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Abstract

Background and Objective: Despite the pivotal role of human resources in the
intelligent transformation of the circular economy, previous studies have
primarily focused on the impact of green human resource management, while
comparatively little attention has been paid to identifying the human resource
competencies required to realize this approach. Therefore, the present study was
conducted with the aim of identifying the competencies necessary for the
implementation and intelligentization of the circular economy in the steel
industry.

Methodology: This research employed a mixed-methods (qualitative—
quantitative) approach. In the qualitative phase, thematic analysis was used to
identify the required competencies. Subsequently, in the quantitative phase, the
relationships among these competencies were examined using fuzzy cognitive
mapping (FCM). The study population consisted of experts from the steel
industry. The required data were collected through interviews in the qualitative
phase and through a questionnaire in the quantitative phase. The interview process
continued until theoretical saturation was achieved, which occurred after 15
interviews.

Findings: The findings of the thematic analysis revealed 67 basic themes
(competencies), 12 organizing themes, and 5 overarching themes. The results of
the FCM indicate that the competencies of “systems thinking and intelligent
decision-making”, “transformational leadership and risk management”,
“cognitive and behavioral flexibility”,“future-oriented mindset” and “attitude
toward change” exert the greatest influence on other competencies and play a
foundational role in shaping them.

Conclusion: Institutionalizing a mindset grounded in future orientation, systems
thinking, and readiness for change can enhance human resources’ understanding
and awareness of the long-term impacts and consequences of implementing a
smart circular economy. This, in turn, can foster more effective support for
policies and initiatives aimed at the development of a green and sustainable
industry.
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Developing a Human Resource Competency Framework for the
Transition toward a Smart Circular Economy: A Case of the Steel
Industry

Extended Abstract

Background and Objective: In recent years, the transition toward a circular economy has gained
significant attention as a strategic approach for achieving sustainable industrial development,
particularly in resource-intensive sectors such as the steel industry. Concurrently, the integration
of digital technologies has led to the emergence of the “smart circular economy,” which
emphasizes data-driven decision-making, automation, and intelligent resource management.
Within this evolving paradigm, human resources play a pivotal role in enabling and sustaining
organizational transformation. Despite this importance, existing research has predominantly
concentrated on green human resource management practices and their environmental outcomes,
while comparatively less attention has been devoted to identifying and structuring the specific
human resource competencies required to operationalize and intelligentize the circular economy.
Addressing this gap, the present study aims to systematically identify, categorize, and analyze the
competencies necessary for the implementation of a smart circular economy in the steel industry,
with a particular focus on understanding the interrelationships among these competencies.
Methodology: This study adopts a mixed-methods research design, combining qualitative and
quantitative approaches to ensure both depth and analytical rigor. In the qualitative phase, thematic
analysis was employed to extract and classify the competencies required for implementing a smart
circular economy. Data were collected through semi-structured interviews with experts in the steel
industry, selected based on their experience and knowledge in sustainability, operations, and
human resource development. The sampling process followed a purposive strategy, and data
collection continued until theoretical saturation was reached after 15 interviews, indicating that no
new conceptual information was emerging.

The interview data were transcribed and analyzed using a systematic coding process, resulting in
the identification of 67 basic themes representing individual competencies. These basic themes
were further aggregated into 12 organizing themes, which were subsequently synthesized into 5
overarching themes representing higher-order competency domains.

In the quantitative phase, the relationships and causal interdependencies among the identified
competencies were examined using Fuzzy Cognitive Mapping (FCM). This method enables the
modeling of complex systems by capturing the degree and direction of influence among variables
based on expert judgment. A structured questionnaire was distributed among industry experts to
assess the strength of relationships between competencies. The resulting cognitive map provided
insights into the dynamic structure of competency interactions and allowed for the identification
of key driving and dependent competencies.

Findings: The results of the thematic analysis revealed a comprehensive competency framework
consisting of 67 basic competencies, structured into 12 organizing categories and 5 overarching
dimensions. These dimensions reflect a multi-layered competency system encompassing
cognitive, behavioral, managerial, and strategic capabilities required for the intelligent
transformation of the circular economy.

The Fuzzy Cognitive Mapping analysis further demonstrated that not all competencies exert equal
influence within the system. Among the identified competencies, five emerged as the most
influential and foundational drivers: (1) systems thinking and intelligent decision-making, (2)
transformational leadership and risk management, (3) cognitive and behavioral flexibility, (4)
future-oriented mindset, and (5) attitude toward change. These competencies were found to have
the highest centrality within the cognitive map, indicating their strong causal impact on other
competencies.

Specifically, “systems thinking and intelligent decision-making” serves as a core cognitive
capability that enables individuals to understand complex interdependencies within circular



https://www.imhr.ir

Oniine IS5N: 3060-6950 Intelligent Management of Human Capital

systems and make data-informed decisions. “Transformational leadership and risk management”
plays a critical role in guiding organizational change and ensuring resilience in uncertain
environments. “Cognitive and behavioral flexibility” facilitates adaptation to technological and
structural changes, while a “future-oriented mindset” supports long-term strategic thinking aligned
with sustainability goals. Finally, “attitude toward change” acts as a cultural enabler, shaping
employees’ readiness to accept and support transformation initiatives.

The FCM results also revealed that these foundational competencies not only exert direct influence
on operational and technical skills but also indirectly shape organizational learning, innovation
capacity, and sustainability-oriented behaviors across the workforce.

Conclusion: The findings of this study highlight the central role of cognitive and attitudinal
competencies in enabling the intelligent transformation of the circular economy within the steel
industry. Rather than relying solely on technical skills or isolated human resource practices,
successful implementation requires the institutionalization of a competency system grounded in
systems thinking, adaptability, leadership, and future orientation.

By fostering these foundational competencies, organizations can enhance employees’
understanding of the long-term environmental, economic, and technological implications of
circular economy initiatives. This enhanced awareness is expected to facilitate more effective
participation in sustainability-driven strategies and improve alignment between human resource
capabilities and organizational transformation goals.

Ultimately, the study contributes to the existing literature by providing an integrated competency
framework and demonstrating the systemic interrelationships among competencies using fuzzy
cognitive mapping. It also offers practical implications for policymakers and industry managers
seeking to design targeted training, development, and recruitment strategies that support the
transition toward a smart and sustainable circular economy in the steel industry.

Keywords: Human Resource Management; Competency; Smart Circular Economy; Future-Oriented
Thinking; Systems Thinking.
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