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Objective: This study aimed to identify and structurally analyze the key components influencing
the implementation of open innovation in the steel industry supply chain and to explain the major
dimensions shaping this approach within a strategic industrial context.

Methodology: This qualitative and exploratory study employed thematic analysis as the main
analytical strategy. The participants consisted of supply chain managers, experienced industry
experts, and university faculty members with relevant expertise in innovation, supply chain
management, and the steel industry. A total of 15 experts were selected through purposive and
snowhball sampling until theoretical saturation was reached. Data were collected through in-depth
semi-structured interviews based on nine main questions. All interviews were transcribed verbatim
and analyzed through sequential stages of initial coding, aggregation of similar concepts, formation
of basic themes, and extraction of higher-order organizing themes.

Findings: Analysis of the 15 interviews resulted in 225 initial codes, which were subsequently
classified into 16 organizing themes. These included strategic and managerial factors, cultural and
human factors, structural and organizational factors, financial and economic factors, legal and
intellectual property factors, technological and infrastructural factors, networking and ecosystem
factors, supplier-related factors, customer- and market-related factors, environmental and
sustainability factors, macro-environmental and governance factors, risk management and
resilience, knowledge management and absorptive capacity, human resource and talent
management, performance evaluation and key indicators, and digital transformation and
smartification. The findings showed that open innovation implementation in the steel supply chain
is shaped by the simultaneous interaction of internal organizational capabilities, inter-
organizational relationships, digital infrastructures, legal and financial mechanisms, and broader
environmental conditions.

Conclusion: Open innovation in the steel industry should be viewed as a multidimensional
ecosystem capability whose successful implementation depends on strategic alignment,
collaborative culture, flexible organizational structures, digital infrastructure, knowledge
management, effective supply chain partnerships, and systematic performance evaluation.

Keywords: Open Innovation, Supply Chain, Steel Industry, Strategic Industries, Thematic Analysis,
Digital Transformation
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EXTENDED ABSTRACT
Introduction

Open innovation has emerged as a strategic approach for organizations seeking to access, integrate,
and exploit knowledge beyond their organizational boundaries. Intensifying global competition,
accelerated technological change, increasing complexity of customer requirements, and the expansion of
digital technologies have reduced the adequacy of closed and internally focused innovation systems.
Under these conditions, firms increasingly depend on external knowledge sources, technological
partnerships, collaborative research, supplier participation, customer involvement, and inter-
organizational learning. Open innovation therefore extends beyond the acquisition of external ideas and
includes the systematic inflow and outflow of knowledge, technology, and intellectual assets across
organizational boundaries. Evidence suggests that open innovation can facilitate business model renewal,
value creation, and organizational adaptability when it is strategically aligned with broader organizational
goals (Yun et al., 2025). In industrial environments, the interaction between Industry 4.0 technologies and
open innovation practices can also support cluster renewal, technological upgrading, and stronger inter-
firm collaboration (Zen et al., 2025). These developments are particularly important in strategic industries,
where innovation is frequently constrained by capital intensity, long production cycles, complex supply
relationships, regulatory pressures, and dependence on critical infrastructure.

The steel industry represents a prominent example of such a strategic sector. Its supply chain
includes mining, raw material procurement, transportation, direct reduction, steelmaking, rolling,
distribution, and downstream industrial consumption. The effectiveness of this chain depends on
coordination among multiple actors, the synchronization of material and information flows, and the ability
to respond to fluctuations in demand, input prices, energy availability, and logistics conditions (Alam,
2025). System-dynamics evidence further indicates that steel supply chains are characterized by strong
feedback relationships among production, inventory, demand, capacity, and supply variables, making
them highly sensitive to disruption and delay (Mohammadi et al., 2022). In this context, open innovation
can provide a mechanism for integrating the knowledge and capabilities of steel producers, suppliers,
customers, universities, knowledge-based firms, start-ups, technology brokers, and research institutions.
Strategic alignment of open innovation with supply chain objectives can strengthen competitive advantage
and improve the capacity of firms to jointly solve operational and technological problems (Gonyora et al.,
2021).

The ongoing digital transformation of industrial supply chains has further increased the relevance
of open innovation. Technologies such as the Internet of Things, artificial intelligence, big data analytics,
cloud computing, blockchain, digital twins, and integrated enterprise systems provide new infrastructures
for data sharing, visibility, forecasting, and collaborative decision-making. 10T applications can improve
traceability, information transparency, and coordination across supply chains, although they also introduce
challenges related to cost, interoperability, and cybersecurity (De Vass et al., 2021). Similarly, the
integration of Industrial 10T and artificial intelligence can improve logistics performance, transportation
management, and real-time monitoring (Bhargava et al., 2022). Artificial intelligence can also contribute to
forecasting, process optimization, and decision support in complex systems (Zohuri & Behgounia, 2023),
while Al-enabled supply chain management can strengthen planning, monitoring, and coordination



capabilities (Sharma & Dash, 2023; Singh et al., 2021). Within the steel industry, Industry 4.0 strategies must
nevertheless be adapted to existing organizational capabilities, technological gaps, and strategic priorities
(Motallebi et al., 2025). Open and innovation-oriented approaches to inventory management and demand
forecasting have likewise shown potential for improving decision quality in steel supply chains (Sukolkit
etal., 2024).

Sustainability is another major driver of innovation in the steel industry. The sector is under
increasing pressure to reduce carbon emissions, improve energy efficiency, manage water consumption,
enhance circularity, and comply with stricter environmental requirements. Transitioning toward low-
carbon and defossilized steel requires significant changes in energy systems, production technologies,
supply chain configurations, and material flows (Lopez et al., 2023). Green transformation in the iron and
steel industry therefore requires not only technological substitution, but also new patterns of collaboration
and innovation (Mallett & Pal, 2022). Open innovation can strengthen sustainability practices by facilitating
access to external expertise, enabling joint experimentation, and supporting cross-sectoral cooperation (do
Prado et al., 2025). It can also contribute to broader sustainability transitions by creating multi-actor
networks for knowledge exchange and collaborative problem-solving (Viale et al., 2022). In parallel,
circular supply chain models that employ technologies such as RFID and blockchain can improve
traceability and support material recovery and resource efficiency in the steel industry (Rakshit et al., 2025).

Despite growing attention to open innovation, digital transformation, smart supply chains, and
sustainability, much of the existing literature examines these issues separately. Steel supply chains also
face specific barriers, including infrastructure constraints, financing difficulties, volatility in input
markets, operational complexity, and coordination problems (Kumar et al., 2025). Moreover, sustainable
steel supply chain decisions often involve simultaneous economic, operational, and environmental
objectives (Askary et al., 2024). Open innovation in this setting therefore requires more than the adoption
of new technologies. It depends on strategic commitment, organizational readiness, cultural openness,
financial capacity, legal safeguards, digital infrastructure, ecosystem relationships, supplier and customer
engagement, knowledge absorption, human resource capabilities, resilience, and performance evaluation.
Accordingly, the present study aimed to structurally analyze and identify the key components influencing
the implementation of open innovation in the supply chain of strategic industries, with a specific focus on
the steel industry.

Methods and Materials

This study employed a qualitative and exploratory research design. Given the need to obtain an in-
depth understanding of the mechanisms, conditions, barriers, and enabling factors associated with open
innovation in the steel industry supply chain, thematic analysis was used as the primary analytical strategy.
The study population consisted of senior experts with relevant knowledge and experience in steel supply
chains, innovation management, research and development, industrial technology, and related academic
fields. Participants included supply chain managers, experienced industry specialists, and university
faculty members with expertise relevant to the research topic.

A total of 15 experts participated in the study. Participants were initially selected through
purposive non-probability sampling, and snowball sampling was subsequently used to identify additional
qualified experts. Sampling continued until conceptual saturation was achieved and later interviews no
longer generated substantively new themes. The principal data collection instrument was an in-depth semi-
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structured interview guide comprising nine open-ended and challenging questions. The interviews
explored issues such as strategic commitment to open innovation, cooperation with suppliers and
customers, collaboration with universities and knowledge-based firms, digital transformation, financial
constraints, intellectual property, sustainability, risk, knowledge management, and performance
evaluation. Probing questions were used where necessary to clarify responses and elicit examples from
participants’ professional experience. Interviews were recorded with permission, transcribed verbatim,
and reviewed repeatedly.

Data analysis was conducted concurrently with data collection. The transcripts were initially read
several times to achieve familiarity with the material. Meaning units relevant to the research question were
then identified and assigned initial open codes. Similar or overlapping codes were compared, merged, and
grouped into conceptual clusters. These clusters were progressively organized into basic themes and
higher-order organizing themes. Themes were continuously checked against the original interview data to
ensure internal coherence, conceptual distinctiveness, and adequate coverage of the participants’
perspectives. The final thematic structure was refined until a stable conceptual representation of open
innovation implementation in the steel supply chain was obtained.

Findings

The demographic characteristics of the 15 participants indicated that 10 participants, representing
66.67%, were male and 5 participants, representing 33.33%, were female. Twelve participants, or 80%,
were married, whereas 3 participants, or 20%, were single. In terms of age, 5 participants, equivalent to
33.33%, were between 25 and 35 years old, 3 participants, or 20%, were between 35 and 45 years old, and
7 participants, representing 46.67%, were older than 45 years. Educational attainment was evenly
distributed, with 5 participants holding bachelor’s degrees, 5 holding master’s degrees, and 5 holding
doctoral degrees. Regarding professional experience, 2 participants, or 13.33%, had less than 10 years of
experience, 6 participants, or 40%, had approximately 10 years of experience, and 7 participants, or
46.67%, had more than 10 years of experience.

The initial coding stage produced 225 open codes from the 15 expert interviews, with 15 initial
codes extracted from each interview. These codes covered a broad range of issues, including hierarchical
organizational structures, resistance to external ideas, weak industrial networking, lack of open innovation
strategy, insufficient innovation budgets, financing constraints, intellectual property risks, inadequate data
sharing, limited digital integration, environmental pressures, energy shortages, customer involvement,
supplier collaboration, start-up engagement, talent shortages, organizational learning, resilience,
performance evaluation, and international sanctions.

Secondary coding resulted in the identification of 16 organizing themes representing the major
dimensions of open innovation implementation in the steel supply chain. These themes included strategic
and managerial factors; cultural and human factors; structural and organizational factors; financial and
economic factors; legal and intellectual property factors; technological and infrastructural factors;
networking and ecosystem factors; supplier-related factors; customer- and market-related factors;
environmental and sustainability factors; macro-environmental and governance factors; risk management
and resilience; knowledge management and absorptive capacity; human resource and talent management;
performance evaluation and key indicators; and digital transformation and smartification.



The strategic and managerial dimension emphasized top management support, alignment of open
innovation with corporate strategy, decentralization, shared vision, managerial risk tolerance, and
performance indicators. The cultural and human dimension highlighted resistance to change, weak
knowledge-sharing culture, inadequate incentives, limited teamwork, and insufficient trust among
partners. Structural factors included bureaucracy, rigid hierarchy, lengthy idea evaluation processes, and
the need for matrix structures and dedicated open innovation offices. Financial and economic factors
focused on funding constraints, high research and development costs, uncertainty in return on innovation
investment, and the need for risk-sharing and corporate venture capital mechanisms.

The legal and intellectual property dimension reflected concerns regarding confidentiality,
ownership of jointly developed results, weak intellectual property protection, and contractual complexity.
Technological and infrastructural factors included information system integration, digital platforms,
cybersecurity, cloud systems, Al, big data, blockchain, and loT. Networking and ecosystem-related
findings emphasized cooperation with knowledge-based firms, universities, technology parks, start-ups,
and competitors. Supplier-related findings stressed the shift from transactional relationships to long-term
partnerships, joint problem-solving, data sharing, and supplier involvement in design. Customer-related
findings included customer participation in product development, outbound innovation, crowdsourcing,
market sensing, and data-driven feedback.

Environmental and sustainability themes covered green steel technologies, energy and water
efficiency, circular economy practices, carbon reduction, and environmental standards. Macro-
environmental and governance factors included sanctions, exchange-rate volatility, government pricing
policies, logistical infrastructure, tax incentives, and the absence of stable sectoral innovation policies.
Risk and resilience themes focused on supplier diversification, continuity planning, technology
uncertainty, and supply chain shock management. Knowledge management and absorptive capacity
involved external knowledge assimilation, tacit knowledge transfer, organizational learning, and
protection of strategic knowledge. Human resource themes emphasized boundary-spanning employees,
innovation-based incentives, soft skills, and talent retention. Finally, performance evaluation focused on
open innovation KPIs, partner contribution to value creation, commercialization rates, and innovation
return on investment, while digital transformation included Industrial 10T, digital twins, Al, cloud
platforms, blockchain, ERP integration, and joint digital innovation centers.

Discussion and Conclusion

The findings indicate that open innovation in the steel supply chain should be understood as an
ecosystem-level capability rather than a discrete research and development practice. Its successful
implementation depends on the simultaneous alignment of internal organizational capabilities and external
collaborative mechanisms. Strategic commitment provides the direction for open innovation, while
organizational culture and structural flexibility determine whether external ideas can actually enter and
circulate within the firm. Financial resources, legal protection, and clear governance mechanisms reduce
the risks associated with collaboration, whereas digital infrastructures provide the technical foundation
for real-time communication and knowledge exchange across organizational boundaries.

The findings also show that suppliers and customers should not be treated merely as transactional
actors. Their participation in design, production planning, demand forecasting, technology development,
and problem-solving can substantially increase the effectiveness of innovation activities. Similarly,
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universities, knowledge-based firms, start-ups, and technology intermediaries can provide specialized
knowledge that may not be available within large steel companies. However, the value of these
relationships depends on the focal firm’s absorptive capacity and its ability to transform externally sourced
knowledge into usable organizational capabilities.

Another important conclusion concerns the central role of digital transformation. Technologies
such as 10T, Al, digital twins, cloud computing, and blockchain can significantly improve transparency,
traceability, predictive capability, and inter-firm coordination. Nevertheless, technology alone cannot
create open innovation. Its effectiveness depends on organizational readiness, common data standards,
cybersecurity, partner trust, and the willingness of supply chain members to share information. Therefore,
digitalization should be viewed as an enabling infrastructure for open innovation rather than a substitute
for strategic and relational capabilities.

The findings further demonstrate that sustainability is increasingly embedded in the innovation
agenda of the steel industry. Environmental pressures, energy limitations, carbon-reduction requirements,
and circular economy objectives are creating a need for collaborative technological development. Open
innovation can support this transition by enabling shared experimentation, joint investment, technology
transfer, and cross-sector learning. In this sense, open innovation can contribute simultaneously to
competitiveness, resilience, and environmental sustainability.

Overall, the study concludes that the implementation of open innovation in the steel supply chain
is shaped by an interconnected system of strategic, cultural, structural, financial, legal, technological,
network-based, environmental, human, and governance-related factors. No single component is sufficient
to ensure success. Effective implementation requires the coordinated development of managerial
commitment, collaborative culture, flexible structures, secure knowledge-sharing mechanisms, digital
infrastructure, ecosystem partnerships, absorptive capacity, resilience capabilities, sustainability
orientation, and performance measurement systems. The resulting framework provides a comprehensive
basis for understanding how strategic industries such as steel can move from closed and internally focused
innovation models toward more networked, collaborative, data-driven, and sustainable forms of
innovation.
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