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Dynamic

Objective: The study aimed to identify and strategically evaluate key factors
influencing green technological innovations in the steel industry and to propose
actionable strategies for environmental sustainability, focusing on Khuzestan Steel
Company.

Methodology: This qualitative, applied, and inductive research involved 15 PhD-level
managers and consultants selected through purposive and snowball sampling. Data
were collected via questionnaires, focus group sessions, and document analysis. A
three-round Delphi process was employed to identify 14 strengths, 12 weaknesses, 13
opportunities, and 12 threats, with instrument reliability confirmed by Cronbach’s
alpha (0.747 and 0.822). Based on the SWOT matrix, four strategic categories (SO,
ST, WO, WT) were formulated, and the DEMATEL method was applied to prioritize
key implementation factors.

Findings: Results indicated that environmental management programs (R+J=33.45)
and supportive green innovation regulations (R+J=32.48) had the highest influence.
Access to international financial resources (R+J=31.87), managerial coordination
(R+J=33.65), and waste management infrastructure (R+J=33.31) were also critical,
while R&D investment ranked lower due to lesser impact.

Conclusion: The findings highlight that focusing on environmental management,
policy support, and international financing can significantly enhance green innovation
and environmental performance in steel companies. The integrated SWOT—-Delphi—
DEMATEL framework provides a systematic model for strategic decision-making in
sustainable technology development.

Keywords: Green technological innovation, Strategic evaluation, Steel industry,
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EXTENDED ABSTRACT
Introduction

The steel industry, as one of the cornerstones of global industrialization, is simultaneously a major
contributor to environmental degradation and carbon emissions. It is estimated that between 7-9% of
global greenhouse gas emissions originate from steel production, primarily due to the dependence on fossil
fuels and high-energy processes (Shen et al., 2025). The transition to low-carbon or “green” steel production
has therefore become a critical global priority to meet the objectives of the Paris Agreement, which aims
to limit global temperature rise to below 2°C. Achieving this transformation requires the integration of
green technological innovations that can enhance energy efficiency, reduce environmental footprints, and
promote industrial competitiveness (Mallett & Pal, 2022).

Recent global environmental policies—such as carbon trading, green financing, and emission
reduction incentives—have significantly shaped the trajectory of industrial development. Carbon trading
systems, in particular, have demonstrated a strong potential in motivating corporations to invest in cleaner
technologies and reduce their dependence on fossil-based production (Xi & Jia, 2025; Zou et al., 2025).
Empirical evidence shows that such mechanisms not only lower carbon intensity but also stimulate firms
to reorient their innovation capabilities toward sustainable technologies (Zhao et al., 2022). Simultaneously,
green innovation has emerged as an intersectional force linking environmental stewardship, economic
growth, and social responsibility (Gao et al., 2025).

Corporate sustainability frameworks such as Environmental, Social, and Governance (ESG)
reporting have further strengthened the alignment between profitability and green responsibility (Gao et
al., 2025). Firms with strong ESG performance tend to experience reduced financing costs, enhanced
stakeholder trust, and greater innovation productivity (Y. Li et al., 2024). However, green innovation
remains a complex process influenced by multiple interrelated dimensions—including regulatory support,
financial access, technological readiness, and managerial commitment (Ren et al., 2023).

Regulatory mechanisms play a pivotal role in enabling or hindering technological progress. Studies
reveal that both formal and informal environmental regulations can foster green technological innovation,
although their effectiveness depends heavily on regional and institutional contexts (Ren et al., 2023; Wang
etal., 2023). For example, stringent regulatory enforcement has proven beneficial for heavy industries such
as steel, driving innovation and compliance through economic incentives rather than punitive measures
(Cheng & Yu, 2023). On the other hand, weak or inconsistent regulatory environments, such as those
observed in developing economies, often lead to stagnation in green innovation progress (Fathi et al., 2022).

From a financial perspective, the availability of green credit and international financial resources
is essential to overcoming the high initial investment barriers associated with green technologies (Xu &
Lin, 2025). Studies show that targeted green financing mechanisms significantly enhance innovation by
reducing capital constraints and improving firms’ capacity for long-term R&D investment (Xi & Jia, 2025).
Moreover, access to international financial mechanisms and partnerships can bridge the resource gap
between developing and developed economies, enabling knowledge transfer and cross-border
technological collaboration (Nurdiawati et al., 2025).

In the context of the steel industry, green innovation focuses on breakthroughs such as hydrogen-
based direct reduction, waste recycling, renewable energy integration, and efficient water management
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systems (Li et al., 2025). In the Middle East, abundant access to natural gas, solar energy, and iron ore
presents unique opportunities for the development of low-carbon steel production (Nurdiawati et al., 2025).
However, despite such potential, countries like Iran continue to face structural challenges—mnamely weak
policy frameworks, insufficient coordination among stakeholders, and limited participation in
international environmental initiatives (Safdari Ranjbar & Nikzad, 2024).

In Iran, the Khuzestan Steel Company serves as one of the leading producers with significant
environmental and economic impact. Nonetheless, its transition toward green technological innovation
has been impeded by limited access to green financing, lack of managerial coordination, and absence of
comprehensive strategic frameworks (Chamran et al., 2023). Addressing these challenges necessitates a
systematic strategic evaluation integrating environmental, organizational, and technological dimensions.
The combination of SWOT (Strengths, Weaknesses, Opportunities, and Threats) analysis with the Delphi
and DEMATEL methods provides an effective framework for identifying strategic priorities and
formulating action-oriented policies (Ketabchi et al., 2023).

Global literature highlights that while environmental policies can at times constrain immediate
profitability, in the long run, they catalyze efficiency and resilience through technological upgrading
(Wang & Yang, 2025). Moreover, the “green innovation paradox,” which posits that carbon reduction
policies may initially hinder innovation quality, can be resolved through well-designed incentive
structures (H. Li et al., 2024). Furthermore, regional studies have demonstrated significant disparities in
green innovation efficiency due to differences in education, government support, and industrial
infrastructure (Zhang et al., 2022).

Against this backdrop, the present study aims to provide a strategic evaluation of green
technological innovations in the steel industry using an integrated Delphi-SWOT-DEMATEL
framework, focusing on Khuzestan Steel Company as a representative case of Iran’s steel sector.

Methods and Materials

This study employed a qualitative and applied research design with an inductive reasoning
approach. The data collection process was conducted through expert interviews, structured questionnaires,
and focused group discussions. The statistical population comprised 15 senior managers and consultants
from Khuzestan Steel Company, all possessing doctoral-level expertise in industrial management or
environmental engineering.

The Delphi technique was applied in three iterative rounds to identify and validate key internal
and external factors influencing green technological innovation. The final consensus included 14
strengths, 12 weaknesses, 13 opportunities, and 12 threats. Reliability of the Delphi rounds was confirmed
by Cronbach’s alpha coefficients of 0.747 and 0.822 in the second and third rounds, respectively. The
SWOT matrix was then used to formulate four categories of strategies—SO (Strength—Opportunity), ST
(Strength—Threat), WO (Weakness—Opportunity), and WT (Weakness—Threat).

Finally, the DEMATEL method was employed to determine the causal relationships among the
identified strategic factors and to prioritize them based on their influence (R+J) and dependence (R—J)
indices. Data from the DEMATEL survey were obtained from five senior executives of the company, who
evaluated the interrelationships between strategic components.

Findings



The Delphi analysis resulted in a validated set of key factors influencing green technological
innovation in the steel industry. Strengths included well-established waste management infrastructure,
regular implementation of environmental management programs, and stable raw material sourcing.
Weaknesses encompassed insufficient legal support for green innovation, lack of financial resources, and
managerial inconsistency. The most significant opportunities identified were the expansion of green
product export markets, governmental support for emission reduction, and access to international financial
resources. Conversely, the most pressing threats included high implementation costs, incomplete
hazardous waste management, and supply chain vulnerabilities under climate change conditions.

The SWOT matrix led to the formulation of four major strategic types:

1. SO strategies: Utilizing existing waste management infrastructure to develop new green
technologies and leveraging environmental programs to expand international export markets.

2. ST strategies: Using stable raw material supply chains to offset climate-related risks and high
operational costs.

3. WO strategies: Developing supportive environmental regulations and leveraging international
funding mechanisms to address internal weaknesses.

4. WT strategies: Enhancing managerial coordination and investing in R&D to mitigate resource
and policy-related threats.

Based on the DEMATEL analysis, the factors with the highest influence (R+J) included
environmental management programs (33.45), green innovation regulatory frameworks (32.48), and
international financial access (31.87). These were followed by managerial coordination (33.65) and waste
management infrastructure (33.31), identified as highly dependent but essential components. Factors such
as stable raw material supply (32.90) and R&D investment (29.40) exhibited relatively lower influence
but remained strategically relevant for long-term planning.

Overall, the results indicated that a strategic focus on environmental management and supportive
legislation would create a multiplier effect, accelerating other interdependent components within the
innovation ecosystem.

Discussion and Conclusion

The findings of this study reinforce the notion that sustainable transformation in the steel industry
requires not only technological advancement but also a systemic integration of regulatory, managerial,
and financial enablers. The identification of environmental management programs as the most influential
factor aligns with global evidence that consistent environmental monitoring and reporting enhance both
operational efficiency and corporate credibility. In the case of Khuzestan Steel Company,
institutionalizing environmental governance can serve as a foundation for embedding sustainability into
daily operations.

The prominence of supportive regulations and policy design highlights the critical role of
government in shaping industrial innovation. Effective environmental policies should balance compliance
enforcement with economic incentives to prevent innovation stagnation. When properly designed, such
policies can trigger positive feedback loops between environmental performance and technological
upgrading, creating a virtuous cycle of sustainability-driven competitiveness.

Access to international financial resources emerged as another cornerstone of successful
innovation. Green technologies often demand substantial upfront investment, and without adequate
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funding, industries risk lagging behind in adopting sustainable solutions. Strengthening partnerships with
global financial institutions, development banks, and environmental funds can thus bridge the financial
gap and facilitate the adoption of clean technologies.

Managerial coordination and organizational learning were found to be highly interdependent yet
crucial for ensuring the internal coherence of innovation strategies. Without synchronized planning and
communication across departments, even the most well-designed technological initiatives can fail during
implementation. This underlines the importance of cultivating a green organizational culture that values
interdisciplinary collaboration, continuous training, and adaptive leadership.

The results also reveal that while R&D investments have relatively lower immediate influence,
they remain vital for long-term resilience. Incremental research activities—especially those focused on
hydrogen-based reduction, waste reuse, and low-carbon energy optimization—can yield transformative
benefits over time. Integrating academia—industry partnerships could further enhance the efficiency of
innovation diffusion within the sector.

From a broader perspective, the study suggests that the pathway toward green steel in Iran and
similar developing economies hinges on three pillars: policy consistency, financial accessibility, and
institutional alignment. These elements must operate cohesively within an ecosystem that encourages
experimentation, collaboration, and transparency. As regional assessments have shown, countries with
abundant renewable resources, such as Iran, possess a strategic advantage for developing carbon-neutral
steel industries. Yet, without effective governance structures and international engagement, such potential
may remain underutilized.

In conclusion, the integrated Delphi-SWOT-DEMATEL approach adopted in this study
demonstrates its utility as a comprehensive framework for strategic evaluation of green technological
innovation. It allows for a holistic understanding of the complex interdependencies among environmental,
financial, and managerial factors influencing sustainability transitions. The findings emphasize that the
success of green innovation in the steel industry is contingent upon multi-level collaboration—among
government, industry, and academia—supported by coherent policies, sustainable financing, and
institutional commitment.

Ultimately, fostering a culture of green innovation within the steel sector not only contributes to
reducing carbon emissions but also enhances industrial resilience, global competitiveness, and alignment
with international sustainability agendas. The lessons drawn from Khuzestan Steel Company can thus
inform broader strategies for transitioning toward a low-carbon industrial future in the Middle East and
beyond.
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