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ABSTRACT

The rise of Industry 4.0 has accelerated the development of artificial intelligence (Al)-based
solutions, making them a key driver of global economic transformation. As technologies
mature and application areas expand, more companies have been integrating Al and
automation into human resource management (HRM) for recruitment, training, performance
evaluation, and employee relations. Al-based intelligent algorithms and automated processes
enhance efficiency and address the shortcomings of traditional HRM, but also pose
managerial, cultural adaptability, and legal challenges. Strict data protection regulations,
particularly China’s Personal Information Protection Law (PIPL), increase legal compliance
pressures. In this paper the authors reveal the opportunities and challenges of Al applications
in HRM through a case study of iFlytek, whose leading position and practical experience can
offer valuable insights for applying Al-based solutions and supporting sustainable
development for the Chinese enterprises in a competitive global environment.

Keywords: Al, Chinese HRM, cultural adaptability, legal compliance, PIPL

1. Introduction

Artificial Intelligence (Al) has gradually become one of the core tools in HRM, which can
help enterprises conduct faster and more accurate data analysis to support of the decision-
making process. The generated data can also be used for long-term data storage and analysis
to provide data support for corporate strategic planning. When using generative Al,
enterprises have to ensure security and compliance of data to cope with the increasingly
stringent regulatory environment (Shanghai Overseas Service, 2024). Digital tools can also
track employees' training progress, evaluate their learning outcomes, and provide data support
for personalized career development planning. This digital transformation makes the
company's HRM more systematic, precise, and improves the efficiency of human resource
allocation (Kalvokolanu & Prasad, 2023; Zavyalova et al., 2022).
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As the problem of population aging becomes more serious worldwide, many countries face
the challenge of labor shortage, especially in high-demand service industries such as medical
care and elderly care. Widespread application of automation and robotics technologies not
only helps companies reduce their dependence on manpower in repetitive and basic work, but
also significantly improves the quality of services in these areas. The development of Al
technology has opened up new ways for HRM, companies can train, motivate and deploy
employees more effectively, thereby realizing the added value of human capital. This
symbiotic relationship will also drive companies to pay more attention to employee’s
experiences and gradually shift HRM from transactional work to strategic talent management
(Deloitte, 2016; Gebayew et al., 2018, Tencent News, 2023).

The globalization trend of HRM has made multicultural management, cross-border legal
compliance and language barriers the core issues that multinational companies have to face.
Deploying Al recruitment tools, many multinational companies have to ensure that these tools
comply with local data privacy protection laws, such as Europe's General Data Protection
Regulation (GDPR). At the same time, the trend of globalization has also brought innovation
opportunities to companies. Companies can use diverse talent resources, implement inclusive
talent management strategies, and further enhance their competitiveness (Roopalatha &
Sucharita (2024). In addition, the introduction of Al tools allows HR professionals to devote
more energy to strategic, creative and decision-making tasks including talent development,
employee training and organizational culture building. In this paper, the authors analysing the
introduction of Al tools how to make transition from traditional HRM to intelligent, data-
driven HRM supporting business strategies. Furthermore, this research work also proposed
some potential strategic options for the decision-makers improving their employees' digital
literacy and data analysis capabilities to adapt to the needs of Al-driven intelligent HRM.

2. Methodology

In this review paper, the authors had studied the available relevant theoretical literatures as
reference base, gathering, structuring data and draw conclusions. The implementation
methodology based on secondary or “desk” research analysing international organisations
documents and special databases, scientific publications, studies, online literature sources.
The literature search and analysis was carried out in a combined, “snowball method” (Jalali-
Wohlin, 2012). It means that further additional relevant literatures were involved based on
some pre-selected literature (per author or scientific journal) and their references, as well as
additional ideas arising from the authors own existing information. Nevertheless, the diversity
of the selected sources supports a multifaceted perspective, a notable portion of the
documents comes from secondary media content and corporate publications. These sources
provide valuable practical insights but can mean limitations in terms of independence and
verifiability. To mitigate potential bias, sources were cross-checked by the authors where
possible and evaluated for relevance and credibility for example, by applying qualitative
techniques organizing and interpreting data based on recurring themes or patterns to enhance
transparency and reproducibility. To analyse the secondary literature on Al in Chinese HRM,
thematic coding was applied following Braun and Clarke’s (2006) framework. Key
documents—such as government action plans, iFlytek corporate reports, and academic
studies—were open-coded for concepts like “algorithmic transparency,” “PIPL compliance,”
and “human—technology integration.” Through iterative content analysis, these codes were
grouped into broader themes linking national policy contexts with iFlytek’s practical
applications in recruitment, training, and performance evaluation, enabling a focused
comparison of macro-level drivers and micro-level practices.
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The conclusions and suggestions made by this research work in this article reflect the private
professional view of the authors.

3. Landscape of Al-based Solutions Adoption in Chinese HRM

The Chinese government encourages enterprises to innovate and use Al technology to
improve HRM processes improving efficiency of data processing and analysis. For example,
the "Action Plan for the Implementation of the Innovation and Development of the Human
Resources Service Industry (2023-2025)" states that it is necessary for the enterprises to adopt
technologies such as big data, cloud computing, and Al to accelerate of business intelligence
and management digitization. This policy provides policy support and development space for
enterprises to apply Al technology in HR management (Roberts et al. 2021). The below Table
1 briefly summarizes the main political initiatives and Actions Plans.

Table 1. Main initiatives to promote the Al applications in HRM

Policy/Plan Release Key Content Impact
Date

Establish an open and
Next-Generation Al collaboratlv_e Al _ Prowde(_j po_Ilcy support for
Development Plan 2017 | technology innovation the application of Al in

P system and promote Al HRM

applications across

Action Plan for Innovation . Promoted further
. Enhance the level of Al in -
and Development in HR 2022 HRM application and
Service Industry (2023-2025) development of Al in HRM
Survey on the Level of Gained attention across Reflected companies
Attention to Digital various modules with growing focus on demand
. N 2023 . o

Intelligence Applications in recruitment and employee | for the digital
HR Systems service platforms transformation of HRM.

Source: Own edition based on Roberst et al. (2021)

In recent years, the Chinese government has continuously issued a series of policies, clearly
pointing out the strategic position of Al in enhancing the country's core competitiveness. Al is
regarded as one of the important engines of future economic development, and its application
has gradually expanded to multiple key industries, such as finance, medical care, education
and manufacturing, providing a strong impetus for innovation and upgrading in various fields
of the economy and society. With policy support, related strategies such as new infrastructure
and digital economy have further provided support for the development of Al and the rapid
growth of the market. According to the forecast of International Data Corporation (IDC),
China's spending on Al is increasing year by year, and is expected to reach US$13.03 billion
in 2022, showing strong market demand and investment intention. IDC further predicts that
by 2026, the market size is expected to increase to US$26.69 billion, showing the huge
potential and development space of the market. The annual compound growth rate (CAGR) of
China's artificial intelligence market is expected to reach 19.6% between 2022 and 2026,
indicating that this field will maintain a rapid and stable growth momentum in the next few
years (IDC, 2024).
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You can see in the below Figue 1., that Al and Generative Al (GenAl) investments in the
region are projected to reach $110 billion by 2028, growing at a compound annual growth rate
(CAGR) of 24.0% from 2023 to 2028. This indicates the region’s crucial influence in shaping
the future of global scale Al-based innovative solutions.

Figure 1. Asia/Pacific Top Largest Spending on Al Industry
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China’s artificial intelligence market is expected to further enhance its position and influence
in the world, laying a solid foundation for the realization of national digital transformation
and innovation-driven high-quality development.

Main applications fields of Al in HRM

Through automated resume screening, intelligent preliminary interview arrangements, and
evaluation and analysis in video interviews, Al helps companies significantly reduce the
tedious manual operations in the traditional recruitment process, allowing HR teams to focus
more on key decision-making links. Specifically, technologies such as Al-generated content
(AIGC), natural language processing (NLP), and machine vision provide companies with
powerful tools to quickly and efficiently screen out candidates that meet job requirements.
With these technologies, Al can automatically analyze factors such as the content of a
candidate's resume, work experience, and professional skills, and preliminarily screen out a
list of qualified candidates, greatly shortening the initial screening time for HR (ADP, 2024;
Inspur, 2022). In addition, Al technology can also analyze the candidate's tone, body
language, and expression through video interviews, and even understand the candidate's soft
skills such as expression ability and communication skills through voice analysis, thereby
providing HR with a more comprehensive and objective evaluation. Furthermore, Al can also
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predict the candidate's potential performance in the company in the future by analyzing the
candidate's behavioral data and career development data. This data-driven analytical
capability not only improves the accuracy of recruitment, but also makes the company more
scientific and rigorous in the selection process. The below Figure 2 reveals penetration rate of
Al into the different HRM fields in China.

Figure 2. Application Ratio of Al-baased Solutions in the Different HRM Fields in China
2022 (in %)
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Source: Own edition based on ADP, 2024; Inspur, 2022

Al also has more advanced methods in talent development, performance management and
employee retention. The Al system provides key performance indicators for the HRM team
by analyzing data such as employee performance, turnover rate and satisfaction. At the same
time, the automated evaluation system can also reduce human bias and improve the fairness
of performance evaluation. For example, the Al system can automatically collect employee
behavior data at work and generate detailed reports to help HRM managing employees more
scientifically. In employee retention, Al can monitor employee satisfaction, health status and
turnover tendency in real time through questionnaires, employee feedback analysis, thus
helping companies adopt targeted talent retention strategies and helping HR teams develop
more effective retention plans reducing employee turnover (Wukong, 2024).

3.1. Impacts of accelerated digital transformation

In the process of accelerating digital transformation, the digital application of various
modules of the human resources system has gradually become the focus of enterprises.
According to the survey results, the attention of most modules exceeds 60%, among which the
intelligent recruitment and employee service platform modules are particularly prominent,
reaching a high level of attention. Specifically, the intelligent recruitment module has
received 90.68% attention, while the employee service platform has also received 90.06%
attention. This shows that in the process of digital transformation, enterprises are increasingly
paying attention to the digital application of intelligent recruitment, employee services to

8
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improve the efficiency and service quality of HRM. The digital application of other human
resources modules is also developing in a balanced manner. The attention of modules such as
performance management, core personnel management, and training management is all above
80%, reflecting that enterprises are committed to the comprehensive development of various
modules in the process of promoting the digitalization of human resources to avoid falling
behind in future competition. For example, the attention of performance management reached
86.34%, while the attention of training management was 82.61%, showing the key position of
these functions in promoting employee growth and performance improvement. It is worth
noting that although the attention paid to the labor outsourcing module is slightly lower, at
59.63%, it is still close to 60%, indicating that enterprises' demand for the digitalization of
this module is also gradually increasing. Overall, this trend shows that enterprises are no
longer focusing only on a single module of human resources digital transformation, but on the
overall balanced development of the human resources system. In a highly competitive market
environment, companies seek differentiated advantages in HRM. Large companies further
enhance the flexibility and accuracy of HRM through self-developed Al systems, while small
and medium-sized enterprises (SME’s) achieve digitalization of HRM at a relatively low cost
through outsourcing or cooperation with professional service providers. At the same time,
service providers are also constantly providing customized Al solutions to meet the needs of
companies of different sizes (ADP, 2024; Inspur, 2022).

According to the "2024 China Human Resources Service Industry Research Report”, with the
gradual improvement of relevant laws and regulations, the in-depth application of digital
technology and the increasing standardization of the market, the flexible employment industry
will develop in a healthier and more orderly direction, and gradually achieve scale and
branding to enhance the competitiveness of each company in specific fields by building long-
term partnerships (Baidu, 2024a). In this context, the popularity of remote work and flexible
employment has led to an increasing demand for distributed employee management in
companies. Many companies have introduced advanced digital management systems to
support the work arrangements and performance evaluation of distributed teams, making
HRM more convenient and efficient. This approach not only breaks the geographical
limitations of traditional offices, but also enables companies to flexibly adjust human resource
allocation in a broader talent market, thereby gaining an advantage in the global talent
competition.

3.2. Challenges and Opportunities
Data Privacy and Security

Al systems usually need to process and analyze a large amount of data involving employee
personal information, including sensitive information such as identity information,
professional background, and performance records. Compliance management of data not only
helps to reduce the legal risks of enterprises, but also enhances employees' trust in Al systems
and promotes their effective application within the organization. In addition, enterprises often
need to implement multi-level security protection measures, such as data encryption, access
control, and regular system security audits, so as to reduce the risk of data leakage and abuse.
At deployment of Al systems, data privacy and security have become a priority that cannot
be ignored, which is of great significance to the long-term digital development of enterprises
(Ministry of Justice PRC, 2024).

Technology Investment and Costs

The introduction of Al technology usually requires enterprises to invest a lot of money in
hardware equipment, data storage, algorithm development in the application of generative Al
and large models, the update of hardware facilities, the need for data processing, and the

9
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requirements for technical support will bring significant cost pressure. For SME’s, especially
emerging "specialized and new" enterprises, this high investment may become a major
obstacle to the promotion and development of Al applications. However, as Al technology
becomes more popular, costs are gradually decreasing, more and more SME’s can effectively
control expenses by choosing cloud computing services and technology outsourcing models
to improve their own technology application level (IDC, 2024; Wang, 2024).

In order to better adapt to the development and application of generative Al and large models,
SME’s should adopt a series of comprehensive strategies: first, invest in employee training to
ensure that the existing team has Al-related skills; second, establish partnerships with
professional technology partners to obtain necessary technical support and expertise. In
addition, actively seeking appropriate financial support, such as government subsidies,
industrial funds can provide additional resources for the application and development of Al
technology. It is also key to develop a wise business plan, through a detailed cost-benefit
analysis, to ensure that Al projects can achieve substantial results within a reasonable budget.
Although the introduction of Al technology may face challenges in initial capital investment
for SME’ss, through flexible cost management strategies and effective use of external
resources, Al-driven HR intelligent applications offer great potential for this sector.

Synergies between outstanding talents and Al

With the widespread application of Al technology in HR management, the skill requirements
of HR professionals have changed significantly. They not only need to have traditional HRM
knowledge, but also need to master the skills of data analysis, technology application and Al
tool operation in order to make better decisions and perform tasks in a data-driven
environment. While promoting the application of Al technology, enterprises also need to
strengthen the training of HR personnel's data literacy and technical capabilities. By
organizing systematic training courses, encouraging participation in technical seminars or
working with Al experts, enterprises can help HR teams adapt to this transformation, enabling
them to effectively use Al tools in their daily work, thereby more efficiently supporting the
company's talent management strategy to maintain their competitive advantage in the Al-
driven market (CPPCC National Committee, 2024), Baidu, 2024b).

3.3. Cultural and Regulatory Dynamics in Chinese HR Automation
Cultural adaptability

In the Chinese company culture, "benevolence™ as the core concept of Confucianism
emphasizes harmonious interpersonal relationships, family ethics, and social responsibility.
This spirit can be transformed into care for employees and emphasis on teamwork in modern
corporate management, thus forming a unique organizational culture. In the context of the
gradual penetration of automation technology and digital tools into corporate management,
the integration of corporate culture with "benevolence" as the core and these technical tools
provides companies with a management model that is both efficient and humane (CSTC,
2024). Employees are the most valuable resources of an enterprise. By caring about the
physical and mental health of employees, companies can create a good working environment
and development opportunities for them. This not only helps to stimulate employees'
creativity and enthusiasm for work, but also improves the cohesion and stability of the
company. According to Maslow's hierarchy of needs theory, after their material needs are
met, employees will pursue a sense of identity and belonging at the spiritual level. The
corporate culture with "benevolence"” as the core can just meet the needs of employees in this
regard, so that they feel respected and cared for at work. Companies can use data analysis
tools to regularly understand employees' health status, work pressure and psychological
needs, and then provide targeted support.

10
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For example, automation systems can help companies better arrange employees' workloads,
avoid excessive overtime, and provide employees with real-time care and encouragement
through intelligent feedback mechanisms. Such technical means not only improve
management efficiency, but also allow employees to feel the care from the company, thereby
enhancing a sense of belonging and loyalty. The corporate culture based on "benevolence™
can also promote team collaboration through digital means. With the help of collaboration
platforms and communication tools, companies can create a more open and equal
communication environment where employees can support and help each other at work
strengthening the relationship between employees, making the entire team more cohesive and
efficient. Companies need to improve employees' understanding and adaptation through a
variety of training and communication methods to help them smoothly with positive attitude
accepting the automation change. (Wang Gu Technology, 2024).

Regulatory Factors

Data privacy and information protection have become increasingly important in corporate
HRM, especially in the context of the continuous deepening of artificial intelligence and
digital management technology. According to information released by the Ministry of Justice,
China is accelerating the improvement of data security legal system to meet the challenges of
network data security. This includes comprehensive optimization of the legal framework for
data privacy and information protection to ensure the compliance of enterprises in the process
of data collection, processing and storage (Ministry of Justice, PCR (2024, Xinhua, 2021).

In terms of specific measures, the country has strengthened the security review of network
data, encrypted data transmission, strict access control and other means to build a solid
security line for network data. Such measures not only reduce the risk of data leakage, but
also further protect the privacy of users, so that enterprises have laws and regulations to
follow when using big data and artificial intelligence technologies for HRM. From the
perspective of practical application, the protection of data privacy is not only the compliance
with laws and regulations, but also the maintenance of employee trust in the company's
anonymised processing of their personal data, preventing improper use of this sensitive
information, which is the key to harmony and stability within the enterprise. Operating an
efficient compliance management system, internal audits and external reviews have become
key means to ensure that corporate behavior complies with regulations and standards
identifying potential hidden risks in daily operations and ensuring internal processes
maintaing with increasingly complex regulatory requirements and corporate internal
policies(Visure Solutions, 2024). External audits provide companies with an objective third-
party perspective that can identify issues that may be missed by internal audits. External
audits are usually performed by independent third-party audit agencies providing fair
feedback on the company's compliance management through authoritative compliance
assessments. External audits not only help enhance the credibility of companies in the market,
but also enable companies to gain an advantage in competition to meet industry standards and
international norms. These tools can help companies automate compliance monitoring,
including compliance tracking, risk assessment, and report generation, thereby significantly
reducing the time and error risks of manual reviews and help companies adjust compliance
strategies in a rapidly changing regulatory environment.

In the process of promoting HRM automation, enterprises need to comprehensively consider
three factors: cultural adaptability, regulatory compliance, and data privacy and security
protection (Yingsheng, 2024). Cultural adaptability is particularly important in China's
management environment.
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Integrating the care and team spirit in corporate culture into the automation process not only
helps to improve employees' sense of identity, but also ensures that the automation system is
in line with corporate values, promoting employees' active acceptance of new technologies.

4. Application of Al in the HRM at the IFlytek Company

Since its inception, iFlytek has been committed to deepening its roots in the field of artificial
intelligence, and is committed to working hand in hand with the domestic software and
hardware industry chain to jointly build an independent and controllable technology platform.
On this basis, iFlytek continues to maintain and enhance its international leading position in
core technologies, contributing Chinese wisdom and solutions to the development of global
Al technology iFlytek, 2024a).

Relying on the strong scientific research strength of iFlytek's National Key Laboratory of
Cognitive Intelligence, iFlytek grandly launched the iFlytek Spark Large Model on May 6,
2023. On October 24 of the same year, iFlytek and Huawei joined forces to jointly release the
first domestically produced computing power platform in China that can support the training
of large models with more than 100 billion parameters, “Feixing No. 1", in Hefei. The advent
of this platform undoubtedly provides strong support for the independent research and
development and application of Al technology in China. In January 2024, iFlytek once again
reported good news, successfully releasing the first large model in China based on domestic
computing power training - iFlytek Spark V3.5. This version of the large model has achieved
significant performance improvements, further consolidating iFlytek's leading position in the
field of artificial intelligence. Against the backdrop of increasingly fierce competition
between China and the United States in science and technology, iFlytek, with its deep
accumulation in the field of general large models, is gradually showing its potential to surpass
its competitors in industry models and key field applications. In the field of education, the
multimodal correction and learning path planning functions of iFlytek Spark’s large model
provide strong support for teaching students in accordance with their aptitude and reducing
burdens and increasing efficiency. According to statistics, students who use the Spark large
model to study can reduce the amount of learning and practice on the same knowledge points
by more than 50%.

In the medical field, iFlytek's "Smart Medical Assistant” Al auxiliary diagnosis system has
been widely used in more than 500 districts and counties across the country, and has
conducted more than 700 million auxiliary diagnosis and treatments, bringing more
convenient, efficient medical services to the majority of patients. In the industrial field,
iFlytek has also demonstrated strong technical strength. The multilingual technology for
China's exported automobiles is basically provided by iFlytek. Among them, Volkswagen has
jointly released a large-scale car model product with iFlytek after connecting to the iFlytek
Spark large model. This cooperation not only enhances the international competitiveness of
Chinese automobile brands, but also injects new vitality into the development of the global
automobile industry. As of now, iFlytek has cumulatively supported more than 120 million
smart terminals to go overseas, providing more intelligent and convenient services to global
users. In addition, in terms of enabling software development, iFlytek's iFlytek Spark code
capabilities have been successfully applied in more than 100 well-known companies such as
Huawei and JD.com.. iFlytek's Al open platform has currently gathered more than 6.47
million developer teams to jointly promote the innovation and development of artificial
intelligence technology.
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Looking ahead, iIFLYTEK will continue to adhere to the independent and controllable
technology innovation route and seize the strategic opportunities of general Al. In addition,
IFLYTEK will also explore the use of cutting-edge technologies such as quantum computing
to break through the bottleneck of large-scale model computing power, and make early
arrangements for possible revolutionary breakthroughs in the future (iFlyteck, 2024b).

4.1. Difficulties of Al Application at iFlytek

Although iFlytek's Al system has achieved certain results in the HR field, it faces challenges
in data compliance, especially in the strict compliance with the provisions of the Personal
Information Protection Law (PIPL) during data collection and use (Ministry of Justice PRC,
2024).

PIPL requires companies to be legal, legitimate and necessary when collecting and using data.
iFlytek improves its Al algorithm to ensure that it only collects necessary candidate data in
recruitment and explains the purpose and scope of data collection to the data subject (Article
6 of PIPL). According to PIPL, companies have to inform users and obtain their consent when
using personal information for automated decision-making. iFlytek informs candidates in
advance during the recruitment process to ensure that candidates understand the Al screening
process and obtains candidates' consent before data collection (Articles 13 and 14 of PIPL).
When applicants have questions, the company provides a complaint mechanism to protect
users' right to know and right to object. When using Al for recruitment screening, PIPL
requires companies to ensure the transparency and fairness of automated decision-making,
especially for decisions that may affect personal rights and interests (PIPL Article 24). iFlytek
provides explanatory and transparent functions for Al screening, allowing candidates to
understand the reasons for their screening, reducing negative impact of algorithms on
recruitment decisions.

Restrictions on cross-border data transmission

iFlytek needs to ensure that the data transmission of Al systems meets cross-border
compliance requirements, especially when data involves cross-border, PIPL has stricter
compliance requirements for data outbound (PIPL Article 38). In this context, iFlytek has
formulated a comprehensive data storage and transmission management policy to ensure the
security of data transmission. In traditional Chinese corporate culture, the interaction between
employees and HRM departments is usually full of "human touch”, that is, emphasizing the
trust and understanding brought by interpersonal relationships and direct communication.
However, as iFlytek introduces Al systems in HRM, some employees are worried that
algorithmic decision-making may weaken this human factor, leading to deviations in
performance evaluation. In the financial industry, the transparency and explainability of Al
systems are considered very important to ensure compliance with regulatory requirements
(China Business News, 2024). In response to these concerns, iFlytek has integrated
transparency and explainability features into its Al system, allowing employees to understand
the basis for the system's decisions and to intervene manually when necessary. iFlytek's Al
HR system provides detailed explanations of decisions, allowing HR personnel and
employees to view specific criteria for screening and evaluation understanding the factors that
Al refers to during the evaluation process. This transparency helps to enhance employees'
trust in Al systems (iIFLYTEK, 2024c). Through these measures, iFlytek has successfully
implemented Al systems in HRM while maintaining technological innovation, respecting and
integrating interpersonal relationship characteristics of Chinese corporate culture.
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4.2. New approaches on Al Intergation in the Chinese HRM

Al-based intelligent HR platforms have gradually replaced traditional manual processing
methods, helping companies to liberate the human resources department from tedious
transactional work, allowing HR to focus on more strategic tasks (Al and Human Resources,
2023; Red Sea Cloud, 2023). By building a comprehensive HRM platform, companies can
achieve real-time monitoring, analysis and processing of employee data, making management
more transparent and efficient. These platforms not only include employee information
management, recruitment process management and performance appraisal, but also help HR
departments gain in-depth insights into employee behavior, work performance and career
development paths through data analysis and visualization tools. References point out that this
Al-based digital management enables HR to better predict talent and allocate resources, and
improves the scientificity and accuracy of decision-making (Chen & Liu, 2022; Al and
Human Resources, 2023).

Intelligent Recriutment and Matching

Through natural language processing (NLP) technology and machine learning algorithms, Al
can quickly screen a large number of resumes, analyze job seekers' career experience and skill
levels, and combine multi-source data such as social media profiles and cover letters to
accurately match candidates for positions. Traditional recruitment methods are often time-
consuming and labor-intensive, and it may take days or even weeks to screen suitable
candidates, while Al recruitment systems can complete this step in minutes, greatly improving
recruitment efficiency. Al's intelligent screening function reduces human bias and ensures the
fairness and transparency of the recruitment process, which helps to attract and retain high-
quality talents (Aritificial Intelligence, 2024). Al-driven training management systems can
develop personalized training plans based on employees' specific needs and career
development directions. Al customizes exclusive learning paths for each employee by
analyzing employees’ learning preferences, skill levels and behavioral data. Some studies
have pointed out that personalized training can not only help employees quickly improve their
skills, but also enhance employees' sense of belonging and loyalty to the company, which
helps reduce employee turnover (Maimai, 2024).

Real-time Performance Feedback

Traditional performance management is usually carried out on a quarterly or annual basis,
with problems such as delayed feedback and poor results. The Al-driven HRM platform
makes performance management more dynamic and flexible. By collecting and analyzing
employees' work data in real time, managers can provide timely and targeted performance
feedback to help employees adjust their work strategies more quickly. This instant feedback
mechanism improves employee engagement and enhances their sense of responsibility and
accomplishment in their work. This real-time and dynamic performance feedback model
effectively improves employee work efficiency and performance (Al and Human Resources,
2023).

Data Security and Privacy Protection

With increasing popularity of Al technology in HRM, there will be a requirement for
enterprises to process a large amount of employee data, involving highly sensitive personal
information, so data privacy issues have become the core of concern for all enterprises. For
example, research points out that once big data in public sector HRM is leaked, it will cause
great harm to national, organizational and personal security. As required by the PIPL,
enterprises must standardize data processing processes to comply with national data
protection standards and enhance employees' trust in data privacy.
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It is recommended that enterprises implement active measures, such as implementing multi-
level data encryption strategies and identity authentication systems in HR systems, to
fundamentally reduce the risk of data leakage. At the same time, regular security reviews are
conducted to ensure the effective implementation of data protection policies.

Improved Employee Acceptance

According to Chen & Liu, (2022), individual acceptance is significantly affected by perceived
complexity and risk perception of technology. Employees' resistance to Al mainly comes
from concerns about being "replaced by machines” and fear of technological complexity.
These psychological barriers may affect employees' trust in Al technology and further slow
down its promotion. Companies should help employees understand the working principles
and practical advantages of Al systems through internal communication and training
mechanisms. Through case sharing, interactive training modules and simulated operations,
employees can gradually become familiar with Al systems in actual experience and reduce
their discomfort with technology. Besides that, organize successful case sharing sessions on
Al technology applications to further eliminate misunderstandings about technological
complexity by demonstrating how Al optimizes HR management processes and improves
employee experience. Companies can conduct transparent advocacy for Al technology,
explain the principles of Al in data processing and its actual impact on employee privacy and
work, so as to enhance employees' trust and sense of security in Al technology.

System Stability and Scalability

Companies can set up automatic alarm mechanisms to immediately notify the technical team
to repair when the system detects abnormal behavior (such as data processing delays or
algorithm output deviations). In addition, real-time monitoring can provide dynamic analysis
of key performance indicators (KPIs), providing a basis for companies to adjust system
operating parameters in a timely manner (Baidu, 2024a; Baidu 2024b). At the same time, it is
crucial to establish an employee feedback mechanism. Surveys show that system optimization
strategies that include user feedback loops can significantly improve system acceptance and
user experience. The feedback mechanism not only helps identify potential problems, but also
promotes the matching of technology with actual business needs, and improves the
applicability and stability of Al systems in enterprises. In order to meet the diverse needs of
different enterprises, Al systems should have a high degree of flexible configuration and
customization capabilities. Enterprises can choose suitable modules and services according to
their own industry characteristics and business scenarios to ensure that the Al system can be
deeply integrated with the existing HRM processes of the enterprise. This flexible
configuration method can not only maximize the use of the functions of the Al system, but
also significantly reduce unnecessary resource waste.

Scalability is also reflected in the system's ability to support new functions and new scenarios.
For example, when enterprises transform from traditional office mode to remote or hybrid
office mode, Al systems need to support functions such as remote attendance, virtual
interviews and online training. This expansion capability enables enterprises to quickly adapt
to changes in the external environment and maintain the efficient operation of HRM. The
scalability of Al systems also depends on seamless integration with the existing information
systems of enterprises. Through data sharing and business collaboration with management
systems such as ERP, CRM, and financial software, Al systems can help enterprises build
unified information flows and operation flows. For example, Al systems can directly obtain
employee entry records and salary information from the ERP system to automatically
complete performance evaluation and annual assessment.
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This system integration not only reduces the workload of repeated entry, but also improves
the accuracy and consistency of data. To ensure that the Al system can be continuously
optimized and upgraded, enterprises need to establish a cross-departmental communication
mechanism to promote in-depth understanding of system performance and business needs
between the interested stakeholders.

Continous Optimisation and Feedback Mechanism

Real-time monitoring and regular inspection of the model's prediction results, companies can
promptly identify potential problems and make necessary parameter adjustments to adapt to
changes in the business environment and employee needs. This dynamic adjustment not only
improves the flexibility of the system, but also ensures the applicability of the Al system in
different HR scenarios. Based on the latest data and employee feedback, companies should
regularly update and iterate Al models, use machine learning technology to achieve self-
learning and optimization, and thus improve the system's prediction and decision-making
capabilities in complex human resource management. The update and iteration of the model
can enhance the adaptability of the system and make it more efficient in responding to future
business challenges. Finally, in order to ensure that the Al system complies with regulatory
requirements and corporate values, companies need to regularly audit and evaluate Al models
to confirm whether the system has achieved the expected results, and also provide data
support for future optimization (Baidu, 2024a; Baidu, 2024).

The feedback mechanism of Al technology in HRM can effectively improve the adaptability
of the system and employee satisfaction. Companies collect employee feedback on the Al
system through online surveys, suggestion boxes understand employees' acceptance and
satisfaction with Al decisions, thus discover the actual effect of the system and room for
improvement. Through natural language processing (NLP) technology, companies can
conduct sentiment analysis and keyword extraction on employee feedback, deeply analyze
employees' emotional tendencies and concerns, providing data support for formulating more
targeted improvement measures. Companies integrate these analysis results into easy-to-
understand reports and visual charts, and present them to management and HRM departments
help them making more evidence-based decision. Finally, based on employee feedback and
the evaluation results of Al system performance, companies can continue to optimize Al
algorithms and decision-making processes, continuously improve the application effect of Al
in HRM and better meet corporate development and employee needs (Liu &L.i, 2023).

4.3. Expected Benefits of Al Adoption for Chinese HRM Practices

The application of Al in China's HRM has brought significant changes, especially in the five
major areas of recruitment, training, performance management, cost control and employee
services. First of all, in terms of improving recruitment efficiency, Al accelerates the resume
screening and candidate sorting process through NPL and machine learning technology,
allowing HRM to screen candidates who meet job requirements in a short time, thereby
effectively improving recruitment efficiency. . At the same time, the Al system can evaluate
candidates' basic abilities, such as language expression and communication skills, in the initial
screening stage, providing the HR team with a more accurate list of candidates and helping to
reduce the number of screenings by the HRM department in subsequent interviews pressure.

In terms of optimizing employee training and development, Al can analyze employees'
learning history and skill needs and help companies customize personalized training plans.
This personalized training method can not only effectively improve employees' learning
effects, but also help companies better explore their employees' potential.
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Through the intelligent feedback function of the Al system, employees can obtain real-time
progress reports and learning suggestions during the training process, helping them make
adjustments based on their own learning effects and improving the overall training efficiency
and effectiveness.

In terms of improving performance management, Al accurately evaluates employees’ work
performance through real-time data collection and analysis. By automatically collecting data
such as employees' working hours and task completion status, the Al system can provide
managers with detailed performance evaluation basis to ensure the fairness and transparency
of management. In addition, Al can avoid the interference of human factors on performance
evaluation and make the performance management process more scientific and fair. This not
only enhances employees' trust, but also helps improve employees' enthusiasm and job
satisfaction.

Cost saving is another highlight of Al in HRM. The automated processing function of Al
technology has significantly reduced repetitive tasks in HRM, such as entry procedures,
employee resignation management, salary calculation, reducing the workload and labor costs
of the HRM department. By reducing errors and omissions in manual operations, Al also
effectively reduces the company's operating costs and improves overall management
efficiency. Through technologies such as intelligent assistants, Al can assist HRM
departments in providing more personalized services to employees, including salary inquiries,
vacation applications, job consultations, focusing on strategic talent management tasks.

Summary and conclusions

Introduction of Al technology has played crucial role in many areas of HRM in China. By
improving recruitment efficiency, optimizing employee training, improving performance
management, saving costs and providing personalized services, Al is helping companies build
more intelligent and efficient HRM systems, providing solid support for the common
development of employees and companies. The application of these technologies not only
helps companies reduce operating costs, but also plays a positive role in improving employee
satisfaction and work experience. Cultural adaptability, regulatory compliance and technology
implementation costs are the three challenges in the process of Chinese companies advancing
Al -based technologies. On the one hand, China’s unique corporate culture emphasizes human
touch and employee interaction, which conflicts with the calm and logical characteristics of
automated systems. Strict regulations such as the Personal Information Protection Law (PIPL)
require companies to adhere to high standards of compliance in data collection, processing
and storage. In addition, SME’s are also facing tremendous pressure in terms of technology
investment and cost control.

The authors revealed current status, potential and limitations of the application of Al and
automation technology in HR management through case analysis of iFlytek, a leading
Chinese Al firm, illustrating both the potential and challenges of Al in HRM. Its Spark Large
Model supports NLP, adaptive learning, and intelligent recruitment tools. Unlike many firms,
iFlytek actively integrates algorithmic transparency, allowing candidates and employees to
understand Al-driven decisions. This mitigates cultural resistance and aligns with PIPL
requirements for informed consent and fairness in automated decision-making. However,
iFlytek’s reliance on proprietary algorithms and corporate-controlled datasets raises questions
of bias and replicability. Its compliance strategies—such as localized data storage and
consent-based screening—offer a model for other firms, but require continuous oversight. The
company’s integration of Al into recruitment, training, and performance review demonstrates
that technology can complement rather than replace human judgment when supported by
governance mechanisms.
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Application of Al in HRM has brought unprecedented opportunities for change to Chinese
companies but it has also put forward higher requirements for the company's technical
capabilities, management concepts and compliance awareness. In the future, with the further
development of technology and the gradual improvement of the regulatory environment,
Chinese companies need to continue to work hard in strengthen the in-depth integration of
technology and culture, combining traditional corporate values with the advantages of Al
technology. Exploring innovation capabilities of Al systems can reduce dependence on
external technology and enhance technological competitiveness. Through cooperation with
governments, academic institutions and industry partners, jointly build a standardized,
transparent and efficient HR technology ecosystem. These measures will not only help realize
the intelligent HRM in enterprises, but will also promote Chinese enterprises to occupy a
more favorable position in global competition.
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ABSZTRAKT

A tanulmany célja egy konkrét fuvarfeladat esettanulmanyan keresztiil bemutatni, hogy
miként alkalmazhaté a vasuti es kozuti szallitas kombinacioja a szallitasi koltségek
csokkentése és a kornyezeti terhelés mérséklése érdekében. A szerzék tobb ajanlat
Osszehasonlitasa alapjan kialakitottak egy optimalis fuvarstratégiat, amelyben figyelembe
vették a szolgaltatdsi szinvonalat, a fenntarthatosdgi szempontokat, valamint a
koltséghatekonysagot. A tanulmany kovetkezteteései ramutatnak arra, hogy a multimodalis
szallitds — megfelel6 feltételrendszer mellett — versenyképes alternativat nyujthat a kizarélag
kozuti megoldasokkal szemben, kiilléndsen nagy tavolsagok esetén. A bemutatott mddszertan
alkalmas lehet hasonlo logisztikai dontéshozatali helyzetek tamogatasara.

Kulcsszavak: ellatasi lanc; multimodalitas; vasut—kozut; fuvarstratégia; szallitasi koltségek
ABSTRACT

This study aims to demonstrate, through a case study of a specific transport task, how the
combination of rail and road freight can contribute to reducing transport costs and minimizing
environmental impact. Based on the comparison of multiple freight offers, an optimal
transport strategy was developed, considering service quality, sustainability and cost-
efficiency. The findings highlight that multimodal transport, under appropriate conditions, can
offer a competitive alternative to road-only solutions, particularly for long-distance
shipments. The proposed methodology may support decision-making processes in similar
logistics contexts.

Keywords: supply chain; multimodality; rail-road; transport strategy; freight cost
1. Bevezetés

A kozlekedési és széllitmanyozasi agazat a globalis ellatasi lancok egyik legkritikusabb
eleme, amely a gazdasagi hatékonysag mellett egyre nagyobb figyelmet kap a fenntarthatdsag
és kornyezeti terhelés szempontjabdl is. A kdzuti arufuvarozas tovabbra is dominans szerepet
jatszik EurOpa-szerte, ugyanakkor ezzel parhuzamosan novekszik az igény a
kornyezetbaratabb és hatékonyabb alternativak irant.
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Ezen kihivasokra valaszul a szallitdsi modok optimalizaldsa, valamint a kiilonbdzo
kdzlekedési modok — elsGsorban a kozat és vasut — kombinacidja versenyképes lehetéségeket
kindlhat a logisztikai dontéshozdk szdméara. A multimodalis szallitas lehetGséget teremt arra,
hogy a fenntarthatdsagi célokkal 6sszehangolt, gazdasdgos megoldasok szlilessenek.

2. Kutatasi médszertan

Atanulmany kvalitativ esettanulmany-mdédszertant alkalmaz, amelynek keretében egy konkrét
nemzetkdzi szallitdsi feladat részletes vizsgalatara keriilt sor. A vizsgélat célja egy
fenntarthaté és koltseghatékony fuvarstratégia kidolgozasa volt, a kodzati és vasuti szallitas
kombinacidjanak lehetséges alkalmazasaval. A kutatds elsd szakaszaban piaci szereploktdl
szarmazo konkrét fuvarozasi ajanlatok Kkeriiltek 6sszegytijtésre és 6sszehasonlitd elemzés ala.
A vizsgéalat soran két aruszallitasi megoldas — kozdti és intermodalis — miiszaki, pénziigyi és
szolgaltatdsi paramétereit értékeltiik, beleértve a szallitdsi 1dOt, koltséget, fuvarozasi
kapacitast, fenntarthatdsagi szempontokat és a rugalmassagot. Az ajanlatok 6sszehasonlitasa
soran a vallalat tobb, egymassal részben Osszefliggd kritériumot hatarozott meg. A dontési
keret kialakitasakor a koltség, az id6, a szolgaltatasi szinvonal, a fenntarthatosagi mutatok és a
miikodési kockazatok kaptak kiemelt szerepet. Az egyes szempontok fontossagat a vallalat
beszerzési €s logisztikai vezetdivel folytatott interjuk alapjan stulyoztuk, majd az ajanlatok
pontozésa ezek figyelembevételével tortént. A sulyozas és az értékelés alapja az alabbi
rendszer volt:

Szallitasi koltség (40%) — az export- es korfuvarok dijainak 6sszehasonlitasa, valamint az
érzékenység vizsgalata az izemanyag-, energia- és utdijvaltozasokra.

Tranzitidé és pontossag (20%) — a szallitmanyok célalloméasra érkezésenek varhato ideje, a
rakodési hataridok betartasanak valdszintisége, valamint a siirgds fuvarok kezelhetdsége.

Fenntarthatosagi mutatok (15%) - az egyes modok fajlagos CO:-kibocsatasa (g
COz/tonnakilométer) €s az éves megtakaritas becsiilt értéke.

Szolgaltatasi rugalmassadg (15%) — tobbletkapacitas biztositasanak lehetdsége, varatlan
tobbletrakomany kezelése, valamint az ad-hoc megrendelések elfogadasa.

Kockazati tényezok (10%) — a szallitdsi modokhoz kapcsoldédd bizonytalansagok (pl. vasuti
csatlakozas kimaradasa, kozuti torldédasok, kapacitashiany) és ezek vallalatra gyakorolt
hatasa.

A dontési szempontok rendszerezése soran leird tablazatos 0Osszehasonlitds, valamint
kvalitativ értékelés alapjan tortént az alternativdk rangsoroldsa. A modszertan lehetdvé tette a
kiilonbdzd ajanlatok elényeinek és kompromisszumainak feltarasat, és hozzajarult egy olyan
fuvarstratégia kialakitasahoz, amely az adott vallalati és piaci koérnyezetben optimalis
megoldast képviselhet.

3. Elméleti hattér

A kozlekedés és azon belul az aruszallitas az Eurdpai Unio kozds szakpolitikainak egyike.
Mar a Romai Szerzédés is megfogalmazta a fontossagat, azota pedig az ,,Utiterv az egységes
eurdpai kozlekedési térség megvaldsitasahoz — Uton egy versenyképes és eréforras-hatékony
kozlekedési rendszer felé¢” cimi, 2011. évi fehér konyv mar a kozlekedés altal okozott
Uveghazhatasu gazok kibocsatasanak csokkentését szorgalmazta (Eurdpai Bizottsag, 2011).
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Az itt kitizott célok nem bizonyultak eléggé ambicidozusnak, igy tobbek kozott ez is
hozzajarult ahhoz, hogy 2019-ben a Bizottsag ,,Az eurdpai zold megallapodas”
kdzleményében a kozlekedesi agazat szamara 2050-re 90%-0s szén-dioxid-kibocsatés-
csOkkentést irdnyoz el (Eurdpai Bizottsag, 2019).

Az eurdpai szérazfoldi aruszallitas terén a kozuti fuvarozas a mai napig dominal. A
kontinentalis szallitmanyok kozel 75% tisztan kozaton valdsul meg (Eurdpai SzdmvevoszEk,
2023). Ez az ardnyszam hazénk tekintetében is hasonld méreteket 6ltott az elmult években,
nemzetkozi és belfoldi &ruszallitast tekintve a szallitasi médok kozil a kézat 70 % kordli
értékekkel a legfrekventaltabb (KSH, 2024). A SzamvevdszEk a kiilonjelentésében, az Eurdpai
Kornyezetvédelmi Ugynokség adataira tdmaszkodva, a koz(ti teherfuvarozas szén-dioxid-
kibocsatasat 137 g CO: / tonnakilométerben hatarozza meg, ezzel szemben a belvizi 33, a
vasuti teherszallitas kibocsatasat pedig 24 g CO: / tonnakilométerben. Az liveghéazhatasd
gazok kibocsatasanak mérséklésére kézenfekvd megoldast jelenthet az intermodalis
arufuvarozés, aminek a lényege, hogy az arukat egy rakodasi egységként, kiilonboz6 szallitasi
modok — kozut, vasut, vizi vagy légi ut — kombinacidjaval szallitjak. A multimodalis szallitas
ezzel szemben a kiilonbozd fuvarozasi moédok egymas utani igénybevételét jelenti, akar
atrakasokkal is. A vizsgalt esetben a potkocsis szallitas kozuti es vasuti kombinacidja
valojaban az intermodalis kategoriaba sorolhato, ugyanakkor a vallalati kommunikacioban és
a tenderanyagaikban gyakran a ,,multimodalis” kifejezés szerepel, ezért a tanulmdnyban a két
fogalmat részben szinonimaként hasznaltuk. A Szamvevészéki jelentésben kiemelték, hogy
bar a kornyezetterhelés tekintetében jelentGs kibocsatas-csokkentést lehet igy elérni, mégis
szabalyozasi és infrastrukturalis akadalyok miatt az intermodalis arufuvarozas mindmaig nem
¢lvez egyenld versenyfeltételeket az Unidban, sét nem is Iétezik az intermodalitasra
vonatkozd unios stratégia (Eurdpai Szamvevoszek, 2023).

Az esettanulmany célja, hogy egy példan keresztiil vizsgaljuk, hogy milyen lehetdségei
vannak egy magyarorszagi autdipari gyartocegnek, ha egy rendszeres németorszagi kozuti
fuvarviszonylat esetében alternativ szallitdsi modokat keres, ezek milyen eldnyokkel és
hatranyokkal jarhatnak. A relacid jelentdségét az is indokolta, hogy Magyarorszag
kilkereskedelmi termékforgalma Németorszag iranyaba a legmagasabb (KSH, 2024).

Nem keriil nevesitésre a vizsgalt vallalat, sem a vizsgalatba bevont partnerek az informaciok
érzékenysége és részben Uzleti titoktartasi kotelezettségek miatt, viszont a tanulmany egy
megvalosult eset tapasztalatait tartalmazza.

Munkank aktualitasat a karosanyag-kibocsatas csokkentésére tett, nemcsak unios, hanem

crer

terheld kihivasok okozta koltségesokkentési torekvések adjak.

4. A feladat leirasa

A szdéban forgd cég egy tobb éves multtal rendelkez6 autdipari tier 1-es gyarto vallalat a
tatabanyai ipari parkban. Az elsddlegesen fémmegmunkaldssal foglalkozé vallalt vevéi az
autoipar OEM-jei, export fuvarfeladatainak kozel kétharmadat sajat koltségen és felelésségi
korében végzi. Az aruszallitasi szolgaltatas beszerzése a helyi szervezet feladata, ezt
meghatarozott id0kozonként fuvartender kiirdsaval oldjak meg. Sarokszdmokat tekintve éves
szinten nagysagrendileg 1.000 darab szallitasi feladatra adnak megbizast, amelynek
hozzavetdlegesen az 6tdde korfuvar, tehat az export fuvarhoz import visszaru szallitasa is
tartozik. A desztinacid, amit vizsgalunk és ahova a fent emlitett mennyiségti fuvar indul, az a
németorszagi Ruhr-vidék déli része. A cég a szallitmanyokat jelenleg kizardlag kozaton
fuvaroztatja a telephelyétdl a célallomasig, a tavolsag Tatabanyatol 1.050 km. Egy rakomany
atlagosan 8 tonna.
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A rakodasok a hét napjain, hétfot6l péntekig egyenletesen vannak elosztva, az iddkapu
rendszerben 08:00 oOratol 18:00 oraig keriilnek iitemezésre. A tranzitidd az export szallitas
esetén maximum 2 nap, tehat egy ,,A” napon torténd rakodas esetén legkésobb ,,C” napon
meg kell érkeznie az drunak a cimzetthez. A jelenlegi szerz6dések alapjan a leirt relaciora az
export fuvardij 1.450 eurd, a korfuvar ara 2.850 eurd. Siirgés szallitasok esetén a cég ,,A”
naprol ,,B” napra valo kiérkezésre 2 sofords megbizast ad, ennél is siirgdsebb esetekben a 3,2
tonna Ossztomegl furgonos fuvarozasi médot valasztja. Ilyenkor a nem tervezett felmeriilo
plusz koltség a vallalatot terheli.

Az ajanlatkérés a fenti informéaciok alapjan lett kiklldve. Fontos volt, hogy a jelenlegi
partnerek mellett, akikkel a tobb éves partneri viszony tapasztalatai alapjan a cég meg volt
elégedve, legyen olyan szolgéaltaté is a tenderre meghivva, aki rendelkezik intermodalis vagy
multimodalis szallitasi tapasztalattal, telephelye Tatabanya tagabb vonzéaskdrzetében legyen
(<50km) ¢és rendelkezzen sajat gépjarmiiparkkal. Az ajanlatadisra kéthetes hataridd, a
targyalasokra és a kivalasztasra tovabbi 3 hét lett meghatarozva.

5. Ajéanlatok ismertetése, 0sszehasonlitas

Az ajanlatok beérkezése utan kovetkeztek a targyalasok, ahol az arak mellett az ajanlat
feltételei is egyeztetésre keriiltek. Az arazast tekintve a multimodalis ajanlat (azaz a kozuti és
vasuti szallitmany kombinacioja) az export szallitmany esetében 1.356 eurd lett, a korfuvar
esetében pedig 2.700 eurd. Tranzitidd 2 napban keriilt megallapitdsra, A napon torténd
rakodas esetén C napon lerakodasra kerull az aru a cimzettnél. Az ajanlat feltételként eldirta,
hogy a tranzitid6 betartdsa csak akkor lehetséges, ha az aru a rakodas napjan 14:00 oraig
elhagyja a vallalat telephelyét, ezzel biztositva, hogy az aru kozaton idében eléri az
intermodalis logisztikai kozpontot, ahol a nyerges potkocsi vasuti szerelvényre szall. Abban
az esetben, ha a megbizd cég hibdjabol nem érkezik meg a szallitmany idében az intermodalis
kdzpontba, a vasuti szallitas koltségei Kiterhelésre kertilnek felé, mivel a vasuti szerelvényen a
rakhelyet a fuvarozo partnernek elére le kell foglalnia.

Ellenkez6 eset, tehat ha a feladoé cég egy napon a megallapodott mennyiségen feliil tovabbi
rakomanyokat szeretne multimodalis médon feladni, csak a szabad helyek fliggvényében
lehetséges.

A multimodalis szallitas soran az aru a cég telephelyén torténd rakodas utan kozuton, a bécsi
intermodalis terminalig halad, ahol vasutra keriil és a dusseldorfi intermodalis terminalig
utazik vonaton. Az utolsé 90 kilométert ismét kdzuton teszi meg a szallitmany a célallomasig.

A multimodalis fuvarozasi mod vasuti koltségeit nem ismerjuk részletesen, mivel a fuvarozo
partner és a vasuti szolgaltatd megallapodast kdtnek egymassal éves mennyiségre és arra, ami
fugg a fuvarozo téargyaldsi pozicidjatol és a szabad Kkapacitastol. Igy a fuvardijak
6sszehasonlitasat a teljes megajanlott ar alapjan tudjuk elvégezni.

1. tdblazat: Az ajanlatok 6sszehasonlitasa éves szinten €s az elérhetd legnagyobb nettd
megtakaritas szazalékban

Export Kaérfuvar Eves 6sszesités

800 db 200 db 1000 db
Kdzuti ajanlat 1 450 Eur 2 850 Eur 1 730 000 Eur
Intermodalis ajanlat 1 356 Eur 2 700 Eur 1 624 800 Eur -6,1%

Forras: ajanlatok alapjan sajat szerkesztés
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A dijat befolyasold 0sszetevoket megvizsgalva, ha a pontos dijakat nem is, de az ar ezekre
vald érzékenységet megallapithatjuk:

a) Az Utdijak egységesitésére vannak unios torekvesek, mint példaul az euromatrica-iranyelv
(1999/62/EK iranyelv, 1999), de a pontos dijszabasok alkalmazasa tovabbra is tagallami
szinten torténik, a vasuti moddal kombinalt szallitds arazasara kevésbé hat az Utdijak
emelkedése.

b) A gazolaj nettd beszerzési arainak valtozasa fligg tobbek kozott a kdolaj vilagpiaci aratol,
igy a tisztan kozuti fuvardijak esetében az lizemanyagkdltség nagyobb részt tesz ki.

C) A vasuti szallitas dija a palyahasznalati dijakon feliil er6sen fligg az energiaarak
alakulasatél (Bucsky, 2023), ez a 2022-es energiavalsag alatt jelentett versenyhatranyt a
vasut szamara.

d) A tanusitott CO2 kibocsatds értékesitése: a kereskedelmi rendszerekben, példaul az
Eurdpai Unié Kibocsataskereskedelmi Rendszerében (EU ETS) realizalhato értékesitési
dijak elmaradnak az elézetes elvarasoktol. A vizsgalt export fuvar esetében a
SzamvevOszék altal megallapitott érték alapjan 0,7 t CO2 kibocsatas-csokkentéssel
szamolhatunk, a kérfuvar esetében a megtakaritas ennek a ketszerese.

2. tablazat: A karosanyag kibocsatas 6sszehasonlitasa kozuti- és vasuttal kombinalt
arufuvarozas esetén

) Téavolsag Témeg CO2 kibocsatéas CO2 kibocsatas
Fuvarmadd , .
(km) () atlag (g/tkm) fuvaronként (kg)
Kozat (haztol | o5 8 137 1151
hazig)
Kozuti eléfutas 58 8 137 64
Vasut 1170 8 24 225
Ko20i
(?zu I 80 8 137 88
utofutas
Intermodalis
) 1308 8 atlag ~ 35,9 377
dsszesen

Forras: Europai Szdmvevdszek (2023) alapjan sajat szerkesztés
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Az értékelési keret gyakorlati alkalmazésa érdekében a vizsgalt két fuvarozési alternativat
(kozati és intermodalis) pontozasi rendszerben értékeltik. A kritériumokat 1-5 skalan
pontoztuk (1 = gyenge, 5 = kivald), majd a korabban meghatarozott stlyozassal 0sszesitettiik
az eredményeket.

3. tdblazat: A kozuti és intermodalis alternativa pontozasos értékelése

Kritérium Suly | Koézat | Intermodalis | Sulyozott pont Sualyozott pont
(%) (1-5) (1-5) Kozat Intermodalis

Szallitasi koltség | 40 3 4 1,2 1,6

Tranzitido és | o 5 3 1.0 0.6
pontossag

Fenntarthatosagl 15 9 5 0.3 0.75
mutatok

Szolgaltatasi | -, g 5 3 0,75 0,45
rugalmassag

Kockazati tenyezok | 10 4 3 0,4 0,3

Osszesen | 100 3,65 3,70

Forrés: sajat szerkesztés az ajanlatok alapjan

Az értékelés azt mutatja, hogy a kozati fuvarozas erdssége a gyorsasagban és a
rugalmassagban rejlik, mig az intermodalis megoldas a koéltségek eés a fenntarthatdsag
tekintetében bizonyult kedvezdbbnek. A sulyozott pontszamok Osszességében kiegyenlitett
eredményt mutatnak, ugyanakkor az intermodalis alternativa kis elonyt ért el (3,70 vs. 3,65),
ami indokoltta tette a vallalat részleges atallasrél szol6 dontését.

6. Kialakitott fuvarstratégia

Az ajanlatok és targyalasok eredményeinek Osszegzése utan a vallalat egy 1épcsbzetes atallasi
stratégiat hatarozott meg, miszerint kezdetben az 6sszes fuvarfeladatainak egyharmadat
atéllitja az eddigi tisztan kodzutas arufuvarozasi médrél multimodalis, azaz kdzuti és vasuti
kombinalt arufuvarozasi modra.

A masodik Iépcs6 az atallasban a tervek szerint fél év elteltével valosulna meg, a fuvarok
kétharmadaig. Ezt az atallasi Utemezest arra szeretnék felhasznalni, hogy a multimodalis
szallitds  4ltal  tdmasztott  kotottebb  hatdriddk  teljesitéséhez  alkalmazkodjanak
készletgazdalkodasukban. A teljes atallas lehetéségét a cég egyelore nem kototte egy
meghatarozott hatariddhéz. A jelenlegi tapasztalat azt mutatja, hogy a vallalat
készletgazdalkodasi stratégidja és a vevoi megrendelésallomany ad-hoc jellegli valtozasai
egyel6re nem teszik lehetdvé a fuvarok teljes atallitasat. A gyakorlatban ez azt jelenti, hogy a
Kiszallitds napjan a terméknek 17:00-ig kell elkészulnie, hogy az utolsd rakodasi ablakot
(20:00 ora) elérje, a gyartasi terv is ezzel a hataridével szamol. Az igy kozuton elinditott
szallitmanyok ,,A” naprol ,,C” napra érkeznek a cimzetthez. Ez siirgds esetben lerovidithetd
két soférds megbizas alkalmazéasaval ,,A” naprdl ,,.B” napra torténd kiérkezésre. Az évek sordn
a vallalat termelési szervezete ezt a logisztika altal adott rugalmassagot megszokta, és a napi
fuvarok indulasi id6ablakai tobbszor kitolodtak a délutani 6rakra.

A vasuttal kombinalt szallitas tranzitidejét a partnerek ,,A” rakodasi naprol ,,C” napon torténd
arukézbesitéssel vallaljak, tehat megegyezden a normal, egysofords koziti fuvarozas szallitasi
idejével. A hataridé betartdsdnak a feltétele, hogy a rakodas napjan a szallitmanynak el kell
hagynia a tatabanyai telephelyet 15:00 6ra eldtt, hogy a kozuti eléfutassal elérje az aznapi
irdnyvonat indulasi idejét.
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Amennyiben ez a feltétel nem teljesiil és a rakomany lekési a vonatra szallasi id6ablakot, gy
a fuvardijat a megbizénak ki kell fizetnie, mivel az irdnyvonaton a lefoglalt helyet a
fuvarozonak fenntartjdk és dijvisszatérités nem biztositott az elmulasztott szallitmanyok
esetében. Ezen felil a szallitmanyt kozaton kell eljuttatni a rendeltetési helyre, igy a vasuti
kotbér mellett a kozati fuvarozas kéltsége is felmerdl.

A 2024-es év elemzése soran a rakodasok szdma Kicsivel maghaladta az 1000 darabot, ez a
mennyis€ég megkdzelitdleg egyenletesen oszlott el a munkanapokon. Az idékapu elemzés
szerint az export fuvarok 70 %-a elhagyta a gyar teriletét 15:00-ig, mig a fennmarad6 30%
csak ezutan tudott dtnak indulni. Tizenkét honap alatt 6sszesen 37 olyan nap volt, amikor
haromnal kevesebb és 6sszesen 3 olyan nap, amikor egy fuvar sem tudott elindulni hataridére.

A multimodalis szallitasi mdédra valo részleges atallas melletti dontésben tehat a varhato
koltségmegtakaritas, az elérhetd karosanyag-kibocsatas csokkentés, valamint az operaciohoz
val6 alkalmazkodés befolyasolta.

7. Osszefoglalas

A tanulmany alapjan megéllapithatjuk, hogy a szallitdési modok kozott dominald kozuti
szallitas alternativajaként alkalmazhatdo a multimodalis szallitas, kozati és vasuti modok
kombinaciojaként. A fuvarmdédok gondos megvalasztasaval elérheté a karosanyag-kibocsatas
csokkentés mellet egy jelentésnek mondhatd koltségmegtakaritas is.

A vizsgélt esettanulmany egy hazai nagyvallalat dontési mechanizmusat és annak meélysegét
illusztralva mutatja be a modalitasvaltas dilemmajat. Altalanos eredmény, azon tényezék
azonositasa, amelyek megléte mellett dont a tovabbi vizsgalatok elvégzésérdl és az
intermodalités tesztjérol.

A multimodalis szallitas elsésorban olyan relaciokban nyujt versenyképes alternativat, ahol a
tavolsdg meghaladja az 1000 kilométert, az arumennyiség stabil és eldre tervezhetd, valamint
a feladonak elérhetd kozelségben van intermodalis atrako termindl. Kulcsfontossagu az olyan
szallitmanyozd partnerek valasztasa, akik mar tapasztalattal rendelkeznek intermodalis vagy
akar multimodalis szallitasokban. Tovabbi megvalositasi feltétel a hajlanddsag a gyartas
intermodalitasra hangolasara, amely jelen esettanulmanyban a szallitasi rugalmatlansag és
kemény hataridok elfogadasat és rendszerbe integralasat jelentené. Ahhoz, hogy az
eredményeket altalanositani lehessen atfogobb vizsgalatra van sziikség, tébb feladd-cimzett,
szallitmanyoz6 és intermodalis logisztikai kdzpont bevonasaval.
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ABSTRACT

This study focuses on the challenges and strategic potential of green logistics within the third-
party logistics (3PL) sector in Central Europe, a key industry segment increasingly impacted
by environmental regulations and market demand for sustainability. The paper examines how
medium to large-sized 3PL companies implement green governance strategies, assessing their
impact on environmental and financial performance. The analysis is based on a sample of 25
logistics providers across Hungary, Slovakia, and Austria, selected based on annual revenue
(above 10 million euros) and presence of ESG reporting between 2020-2023.
Methodologically, the research combines qualitative content analysis of ESG reports with
quantitative evaluation of sustainability KPIs (e.g., carbon footprint, fuel efficiency,
packaging waste) and revenue growth. This approach enables a focused exploration of the
relationship between green practices and competitive advantage. The study contributes by
offering specific insights into how regulation, strategy, and technology interact to shape green
transformation in the regional logistics landscape.

Keywords: Green logistics, 3PL providers, ESG, sustainability KPIs, Central-Europe, Carbon
footprint, logistics strategy

1. Introduction

Global trade and commerce depend heavily on logistics, including transportation,
warehousing, inventory management and packaging. Sustainability has become a strategic
request in the different industrial sectors, with the logistics sector under particular scrutiny
due to its environmental impact. Environmentally friendly practices are increasingly being
mandated for this sector, one of the biggest contributor to global greenhouse gas emissions
(Linet al., 2015; Yang et al., 2015; Kong et al., 2016; Li et al., 2023; Nagy & Szentesi, 2024).

As the fastest growing source of greenhouse gas emissions, transportation in logistic sector
has a huge impact on the environment. A green transportation system should reduce
greenhouse gas emissions, air pollution, noise and space utilization, as well as promote
economic growth supporting environmental sustainability (Abreha, 2007;Badami &Haider,
2007). Logistics that minimizes the negative environmental externalities as a consequences of
this sector referred “green logistics” (Dieng &Yvon, 2017). While "green logistics" is widely
discussed, research often lacks focus when addressing such a complex and heterogeneous
field.
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This study narrows the scope to third-party logistics (3PL) providers in Central Europe, a
segment where operational decisions directly influence emissions, packaging waste, and
transport efficiency. Recent literature highlights the importance of integrating green
governance into logistics to meet regulatory requirements and shifting consumer expectations
(Zhu at al., 2008; Wu &Dunn, 2015; Larina et al., 2021;Kesidou & Demirel, 2012;
McKinnon, 2010; Qi, 2019; Sarkis et al., 2020). However, evidence on how these strategies
tranform into measurable outcomes remains fragmented, especially in the post-COVID
recovery phase where digital transformation accelerated (Li et al., 2023).

This paper addresses the following research questions: a) What are the core drivers and
barriers for 3PL companies in Central Europe implementing green logistics practices? b) How
do these practices affect their environmental and economic performance? ¢) What role does
government policy play in shaping strategic alignment?

By focusing on a manageable and strategically relevant segment, the paper provides
comprehensive overview that are both academically robust and practically implementable.

2. Methodology

In this review paper, the authors had combined quantitative analysis of sustainability
indicators from ESG reports with secondary policy review and benchmarking. 25 medium-to-
large 3PL providers in Hungary, Slovakia, and Austria were selected based on: a) Annual
income more than 10 million euro between 2020 and 2023 time-period; b) Publication of ESG
reports during this period; c) Operations across at least two Central European countries.

The authors thoroughly analysed environmental performance through the following
indicators: a) Carbon footprint (CO: e/ton-km); b) Fuel consumption per delivery unit
(litres/km), ¢) Waste management ratio (Recyclable vs. non-recyclable packaging ratio), d)
Return logistics efficiency. The economic indicators based on ESG and annual reports (n=25),
Policy review of the EU Green Deal and national frameworks.

You can see the 25 3PL company list from Austria, Hungary and Slovakia in the below Table.
These companies are active in freight forwarding, contract logistics, and distribution services,
and are known to have substantial regional or international operations—some also publish
ESG/sustainability reports. The selection criteria were: a) Medium to large 3PL firms with
cross-border operations; b) Active in logistics, warehousing, or freight services; ¢) Known
public presence or participation in sustainability and ESG initiatives

These companies are frequently cited in logistics rankings (e.g., Top 100 Logistics Europe)
and represent the professional landscape relevant to Central Europe's green logistics
transformation.

Table 1. List of 3PL companies included in this study

No. Company name Country Services

1. | Gebruder Weiss GmbH (Gesellschaft mit Austria Freight forwarding, contract logistics
beschrankter Haftung)

2 Quehenberger Logistics GmbH Austria | Transport, warehousing, value-added
(Gesellschaft mit beschrankter Haftung)

3 Cargo-partner GmbH Gesellschaft mit Austria Air & sea freight, logistics, IT
beschrankter Haftung)
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4 Lagermax Logistics Austria GmbH Austria Automotive, warehouse, forwarding
(Gesellschaft mit beschrankter Haftung)
5 Rail Cargo Group (OBB) Austria Rail freight and intermodal logistics
6 DB Schenker Austria Austria Land, air, sea logistics
7 Kuhne - Nagel GmbH (Gesellschaft mit Austria Global forwarding, contract logistics
beschrankter Haftung) Austria
8. Waberer’s International Ltd. Hungary Full truckload (FTL), freight,
warehousing
9. Trans-Sped Ltd. Hungary Regional transport & contract
logistics
10. Fiege Ltd.. Hungary Warehousing and distribution
11. Révész Group Hungary Tanker and road transport
12. Delta-Sped Ltd. Hungary National freight & warehouse
logistics
13. DHL Supply Chain Hungary Hungary Distribution, contract logistics
14, Kihne Nagel Ltd. Hungary Hungary Integrated logistics services
15. DSV Road Ltd.. Hungary European road freight, supply chain
16. Nagel Hungaria Ltd. Hungary Food logistics
17. Dachser Slovakia. Slovakia Transport, warehousing
18. Gebriider Weiss s.r.o. (Spolo¢nost’ s Slovakia International forwarding

ru¢enim obmedzenym" — Ltd.) Slovakia

19. Raben Logistics s.r.0. (Spolo¢nost’ s Slovakia Full 3PL service provider
ru¢enim obmedzenym" — Ltd.) Slovakia

20. Express Group s.r.o. (Spolo¢nost’ s Slovakia Pallet and express freight
rucenim obmedzenym" — Ltd.)

21. Slovak Parcel Service s.r.0. (SPS) Slovakia B2B and B2C parcel delivery
22. GEBRUDER WEISS Slovakia Slovakia Contract logistics
23. Hopi SK s.r.o. (Spolo¢nost’ s ru¢enim Slovakia Retail and food distribution

obmedzenym" — Ltd.)
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24, Kuhne - Nagel s.r.o. (Spolo¢nost’ s Slovakia Freight and contract logistics
ru¢enim obmedzenym" — Ltd.) Slovakia

25. DB Schenker Slovakia Slovakia Road, rail, sea, and air freight

Source: Own edition based on ESG Reports (2020-2023)

The conclusions and suggestions made by this research work in this article reflect the private
professional view of the authors.

3. Insight of the Green Logistics
Environmental performance by countries

It was announced in 2019 that the European Green Deal (EGD) should be the “masterplan” to
make transformation in the key areas of the EU countries economy after signing the Paris
Agreement and the UN Sustainable Development Agenda (McKinnon, 2010; EC, 2019; EC,
2021; EC, 2023; Domorenok & Graziano, 2023; Hereu-Morales et al., 2023)

A comparative analysis of key environmental performance indicators revealed a notable
disparity between countries. Austrian 3PL providers demonstrated significantly better results
in terms of carbon efficiency, packaging waste reduction, and fuel use. This advantage is
attributed to a more mature regulatory framework and access to green subsidies.

Figure 1. Average Environmental KPIs (1) by Country

Austria
24,5
Slovakia
16,3
Hungary
12,8
0 5 10 15 20 25 30
m Fuel Efficiency (litres/km) m Packaging Waste Reduction (%)

Source: Own edition based on on ESG Reports (2020-2023)

These facts clearly pointed out the correlation between state-level green policy support and
operational environmental performance. Austrian firms benefit from the early implementation
of the EU’s Green Deal targets into national regulation, including tax incentives for electric
vehicle fleets and green infrastructure.
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Figure 2: Average Environmental KPI’S (2) by Country
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Source: Own edition based on on ESG Reports (2020-2023)
Key Drivers and Challenges

The research identified several internal and external factors that influence the success or
failure of green logistics adoption across the analyzed companies involving in this study:.

Table 2. Summary of Main Motivation Factors and Barriers

Category Top 3 Drivers Top 3 Barriers
External Factors Government subsidies (84%) Policy uncertainty in

Pressure from multinational clients Hungary/Slovakia (40%)
(72%) High initial capital costs (60%)

EU regulatory compliance (65%) | Lack of harmonised ESG
standards (48%)

Internal Factors Digitalisation & route optimisation Skills gap in sustainability (66%)

0,
(76%) Lack of ESG integration into
Internal green strategy alignment | supply chain processes (42%)

(60%) .

Short-term profit focus over long-
Top-management commitmentto | term sustainability (38%)
ESG (48%)

Source: Own edition based the ESG Reports (2020-2023)
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The findings suggest that regulatory pressure, digital infrastructure, and client expectations
are the most influential drivers. Firms that aligned their internal sustainability goals with
digital innovations (e.g., telematics, Al-based routing, emissions tracking) outperformed
others in both carbon savings and logistics cost reduction.

Impact of Digital Maturity

The presence of digital fleet management systems and Al-enabled warehouse operations
correlated strongly with improvements in both efficiency and sustainability. High-digital
maturity firms reached: a) 7-12% reduction in average fuel costs over three years, b) 15-20%
lower packaging waste, c) Faster compliance with evolving EU emission regulations

For example, one Austrian provider using a smart routing system across three countries
reduced CO.e emissions by 18% over 24 months while increasing load efficiency by 11%.

Reverse Logistics and Cost Impacts

Reverse logistics—especially in B2B deliveries—proved to be a powerful lever for improving
environmental performance. Firms with structured return flows and load-consolidation
strategies reported: a) Up to 11% cost savings in last-mile transport; b) Reduced use of single-
use packaging materials, ¢) Enhanced collaboration with key clients to co-design circular
systems

However, smaller logistics firms struggle to implement reverse logistics due to lack of
warehouse space, IT systems, or contractual arrangements with clients.

ESG Reporting and Compliance Gaps

Only 9 of the 25 firms published complete ESG data, including Scope 1-3 emissions,
biodiversity impact, and waste volumes. Most firms rely on voluntary frameworks, with
inconsistent application of GRI (Global Reporting Initiative) or CSRD (Corporate
Sustainability Reporting Directive) standards.

There is a pressing need for:
e Unified ESG reporting standards
e Uncentivised third-party auditing for credibility
e Sector-specific guidance on measuring logistics-related emissions

This gap in standardisation undermines benchmarking efforts and weakens the strategic
feedback loop between ESG performance and stakeholder trust.

Green logistic everyday’s operational practices of selected 3 PL companies

Waberer’s International Ltd. (Hungary) , Kiihne - Nagel GmbH (Autria) and Raben Logistics
Slovakia were selected because they represent three distinct yet complementary profiles
within the European 3PL sector: a regional market leader with deep Central European
embeddedness, a global integrator with advanced digital solutions with strong sustainability
commitments in Eastern Europe. These facts clearly highlight a complex, relevant picture of
how decarbonisation strategies are translated into everyday operational practices across
different scales and market positions.

Waberer’s International is the largest road freight operator in Central and Eastern Europe,
making it a particularly relevant case for understanding how a regionally dominant fleet-based
operator integrates modernisation of assets, rail substitution and alternative fuels into daily
dispatching and route optimisation (Waberer’s International, 2023; Waberer’s International,
2025).
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On the contrary, Kiihne — Nagel GmbH is one of the largest global 3PL providers, and its case
illustrates how international companies deploy digital tools for emissions visibility and
customer choice while embedding low-emission fuels and modal shifts into routine supply
chain management (Kuehne- Nagel, 2024a; Kuehne - Nagel, 2024b).

Raben Group, operating extensively in Slovakia and across Central and Eastern Europe,
provides a valuable mid-sized example of science-based target setting and piloting of
sustainable fuels (such as HVO100) in daily operations, along with enhanced EcoVadis
ratings that reflect supplier engagement and day-to-day execution of sustainability strategies
(Raben Group, 2024a; Raben Group, 2024b).

Operationally, these companies converge on similar everyday practices: data-driven
telematics and CO: calculators for planning and customer reporting, optimisation to reduce
empty mileage, renewal of tractor and trailer fleets to improve fuel efficiency, and the trial
and adoption of alternative fuels where infrastructure allows. Waberer’s has centralised its
ESG agenda into routine vehicle renewal and subcontractor engagement, while Kiihne- Nagel
focuses strongly on integrating emission-based routing into customer interfaces, effectively
giving clients the option to select lower-carbon alternatives at the shipment level. Raben
Logistics Slovakia demonstrates the practical implementation of HVO biofuels on regional
lanes and explores electric solutions for urban distribution, complementing its broader
sustainability strategy. These combined case studies highlight how three different 3PL
profiles systematically integrate green logistics into daily operations, reflecting scalable
models for decarbonisation in European logistics (Trans.INFO, 2023; Raben Group, 2025).

The findings demonstrate that green logistics initiatives yield both environmental and
economic benefits when supported by digital innovation and policy clarity. However, uneven
policy enforcement, fragmented ESG reporting, and skills shortages continue to limit the
scalability of green transformation—particularly among SMEs in Hungary and Slovakia.

Summary and conclusions

This research provided insights into the opportunities and limitations of green logistics within
the Central European 3PL sector. The findings clearly show that firms integrating
sustainability into their core strategies can realize not only environmental improvements but
also financial benefits and competitive advantages. However, such transformations require
supportive institutional frameworks, sufficient capital, and internal capacity building.

From a strategic standpoint, companies that proactively align their logistics models with ESG
goals are better positioned to capture emerging market opportunities, attract sustainability-
conscious clients, and comply with tightening regulations. This strategic realignment also
enables them to leverage technological tools—Iike digital route optimization and vehicle
monitoring systems—to reduce emissions and optimize load efficiency. Conversely, firms
that fail to adopt green logistics may struggle with rising compliance costs, reputation risks,
and operational inefficiencies.

In terms of environmental impact, this study documented 3PL providers that actively adopted
green logistics strategies succeeded in reducing their carbon emissions and waste output
significantly. Especially Austrian firms, who benefit from strong government backing and
clearer regulatory frameworks, demonstrated superior performance across all KPIs measured.

Nevertheless, many providers in Hungary and Slovakia face challenges related to inconsistent
policy frameworks, a lack of standardised ESG reporting mechanisms, and a shortage of
skilled professionals trained in sustainability practices. These structural gaps impede their
ability to plan long-term and make the necessary capital investments.
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Key Recommendations
Harmonise ESG Reporting

Governments should implement and enforce a regional ESG standard for logistics. This would
enable comparability across companies and countries, improve investor confidence, and
support public policy monitoring. Industry bodies could also play a role in developing shared
templates and audit mechanisms.

Incentivise Technology Adoption

Policymakers should offer grants and tax credits to support the transition to green fleets (e.g.,
electric vehicles, hydrogen trucks), low-emission warehousing, and advanced transport
analytics. Particular emphasis should be placed on funding telematics, 1oT-based routing, and
carbon tracking systems that offer high Return on investment (ROI), which used to be
calculated by dividing the profit earned on an investment by the cost of that investment.

Develop Talent Pipelines

A major barrier to green transformation is the shortage of personnel with relevant
sustainability skills. National education ministries, universities, and logistics firms should co-
develop logistics-specific sustainability curricula to ensure a future-ready workforce.

Support SMEs in Green Transition

While large firms may afford green investments, SMEs struggle without targeted support.
Governments should design subsidy and low-interest loan schemes tailored to mid-sized
logistics providers, especially those operating internationally or cross-border.

Encourage Cross-border Partnerships

Given the transnational nature of logistics, cross-border platforms for knowledge sharing,
benchmarking, and regulatory alignment should be fostered. Joint EU projects, pilot
initiatives, and regional best-practice hubs can accelerate learning and standardisation.

The future competitiveness of the logistics industry in Central Europe hinges on the extent to
which environmental innovation is embedded into strategy, policy, and practice. A unified
and inclusive approach—spanning policy support, corporate initiative, and academic
collaboration—will be crucial in achieving the dual objective of economic efficiency and
environmental stewardship in the 3PL sector.

Green logistics is not merely a compliance issue, but a strategic asset. Companies that
embrace this early and holistically are more likely to withstand economic volatility, meet
future regulatory thresholds, and build trust with environmentally conscious stakeholders.
Central Europe now stands at a crucial inflection point where leadership in green
transformation will determine the long-term viability and reputation of its logistics ecosystem.
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