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Obijective: This study aims to identify and model the causal relationships among factors
influencing the utilization of by-products for achieving competitive advantage in the
sugar industry.

Methodology: The study adopts an applied mixed-methods (qualitative—quantitative)
design. In the qualitative phase, factors were identified through semi-structured
interviews with 20 experts and a systematic literature review, followed by validation
using CVR and fuzzy Delphi techniques. In the quantitative phase, Interpretive Structural
Modeling (ISM) was employed to determine the hierarchical relationships among the
identified factors. Purposive sampling was used until theoretical saturation was reached.
Findings: The results reveal a five-level hierarchical structure comprising governance,
entrepreneurship, networking, organizational resources, competitive intelligence, and
competitive advantage. Governance emerged as the most influential factor, directly
affecting entrepreneurship and networking. These, in turn, enhance organizational
resources, which shape competitive intelligence. Ultimately, competitive intelligence
directly leads to competitive advantage.

Conclusion: Achieving competitive advantage in sugar industry by-products depends
fundamentally on strengthening governance, networking, and entrepreneurship, while
aligning organizational resources and competitive intelligence through supportive
policies and strategic management practices.

Keywords: by-products, competitive advantage, governance, networking, competitive
intelligence, sugar industry
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EXTENDED ABSTRACT
Introduction

In recent years, the rapid expansion of the sugar industry driven by increasing global demand has
led to a significant rise in the generation of industrial by-products such as bagasse, molasses, pulp, and
wastewater residues. While these by-products have traditionally been viewed as waste, contemporary
perspectives increasingly recognize them as valuable resources capable of generating economic,
environmental, and strategic benefits when effectively utilized (Gbadeyan et al., 2024; Saxena et al., 2025).
The transition from a linear production model to a circular economy paradigm has further emphasized the
importance of valorizing such by-products, enabling industries to transform waste into wealth while
reducing environmental degradation (lwuozor et al., 2022; Korasapati et al., 2023). Despite these
opportunities, the practical implementation of by-product utilization strategies remains limited due to
technological, financial, and organizational challenges, including high processing costs, supply chain
inefficiencies, and insufficient infrastructure (Arumuganainar et al., 2025; Taghian Dinani & Van Der Goot,
2023).

From a strategic management perspective, achieving competitive advantage through by-product
utilization requires a comprehensive understanding of both internal capabilities and external
environmental conditions. Competitive advantage is generally conceptualized as a firm's ability to deliver
superior value relative to competitors through cost leadership, differentiation, or innovation (Darmawan &
Grenier, 2021; Gemina et al., 2026). The resource-based view suggests that sustainable advantage emerges
from the effective integration of tangible and intangible resources, including technological capabilities,
knowledge assets, and organizational competencies (Haseeb et al., 2019; Ly, 2021). In this context, the
development of by-products is not merely a technical process but a strategic endeavor that necessitates
coordination among multiple factors such as governance frameworks, entrepreneurial orientation, and
network relationships.

Moreover, competitive intelligence plays a critical role in enabling firms to navigate complex
markets by systematically collecting and analyzing information about customers, competitors, and
industry trends (Emon & Khan, 2024; Gémez-Prado et al., 2022). This capability enhances decision-making
processes and supports the design of effective marketing strategies that can improve firm performance
(Adama & Okeke, 2024). In parallel, entrepreneurship and innovation are widely recognized as key drivers
of value creation, particularly in emerging sectors such as green industries and waste valorization
(Hilmersson et al., 2023; Sharma & Bhatt, 2022). Networking capabilities further amplify these effects by
facilitating knowledge exchange, resource access, and collaborative innovation among stakeholders
(Garousi Mokhtarzadeh et al., 2020; Zacca, 2026).

In addition, governance mechanisms, including regulatory frameworks, financial incentives, and
institutional support, have been identified as fundamental enablers of sustainable industrial
transformation. Effective governance can stimulate green innovation, promote investment in research and
development, and create favorable conditions for entrepreneurial activities (Abdelfattah et al., 2025;
Songling et al., 2018). Empirical evidence also highlights the role of government policies in accelerating
the diffusion of sustainable practices and technologies across industries (Fan et al., 2022; Huang et al., 2021).



However, the interplay among governance, organizational resources, and market-oriented capabilities
remains insufficiently explored, particularly in the context of by-product utilization in the sugar industry.

Although previous studies have examined various aspects of waste management, circular
economy, and competitive strategy, there is a notable gap in integrating these dimensions into a unified
analytical framework. Most existing research focuses either on technical processes of by-product
conversion or on isolated strategic factors, without addressing the complex causal relationships among
them (Putri & Budiningsih, 2021). Furthermore, limited attention has been given to modeling these
relationships using systematic approaches capable of capturing hierarchical interdependencies among
variables. Therefore, this study seeks to bridge this gap by developing an interpretive structural model that
identifies and analyzes the causal relationships among key factors influencing the utilization of by-
products for achieving competitive advantage in the sugar industry.

Methods and Materials

This study employed a mixed-methods research design combining qualitative and quantitative
approaches to achieve a comprehensive understanding of the research problem. In the qualitative phase,
relevant factors were identified through a systematic review of the literature and semi-structured
interviews with industry experts. A purposive sampling strategy was used to select 20 participants with
extensive experience in the sugar industry and related fields. The collected data were analyzed using
content analysis techniques, including open, axial, and selective coding, to extract key themes and
constructs.

To ensure the validity of the identified factors, the Content Validity Ratio (CVR) method was
applied, followed by a fuzzy Delphi technique to refine and confirm the factors through iterative expert
evaluations. In the quantitative phase, Interpretive Structural Modeling (ISM) was utilized to determine
the relationships among the validated factors. Experts assessed the degree of influence among variables
using a predefined scale, and the resulting data were transformed into structural matrices. Through a series
of analytical steps, including the development of reachability matrices and level partitioning, a hierarchical
model illustrating the causal structure of the system was constructed.

Findings

The analysis identified six primary factors influencing the utilization of by-products for
competitive advantage: governance, entrepreneurship, networking, organizational resources, competitive
intelligence, and competitive advantage. A total of 87 validated indicators were grouped under these
factors, reflecting a comprehensive representation of the system.

The ISM results revealed a five-level hierarchical structure. Governance was positioned at the
highest level, indicating its role as the most influential and independent factor. Entrepreneurship and
networking were located at the fourth level, functioning as key drivers influenced by governance and, in
turn, influencing other factors. Organizational resources occupied the third level, serving as an
intermediary variable shaped by entrepreneurship and networking. Competitive intelligence was placed at
the second level, directly influenced by organizational resources. Finally, competitive advantage was
identified as the most dependent variable at the first level, influenced by all preceding factors.

The reachability matrix analysis confirmed the transitive relationships among variables,
demonstrating that governance indirectly affects competitive advantage through multiple pathways. The
driving power and dependence analysis further indicated that governance, entrepreneurship, and
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networking are independent variables with high driving power, whereas organizational resources,
competitive intelligence, and competitive advantage are dependent variables.

Overall, the findings highlight a structured causal chain in which governance influences
entrepreneurship and networking, which subsequently shape organizational resources. These resources
enable the development of competitive intelligence, ultimately leading to competitive advantage in the
utilization of by-products.

Discussion and Conclusion

The results of this study provide a comprehensive understanding of the complex interactions
among factors influencing the utilization of by-products in the sugar industry. The identification of
governance as the most influential factor underscores the critical role of institutional frameworks in
shaping industrial strategies and outcomes. By establishing supportive policies, regulatory mechanisms,
and financial incentives, governments can create an enabling environment that fosters innovation and
sustainable practices.

The positioning of entrepreneurship and networking as key intermediate drivers highlights the
importance of human and relational capital in translating policy support into tangible outcomes.
Entrepreneurial initiatives facilitate the identification and exploitation of opportunities, while networking
enhances access to resources, knowledge, and markets. Together, these factors contribute to the
development of organizational capabilities necessary for effective by-product utilization.

Organizational resources emerge as a pivotal link connecting upstream drivers with downstream
outcomes. The availability and effective management of financial, technological, and human resources
enable firms to develop competitive intelligence capabilities. These capabilities, in turn, enhance the
ability of firms to respond to market dynamics, anticipate competitor actions, and design effective
strategies.

Ultimately, the study demonstrates that competitive advantage in by-product utilization is not the
result of isolated efforts but rather the outcome of a coordinated and hierarchical system of factors. The
integration of governance, entrepreneurship, networking, resources, and intelligence creates a synergistic
effect that enhances firm performance and sustainability. This holistic perspective provides valuable
insights for both researchers and practitioners, emphasizing the need for systemic approaches to
addressing complex industrial challenges.
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