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Abstract 
 

The transition toward a sustainable bioeconomy requires not only technological advancement, but also the strategic 

development of human capital capable of operating in increasingly digital and data-driven environments. This paper 

explores Artificial Intelligence (AI) as a strategic tool for human capital development in the bioeconomy sector, 

emphasizing the importance of aligning AI integration with long-term organizational objectives and sustainability 

imperatives. Drawing on recent strategic human resource management perspectives that underline the emerging AI–

human capital symbiosis, the study analyzes how AI reshapes recruitment practices, performance management systems, 

skills forecasting, and organizational learning processes. At the same time, it recognizes that the adoption of AI generates 

both measurable productivity gains and significant ethical, social, and workforce-related challenges that require 

responsible governance. Within complex bioeconomic systems characterized by environmental interdependencies and 

structural uncertainty, AI capabilities such as advanced analytics, predictive modelling, and real-time monitoring create 

new opportunities for evidence-based decision-making and targeted competence development. The paper conceptualizes 

AI not as a replacement for human expertise, but as an augmentative and strategic enabler that strengthens adaptability, 

supports continuous learning, and enhances innovation capacity within bioeconomy organizations operating under 

sustainability and circularity pressures. 
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Introduction 
 

The concept of bioeconomy has gained increasing importance in recent years as societies seek sustainable solutions 

to address environmental degradation, resource scarcity, and climate change, promoting the efficient use of biological 

resources for economic growth and environmental sustainability (European Commission, 2018). However, the transition 

toward a sustainable bioeconomy is not driven solely by technological innovation; it also requires organizations to develop 

new competencies, skills, and knowledge structures capable of supporting complex and rapidly evolving production systems. 

In this context, digital technologies have become essential drivers of transformation within bioeconomy sectors. 

Among them, Artificial Intelligence (AI) has emerged as a particularly influential tool capable of improving decision-

making processes, optimizing resource management, and supporting innovation across various organizational functions. 

At the same time, the integration of AI into organizational processes generates important implications for human capital 

development. The rapid development of Artificial Intelligence technologies is closely connected with the broader 

transformation of the digital economy and the emergence of the Fourth Industrial Revolution (Schwab, 2018). These 

technological changes are expected to reshape labour markets, skills requirements, and the structure of human capital in 

modern organizations (Brynjolfsson & McAfee, 2014; World Bank, 2019). 

Employees are increasingly required to work alongside intelligent technologies, interpret data-driven insights, and 

adapt to continuously evolving digital environments. These developments highlight the growing importance of digital 

transformation as a key factor shaping organizational competitiveness and sustainable development in bioeconomy 

sectors (Dwivedi et al., 2021). 

From a strategic human resource management perspective, AI can contribute to the transformation of traditional 

HR practices by enabling data-driven recruitment processes, predictive workforce planning, and personalized learning 

systems. These developments create opportunities for organizations to strengthen their adaptive capacity and enhance the 

strategic value of human capital. Nevertheless, the adoption of AI also raises several ethical, social, and governance 

challenges related to workforce displacement, algorithmic bias, and responsible data use (Marler & Boudreau, 2017). 

Given these developments, understanding the role of Artificial Intelligence in supporting human capital 

development within the bioeconomy becomes increasingly relevant. This paper therefore investigates the potential of AI 

as a strategic tool for strengthening human capital capabilities and supporting sustainable organizational development 

within the bioeconomy sector. 

The aim of this paper is to analyse the role of Artificial Intelligence as a strategic tool for human capital 

development in organizations operating within the bioeconomy sector. 

To achieve this aim, the following research objectives were formulated: 

1. To examine the transformation of human resource management practices under the influence of Artificial 

Intelligence technologies. 

2. To analyse the role of AI in supporting human capital development in bioeconomy organizations. 
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3. To evaluate the strategic implications of AI adoption for sustainable bioeconomy development. 

Research problem 

The rapid integration of Artificial Intelligence into organizational systems raises important questions regarding its 

role in shaping human capital development, particularly within bioeconomy sectors characterized by sustainability 

pressures and complex resource management. Despite increasing adoption, there is still limited understanding of how AI 

influences HR practices and contributes to the development of competencies required for sustainable bioeconomy 

transformation. 

Research hypotheses 

H1: Artificial Intelligence positively influences the transformation of human resource management practices in 

bioeconomy organizations. 

H2: The integration of AI technologies contributes to the development of digital and sustainability-related competencies 

within human capital. 

H3: The strategic use of AI enhances organizational adaptability and innovation capacity in the bioeconomy sector. 

 

Research object and methods 
 

The research object of this study is the role of Artificial Intelligence in supporting human capital development 

within organizations operating in the bioeconomy sector. The research focuses on the interaction between emerging digital 

technologies, particularly Artificial Intelligence systems, and strategic human resource management practices that 

contribute to the development of organizational competencies, workforce adaptability, and sustainable innovation 

capacity. In the context of the bioeconomy, organizations increasingly operate in complex and knowledge-intensive 

environments that require employees capable of managing data-driven processes, technological innovations, and 

sustainability-oriented production systems. 

The research adopts a qualitative and exploratory approach based primarily on a systematic analysis of scientific 

literature. A structured review of academic publications was conducted in order to identify theoretical perspectives and 

empirical findings related to the integration of Artificial Intelligence into human resource management and organizational 

development processes. 

The literature review was conducted using several international academic databases, including Scopus, Web of 

Science, and Google Scholar. The search process focused on scientific publications addressing the intersection between 

Artificial Intelligence, human capital development, strategic human resource management, and bioeconomy-related 

organizational systems. The main keywords used in the search process included “artificial intelligence”, “human capital 

development”, “HR analytics”, “digital transformation”, and “bioeconomy”. 

The analysis covered publications from the period 2016–2025, a timeframe characterized by a rapid expansion of 

research on Artificial Intelligence and its applications in organizational management and human resource development. The 

selection of relevant studies was based on several criteria: (1) peer-reviewed academic publications, (2) relevance to AI 

applications in human resource management or organizational development, and (3) contribution to the understanding of 

digital transformation processes in sustainability-oriented sectors. Following the screening process, approximately 38 

relevant scientific sources were selected and analyzed in order to identify the main theoretical approaches, emerging research 

themes, and strategic implications of AI adoption for human capital development within bioeconomy organizations. 

Previous studies indicate that AI technologies are increasingly used in HRM functions such as recruitment, 

employee performance evaluation, training and development, and workforce planning, enabling organizations to optimize 

decision-making processes through advanced data analytics and predictive models. 

The methodological approach combines qualitative content analysis, comparative analysis, and conceptual 

synthesis. Through content analysis, the main themes regarding AI applications in HRM were identified, including 

predictive workforce analytics, AI-supported recruitment systems, personalized learning platforms, and digital tools for 

employee engagement and performance management. AI-based technologies allow organizations to analyze large 

volumes of workforce data and identify patterns related to skills development, employee performance, and organizational 

learning processes. 

Comparative analysis was used to examine similarities and differences between existing theoretical approaches 

regarding AI integration into human capital development strategies. This method enables the identification of key 

opportunities and limitations associated with the adoption of AI in organizational environments, particularly in sectors 

characterized by technological innovation and sustainability requirements, such as the bioeconomy. 

Finally, conceptual synthesis was applied to integrate the identified theoretical insights and develop a coherent 

analytical perspective regarding the strategic role of Artificial Intelligence in strengthening human capital capabilities and 

supporting sustainable organizational development. 

Given the exploratory nature of the research topic, the study adopts a conceptual research approach based on 

literature synthesis rather than empirical data collection. The aim of the analysis is to integrate existing theoretical 

perspectives and research findings in order to develop a conceptual framework explaining the role of Artificial 

Intelligence in supporting human capital development within bioeconomy organizations. Such an approach allows the 

identification of emerging research directions and strategic implications for the integration of AI into human resource 

management systems. 

Through the integration and interpretation of the analyzed sources, the study aims to provide a comprehensive 

understanding of how Artificial Intelligence can function as a strategic enabler of human capital development, enhancing 
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organizational adaptability, knowledge generation, and innovation capacity within bioeconomy-oriented organizations. 

Given the conceptual nature of the study, statistical methods are not applied. Instead, the research is based on qualitative 

analysis and synthesis of existing scientific literature in order to identify patterns and relationships between Artificial 

Intelligence and human capital development in the bioeconomy sector. 

 

Research results and discussion  
 

AI-driven transformation of HR practices 

The analysis of recent scientific literature demonstrates that Artificial Intelligence is progressively transforming 

traditional human resource management practices. The integration of AI technologies allows organizations to move from 

administrative and reactive HR approaches toward more strategic, data-driven human capital management systems. AI-

based tools support decision-making processes by analyzing large volumes of workforce data and identifying patterns 

related to employee behavior, skills development, and organizational performance. In addition, AI-based recruitment 

systems enable automated candidate screening, resume analysis, and predictive matching between candidates and job 

requirements, significantly improving the efficiency of talent acquisition processes (Black & van Esch, 2020). 

While Black and van Esch (2020) emphasize the efficiency of AI in recruitment processes, other studies highlight 

potential limitations related to fairness and transparency. Mujtaba and Mahapatra (2024) argue that AI-driven recruitment 

systems may reproduce existing biases if trained on historical data. This contrast suggests that the impact of AI on HR 

practices is not universally positive, but depends on the quality of data and governance mechanisms. This suggests that 

while Artificial Intelligence is often associated with increased efficiency and improved decision-making, its impact 

remains highly context-dependent. The effectiveness of AI integration is influenced not only by technological capabilities, 

but also by organizational culture, data quality, and governance frameworks. Therefore, a purely technology-driven 

perspective may be insufficient, requiring a more holistic and human-centered approach. 

One of the most visible transformations occurs in recruitment and talent acquisition. AI-based recruitment systems 

are able to automatically screen large numbers of applications, analyze candidate profiles, and match competencies with 

organizational requirements, significantly improving the efficiency of talent acquisition processes (Black & van Esch, 

2020). These technologies significantly reduce the time and cost associated with traditional recruitment processes. Studies 

indicate that organizations using AI-supported recruitment analytics can reduce hiring costs by up to 30% while improving 

the quality of candidate selection through data-driven evaluation mechanisms (Parasa, 2024). 

AI technologies also facilitate automation of repetitive administrative tasks such as resume screening, scheduling 

interviews, and responding to candidate inquiries. This automation allows HR professionals to focus on strategic activities 

such as talent development, organizational culture, and long-term workforce planning. At the same time, AI systems 

contribute to more informed decision-making by providing predictive insights regarding employee performance, 

engagement, and potential career development paths.   

Another important area where AI significantly influences HR practices is predictive workforce analytics. Machine 

learning algorithms can analyze employee data in order to identify patterns related to job satisfaction, productivity, and 

turnover risk. Predictive models allow organizations to forecast workforce needs, identify skills gaps, and design targeted 

training programs aimed at strengthening organizational capabilities (Qin et al., 2023). Empirical studies indicate that AI-

based HR analytics can improve workforce planning accuracy and reduce employee turnover rates by enabling early 

identification of dissatisfaction patterns (Qin et al., 2023). Research shows that predictive analytics can accurately identify 

potential employee turnover risks and support proactive retention strategies. 

Despite these advantages, the literature also highlights several challenges associated with AI implementation in 

HR practices. Concerns related to algorithmic bias, data privacy, and ethical decision-making remain significant barriers 

to AI adoption in HR systems (Mujtaba & Mahapatra, 2024). AI systems trained on historical organizational data may 

unintentionally reproduce existing inequalities or discrimination patterns, particularly in recruitment and performance 

evaluation processes. Moreover, the increasing use of employee monitoring systems raises questions regarding privacy 

and trust within organizations. 

For these reasons, many researchers emphasize the importance of hybrid human-AI decision models in which AI 

technologies support analytical tasks while human professionals retain responsibility for strategic judgement and ethical oversight. 

Human capital development in bioeconomy organizations 

Human capital represents a key strategic resource in the transition toward a sustainable bioeconomy. Bioeconomy 

sectors such as agriculture, biotechnology, forestry, and renewable resources rely heavily on knowledge-intensive processes, 

technological innovation, and interdisciplinary competencies. Consequently, organizations operating in these sectors require 

employees who possess both technical expertise and the ability to adapt to rapidly evolving digital environments. 

Artificial Intelligence can support human capital development in bioeconomy organizations through several 

mechanisms. First, AI-supported learning platforms allow organizations to create personalized training programs based 

on individual skill profiles and organizational needs (Dwivedi et al., 2021). By analyzing employee performance data and 

competence requirements, AI systems can recommend targeted training modules that enhance professional development 

and continuous learning. 

Second, AI technologies facilitate the identification of emerging skills required in bioeconomy sectors. Through 

the analysis of labour market trends, research outputs, and industry innovation patterns, AI systems can forecast future 

competence requirements related to sustainability, circular economy practices, and digital agriculture technologies. This 



 

540 

predictive capability allows organizations to design long-term workforce development strategies aligned with the 

evolving demands of the bioeconomy. 

Third, AI contributes to improving knowledge management processes within organizations. Bioeconomy sectors 

often rely on large volumes of data related to environmental monitoring, agricultural production, and resource 

management. AI-driven analytics enable employees to transform these data into actionable knowledge, supporting more 

efficient decision-making and innovation processes. 

The integration of Artificial Intelligence into human capital development strategies also supports organizational 

adaptability. Employees working in AI-enabled environments develop new digital skills, data literacy competencies, and 

analytical capabilities that are essential for managing complex sustainability challenges (Li et al., 2025). Consequently, 

the development of AI-supported learning ecosystems becomes a strategic priority for bioeconomy organizations seeking 

to remain competitive in global markets. 

However, the literature also emphasizes the importance of ensuring that technological transformation does not 

undermine the human dimension of organizational development. Effective human capital development requires balancing 

technological efficiency with employee well-being, ethical considerations, and inclusive workplace practices. Although 

Artificial Intelligence is widely associated with enhanced learning and skills development, some studies suggest that over-

reliance on automated systems may reduce critical thinking and human decision-making capacity. Therefore, the 

effectiveness of AI-supported human capital development depends on the extent to which organizations integrate 

technological tools with human-centered learning approaches. 

Strategic implications of AI for sustainable bioeconomy 

The integration of Artificial Intelligence within bioeconomy organizations generates several strategic implications 

for sustainable development. First, AI enhances the capacity of organizations to optimize resource management and 

production processes. By analyzing large datasets related to environmental conditions, production efficiency, and supply 

chain operations, AI technologies enable organizations to make more accurate and timely decisions. 

Second, AI contributes to strengthening innovation ecosystems within bioeconomy sectors. Through advanced 

analytics and machine learning algorithms, organizations can identify new research opportunities, optimize product 

development processes, and accelerate technological innovation. Human capital equipped with AI-supported analytical 

tools becomes a key driver of knowledge generation and sustainable innovation. 

Third, AI supports the development of more resilient and adaptive organizational structures. In rapidly changing 

economic environments characterized by climate uncertainty, market volatility, and technological disruption, 

organizations must continuously adapt their workforce strategies. AI-based workforce analytics enable organizations to 

anticipate future challenges and align human capital development strategies with sustainability objectives. 

However, responsible governance remains essential for ensuring that AI contributes positively to sustainable 

bioeconomy development. Organizations must establish clear regulatory frameworks, data governance policies, and 

ethical guidelines to ensure transparency and accountability in AI-supported decision-making. Furthermore, investment 

in workforce training and AI literacy becomes crucial to enable employees to effectively collaborate with intelligent 

technologies. While AI is often considered a driver of innovation and efficiency, its implementation in bioeconomy 

organizations remains uneven, particularly in regions with limited digital infrastructure. This suggests that the strategic impact 

of AI is influenced not only by technological capabilities, but also by institutional, economic, and organizational factors. 

The integration of Artificial Intelligence technologies within human resource management has generated multiple 

applications across different HR functions. These applications contribute to improving organizational efficiency, 

decision-making processes, and workforce management strategies. Table 1 presents the main AI applications in human 

resource management and their associated organizational benefits. 

 
Table 1. Main applications of Artificial Intelligence in human resource management 

HR Function AI Application Organizational Benefits 

Recruitment 
Automated CV screening, candidate 

matching 

Faster recruitment processes and improved candidate 

selection 

Workforce planning 
Predictive analytics and turnover 

prediction 

Strategic workforce planning and reduced employee 

turnover 

Learning and 

development 
AI-based learning platforms 

Personalized training and continuous competence 

development 

Performance 

management 
Data-driven evaluation systems 

Objective performance assessment and improved 

feedback 

Employee engagement Sentiment analysis and HR chatbots Improved communication and employee satisfaction 
Source: authors’ elaboration 

 

The data presented in Table 1 highlight the strategic role of Artificial Intelligence in transforming HR functions 

from administrative processes to data-driven and value-oriented activities, supporting long-term organizational 

performance. 

The relationship between Artificial Intelligence technologies and human capital development in bioeconomy 

organizations can be illustrated through an integrated conceptual framework. Figure 1 presents the main stages through 

which AI technologies influence HR transformation and human capital development. 
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Source: authors’ elaboration with AI support 
 

Figure 1. AI-driven human capital development in bioeconomy organizations 
 

Figure 1 illustrates the process through which Artificial Intelligence technologies contribute to human capital 

development within bioeconomy organizations. The model highlights the sequential relationship between AI capabilities, 

HR transformation processes, and the development of key competencies such as digital skills, sustainability awareness, 

and innovation capacity. The analytical value of this framework lies in its ability to integrate technological and human 

resource dimensions within a single model, emphasizing their role in achieving sustainable bioeconomy outcomes. 

capital development within bioeconomy organizations. AI technologies function as enabling mechanisms that 

support data-driven HR practices, which in turn contribute to the development of workforce capabilities required for 

sustainable bioeconomy systems. This conceptual model provides an integrative perspective by linking digital 

infrastructure, Artificial Intelligence technologies, and human resource transformation processes. Its originality consists 

in adapting existing theoretical approaches to the specific context of bioeconomy organizations, where sustainability and 

circularity represent core strategic objectives. 

In order to better understand the strategic interaction between technological infrastructure, human resource 

systems, and sustainable organizational outcomes, Figure 3 presents an integrated AI–HR–Bioeconomy strategic 

framework. 

This framework highlights the interaction between Artificial Intelligence technologies and human resource 

management systems in shaping human capital development within the bioeconomy (Fig. 2). AI provides analytical 

capabilities and technological infrastructure, while HRM practices ensure the development of competencies, 

organizational learning, and workforce engagement necessary for sustainable innovation. The combined influence of 

these elements contributes to the transformation of bioeconomy organizations toward more resilient and sustainability-

oriented business models.  



 

542 

 
Source: authors’ elaboration with AI support 
 

Source: authors’ elaboration with AI support 
 

Figure 2. Conceptual model of AI-driven human capital 

development in the bioeconomy 

Figure 3. Integrated AI–HR–Bioeconomy strategic framework 

 

Human capital development in bioeconomy organizations involves several strategic dimensions influenced by AI 

technologies. Table 2 presents the key dimensions of AI-enabled human capital development and their implications for 

HR systems and bioeconomy sustainability. 
 

Table 2. Key dimensions of AI-enabled human capital development in bioeconomy organizations 

Dimension AI contribution HR implication Bioeconomy impact 

Talent acquisition Automated candidate 

screening 

Skills-based recruitment Access to digital and sustainability 

talent 

Workforce analytics Predictive modelling Strategic workforce planning Improved organizational 

adaptability 

Learning systems AI-based training platforms Continuous competence 

development 

Innovation capacity 

Knowledge 

management 

Data analytics and 

monitoring 

Organizational learning Sustainable resource management 

Strategic governance AI decision support Evidence-based HR strategy Long-term bioeconomy growth 
Source: authors’ elaboration 

 

Conclusions 
 

1. The research highlights the growing importance of Artificial Intelligence as a strategic enabler in the 

transformation of human resource management and the development of human capital within bioeconomy organizations. 

The analysis of the scientific literature indicates that the integration of AI technologies, supported by digital infrastructures 

and advanced data analytics, contributes to the modernization of HR practices such as recruitment, workforce planning, 

performance management, and organizational learning. These technological developments enable organizations to adopt 

more data-driven and evidence-based approaches to workforce management, improving the efficiency of human resource 

systems and supporting more informed managerial decision-making in increasingly complex organizational 

environments. 

2. The study emphasizes that human capital development represents a critical component of the transition toward 

a sustainable bioeconomy. Organizations operating in sectors such as agriculture, biotechnology, forestry, and the food 
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industry require employees capable of combining digital competencies with sustainability-oriented knowledge and 

interdisciplinary skills. Artificial Intelligence supports this transformation by facilitating the identification of emerging 

skill requirements, enabling personalized learning processes, and strengthening knowledge management practices within 

organizations. As a result, AI contributes to the development of digital literacy, analytical capabilities, adaptability, and 

innovation capacity among employees. 

3. The findings indicate that the strategic integration of Artificial Intelligence into HR systems can significantly 

enhance the capacity of bioeconomy organizations to respond to technological, environmental, and economic changes. 

At the same time, the implementation of AI requires responsible governance, as issues related to algorithmic bias, data 

privacy, and transparency must be carefully addressed in order to ensure ethical decision-making and maintain employee 

trust. In this context, the development of collaborative human–AI systems becomes essential for balancing technological 

efficiency with human judgement. 

4. Overall, the study confirms that Artificial Intelligence should be viewed as a complementary mechanism that 

enhances human capabilities rather than replacing them. When strategically integrated into human resource management 

practices, AI technologies can support continuous organizational learning, strengthen human capital development, and 

stimulate innovation processes within bioeconomy organizations. The synergy between Artificial Intelligence and human 

capital development represents an important driver of sustainable bioeconomy transformation. 

Limitations 

This study has several limitations that should be acknowledged. First, the research is based on a conceptual and 

literature-based approach, without empirical data collection, which limits the possibility of validating the proposed 

relationships through quantitative methods. Second, the analysis does not address differences between specific 

bioeconomy sectors, which may vary in terms of technological adoption and workforce requirements. Future research 

could incorporate empirical methods, such as case studies or surveys, in order to validate the proposed conceptual 

framework and provide more detailed insights into the role of Artificial Intelligence in human capital development across 

different bioeconomy contexts. 
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