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Circular Economy related Innovations in Organizations and the Increasing Role of Digital Technologies: A Systematic Literature Review and Future Research Prospects

Abstract:

Over the last decade, governments, practitioners, and researchers worldwide have increasingly focused on the new concept of Circular Economy (CE), aiming to offer a better alternative to the existing dominant linear economic model. The Circular Economy (CE) is a regenerative system aimed at eliminating waste by transforming end-of-life products into resources for new production cycles. Literature has appreciated the role of innovation in enabling CE in organizations. However, a significant portion of CE innovation literature focuses on Circular Business Model Innovation, Circular Economy through Eco-Innovation (EI), and CE-based supply chains. Studies focused on CE-product innovation and CE-process innovation are relatively few. The CE- innovation literature remains fragmented and disjointed, with diverse dimensions investigated in isolation. There is a gap when it comes to the overall coverage of the types of circular innovation that organizations can undertake. Considering the fragmented nature of research streams and the absence of a comprehensive perspective on the type of circular economy innovations, this paper does an over-encompassing systematic review of the types of circular economy innovation that has tremendous theoretical and managerial implications. The review shows that apart from Business model innovation, Eco-innovation is one of the major themes in CE innovation Literature..  an interesting takeaway from the analysis is that Innovation with the aid of Digital or I4.0 technologies is becoming the dominant trend under each category of circular innovation. It signals the huge potential of technological innovation for sustainability, specifically circular-driven organizations.
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1. Introduction 
Environmental problems like biodiversity loss, pollution, resource depletion, and land use threaten the earth's life-support systems (WF, 2014). Scholars around the world indicate the urgency of transitioning to sustainable sociotechnical systems (Markard et al., 2012). One approach to ensure a sustainable way of production and consumption of resources is the Circular Economy (CE). CE has gained prominence in academic research and policymaking, evidenced by initiatives like the ECEP (European Commission, 2015) and China's Circular Economy Promotion Law. Rising GHG emissions and global warming have made environmental stewardship a critical role for businesses (Triguero et al., 2022). Business strategies promoting CE are increasingly relevant in policy and research, particularly regarding climate change (Antonioli et al., 2022; Kennedy & Linnenluecke, 2022). CE is crucial for addressing global issues like resource depletion, environmental degradation, and climate change. It enhances economic resilience by creating business opportunities, jobs, and sustainable growth pathways. The Ellen MacArthur Foundation (2021) notes that CE can significantly contribute to achieving net-zero emission targets through efficient resource use and waste reduction. 
CE is a transformative approach addressing economic and environmental challenges.The Circular Economy (CE) contrasts with the conventional linear model of 'take-make-dispose' by prioritizing waste elimination through prolonged product use, sustainable design, and the regeneration of natural systems (Blomsma et al., 2023).Its goal is to separate economic growth from the consumption of finite resources, promoting sustainable production and consumption patterns, thus reducing reliance on virgin materials and minimizing waste (Cainelli et al., 2020). CE aims to minimize non-renewable material extraction, reduce consumption and waste, extend product lifetimes, facilitate reuse and recycling, and utilize renewable resources (Cordella et al., 2020). Circular economy strategies induce transformations in corporate operations, products, services, and supply chains, all contributing to reduced waste and pollution (Ness and Xing, 2017). Shifting to a CE significantly reduces greenhouse gases and eases pressure on new resources (Circularity Gap Report, 2021). CE aims to maximize the value of resources by using waste as a resource and minimizing waste generation (Moktadir et al., 2020; Urbinati et al., 2017). This approach offers substantial economic benefits and reduces greenhouse gas emissions through improved material flow efficiency and extended product life (Munaro et al., 2020).
Organizations worldwide are increasingly embracing Circular Economy (CE) practices to address the mounting issues of resource scarcity, environmental degradation, and changing regulatory demands. This shift is motivated not only by the need to comply with regulations but also by the understanding that circular practices can result in sustainable economic advantages (Paula Pinheiro et al., 2021), improved operational efficiency (Rodríguez-Espíndola et al., 2022), and enhanced environmental performance (Marrucci et al., 2022). In 2020, the predominant global business risks were environmental, encompassing failures in climate action, biodiversity loss, and human-induced environmental disasters (WEF, 2020). To address these risks, many large corporations have set goals to transition toward a circular economy (Jabbour et al., 2019; Frishammar and Parida, 2019). By embracing CE principles, organizations can enhance their reputation and achieve substantial cost savings. This is accomplished by promoting social inclusion (Padilla-Rivera et al., 2020), extracting value from waste (Bocken et al., 2014), building supply chain resilience (Kennedy & Linnenluecke, 2022), and improving resource utilization efficiency (Stankevičienė et al., 2020). Organizations adopting CE practices can reduce risks linked to resource dependency and price volatility while exploring new market opportunities through sustainable products and services (Castro-Lopez et al., 2023). The increasing consumer demand for environmentally responsible products pressures companies to align with these values to maintain customer loyalty and meet market expectations. This alignment is crucial in an increasingly VUCA world (Schoemaker et al., 2018). Moreover, companies that prioritize sustainability and environmental conservation tend to be more highly valued by the capital market (Palea et al., 2023). However, adopting CE in organizations involves overcoming a number of challenges, such as Lack of Legislation (Kazancoglu et al., 2021), Lack of Knowledge (Cantu et. al, 2021), High Financial Investment (Kirchherr et al., 2018), Lack of Infrastructure (Adams et al., 2017) and Market Complexity (Nubholz, 2017) among others. Internally organizations require significant innovation throughout the value chain in order to adopt CE practices (Eisenreich et al., 2022).
Research on circular economy and innovation has gained significant attention in academic literature over the past decade. Innovation is defined as the incorporation, integration, and utilization of value-enhancing novelty that leads to the rejuvenation and ongoing enhancement of products, processes, and markets (Christensen et al., 2013). Literature has acknowledged the importance of innovation for implementing circularity in organizations (Suchek et al., 2021; Prieto et al., 2018). Studies acknowledge that transforming to Circular economy necessitates a fundamental change in organizations' mindset, values, practices, and related ecosystems (Kuhlmann et al., 2023). Altering the approach to economic activities necessitates shifts in mindset and methodologies, these modifications may range from gradual enhancements to transformative shifts, all underpinned by innovation (Sehnem et al., 2022). Extant studies show that organizations can engage in complete or partial implementation of circular economy in their businesses primarily through innovation in Business Model (Maher et al., 2022) or Product (Diaz et al., 2022) and (or) process innovation (Momeni et al., 2022), respectively. These transformations necessitate adopting new methods for configuring and executing the firm's operations (Heredia et al., 2022; Gusmerotti et al., 2019). Achieving circularity demands significant alterations along the entire value chain and can result in the development of distinct products, services, and revenue models (Geissdoerfer et al., 2018; Stahel, 2019). 
While researchers have acknowledged the importance of innovation for transforming overall business logic, products, and processes in organizations to achieve circularity, relevant studies have predominantly focused on innovating business models to facilitate the transition to this emerging economic paradigm (Julkovski et al., 2023). Studies in this domain have shed light on the success factors, drivers, and barriers of circular BMI (Geissdoerfer et al., 2023; Rocca et al., 2023), digital-enabled circular BMI (Sjödin et al., 2023; Khan et al., 2023); exploration of circular BMI in various contexts and industries (Abbate et al., 2023; Costanza, 2023) among others. The second most studied area in the context of Circular Economy-Innovation is Eco-innovation (López Pérez et al., 2023; Liu et al., 2023). Prieto-Sandoval et al. (2018) suggested eight types of EIs to facilitate the development of the Circular Economy. Eventually, some studies have also focussed on how product (Castro-Lopez et al., 2023) and process innovation (Meili and Stucki, 2023) in organizations help in achieving circularity, but the volume of such studies is still a handful. While all these studies broadly acknowledge the crucial role of innovation in CE, the studies remain somewhat generalized and disjointed, with diverse and different dimensions investigated in isolation (Ahmad et al., 2023; Evertsen et al., 2022). Previous systematic reviews on CE and innovation (Suchek et al., 2021; Sehnem et al., 2022) have focused on the research trends at the intersection of overall CE and innovation and from the capabilities perspective respectively; however, there is a gap when it comes to the overall coverage of the types of circular innovation that organizations can undertake; the presence of which can have tremendous managerial implications. No study has been done to systematically investigate the types of innovations undertaken by organizations to achieve circularity. Previous literature has broadly identified the various types of circular innovation taking cue from the literature on innovation (Ranta et al., 2020; Arranz et al., 2023) which are predominantly Business Model Innovation, Product Innovation, Process Innovation, and service innovation; but there are no studies that analyze each circular innovation type systematically and uncover the components of each circular innovation. 

The recent advancement in technology also known as Industry 4.0 has been found to enable CE. There are a growing number of articles exploring and explaining the role of I4.0 in facilitating CE (Lu et al., 2024; Maria et al., 2022). Industry 4.0 (I4.0) technologies encompass advanced digital tools and innovations such as the IoT, AI, big data analytics, blockchain, and robotics. These technologies support the Circular Economy by improving resource utilization, increasing efficiency, and enabling real-time monitoring and decision-making (Nascimento et al., 2024). IoT sensors can track the lifecycle of products, ensuring materials are reused or recycled effectively. AI and big data analytics help predict maintenance needs and optimize production processes, reducing waste. Blockchain technology enhances supply chain transparency and traceability, promoting trust and adherence to sustainability standards.

Considering the fragmented nature of research streams and the absence of a comprehensive perspective on the type of circular economy innovations, there is a need for an over-encompassing systematic review of the types of circular economy innovation that will help in strengthening the managerial and practical perspective on the topic. Considering the following gap in view, this paper attempts to answer the following research questions in this study:

RQ1: What is the present status of the research on CE- Innovation in the management domain?
RQ2: What are the different types of CE-Innovations that organizations can undertake?
RQ3. What research themes, under each type of CE-Innovation, have been explored in the existing literature?
RQ4. What are the avenues for future research?

This study is organized as follows: Section 2 outlines the methodology used in the review. Section 3 presents the results of the descriptive and bibliographic analysis of the articles, including a detailed examination of the themes that emerged from this analysis. Section 4 introduces the framework developed from these findings. Finally, Section 5 discusses prospects for future research.
2. [bookmark: _5w64d9365wne]METHODOLOGY
The methodology for the research article, as depicted in the flowchart, consists of several systematic steps aimed at identifying, screening, and selecting relevant articles for review. These steps ensure a comprehensive and rigorous selection process, enhancing the reliability and validity of the study. Below is an elaboration of each step:
[bookmark: _r1rewxd5u3bq]Identification
The initial step in the methodology involves the identification of potentially relevant articles from two prominent academic databases: Scopus and Web of Science (WoS). The search strategy was formulated using specific keywords associated with the CE and innovation. The keywords used in the search query included combinations such as "Circular economy," "reverse logistics," "close loop," and "innovation." The focus was restricted to articles written in English and falling within the discipline of Business, Management, and Accounting. The search, conducted on March 31, 2024, yielded 283 eligible articles from WoS and 394 from Scopus.
[bookmark: _womyoprozwmp]Screening
Following the identification phase, a screening process was undertaken to refine the list of eligible articles. Initially, duplicates across the two databases were identified and removed, resulting in a consolidated list of 377 articles. This step is crucial to ensure that each article is unique and to avoid redundancy in the review process.
[bookmark: _bn5bnjs4v7j1]Eligibility
The next phase involved assessing the eligibility of the remaining articles based on predefined criteria. Articles that did not belong to the ABDC A/A* or ABS 3/4 categories were excluded from further consideration. This criterion ensured that only high-quality articles were included in the review. Consequently, 208 articles were removed at this stage.
[bookmark: _rk32fzkou78a]Inclusion
The final step involved a detailed examination of the abstracts of the remaining 169 articles to determine their relevance to the study's objectives. Articles that were not directly relevant to the study's focus on CE and innovation were excluded. After this thorough screening process, 57 articles were found to be irrelevant and were removed. Ultimately, 112 articles were selected for in-depth review and analysis.
[image: ]
Fig 1: Research Methodology
3. [bookmark: _crnmwa8b8i4i]RESULTS
All studies underwent evaluation based on criteria including research quality and study characteristics, as outlined by Dybå and Dingsøyr (2008).
[bookmark: _n39ti8xrug7q]3.1 Descriptive analysis
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Fig 2: No. of Documents per year
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Fig 3: Documents per year by source
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Fig 4: Number of articles per type of CE-Innovation
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Fig 5: Percentage of articles on I4.0 and Non I4.0-CE Innovation 
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Fig 6: Percentage of Review Articles Vs No. of Research Articles
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Fig 7: Percentage of papers based on methodology used
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Fig 8: Percentage of papers based on theory used


[bookmark: _sdv3a8it10k5]3.2 Analysis of Bibliographic Coupling
Table 1: Bibliographic coupling of contributing authors and countries (Using VOS Viewer)
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Fig 9: Bibliometric analysis: Co-Citation_Cited Authors
(Using VOS Viewer)
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Fig 10: Co-occurrence analysis (All keywords)
(Using VOS Viewer)













Table 2: Clusters obtained from the Co-occurrence analysis of keywords using VOSviewer
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[bookmark: _3ao3ljmj1pt4]3.2.1 Theme 1: Attaining Circular Economy through Business Model Innovation
The shift to a Circular Economy (CE) requires a significant overhaul of business operations, primarily through the adoption of innovative business models (BMI). BMI is essential in this transition, as it involves reshaping value propositions, customer relationships, and revenue models to adhere to circular principles (Spieth et al., 2014). This theme investigates the various ways businesses can achieve CE through BMI, highlighting specific strategies, challenges, and technological enablers.
Heyes et al. (2018) explore how service-oriented ICT companies can develop and implement circular economy business models, emphasizing the move from product-oriented to user-centered eco-design. Their research indicates that ICT firms can support the circular economy by identifying and prioritizing sustainable business model innovations in the technology sector.
Pieroni et al. (2019) analyze 92 approaches to business model innovation for the CE and sustainability, categorizing and comparing them. A significant finding is that most approaches focus on individual stages of innovation without addressing the continuous activities needed to adapt companies' capabilities to the dynamic internal and external changes required by CE and sustainability thinking.
Chabowski et al. (2023) emphasize the need for a globalized circular economy and propose sustainable international business model innovations. They propose ideas such as circular inputs, sharing platforms, product-as-a-service, product lifespan extension, and resource recovery as potential business models to address significant challenges. These innovations, rooted in CE principles, are compared with the traditional linear economic model and presented as actionable options for companies to standardize or adapt in response to diverse international institutions.
[bookmark: _h87xl3ylqvg4]3.2.1.1 Barriers and Enablers to CBM
The shift to Circular Business Models (CBMs) involves various barriers and enablers. Challenges include regulatory obstacles, high initial costs, and low consumer awareness or acceptance, as well as internal resistance to change due to entrenched practices (﻿Guldmann et al., 2020). However, enablers such as supportive policies, technological advancements, and increasing consumer demand for sustainable products can significantly aid this transition (Hina et al., 2022). Strategic partnerships and collaborations are vital for overcoming these barriers by pooling resources and sharing risks
Linder et al. (2017) investigate the reluctance to adopt CBMs, noting that these models present substantial challenges for entrepreneurs trying to reduce uncertainty. They also emphasize that product-service system variations, which facilitate control over return flows in CBMs, can exacerbate the negative consequences of unsuccessful uncertainty reduction due to higher capital investments.
Nußholz (2018) introduces a visualization tool for mapping CBMs, standardizing the representation of model elements and cycles to extend product lifespans and close material loops.
Geissdoerfer et al. (2018) assess the sustainability performance of CBMs and circular supply chains, proposing a framework for integrating them toward sustainable development. This framework, based on literature and case studies, illustrates how different CBMs drive circular supply chains by closing, slowing, intensifying, narrowing, and dematerializing loops, with varying supply chain complexities and value propositions.
Rossi et al. (2020) develop indicators linking Circular Economy principles, CBMs, and sustainability pillars, focusing on environmental, economic, and social dimensions. They highlight the lack of accessible data in the economic and social dimensions, which poses a barrier as many positive impacts of the Circular Economy, such as job creation and mindset change, occur in the social dimension.
Guldmann et al. (2020) identify barriers to adopting CBMs, showing that these hurdles primarily manifest at the organizational level, followed by challenges in the value chain, among employees, in the market, and at institutional levels. Their cross-case analysis demonstrates that these barriers are influenced by factors beyond company size, industry, and customer segment.
Geissdoerfer et al. (2023) investigate the factors influencing four types of circular business model innovations: start-ups, diversification, transformation, and acquisition. They identify 25 barriers and 10 drivers categorized into seven groups, highlighting their distinct impacts. Start-ups and diversifications are primarily motivated by market and financial factors, while transformations are influenced by both market conditions and organizational factors. Legal and financial challenges affect all types, with start-ups facing particular issues in integrating into value chains, and established companies encountering market and organizational hurdles.
3.2.1.2 CBM in Startups:
Circular business model innovation (CBMI) in start-ups focuses on integrating disruptive innovation and resource circularity into their business practices. This approach involves designing business models that emphasize sustainable resource use, minimizing waste, and creating value through circular strategies (Henry et al., 2020). Start-ups often lead the way in adopting CBMI by leveraging new technologies and innovative practices to enhance resource efficiency, close material loops, and create sustainable products and services (Rizos et al., 2016). 
Sehnem et al. (2022) investigated how start-ups are incorporating these elements into their models. Their findings indicate that start-ups are advancing resource circularity through partially implemented initiatives that facilitate data management, artifact integration, connectivity, digitization, supply chain partnerships, new market opportunities, and efficient transition systems for resource circularity.
Geissdoerfer et al. (2020) enhance the conceptual clarity of CBMI through systematic database searches and cross-reference snowballing. Their work provides a historical overview of circular business models and CBMI, a synthesis of their definitions, and a synthesis of their conceptual frameworks. This comprehensive approach helps in understanding the evolution and application of CBMI in start-ups.
[bookmark: _ev3punk6z9x4]3.2.1.2 Incumbents Transition to CBM
Incumbent firms transitioning to Circular Business Models (CBMs) face significant challenges in reengineering their established operations to align with circular principles. This shift involves moving away from the traditional linear 'take-make-dispose' approach toward a model that emphasizes resource efficiency, waste minimization, and product lifecycle extension, requiring substantial organizational change and strategic realignment.
Hofmann et al. (2020) developed a conceptual model to explain why firms persist with linear business models and how incumbents maintain a linear value creation system. The model identifies organizational conditions and management strategies that hinder the adoption of linear models and facilitate the initial shift towards CBM innovation. The article also proposes strategies for configuring organizational transition management to navigate CBM innovation successfully.
Salvador et al. (2020) identified key aspects for implementing and managing business models using the Business Model Canvas framework. These aspects include fostering innovation, entering new markets, creating customer-centric value, managing logistics and feedstock effectively, understanding biomass valuation methods, developing technology, building resilient value chains, and ensuring value creation covers costs.
Pollard et al. (2021) developed a Circular Economy Business Model Innovation Process Framework through seven iterative workshops with stakeholders in the electrical and electronic equipment sector. The resulting five-layer framework provides manufacturers with a comprehensive process for developing and implementing circular economy business models tailored to their offerings.
Pieroni et al. (2021) identified sector-specific business model patterns to help manufacturing companies reduce complexity and uncertainty in CBM innovation. Through multidimensional scaling analysis of over 180 companies, sectoral patterns were identified for six selected sectors.
DiVito et al. (2022) examined how actors navigate multiple field logics and maintain legitimacy through business model innovation in the fashion industry. The study highlights a shift from materials innovation (e.g., recycling) to business model innovation (e.g., circular models), identifying four strategic responses—preserve, detach, integrate, and extend—that firms use to innovate business models and maintain legitimacy under external pressure.
Incumbent firms face a dilemma: circular innovations can disrupt profitable linear models, yet inaction risks obsolescence. Kuhlmann et al. (2023) analyzed challenges and solutions for circular innovation using disruptive innovation theory. Two case studies revealed that a separate organizational structure aids implementation but presents challenges, requiring alignment with a clear innovation strategy and consideration of necessary partnerships, culture, and competencies.
Julkovski et al. (2023) assessed the maturity of the circular economy using the ReSOLVE framework, evaluating technical and biological cycles and levels of sustaining and disruptive innovation in 11 Brazilian and 11 Portuguese companies. The study found that Portuguese companies are at an optimized level of disruptive innovation maturity, while Brazilian companies are progressing toward optimization. Sustaining innovation is fully incorporated and optimized in all 22 companies.
Rocca et al. (2023) explored the empirical spread and evolution of the circular economy (CE) and its associated opportunities. Using diffusion theory, the study analyzed how CE is proliferating in Italy, examining 62 instances of CE best practices.
Blomsma et al. (2023) introduced the concept of 'circular disruption' to address the incomplete understanding of accelerating the transition from a linear to a circular economy. The research outlines three crucial phases in this disruptive process, drawing on S-curve thinking and panarchy, and discusses strategies to expedite each phase, aiming to facilitate the swift adoption of the circular paradigm.
[bookmark: _kidt1z49cn9w]3.2.1.3 Adoption of CBMs by SMEs 
Small and Medium-sized Enterprises (SMEs) are essential for adopting Circular Business Models (CBMs) due to their flexibility and ability to quickly innovate and implement circular practices. However, SMEs face distinct challenges such as limited financial resources and reduced bargaining power with suppliers (Prasanna et al., 2019). To overcome these obstacles, SMEs can leverage local networks and collaborative platforms to access shared resources, knowledge, and funding opportunities. 
Maher et al. (2023) emphasize the crucial role of SMEs in driving niche innovations that support the transition to a circular economy. They provide insights into how SMEs can be empowered through government programs and policies. Using the multi-level perspective from sustainable socio-technical transitions theory, the study examines the interactions between cultural, market, and policy factors. It suggests that governments can create favorable conditions to foster and scale niche innovations, challenging and replacing traditional linear economic practices.
Ren and Albrecht (2023) explore how demand-pull and technology-push policies influence circular economy innovation in Europe. Their findings indicate that both command-and-control regulations and technology-push measures significantly encourage SMEs to adopt Circular Economy Innovations (CEI). Technology-push policies motivate SMEs to invest in redesigning activities for improved water, energy, and material efficiency, while environmental taxes drive the adoption of CEI focused on energy efficiency. Command-and-control regulations prompt SMEs to innovate in waste minimization through recycling and reuse.
[bookmark: _z5j11wxozkpv]3.2.1.4 Product-Service System (PSS)
The Product-Service System (PSS) is essential within Circular Business Models (CBMs), combining products and services to deliver value to customers. PSS models shift the focus from selling products to offering a mix of products and services that meet customer needs (Annarelli et al., 2016). This approach supports longer product lifecycles, higher product utilization, and reduced material consumption.
Yang et al. (2018) discuss how PSS can enhance circularity in supply chains by creating value within inner loops, extending use cycles, and cascading materials. Their findings indicate that result-oriented PSS models enable more efficient and faster operations, increasing rates of repair, reuse, and remanufacturing.
Ghafoor et al. (2023) use an integrative review to explore the relationship between PSS and the Circular Economy (CE) in the housing sector. They propose a conceptual framework positioning PSS as a viable life cycle approach to enhance efficiency, longevity, and sufficiency in housing, focusing on energy, material, and space use. The study also examines the economic and social value propositions of PSS and discusses how PSS practices could transform organizational structures in the housing industry.
Shao et al. (2023) investigate the factors that enhance or hinder innovation capabilities in producer-service enterprises implementing circular business models. Using the fuzzy Delphi method, they identify ten primary drivers and barriers.
[bookmark: _vzo3hkuqllyg]3.2.1.5 Digitally Enabled CBMs
Digital technologies are vital for enabling Circular Business Models (CBMs) by providing tools to track, manage, and optimize resource flows throughout product lifecycles (). Technologies like IoT, big data analytics, and blockchain improve transparency, traceability, and efficiency. Moreover, digital platforms support CBMs that prioritize access over ownership by facilitating the sharing and leasing of products (Findik et al., 2023).
Chauhan et al. (2022) examined the intersection of digital technologies and the circular economy (CE), highlighting the roles of IoT and AI in advancing CE. They identified Product-Service Systems (PSS) as a significant business model innovation for achieving a digitized CE.
Neligan et al. (2023) analyzed how digitalization supports CBMs in German manufacturing firms. They found that digitally focused companies have a higher rate of adopting resource-efficient business models, despite the overall low adoption rate.
Toth et al. (2023) provided a systematic overview of the transition to CBMs, emphasizing the interconnected factors and advocating for a holistic approach. Their findings suggest that these changes impact value chains, operational models, and collaborations throughout the product lifecycle.
Industry 4.0 technologies like AI, 3D printing, and IoT are transforming CBMs. AI enhances supply chain management, demand forecasting, and decision-making, improving operational efficiency and sustainability. 3D printing enables on-demand production of customized parts, reducing waste and inventory costs (Gebhardt et al., 2022). IoT facilitates real-time monitoring and management of products throughout their lifecycle, enabling proactive maintenance and resource optimization. These technologies not only support CBMs but also create new opportunities for innovation and value creation in a circular economy.
Sjödin et al. (2023) explored AI's role in CBM innovation for industrial manufacturers. They identified AI's capacities for perception, prediction, and prescription, which improve resource efficiency through automated data analysis and decision-making. The study highlighted two types of AI-enabled CBMs: augmentation (e.g., optimization solutions) and automation (e.g., autonomous solutions), along with the dynamic capabilities needed for AI-driven business model innovation.
[bookmark: _my83ft1wqn86]3.2.1.6 Role of Dynamic Capabilities in Facilitating CBM
Dynamic capabilities, which encompass integrating, building, and reconfiguring internal and external competencies, are vital for advancing CBMs. These capabilities enable firms to identify opportunities and threats, capitalize on opportunities, and adjust resources to maintain a competitive edge in a circular economy (). Firms with robust dynamic capabilities can more effectively innovate their business models, adapt to regulatory changes, and meet evolving consumer demands, which is crucial in the ever-changing CE environment..
Santa et al. (2022) highlighted 26 practices for CBMI, organized into 12 micro-foundations of sensing, seizing, and reconfiguring. Essential practices include adopting a lifecycle perspective, using sustainability-oriented tools, developing sustainable value propositions, creating a sustainability strategy and culture, and engaging stakeholders.
Chaudhuri et al. (2022) discovered that SMEs in the circular economy show exploitation and adaptive capabilities with CE resources and exploration and adaptive capabilities with digital technologies. Wade et al. (2022) examined Rock Trade Industries, emphasizing the importance of innovation, R&D, and stakeholder connections in redefining waste as a resource, showcasing the firm's adherence to circular economy principles.
Castro et al. (2023) studied how institutional pressures and organizational agility influence the adoption of CBMs and specific circular practices in manufacturing firms. They found that organizational capabilities greatly impact circular product innovation and production, while external pressures more significantly affect recycling processes.
In digital CBMI, dynamic capabilities are equally crucial. Organizations need these capabilities to effectively integrate digital technologies into their CBMs. This involves identifying technological trends, capitalizing on digital innovation opportunities, and reconfiguring resources and processes for digital transformation. Firms that excel in these areas can better harness the benefits of digitalization, drive sustainable innovation, and maintain a competitive edge in the CE landscape.
Van Eechoud et al. (2023) presented a framework based on empirical evidence, emphasizing the importance of dynamic capabilities in innovating digital CBMs, particularly in supply chain collaboration, lean methodologies, and project management.
Madanaguli et al. (2024) explored the link between AI capabilities and CBMs. Their review identified four key capabilities, integrated intelligence capability, process automation and augmentation capability, AI infrastructure and platform capability, and ecosystem orchestration capability, as drivers of AI-enabled CBMs. They noted that while AI can boost efficiency and facilitate CBM adoption, firms often lack the sophisticated processes needed to fully leverage AI.
[bookmark: _iw71ep3wzgj4]3.2.2 Theme 2: Attaining Circular Economy through Eco-Innovations (EI) 
The transition towards a Circular Economy (CE) increasingly relies on Eco-Innovations (EI), which involve developing and implementing new products, processes, and practices to reduce environmental impacts and promote sustainability. EI plays a pivotal role in enabling CE by fostering resource efficiency, minimizing waste, and establishing sustainable value chains. This exploration delves into various aspects of how EI contributes to CE, emphasizing drivers, barriers, adoption by SMEs, and the influence of digitalization and Industry 4.0 technologies ()
3.2.2.1 EI as an enabler of CE
Jesus et al. (2018) aimed to define Circular Economy (CE) and Environmental Innovation (EI) through a review of existing literature and explored EI's roles at macro, meso, and micro levels within the CE framework. Their study characterized CE-promoting EI by examining objectives, mechanisms, and impacts, highlighting the need for tailored strategies across operational levels for transitioning towards a CE.
Jesus et al. (2019) focused on identifying transformative eco-innovation pathways towards a CE using a neo-Schumpeterian perspective on sustainability transition and a bottom-up foresight methodology. Comparing participatory evidence with systematic literature reviews, the study emphasized CE as both a holistic concept and operational tool, advocating for systemic eco-innovation strategies supported by comprehensive policies to achieve a profound transition.
Demirel et al. (2019) investigated the impact of circular eco-innovations and external funding on SME growth across 28 European countries in 2016. Their findings indicated that SMEs investing more than 10% of revenues in circular eco-innovations, particularly eco-design innovations, were more likely to experience growth. They noted that while traditional debt and grants did not significantly boost growth in CE activities, equity finance like angel and venture capital investments had a positive effect.
Scarpellini et al. (2020) assessed formal and informal environmental management systems within the context of dynamic capabilities, linking firms' circular eco-innovation capabilities to their environmental management practices. Their study found that informal environmental management tools, unlike formal EMSs, not only enhanced circular eco-innovation but also indirectly improved CE performance by promoting more efficient use of circular materials.
Cainelli et al. (2020) examined the role of policies/regulations and market demand in driving the adoption of clean technologies within the CE framework, using a comprehensive dataset of EU firms. Their research highlighted the critical influence of environmental policies and demand-side factors in promoting innovations that enhance recycling, reduce waste, and improve material efficiency.
Durán et al. (2020) explored how eco-innovations within the CE contribute to climate change mitigation goals, focusing on actors within the Quintuple Helix Model (QHM). Their study proposed an analytical framework and identified technological innovations across various sectors, including energy, waste management, transportation, construction, and manufacturing, to support eco-innovation-driven initiatives.
Kiefer et al. (2021) analyzed the causal relationship between environmental innovation (EI) features and the CE using data from small- and medium-sized firms in Spain. Their findings underscored the critical role of systemic EIs in advancing the global CE agenda, noting that while incremental changes to existing processes were common, they did not significantly contribute to achieving high levels of circularity.
Amoozad et al. (2022) addressed challenges in Supply Chain Management (SCM) focused on CE and EI within Iran's pharmaceutical industry. Their case study recommended coordination mechanisms such as cost-tariff, profit-sharing, cost-sharing, and revenue-sharing-commission mechanisms to enhance SCM efficiency and sustainability.
Durar et al. (2023) investigated the relationship between knowledge dynamics and firm orientations in the circular economy through eco-innovation (EIN). Their framework integrated organizational learning and orientation dynamics, emphasizing the importance of leveraging knowledge resources and adopting orientation strategies like stakeholder, sustainability, organizational learning, and entrepreneurial orientation for successful CE transitions.
Green innovation and eco-design are critical for advancing product and process innovation within Environmental Innovation (EI). Eco-design involves integrating environmental considerations into product development to minimize negative impacts throughout the product lifecycle (). This includes using sustainable materials, energy-efficient manufacturing processes, and designing for disassembly and recyclability. 
Wang et al. (2022) indicate that adopting circular economy (CE) systems and technologies, such as product take-back and recycling, enhances firms' EI performance. Prior commitments to these systems, rather than direct managerial initiatives, drive higher EI performance by enabling continuous improvements and building capabilities for future environmental innovations. Effective implementation requires collaboration with external partners, emphasizing the role of environmental supply chain policies, while environmental management systems and data protection policies do not mediate this relationship.
[bookmark: _nht8ccwvbwxx]3.2.2.2 Drivers and Barriers to EI-Enabled CE
The adoption of Environmental Innovation (EI) to achieve a Circular Economy (CE) is driven by regulatory pressures, market demand for sustainable products, and corporate social responsibility initiatives. Market demand for eco-friendly products incentivizes companies to innovate and differentiate themselves. However, high implementation costs, technological challenges, and lack of consumer awareness can hinder EI adoption. Overcoming these barriers requires concerted efforts from policymakers, industry leaders, and consumers to create an ecosystem conducive to sustainable innovation.
Jesus and Mendonça (2018) examine the factors facilitating and hindering CE development, focusing on the eco-innovation pathway. They synthesize fragmented evidence on transformative innovation driving CE transition while addressing sustainability challenges. The study introduces a framework to analyze obstacles to a greener economy, arguing that integrating the innovation systems perspective with recent trends in innovation studies offers a suitable approach to understanding the CE transition. It emphasizes the importance of technological innovation alongside institutional changes in markets, public policies, and social practices.
Triguero et al. (2022) investigate factors influencing EU firms' adoption of environmental innovations for CE, highlighting the role of technological capabilities and external support. They identify financial and technological capabilities as key drivers for all CE actions. Public funding supports recycling and redesigning efforts, while private sector knowledge enhances reduce and recycle strategies. An inverted U-shaped relationship is found between collaboration diversity and product redesign in CE contexts.
Liu et al. (2023) explore the mixed effects of internal and external drivers on manufacturing firms' circular eco-innovation developments using the awareness-motivation-capability (AMC) framework. They find that CSR social engagement and technological innovation efficiency enhance circular EIs through market awareness and innovation capability. Environmental regulations and industrial competition externally moderate the impact of these internal drivers on circular EIs. Firms achieve greater circular EI outputs by aligning with stakeholder and public expectations through CSR and excelling in technological innovation.

[bookmark: _cc5gfplp4ged]3.2.2.3 Adoption of EI and Green Practices by SMEs
Small and Medium-sized Enterprises (SMEs) are pivotal in advancing eco-innovation (EI) and green practices due to their agility and innovation potential. Despite facing challenges like limited resources and sustainability expertise, SMEs can leverage government grants, industry partnerships, and collaborative platforms to overcome barriers.
Prieto et al. (2018) conducted a systematic literature review to unify understanding of the circular economy and its relationship with eco-innovation amid varied scholarly interpretations. Their study yielded four key insights: a comprehensive knowledge map of the circular economy, an analysis of its fundamental concepts, principles, and drivers. This research enhances comprehension of the circular economy's fundamentals and suggests a definition encompassing four primary elements: recycling of resources and energy, waste reduction, and value extraction from waste, a multi-level perspective, its contribution to sustainable development, and its integration with innovation
Bag et al. (2022) explore how institutional pressures and eco-innovation drive SMEs' contributions to the Circular Economy (CE). Their study highlights the positive impact of coercive, normative, and mimetic pressures on eco-innovation, which in turn enhances green supply chain management (GSCM) practices and CE capability. GSCM plays a crucial role in fostering sustainable practices within SMEs and improving supply chain performance.
Darmandieu et al. (2022) investigate the cost-effectiveness of circular production processes for European SMEs. They find that higher process circularity correlates with reduced production costs, particularly when coupled with eco-innovativeness. The presence of green jobs in the workforce further moderates these cost savings, emphasizing the role of human resources in driving sustainable business practices.
[bookmark: _hvgsvom4mybj]3.2.2.4 I4.0 and EI
Industry 4.0 (I4.0) technologies like AI, 3D printing, and advanced robotics are revolutionizing eco-innovation (EI) and the Circular Economy (CE).  Digitalization enhances eco-innovation with tools like big data analytics, blockchain, and IoT, improving sustainability practices. These technologies enable real-time operations monitoring, waste reduction, and resource efficiency. IoT sensors track product usage for predictive maintenance, extending product lifecycles, while blockchain ensures transparent, sustainable supply chain.
Hojnik et al. (2023) explore how demographic shifts and digitization influence eco-innovation and CE practices. Companies adapt products to meet changing demographics, using digitization to optimize processes in environmentally friendly ways. This oversight reduces energy consumption and environmental impact, underscoring digitization's role in advancing eco-innovation and CE.

[bookmark: _1lh9c0l8le5z]
[bookmark: _l0fsbkzb0fsf]3.2.3 Theme 3: Attaining CE through Product, Process, and Eco-systems Innovation
The shift towards a Circular Economy (CE) is being significantly driven by innovations in products, processes, and ecosystems. These innovations are pivotal in redesigning traditional business models to align with sustainable development goals, promoting resource efficiency, waste reduction, and closed-loop systems. This theme explores the various facets of how product, process, and ecosystem innovations contribute to achieving CE, focusing on subthemes like Circular Product Design (CPD), eco-design, and the role of digitalization and dynamic capabilities.
[bookmark: _z30ki9oea2g0]3.2.3.1 Circular Product Design (CPD)
Circular Product Design (CPD) is crucial for advancing the Circular Economy (CE) by focusing on creating products that facilitate reuse, remanufacturing, or recycling. It involves designing products with extended lifespans, modular components, and materials that are easily recoverable and recyclable, thereby minimizing waste and maximizing product lifecycle efficiency.
Zikopoulos (2022) develops a quantitative model to assess the impact of upgradable product design on sustainability dimensions and sales of newly manufactured and remanufactured products. This study integrates technological innovation, consumer preferences for product types and versions, and includes social and cultural factors. The findings demonstrate that remanufacturing provides superior social, environmental, and financial benefits compared to scenarios focused solely on manufacturing. Product updating also shows competitive economic performance, occasionally outperforming remanufacturing in financial outcomes.
Modular product design enhances product longevity and recyclability but requires user-friendly service innovations. Amend et al. (2022) investigate how modular smartphone design influences self-repair behaviors, repair satisfaction, and attitudes towards the circular economy, highlighting the importance of integrating effective product and service strategies for sustainable product durability.
Chen et al. (2023) introduce a strategic framework integrating CE principles into product design by evaluating waste electrical and electronic equipment products across their lifecycle and operational processes. Using the Fuzzy Analytic Network Process method, they develop a Circular Design Degree (CDD) index to assess product designs and identify innovative ideas to improve product attributes.
Vellesalu et al. (2023) explore multi-level institutional reconfiguration patterns affecting resource integration and value co-creation in circular product development within service ecosystems. Their research, based on a healthcare workwear supply chain case study, underscores the role of interdependencies among reconfiguration patterns at micro, meso, and macro levels in facilitating value co-creation opportunities.
3.2.3.2  Drivers and Barriers to CPD
The adoption of Circular Product Design (CPD) is influenced by several factors, including regulatory pressures, market demand for sustainable products, and corporate social responsibility initiatives. However, barriers such as high implementation costs, technological challenges, and resistance to change can impede its adoption. Jugend et al. (2024) address these challenges through an exploratory study focused on identifying and analyzing barriers to implementing circular product design in Brazil. Their research combines theoretical analysis with the fuzzy analytic hierarchy process and insights from semi-structured interviews with sustainability, marketing, and R&D experts. Key findings highlight challenges in integrating circular products into supply chains, deficiencies in reverse logistics systems, and issues related to consumer acceptance and technological readiness.
[bookmark: _ut7bsvbsn1n2]3.2.3.2 Role of Dynamic Capabilities in CPD
Dynamic capabilities are essential for facilitating Circular Product Design (CPD), enabling organizations to adapt to market changes and capitalize on new opportunities. These capabilities encompass sensing and seizing opportunities, integrating and reconfiguring resources, and fostering continuous innovation.. 
Saari et al., (2023) explore the innovation capabilities necessary for implementing Circular Economy (CE) practices and driving product/service innovations in different industrial sectors. While previous research has focused on developing circular business models, this study categorizes specific types of innovation capabilities crucial for CE implementation. The research reveals that employees in various sectors emphasize CE implementation capabilities as pivotal for fostering innovation within their organizations. Additionally, it identifies differences in how CE innovation capabilities and IT resource orchestration influence CE practice adoption and product/service innovation across sectors. 
Fernandez et al., (2021) investigate the influence of Circular Economy (CE) capabilities on the development of CE-compatible products and processes. Adopting a dynamic capabilities perspective, the study suggests that promoting CE within firms requires aligning and leveraging internal capabilities to drive innovation. Drawing on data from the 2015 EU survey on the Circular Economy, the research examines factors affecting the adoption of CE business models. It underscores that CE-related capabilities significantly enhance the adoption of CE business models, emphasizing competencies, standards, and information crucial for developing CE products and processes.
[bookmark: _q3gepfv1hx14]4.2.3.3 Digitalization (I4.0) and CPD
Digitalization and Industry 4.0 (I4.0) technologies are revolutionizing Circular Product Design (CPD) by providing advanced tools and capabilities that enhance every phase from design to lifecycle management. Technologies like AI, IoT, and digital twins enable real-time monitoring, predictive maintenance, and optimized resource efficiency. 
Paula et al. (2021) introduce a method to evaluate how Industry 4.0 technologies and stakeholder pressures in Brazil's electric-electronic and equipment sectors influence circular product design (CPD) and company performance. Their research underscores that Industry 4.0 tools such as AI and big data facilitate CPD implementation, while pressures from suppliers encourage the adoption of circular strategies, ultimately enhancing market performance despite academic controversies.
[bookmark: _t8jxil4nkaur]3.2.4 Theme 4: I4.0 Enabled CE Innovations
Industry 4.0 (I4.0) technologies, such as IoT, AI, big data analytics, and blockchain, are pivotal in advancing Circular Economy (CE) principles, providing the digital foundation needed for sustainable business models.
Findik et al., (2023) investigate how Industry 4.0 technologies impact circular economy practices among European SMEs, emphasizing their role in enhancing sustainability and waste management within the EU. Using the ReSOLVE framework, the study shows a positive correlation between these technologies and SMEs' adoption of circular economy practices, highlighting the need for policy support to integrate them effectively.
Nascimento et al., (2024) propose a classification framework to explore the connection between Industry 4.0 technologies and CE principles, categorizing research into efficient material use, product lifespan extension, and improved manufacturing processes. Their study identifies key technologies for advancing CE and sets guidelines for implementation, aiming to bridge research gaps and support sustainable practices in supply chains.
[bookmark: _wvd69ns0k5j4]3.2.4.1 Digital Functions for Circularity
Digital technologies play a crucial role in enabling circularity by providing real-time data, predictive analytics, and automation capabilities. For instance, IoT sensors can monitor product lifecycles, track usage patterns, and forecast maintenance needs, thereby extending product lifespans and reducing waste.
The rise of Industry 4.0 is set to transform organizational operations through various technological innovations, with blockchain emerging as a critical component. However, its broad applicability and contextual intricacies require thorough examination, especially regarding potential conflicts in its implementations. Kouhizadeh et al., (2020) investigate how blockchain technology is anticipated to revolutionize the implementation of circular economy principles, drawing from multiple case studies across different industrial sectors and organizational contexts. Their study systematically analyzes blockchain applications through the lens of the ReSOLVE model, identifying practices, gaps, and potential tensions.
Böhmecke et al., (2022) explore the role of blockchain in advancing the circular economy based on sustainability transition literature. Through interviews with experts in Europe and the U.S., they develop a theoretical model connecting drivers and barriers of circular economy transition, blockchain innovations, technical challenges, and the circular economy itself. Blockchain is conceptualized as a moderating factor and infrastructural resource rather than a comprehensive solution.
Patyal et al., (2022) link Industry 4.0 technologies with the circular economy to promote sustainable operations and achieve specific Sustainable Development Goals (SDGs). Using the ReSOLVE framework, they illustrate how these technologies support CE practices and contribute to various SDGs, proposing a conceptual framework to guide organizations in aligning management practices with sustainable development objectives.
Liu et al., (2022) address the effectiveness of digital technologies in advancing production and consumption towards a circular economy. Through a systematic literature review, they propose a framework outlining seven mechanisms through which digital functions strengthen CE strategies. Their work identifies mature digital functions ready for implementation in CE practices while pinpointing areas needing further empirical and theoretical exploration, enhancing understanding of digital technology's role in the circular economy paradigm.
[bookmark: _nppm9x9ald61]3.2.4.2 Smart Supply Chain for CE
The integration of Industry 4.0 (I4.0) technologies into supply chain management fosters smart supply chains essential for achieving Circular Economy (CE) goals. These smart supply chains utilize real-time data, IoT, and AI to enhance visibility, agility, and operational efficiency. By enabling precise material tracking, efficient resource allocation, and optimized logistics operations, these technologies support effective demand prediction and inventory management, thereby minimizing waste and maximizing resource utilization. 
Nascimento et al., (2024) conducted a comprehensive literature review on the intersections between Circular Economy (CE) principles and Industry 4.0 (I4.0) technologies, categorizing studies based on specific I4.0 technologies and CE principles (10Rs). They identified critical I4.0 technologies that enhance CE principles and address gaps in the literature. The review underscores positive interrelationships between CE and I4.0.

[bookmark: _giy9kp5mghlv]4.2.4.3 I4.0 as an Enabler in Transitioning to CBM
Industry 4.0 technologies enable Circular Business Models (CBMs) by providing tools for monitoring, analysis, and optimization that enhance resource efficiency and sustainability. Recent global disruptions like the pandemic and European conflicts have accelerated digitalization and emphasized the importance of sustainability and circularity. Oghazi et al., (2024) explore how international industrial firms are adapting to these trends through digitally enabled circular business models, showcasing enhanced resource utilization, supply chain efficiency, and sustainable practices.
[bookmark: _847b9w7x3zs3]3.2.4 Theme 5: Attaining CE through Digitally Enabled Supply Chain
The transition to a Circular Economy (CE) requires a significant overhaul in supply chain management practices, necessitating efficiency and sustainability improvements. Industry 4.0 (I4.0) technologies play a pivotal role in enabling these changes by providing advanced digital tools that enhance transparency and operational effectiveness. These innovations empower businesses to build smart, circular supply chains capable of addressing both facilitators and obstacles to implementation.
Chen et al., (2021) explore the relationship between R&D investment levels and the adoption of circular supply chain management (CSCM) among high-tech manufacturing firms in China. Their study investigates how regulatory, mimetic, and normative pressures moderate the influence of R&D intensity on CSCM adoption, finding that state ownership and industry competition strengthen this relationship. Overseas operating income, however, does not significantly impact this association.
Saide et al., (2023) focus on integrating ICT innovations within CSCM frameworks to enhance circular economy practices. Their work advocates for fostering knowledge-sharing practices among supply chain managers, ICT departments, and industry leaders. Path-goal leadership is recommended to effectively implement CSCM, with exchange ideology serving as a moderating factor to align team orientations and enhance knowledge-sharing initiatives led by managers.

[bookmark: _vjw78kv68l41]3.2.4.1 Dynamic Capability View: Smart Circular Supply Chain
The dynamic capability perspective underscores the imperative for businesses to cultivate and adapt their capacities for competitiveness and sustainability. In the context of the Circular Economy (CE), this entails integrating intelligent technologies into supply chain management. Smart circular supply chains utilize IoT, AI, and big data analytics to monitor, analyze, and optimize all facets of the supply chain, enabling real-time material tracking, predictive equipment maintenance, and logistics optimization.
Chari et al. (2022) explore dynamic capabilities theory's role in fostering resilient and circular manufacturing supply chains. Their three-stage qualitative study—comprising a literature review, European project analysis, and expert interviews—identifies key manufacturing capability variables. They propose five research propositions: dynamic capabilities enhance competitive advantage in manufacturing supply chains, support circular economy adoption, strengthen resilience in circular supply chains, leverage Industry 4.0 capabilities for circularity and resilience, and establish causal links between circular economy capability development, supply chain resilience, and resilience capabilities in circular economy implementation.
Lu et al. (2024) conducted a systematic review to explore integrating Circular Economy (CE) and Industry 4.0 for sustainable supply chain management (SSCM). Their findings highlight the synergy between Industry 4.0 technologies and CE, enabling CE applications in SSCM. While maximizing product and resource utility drives CE, challenges persist in deploying advanced technologies and data analytics in integrated supply networks.
[bookmark: _637pony9chsv]3.2.4.2 Supply Chain Integration as a Mediator between I4.0 and CE
Supply chain integration is pivotal in linking Industry 4.0 (I4.0) technologies with Circular Economy (CE) outcomes. Effective integration ensures seamless incorporation of digital tools into supply chain operations, facilitating information and material flow across the value chain. This enables businesses to utilize real-time data for informed decision-making, process optimization, and enhanced collaboration with partners. 
Gebhardt et al. (2022) explore how Industry 4.0 technologies support collaboration crucial for CE implementation in supply chains. They develop an analytical framework and conduct a literature review to identify collaboration mechanisms facilitated by technologies like IoT, Blockchain, and Cloud Systems. The study categorizes findings into three archetypes for Industry 4.0-enabled circular supply chain collaboration. 
Maria et al. (2022) propose that Industry 4.0 technologies positively influence supply chain integration (SCI) among actors, enhancing CE outcomes. They distinguish between smart manufacturing and data processing technologies, noting the former's stronger impact on CE. The research confirms SCI mediates the relationship between smart manufacturing technologies and CE outcomes, underscoring its role in sustaining CE performance.
[bookmark: _7phuparhbe8r]3.2.4.3 Blockchain-Driven Circular Supply Chain
Blockchain technology presents a promising solution for establishing transparent and traceable supply chains aligned with Circular Economy (CE) principles. By offering a decentralized and immutable ledger, blockchain ensures data integrity throughout the supply chain, crucial for verifying sustainable practices, monitoring product lifecycles, and ensuring compliance with environmental standards. 
Globally, companies face increasing pressure to optimize resource use and reduce costs, driving interest in sustainable supply chains and circular economy approaches. Adoption of technologies like blockchain is pivotal in supporting these initiatives. Quayson et al. (2023) propose a framework focused on blockchain-enabled dynamic capabilities tailored for circular supply chains. Their study examines three core dynamic capabilities and their sub-capabilities, emphasizing the role of sensing, seizing opportunities, and reconfiguring strategies to enhance circular supply chain practices.





4. [bookmark: _fpbh7wxto1sd]FRAMEWORK FOR INNOVATION AND THE CIRCULAR ECONOMY
[image: ]
Fig 11: Framework of CE and Innovation Research
5. [bookmark: _3e6iugo9rpt8]FUTURE LINES OF RESEARCH
List of future research prospects under each theme are mentioned below

	Themes
	Future Research Prospects

	[bookmark: _cj8hhiwbzl25]Attaining Circular Economy through Business Model Innovation
	Future research should combine insights from strategic planning, entrepreneurship, and dynamic capabilities, considering inter-organizational and societal boundaries, and develop quantitative tools to support decision-making. It should implement circular economy indicators in different sectors, create metrics to measure
Various methodological techniques should validate results and identify applicable contexts. Structural analyses of circular innovations could distinguish between disruptive and incremental types, clarifying the elements that make innovations disruptive.
It is essential to investigate causal relationships between business models and systemic transformation, especially in industries such as fashion.
Possible research directions include increasing sample sizes, encouraging product innovations, and evaluating financial impacts.
Creating pilot projects to shift linear production chains to circular ones, especially in the brewing industry, and investigating stakeholder-focused models for resource circularity are crucial.
Further investigation into the role of digitalization in transitioning to a circular economy, improving CBMI processes, and validating the CEBMI Process Framework through case studies is essential.
Long-term studies following businesses from conceptualizing CE to full implementation and controlled case studies linking specific factors to CE outcomes are necessary.
Researching PSS business models for circular supply chains, exploring digitalization strategies for CBMs, and analyzing interconnected relationships among business elements can provide valuable insights for industrial decision-makers.
Research should investigate barriers specific to AI-enabled CBMs, conduct longitudinal studies to assess their long-term impact, compare performance outcomes, and explore stakeholder perspectives. Large-scale quantitative studies should validate these findings, delve into biological cycles of the circular economy, and compare sustainability-oriented practices against standard innovation cases.
Further research is needed to explore SMEs' capabilities in adopting digital technologies and understand the role of dynamic capabilities in transitioning to circular business models.
Future research should prioritize studying dynamic capabilities, exploring their variations across different types of circular business models, and investigating the applicability of the Lean Startup method in fostering innovation within circular business frameworks.

	[bookmark: _xsft7ln6s84u]Attaining Circular Economy through Eco-Innovations (EI)
	Further theoretical exploration of each stakeholder within the QHM is crucial to grasp their distinct characteristics and impacts on the model. Empirical studies are required to examine the Circular Economy's effects on climate change and evaluate the implementation of recommendations. Moreover, it is imperative to investigate successful instances of enhancing resource efficiency and reducing GHG emissions.
Future research should dynamically analyze the impact of circular eco-innovation on firm performance as longitudinal data becomes available. It is essential to investigate contextual factors influencing SME participation in the Circular Economy across different countries and industries. Additionally, there is a need for further studies to enhance eco-design capabilities in SMEs, given increasing interest in eco-design.
Future research could investigate variations in Circular Economy (CE) actions specific to sectors and countries, examining managerial behavior variables influencing these actions. Further studies should concentrate on developing environmental value propositions for firms adopting new CE business models and integrating the role of consumers in the circular economy transition.
Future studies should encompass a wider array of companies and quantitatively evaluate the influence of demographic shifts and digitization on eco-innovation and practices within the circular economy.

	Attaining CE through Product, Process, and Eco-systems innovation

	Future research should expand its scope to encompass broader product super-systems and incorporate additional factors into the evaluation framework to achieve more comprehensive analysis outcomes. This approach is essential for advancing future developments in patent evolution analysis.
Future research should explore various product categories across different industries and contexts to validate findings. Similar studies should be conducted in settings with varying industry and policy approaches to circular product development. Additionally, future research should consider perspectives from stakeholders at both meso and macro levels, as they mutually influence institutional reconfiguration patterns and value co-creation.
Research should investigate employee perceptions across roles and company sizes, exploring how diverse circular business models are influenced by varying business characteristics and strategic approaches to circular economy (CE). Larger sample sizes and longitudinal data are essential for validation, supplemented by empirical field experiments. Moreover, the study should connect product/service innovations with Circular Business Models (CBMs), expanding on capabilities identified for CE and product/service innovations.
Future research should focus on transforming linear business models into circular ones, identifying key processes and essential managerial capabilities needed. It should also consider how these capabilities interact with external factors such as market competition, customer demands, and technological advancements.
Research could explore additional factors influencing CPD adoption by integrating new elements and testing across diverse sectors or countries. Incorporating organizational theories could provide deeper insights, with further studies using case analyses to examine the impact of emerging technologies on company performance.

	I4.0 enabled CE innovations 
	Future research could validate proposed relationships through surveys or experiments. Exploring blockchain-enabled business models could uncover economic benefits in both short and long terms, balancing profitability with environmental sustainability. Further inquiry into policy recommendations supporting blockchain innovation in the circular economy is also warranted.
Comprehensive empirical work, such as large-scale surveys or case studies, should be pursued to statistically verify proposed frameworks. Testing these propositions will confirm their validity, while deeper exploration into specific links between CE and the SDGs could expand upon this review.
Research should clarify how various technologies interact and complement each other, addressing barriers digital technologies pose to the circular economy. Investigating structural and dynamic changes in business models and ecosystems resulting from digital technology implementation is crucial. Moreover, studying potential rebound effects of smart circular economy initiatives, such as social impacts or increased energy consumption from digital technology adoption, is essential.
Future studies should involve additional stakeholders to strengthen findings through triangulation. Exploring industries with different contextual factors will broaden our understanding and applicability of research outcomes.

	Attaining CE through Digitally enabled Supply chain

	Future research should explore additional factors that might influence the relationship between R&D intensity and the adoption of Circular Supply Chain Management (CSCM), thereby enhancing our understanding. Moreover, future studies could extend this investigation by exploring how R&D intensity affects CSCM adoption in other emerging markets or developing regions. It is crucial to explore other facilitative factors for CSCM adoption within the current B2B context.
Future research should expand the current analysis by investigating specific technologies and activities throughout the value chain.
Future studies could employ methods such as structural equation modeling to examine how blockchain-driven dynamic capabilities impact the circular economy, potentially providing firms with a competitive edge. Furthermore, these findings could be corroborated through case studies in various sectors in future research.
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