adapt to the

Report out Financial
funding needs of global public welfare. Against this
the

mechanisms is highlighted: on the one hand, the unification

backdrop, importance of multilateral cooperation
of global standards (such as the formulation of standards in
the field of sustainable computing) becomes a prerequisite
for the promotion of practice; on the other hand, regional
collaborative models (such as China's "Belt and Road"
Initiative) effectively reduce the risk of fragmentation of the
innovation system through policy coordination, technology
transfer, and capacity building. The spatial spillover effect of
digital transformation on green innovation performance
further confirms the key role of transnational technological

cooperation in sustainable development.

3.Challenges

Technological innovation management faces multi-level
systemic challenges in sustainable development practices,
requiring collaborative solutions at the macro, meso, and
micro levels. Significant systemic failures are evident at the
macro level: a huge fiscal gap exists for global sustainable
development. Data from the Fourth International Conference
on Financing for Development (FFD 4) in 2025 shows that
lagging reforms of the international financial architecture
have led to insufficient climate finance supply, with Asian
green bond issuance only meeting 35% of the expanding
demand for renewable energy; the fragility of multilateral
cooperation mechanisms is highlighted, and weakened
support for multilateralism from major powers exacerbates
the fragmentation of technical standards; the environmental
cost paradox of digital technology is emerging, with data
3%-5% of global

consumption, while the energy consumption of each

centers accounting for electricity

blockchain transaction is equivalent to a week's electricity

consumption of an average household [1].

4. Conclusions

This study systematically reviews the academic progress

and practical dynamics of technology innovation
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the of

development. The core conclusions are reflected in the

management under background sustainable
synergistic evolution across three dimensions: At the
enterprise level, green collaborative mechanisms have
formed an integrated model of "open social innovation -
multifunctional teams - collective knowledge management";
at the supply chain level, collaborative networks based on
established,

breakthroughs have been achieved in the development of

long-term  partnerships have been and

resource recycling design tools driven by learning
capabilities; at the national and global level, a systemic
transformation path centered on a multi-level perspective
(MLP) framework has been developed, with policy tools
such as China's "Industrial Green Efficiency Code 2.0"
the

low-carbon and intelligentization. The cutting-edge issues

promoting transformation of industries towards
focus on a dual core contradiction: while digital technology
improves resource utilization efficiency, its environmental
negative effects governance mechanisms are still incomplete;
open innovation accelerates sustainable transformation
through value co-creation, but the risk prevention and
control system in the knowledge flow of SMEs still needs to

be built.
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