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The value of the innovation process in organizations and societies, as well as
economic growth with minimal environmental disruption, is a critical and
essential policy. Addressing this issue has led various organizations worldwide
to adopt the circular economy approach to utilize natural resources in an
innovative manner within the industry and minimize waste. Therefore, the aim
of this research is to propose a framework for designing the industrial
innovation process with a circular economy approach. This study was
conducted using the meta-synthesis method and the seven-step model of
Sandelowski and Barroso, systematically reviewing 62 relevant articles from a
total of 305 articles published between 2010 and 2023. The articles were
selected based on inclusion criteria, and the validity of the research was
confirmed through meetings held by the research team and an audit of the entire
process to achieve consensus. The reliability was also verified using the
Critical Appraisal Skills Programme (CASP) and Cohen's kappa coefficient,
which yielded a reliability score of 0.781. The main dimensions of the study
were designed and presented in a comprehensive conceptual model based on
five categories and paradigmatic themes aligned with the innovation process
derived from the extracted sources. The results of this study can serve as a basis
for operationalizing the industrial innovation process in alignment with circular
economy strategies and categories related to sustainable development at the
level of industrial organizations.
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Introduction

The industrial innovation process plays a crucial role in achieving economic growth while
minimizing environmental disruptions. Over the past decade, the concept of circular economy has gained
significant attention as an effective approach to sustainable industrial development. The circular economy
focuses on minimizing resource consumption, reducing waste, and promoting the reuse and recycling of
materials throughout the production process (Sajadi Far et al., 2020). Studies have shown that industrial
innovation, when aligned with circular economy strategies, can provide competitive advantages, improve
resource efficiency, and contribute to achieving sustainable development goals (Fonseca et al., 2021).

Several scholars have highlighted the importance of integrating circular economy principles into
industrial innovation processes. For instance, the shift from traditional linear economic models to circular
ones has been emphasized as a necessity for sustainable development (Kautto et al., 2021). This transition
requires a comprehensive understanding of innovation processes that incorporate circular strategies,
enabling organizations to adopt sustainable business models while maintaining profitability and
competitiveness (Rejeb et al., 2022).

Despite the growing body of research on industrial innovation and circular economy, there remains
a lack of a comprehensive framework that systematically integrates these two domains (Dziallas, 2020).
This study aims to fill this gap by analyzing the dimensions and components of the industrial innovation
process based on circular economy strategies, utilizing a meta-synthesis approach to synthesize existing
literature and propose a conceptual model for practical implementation.

Methods and Materials

This study employed a meta-synthesis approach based on the seven-step model of Sandelowski
and Barroso. A systematic review of the literature was conducted, covering 305 articles published between
2010 and 2023. After applying inclusion criteria, 62 articles were selected for further analysis. The quality
and validity of the selected studies were ensured through a series of expert panel meetings and an audit
process.

The reliability of the study was assessed using the Critical Appraisal Skills Programme (CASP)
and Cohen’s kappa coefficient, which yielded a reliability score of 0.781, indicating a high level of
agreement among the researchers. The extracted data were analyzed using qualitative content analysis
techniques, leading to the identification of five key categories and thematic dimensions that shape the
industrial innovation process within a circular economy framework.

Findings and Results

The analysis of the selected studies revealed five major dimensions that constitute the industrial
innovation process based on circular economy strategies:

1. Technological and Digital Transformation: The incorporation of digital technologies such as
the Internet of Things (IoT), artificial intelligence (Al), and automation was found to be crucial in
enabling circular practices within industrial processes. These technologies facilitate efficient
resource utilization, waste reduction, and process optimization.

2. Sustainable Business Models: The findings indicated that circular business models, including
product-as-a-service, extended producer responsibility, and closed-loop supply chains, are
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essential components of the innovation process. These models emphasize value creation through
resource efficiency and waste minimization.

3. Environmental and Regulatory Factors: External factors such as environmental regulations,
market demands, and stakeholder expectations play a critical role in shaping industrial innovation
strategies. Compliance with environmental standards and policies fosters the adoption of circular
practices.

4. Organizational Capabilities: The study found that internal organizational factors, including
leadership commitment, employee engagement, and cross-functional collaboration, are vital for
implementing circular economy strategies within innovation processes.

5. Strategic Outcomes: The adoption of circular economy strategies was found to lead to several
positive outcomes, including cost reduction, enhanced brand reputation, and improved customer
satisfaction. Companies that successfully integrate circular practices into their innovation
processes experience long-term sustainability benefits.

The proposed conceptual model derived from these dimensions provides a structured approach for
industrial organizations to design and implement innovation processes that align with circular economy
strategies.

Conclusion

The findings of this study highlight the growing importance of integrating circular economy
principles into industrial innovation processes. The identified dimensions and components provide a
comprehensive framework that can guide organizations in their transition towards more sustainable and
circular business practices.

One of the key insights from the study is that technological advancements play a significant role
in enabling circular innovation. The adoption of smart technologies can facilitate real-time monitoring of
resource consumption, waste generation, and production efficiency, thereby enabling companies to make
data-driven decisions to enhance sustainability.

Furthermore, the study underscores the importance of adopting sustainable business models that
prioritize value retention and resource efficiency. Organizations must move away from traditional linear
production models and embrace circular strategies such as product life extension, remanufacturing, and
material recovery.

The role of regulatory and environmental factors cannot be overlooked. Governments and
policymakers play a crucial role in driving circular innovation by introducing incentives, regulations, and
support mechanisms that encourage businesses to adopt sustainable practices.

Organizational readiness and capability building are also critical for the successful implementation
of circular innovation. Companies must invest in capacity-building initiatives, foster a culture of
sustainability, and engage stakeholders across the value chain to drive circular innovation.

In conclusion, the proposed conceptual model provides a practical roadmap for integrating circular
economy strategies into industrial innovation processes. By adopting a holistic approach that considers
technological, business, regulatory, and organizational factors, companies can achieve sustainable growth
while minimizing their environmental footprint. Future research could further explore the practical
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implementation of this framework across different industrial sectors to assess its effectiveness and identify
potential challenges and opportunities.
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