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CrossMark

The present study aimed to design and validate a model of technological corporate
entrepreneurship in the petrochemical industry with an emphasis on key determinants of
innovation development and organizational competitive advantage. This applied research
employed a mixed-methods (qualitative—quantitative) design. In the qualitative phase, grounded
theory and semi-structured interviews with 18 academic and industrial experts were used to
identify the main concepts and dimensions of the model. The qualitative data were analyzed
through open, axial, and selective coding, resulting in the extraction of 10 core categories and
35 concepts. In the quantitative phase, the statistical population consisted of managers and
experts working in the petrochemical industry, from which 291 participants were selected using
Cochran’s formula. Data were collected using a researcher-made questionnaire based on a five-
point Likert scale. Content validity and construct validity were confirmed through expert review
and confirmatory factor analysis, respectively, while reliability was confirmed with a
Cronbach’s alpha coefficient of 0.89. Data analysis was conducted using SPSS and SmartPLS
software through confirmatory factor analysis and structural equation modeling. The results of
confirmatory factor analysis indicated that all constructs had factor loadings above 0.70, average
variance extracted values above 0.50, and composite reliability values above 0.80, confirming
the adequacy of the measurement model. Structural equation modeling revealed that innovative
leadership (f=0.17), innovation and technology growth ($=0.23), strategic resources (=0.18),
and inter-organizational communication ($=0.27) had significant positive effects on
technological ~ corporate  entrepreneurship.  Furthermore,  technological  corporate
entrepreneurship significantly affected organizational outcomes ($=0.33) and organizational
consequences ($=0.45). The model fit indices, including CFI=0.96, RMSEA=0.042, and
¥?/df=2.58, demonstrated an acceptable model fit. The findings demonstrated that the
development of technological corporate entrepreneurship in the petrochemical industry depends
on strengthening innovative leadership, technological growth, strategic resources, and inter-
organizational interactions. Moreover, technological corporate entrepreneurship can improve
organizational performance, enhance innovation capability, increase competitive advantage, and
contribute to long-term organizational sustainability. The proposed model provides a localized
and practical framework for policymakers and managers in the petrochemical industry to foster
innovation ecosystems and technological entrepreneurship.

Keywords: Corporate entrepreneurship, technological entrepreneurship, petrochemical industry,
organizational innovation, structural equation modeling, grounded theory
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Extended Abstract

Introduction

The petrochemical industry is considered one of the most strategic sectors in the global economy
due to its significant role in supplying raw materials for downstream industries, creating added value, and
supporting industrial development. In recent decades, rapid technological changes, globalization of energy
markets, environmental concerns, and increasing competition have fundamentally transformed the
structure and operational mechanisms of petrochemical industries worldwide (Larraz, 2021; Marinina et al.,
2022). As a result, organizations operating in this sector are increasingly required to adopt innovative and
entrepreneurial approaches to maintain competitiveness and ensure long-term sustainability. In this
context, technological corporate entrepreneurship has emerged as a critical strategy for enabling
organizations to create innovative products, improve processes, and respond effectively to environmental
and market uncertainties (Prodanova et al., 2023).

Technological corporate entrepreneurship refers to the ability of organizations to identify
technological opportunities, integrate innovation into organizational structures, and commercialize new
ideas within existing corporate frameworks. This concept combines entrepreneurial orientation with
technological capability development and strategic innovation management. In technology-intensive
industries such as petrochemicals, corporate entrepreneurship can enhance organizational flexibility,
accelerate innovation cycles, and facilitate sustainable competitive advantage (Rahman et al., 2022).
Consequently, many large petrochemical corporations around the world have invested heavily in digital
transformation, smart manufacturing systems, artificial intelligence, and advanced automation
technologies (Tullo, 2021; Tullo, 2021).

The global petrochemical industry is currently undergoing a major transition driven by
sustainability imperatives and decarbonization policies. Environmental pressures, climate change
concerns, and carbon reduction commitments have forced petrochemical companies to rethink their
production systems and business strategies (Bauer et al., 2022; Griffiths et al., 2022). In this regard,
innovation and technological entrepreneurship have become essential tools for improving energy
efficiency, reducing emissions, and implementing cleaner production technologies. Studies have shown
that sustainable technological transformation in petrochemical industries depends largely on the existence
of entrepreneurial organizational cultures and innovation-oriented leadership (Mathur et al., 2022).

Furthermore, the emergence of the “Crude-to-Chemicals” paradigm has introduced a new
dimension to technological development in petrochemical industries. This approach seeks to maximize
the conversion of crude oil into high-value petrochemical products rather than traditional fuels, thereby
increasing economic value and improving resource efficiency (Alhassan et al., 2025). Implementing such
advanced industrial models requires integrated technological systems, highly skilled human resources,
innovation-driven policies, and strategic entrepreneurial capabilities. Therefore, organizations lacking
entrepreneurial and technological adaptability may face serious challenges in maintaining competitiveness
in future energy markets.

Another critical issue affecting petrochemical industries is resource management and
environmental sustainability. Water scarcity, industrial pollution, waste generation, and greenhouse gas
emissions are among the major challenges facing modern petrochemical operations (Feltrin et al., 2022).
Consequently, organizations are increasingly investing in advanced wastewater treatment systems,
recycling technologies, and environmentally sustainable production processes (Abdullayeva & N, 2022;
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Meese et al., 2021). Technological entrepreneurship plays a significant role in facilitating the adoption of
such innovations by encouraging experimentation, supporting organizational learning, and promoting
innovative problem-solving approaches. In addition, biotechnology and advanced bioreactor technologies
are increasingly used to reduce hydrocarbon pollution and improve environmental performance in
petrochemical industries (Kuyukina et al., 2020).

The importance of digital transformation has also significantly increased in petrochemical
industries. The implementation of intelligent monitoring systems, predictive maintenance technologies,
online corrosion management systems, and smart supply chain management has transformed industrial
operations and enhanced organizational efficiency (Du et al., 2023; Kumar, 2023). These technological
developments require organizations to redesign their internal structures, enhance knowledge-sharing
mechanisms, and develop innovation-supportive cultures. Studies have emphasized that organizations
capable of integrating technological innovation into their strategic management systems are more likely
to achieve operational excellence and long-term resilience (Zastupov, 2020).

At the international level, different countries have adopted various strategies to develop their
petrochemical sectors. China, for example, has focused on integrating state-driven industrial development
with large-scale technological investments to strengthen the competitiveness of its petrochemical
companies (Wegner & Fernandes, 2021). Kazakhstan has pursued cluster-based industrial development
strategies to improve collaboration among industries, universities, and research centers (Orazbayeva et al.,
2023). Similar approaches have been observed in other energy-producing countries seeking to diversify
their economies and reduce dependency on crude oil exports (Kapsarc, 2021). These international
experiences demonstrate that innovation ecosystems and entrepreneurial organizational structures are
essential for the sustainable growth of petrochemical industries.

Despite the increasing importance of technological entrepreneurship in petrochemical industries,
existing research has primarily focused on technical, environmental, and economic dimensions of the
industry. Limited attention has been paid to designing integrated models of technological corporate
entrepreneurship specifically tailored to the petrochemical sector. Some studies have investigated
industrial competitiveness and investment strategies (Bondarenko et al., 2020), while others have examined
sustainability transitions and decarbonization pathways (Pagliaro & Meneguzzo, 2020; Yadav et al., 2020).
However, comprehensive models explaining the organizational and technological drivers of corporate
entrepreneurship in petrochemical industries remain insufficiently explored.

Moreover, post-COVID-19 economic disruptions and changes in global energy trade patterns have
further increased the need for organizational adaptability and innovation in the oil and gas sector (Norouzi,
2021). Organizations capable of fostering innovation-oriented cultures, collaborative networks, and
technological learning systems are more likely to survive in highly volatile environments. Therefore,
understanding the factors influencing technological corporate entrepreneurship has become increasingly
important for policymakers, managers, and industry stakeholders.

Accordingly, the present study aimed to design a model of technological corporate
entrepreneurship in the petrochemical industry by identifying the key organizational, technological, and
strategic factors influencing entrepreneurial innovation and validating the proposed model through
structural equation modeling.
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Methods and Materials

The present study was applied in terms of purpose and employed a mixed-methods design
consisting of qualitative and quantitative phases. In the qualitative phase, grounded theory methodology
was used to identify the primary dimensions and concepts associated with technological corporate
entrepreneurship in the petrochemical industry. Semi-structured interviews were conducted with academic
experts, senior managers, innovation specialists, and industry professionals working in petrochemical
organizations. Purposeful and snowball sampling methods were applied until theoretical saturation was
achieved.

The qualitative data were analyzed through open, axial, and selective coding procedures. Initial
concepts extracted from interviews were categorized into subcategories and ultimately organized into core
themes. Based on the qualitative findings, a researcher-made questionnaire was developed for the
quantitative phase of the study.

The statistical population in the quantitative phase consisted of managers, senior experts, and
employees working in various petrochemical industry sectors. Using Cochran’s sampling formula, a
sample size of 291 participants was determined. Data were collected using a five-point Likert-scale
questionnaire ranging from “strongly disagree” to “strongly agree.”

The questionnaire’s content validity was confirmed by academic experts and industry specialists.
Construct validity was evaluated through confirmatory factor analysis (CFA), and reliability was assessed
using Cronbach’s alpha coefficient. Data analysis was conducted using SPSS and SmartPLS software.
Structural equation modeling (SEM) was applied to examine relationships among the variables and
validate the proposed conceptual model.

Findings

The qualitative analysis resulted in the extraction of 35 primary concepts organized into 10 core
categories related to technological corporate entrepreneurship in the petrochemical industry. The most
important categories included innovative leadership, innovation and technology growth, organizational
learning capability, strategic resources, flexible organizational structure, inter-organizational
communication, financial support for innovation, interaction with innovation ecosystems, and
entrepreneurial evaluation systems.

The findings of confirmatory factor analysis demonstrated that all constructs had acceptable factor
loadings above 0.70, indicating satisfactory convergent validity. The average variance extracted (AVE)
values exceeded 0.50 for all dimensions, while composite reliability (CR) values were above 0.80,
confirming the reliability and validity of the measurement model.

The structural model analysis revealed that innovative leadership had a positive and significant
effect on technological corporate entrepreneurship (p = 0.17). Innovation and technology growth also
significantly influenced technological corporate entreprencurship ( = 0.23). Strategic resources showed
a positive effect on entrepreneurial innovation development (B = 0.18), while inter-organizational
communication demonstrated the strongest influence among the independent variables (f = 0.27).

Furthermore, technological corporate entrepreneurship significantly affected organizational
outcomes (B = 0.33) and organizational consequences (f = 0.45). These findings indicated that
organizations with higher levels of entrepreneurial and technological capabilities achieved better
operational performance, stronger innovation outcomes, and greater competitive advantages.
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Model fit indices also confirmed the adequacy of the proposed model. The RMSEA value was
below 0.08, the CFI value exceeded 0.90, and the x?/df ratio was below the acceptable threshold of 3,
indicating satisfactory model fit and structural validity.

Discussion and Conclusion

The findings of the present study demonstrated that technological corporate entrepreneurship plays
a critical role in improving organizational performance and sustainability in the petrochemical industry.
The significant effects of innovative leadership, technological growth, strategic resources, and inter-
organizational communication indicate that entrepreneurial transformation in petrochemical organizations
requires both technological capability development and organizational restructuring.

Innovative leadership emerged as an important driver of entrepreneurial activities because leaders
influence organizational culture, encourage creativity, and support innovation-oriented decision-making.
In highly dynamic and technology-intensive industries, leadership capabilities become essential for
managing uncertainty and fostering organizational adaptability.

The results also highlighted the importance of technological development and innovation growth
in strengthening entrepreneurial capabilities. Organizations that invest in digital transformation, smart
technologies, and innovation infrastructure are more capable of responding to market changes and
achieving sustainable competitiveness. Technological entrepreneurship enables organizations to create
new products, optimize industrial processes, and improve operational efficiency.

Strategic resources, including human capital, technological knowledge, and financial capabilities,
were also identified as essential factors in entrepreneurial development. Without adequate resources,
organizations face substantial barriers to implementing innovation initiatives and sustaining technological
transformation. Similarly, effective communication systems and collaboration networks facilitate
knowledge sharing, organizational learning, and collective innovation processes.

Another important finding of the study was the strong impact of technological corporate
entrepreneurship on organizational outcomes and long-term consequences. Entrepreneurial organizations
demonstrated higher levels of productivity, innovation capability, operational flexibility, and resilience
against environmental uncertainties. Moreover, technological entrepreneurship contributes to
environmental sustainability by supporting cleaner production technologies, efficient resource
management, and environmentally responsible industrial practices.

Overall, the proposed model provides a localized and operational framework for understanding the
drivers of technological corporate entrepreneurship in the petrochemical industry. The findings suggest
that petrochemical organizations seeking sustainable growth and global competitiveness should prioritize
innovation-oriented leadership, technological investment, strategic resource allocation, and collaborative
organizational structures. Such transformations can enhance both economic performance and
environmental sustainability in the rapidly evolving global energy landscape.
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