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Abstract 

Background. Growing concerns regarding resource depletion and climate change have elevated the 

circular economy (CE) to a position of paramount importance. The transition to a CE requires moving 

away from linear production and disposal models toward regenerative systems. While technological 

advancements offer unparalleled opportunities, the limited understanding of the integration of agile/lean 

methodologies alongside these technologies poses a critical research gap. This paper addresses this gap by 

rigorously analyzing the various techniques for integrating agile/lean methodology with digital 

technological advancements to enhance CE objectives. 

Methods. A systematic literature review was conducted following PRISMA guidelines, leveraging both 

bibliometric analysis using R's bibliometrix and content analysis. The data sources used for the literature 

review included Web of Science, Scopus, and ScienceDirect. This involved searching relevant literature, 

then analyzing those pieces to extract information and come up with a framework. 

Results. The analysis ostensibly highlights that artificial intelligence (AI), blockchain, the Internet of 

Things (IoT), and digital twins are quintessentially key emerging technologies within the CE landscape. 

The review indicated that agile methodologies support the creation of new CE solutions via iterative 

processes. The review inherently stresses the importance of collaboration among universities, industry, 

and governments for knowledge transfer and policy improvements in the transition to a CE. A novel 

framework integrating agile and lean methodologies with emerging technologies was then synthesized. 

This review underscores the potential of integrating agile and lean methodologies with emerging 

technologies to drive the CE transition. It stresses the need for a systemic approach, underpinned by an 

appropriate framework and robust policies, alongside consideration of potential ethical and economic 

impacts relating to the technologies used. 

Keywords: Circular Economy, Agile Methodology, Lean Methodology, Artificial Intelligence, 

Blockchain, Internet of Things, Digital Twins, Sustainability, Technological Innovation. 
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Growing concerns regarding resource depletion, the accumulation of waste, and the pressing need to 

mitigate climate change have elevated the transition to a circular economy (CE) to a position of 

paramount importance (Aristi-Capetillo et al., 2022). This transition demands that we move away from a 

traditional linear model based on extraction, production, and disposal and instead embrace regenerative 

systems focused on extending the lifespan of resources through continuous use, recovery, and the 

facilitation of renewal (Rejeb et al., 2023). Addressing this imperative, which is both environmental and 

economic, necessitates the development of innovative business strategies coupled with the strategic 

application of technological advancements (Agrawal et al., 2023). The ongoing digital revolution, 

characterized by technologies such as Artificial Intelligence (AI), Blockchain systems, the Internet of 

Things (IoT), and Digital Twins (DT), provides unparalleled opportunities for optimizing how resources 

are managed and for developing effective strategies intended to support circularity.  

Nevertheless, realizing the full potential of the circular economy is not solely dependent upon novel 

technological solutions; it requires the implementation of effective management approaches. Among the 

many existing approaches, lean and agile methods offer a way of optimizing resources that is not directly 

related to novel technology. It is, therefore, the position of this paper that the lack of research into the 

integration of CE technological solutions and existing management strategy is a critical limitation of the 

current literature.  

Therefore, this paper will rigorously consider the various techniques for integrating agile/lean 

methodology with digital technological advancements to enhance CE objectives. Addressing a clear gap 

in the literature, the goal of this research is twofold: (1) to identify consistently utilized methodologies 

and technologies to find potential synergies, and (2) to synthesize existing concepts into a novel 

framework that helps better apply such systems to the transition of real-world technological systems to a 

circular economy. These insights will be rigorously integrated through a systematic review, guided by 

PRISMA guidelines (Page et al., 2021), that leverages both bibliometric analysis using R's biblioshiny() 

and content analysis (Aria & Cuccurullo, 2017). This process will yield a more developed understanding 

of critical concepts, identification of challenges, and a more thorough understanding of opportunities that 

CE methodologies can leverage. The review and resulting framework will then serve as a valuable 

resource for future research endeavors, policy development, and the practical adoption of technology and 

agile/lean innovations to more effectively integrate technology and management methodologies into 

existing CE systems. 

Materials & Methods 

This study employed a mixed-methods approach, integrating a systematic literature review (SLR) and 

bibliometric analysis to address the research questions. The methodology adhered to established 

guidelines for robust and reproducible systematic literature reviews, aligning with the PRISMA flow 

diagram (Page et al., 2021). 

Data Sources and Search Strategy 

A comprehensive search was conducted across Scopus, Dimensions, and ScienceDirect databases. 

Targeted keywords related to agile/lean innovation, the circular economy, and emerging technologies 

were used. The initial search yielded 6401 articles, limited to publications up to December 2024, without 

language restrictions, though all articles were indexed in the specified databases and written in English.  

 

Study Selection and Screening 
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A rigorous multi-stage screening process was applied. Initially, title and abstract screening reduced the 

articles to 147, followed by manual screening to remove duplicates, resulting in 139 relevant articles. 

These articles were reviewed for their relevance to the research questions, specifically concerning the 

intersection of agile/lean methodologies, emerging technologies, and the CE. The PRISMA flow diagram 

(Figure 1) illustrates the study's selection process. An initial database search (Scopus, Dimensions, and 

ScienceDirect) yielded 6401 records. After removing 6254 duplicates and 8 ineligible records through 

automation, 147 records underwent screening. Eight reports were excluded during screening, leaving 139 

for full-text retrieval. All 139 retrieved reports were deemed eligible, resulting in a final inclusion of 139 

studies in the review.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Records Identified From: This section shows that the initial 

search yielded 6401 records from databases, specifically 

Scopus, Dimensions, and ScienceDirect. 
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Figure 1. PRISMA Diagram of Search Strategy. The diagram illustrates the systematic review process, 

detailing records identified, screened, assessed for eligibility, and included in the final analysis. Data 

sources include Scopus, Dimensions, and ScienceDirect. 

 

Data Extraction and Analysis  

Each of the 139 studies was analyzed, extracting data on the title, authors, publication year, journal, key 

findings, and methodologies. Studies were classified based on emerging themes, practical applications of 

technologies/methodologies, and encountered challenges.  

Bibliometric Analysis 

Bibliometric analysis, using R's bibliometrix package with biblioshiny(), mapped the research landscape, 

identifying trends, sources, and author productivity, employing metrics like citation counts, h-index, and 

co-occurrence of terms. Visualizations from biblioshiny() helped discern emerging topics and clusters. 

The data is readily available for replication. The bibliometric analysis informed the SLR and the selection 

of emerging themes. Data from both analyses was categorized into key themes guided by research 

objectives and identified trends. This systematic approach coded and classified all collected information.  

Study Limitations  

This research has limitations, including potential selection bias from keyword combinations, language 

restrictions (English articles only), and database limitations (Scopus, Dimensions, and ScienceDirect).  

Framework Development  

Ultimately, the findings from the SLR and bibliometric analysis were integrated to develop a framework 

for combining agile/lean innovation practices with emerging technologies for effective CE 

implementation. 

Results / Discussion 

This section reviews key findings from the 139 selected publications, focusing on the practical 

implementation of new technologies and the application of agile and lean methodologies to enable 

circular economy transitions. 

 

The Nexus of Emerging Technologies and Circular Economy  

Analysis of the literature revealed key focus areas for emerging technologies in advancing circular 

economy objectives. AI is primarily leveraged to optimize operations and supply chain management in 

CE systems to improve overall operation and efficiency as suggested by Alahi et al. (2023) and Delanoë 

et al. (2023). 

 

While blockchain, as noted in Arvana et al. (2023), enables greater accountability and lifecycle tracking 

of products, its use, for example, in blockchain networks, has some ethical implications, as indicated by 
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Cows et al. (2021). The Internet of Things or IoT is also frequently used for material tracking (Ding et al., 

2023) and digital twins to support better decision-making and urban planning processes, as highlighted by 

Alonso et al., 2023 and Tartia & Hämäläinen, 2024. These technologies represent versatile tools that can 

facilitate both efficiency improvements and enhanced collaboration between stakeholders. 

 

Agile and Lean Methodologies in Circular Economy 

The review reveals that applying agile and lean models, including new design aspects and efficient 

improvements, is crucial for circular economy. As such, Ertz & Gasteau (2023), and Srivastav et al., 

(2023) find agile implementation enables the development of strategies for changing and improving 

design, while there is additional support for lean approaches improving resources and sustainability by 

(Andersen & Halse, 2023; Chopra et al., 2023; Ding et al., 2023; Elia et al., 2018; Magnano et al., 2024; 

Siddik et al., 2023; Ting et al., 2023). 

 

To continue the progress of efficiency, it is necessary to improve the methods necessary, as this will help 

reduce costs and increase sustainability (Andersen & Halse, 2023; Chopra et al., 2023; Ting et al., 2023). 

 

Implementation Challenges and Opportunities 

The analysis of publications in this area shows a set of shared implementation barriers and also identifies 

emerging opportunities for improvement. Many authors have cited that negative perceptions and a lack of 

awareness are common hindrances to the adoption of new technologies. Moreover, the lack of reliable 

data to assess outcomes and the existence of a digital divide are major challenges, as highlighted by 

Ahmad et al. (2024), who also raise an ethical concern that new technologies should never undermine 

equality and justice. In addition, authors such as Ding et al. (2023), Bibri et al. (2023), and Rani et al. 

(2024) show that governance, ethical, and security concerns also pose a potential obstacle. Authors have 

also focused on the need to address the environmental costs and social impacts of new technologies to 

guarantee a transition to net zero that is environmentally and socially sustainable. As such, Cowls et al. 

(2021) highlighted the carbon footprint of AI-driven research, while Rani et al. (2024) investigated the 

energy consumption of blockchain networks, and Sharma et al. (2023) explored the potential of "Green 

AI" to address environmental concerns. Authors have also argued for more robust policy frameworks to 

foster a more circular economy while also recognizing that new regulations and interventions must be 

flexible to allow for regional differences. For instance, Aristi Capetillo et al. (2022) and Bibri et al. (2023) 

emphasized the need to incentivize technology adoption, and authors such as Alonso et al. (2023), 

Bianchini et al. (2022), and Momete (2021), stressed the need for better collaboration for policy 

alignment, whereas D'Adamo et al. (2022), and Holzinger et al. (2022) also highlighted that public 

literacy is essential to ensure the success of this transition. Furthermore, as highlighted by authors such as 

Hao et al. (2024) and Jugend et al. (2024), policies need to be flexible to adjust to regional specificities.  

 

Other areas of research that are emerging include the need for standardized metrics to evaluate circularity, 

as explored by Voukkali et al. (2023), the importance of studying the interplay between the digital 

economy and the CE in developing countries (Liu et al., 2024), and the evaluation of the effectiveness of 

policy interventions (Bianchini et al., 2022; Jugend et al., 2024). Finally, some authors, such as Samani 

(2023) and Hassoun et al. (2023), advocated that life cycle assessments must be better integrated with 

circularity principles. 

 

Quantitative Findings: Bibliometric Analysis of Agile and Lean Innovation in the Circular 

Economy 
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This section provides a quantitative overview of the research landscape concerning Agile and Lean 

Innovation in the Circular Economy, focusing on the integration of technologies like AI, Blockchain, IoT, 

and Digital Twins. 

 

Table 1. Citation Data and Annual Publication 

Year Articles Mean TC per Article 

(citations) 

N Mean TC per Year 

(citations) 

Citable 

Years 

2015 1 127 1 11.55 11 

2016 0 0 0 0 0 

2017 1 35 1 3.89 9 

2018 1 357 1 44.62 8 

2019 2 80 2 11.43 7 

2020 11 203.82 11 33.97 6 

2021 10 90.2 10 18.04 5 

2022 34 32.38 34 8.1 4 

2023 46 33.87 46 11.29 3 

2024 41 3.56 41 1.78 2 

 

Table 1 presents the annual publication and citation analysis. The table includes the following: Year (year 

of publication), Articles (number of articles published that year), MeanTCperArt (mean total citations per 

article), N (number of articles included in the bibliometric analysis for that year), MeanTCperYear (mean 

total citations per year), and CitableYears (number of years since publication). 

 

The early years (2015-2017) saw few publications, with no articles in 2016. A single article published in 

2018 had a high MeanTCperArt. A sharp rise in publications occurred from 2020 onward. High 

MeanTCperArt and MeanTCperYear values were observed in 2018 and 2020. Recent years (2022-2024) 

showed substantial growth in publications but lower citation rates. Meanwhile, Figure 2 demonstrates the 

annual distribution of publications and their corresponding average citations, providing insights into the 

impact and research trends over time. 
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Figure 2. Number of publications and average citations per year. This figure presents the annual 

distribution of publications and their corresponding average citations, providing insights into the impact 

and research trends over time. 

 

1.1.1 Most Relevant Sources 

The examination of pertinent sources (see Figure 3) reveals a diverse and multidisciplinary research 

landscape. Notable journals such as Environmental Science and Pollution Research and Journal of 

Environmental Management dominate, underscoring the environmental emphasis in studies related to the 

circular economy, agile/lean innovation, and emerging technologies. Additionally, the inclusion of 

various perspectives from journals like Operations Management Research, Foods, and Waste 

Management highlights the breadth of the field. Specialized publications such as Circular Economy and 

Sustainability further indicate the ongoing development and consolidation of this area of research. 

 

The variety of journals, including those that focus on specific applications (e.g., Sensors) and social 

dimensions (e.g., Frontiers in Psychology), illustrates the applied and interdisciplinary nature of the 

research. While firmly grounded in environmental sustainability, there is a growing integration of 

technology and business strategy, as shown by the presence of journals like Sensors, Frontiers in 

Artificial Intelligence, and Operations Management Research. This diverse array of publications 

emphasizes the multidisciplinary character of the field and highlights the importance of cross-disciplinary 
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collaboration to tackle the complex issues associated with implementing agile and lean innovations in the 

context of the circular economy. 

 

 

 

Figure 3. Most Relevant Sources. This figure presents the most frequently cited sources in the study, 

highlighting their relevance and contribution to the research. 

Source: Data compiled by the author from the Scopus database were analyzed using the R package 

“bibliometrix”. 

 

1.1.2 Source’s Local Impact 

Environmental Science and Pollution Research had a high h-index (13) and total citations (607) (Figure 

4). The Journal of Environmental Management demonstrated a strong m-index and h-index. Waste 

Management had a substantial total citation count (717). 
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Figure 4. Source’s Local Impact by M-index. This figure illustrates the local impact of sources based on 

the M-index, which measures the consistency of a researcher's or source’s influence over time. 

Source: Data compiled by the author from the Scopus database were analyzed using the R package 

“bibliometrix”. 

 

1.1.3 Author’s Production Over Time 

Yu Z. was a highly active researcher (2022-2024), with the journal Environmental Science and Pollution 

Research as a primary outlet (Figure 5). Kumar A.'s work explored emerging technologies and green 

finance. 
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Figure 5. Author’s Production Over Time. This figure presents the trend of an author's research output 

over time, highlighting the number of publications per year and the corresponding citation impact. 

Source: Data compiled by the author from the Scopus database were analyzed using the R package 

“bibliometrix”. 

 

1.1.4 Corresponding Author’s Countries 

China led with 20 articles, equating to 13.6% of the total publications (Figure 6). 70% of these 

publications involved multiple countries. India and Italy had 10 articles each, representing 6.8% of the 

total. France, with 8 publications (5.4%), showed a high MCP at 87.5%. 
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Figure 6. Corresponding Author’s Countries. This figure illustrates the geographical distribution of 

corresponding authors, showcasing the countries with the highest research contributions in the dataset. 

Source: Data compiled by the author from the Scopus database were analyzed using the R package 

“bibliometrix”. 

 

1.1.5 Citation Mapping of the Most Influential Papers in Circular Economy Research 

Ibn-Mohammed et al. (2021), in Resources Conservation and Recycling, had the highest TC (678), as 

shown in Figure 7. Nandi et al. (2021), on Sustainable Production and Consumption, also showed a high 

TC and TC per year. Esmaeilian et al. (2018), in Waste Management, achieved a Normalized TC of 1. 

Recent publications, like Bibri S.E. (2023) in Environmental Science and Ecotechnology (Normalized TC 

of 5.7), Alahi E.E. (2023) in Sensors, Fang B. (2023) in Environmental Chemistry Letters, and Raabe D. 

(2023) in Chemical Reviews, showed high normalized TC values. 
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Figure 7. Citation Mapping of the Most Influential Papers in Circular Economy Research. This figure 

visualizes the citation network of the most impactful papers in Circular Economy research, highlighting 

key connections and influential works. 

Source: Data compiled by the author from the Scopus database were analyzed using the R package 

“bibliometrix”. 

 

1.1.6 Most Relevant Words 

“Waste management” (23) emerged as the most frequent term (Figure 8). “Humans” (20) highlighted a 

user-centered approach. “Recycling” (18) and “industry” (14) linked circularity to industrial processes 

and waste valorization. “Artificial intelligence” (12), “conservation of natural resources” (11), and 

“sustainable development” (11) underscored the integration of technology and sustainability, with 

“economic development” (10) emphasizing economic dimensions. 
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Figure 8. Most Relevant Words. This figure presents the most frequently occurring words in the analyzed 

literature, providing insights into key themes and research trends. 

Source: Data compiled by the author from the Scopus database were analyzed using the R package 

“bibliometrix”. 

 

1.1.7 Trend Topics 

Terms like “electronic waste”, “electronics”, and “China” showed concentrated publications in 2022-2023 

(Table 2). “Waste management, humans, and recycling had a broader distribution with the median year of 

2023. “Conservation of natural resources” and “sustainable development” had a median of 2024. 

Table 2. Trend topics. 

Term 
Frequency Year (Q1) Year 

(Median) 

Year (Q3) 

Electronic waste 9 2022 2022 2023 

China 6 2022 2022 2024 

Electronics 6 2022 2022 2023 

waste management 23 2022 2023 2024 

Humans 20 2022 2023 2023 

Recycling 18 2022 2023 2024 

Conservation of natural resources 11 2024 2024 2024 
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Sustainable development 11 2023 2024 2024 

European union 5 2022 2024 2024 

 

1.1.8 Co-words Network Analysis 

Figure 9, a co-occurrence network analysis, reveals the research landscape surrounding the circular 

economy and its convergence with digital technologies (AI, IoT, blockchain). The analysis organizes 

concepts into distinct clusters. Cluster 1, featuring “humans,” “artificial intelligence,” “environment,” and 

“internet of things,” represents the foundational understanding of AI as a key element in a circular 

economy, particularly for environmental issues. Humans are central, while AI acts as a tool. “Carbon 

dioxide,” “ecosystem,” and “environmental monitoring” highlight environmental drivers, and “Europe” 

suggests an EU focus. Cluster 2 emphasizes practical application within the economy, with “industry,” 

“conservation of natural resources,” “sustainable development,” and “economic development,” linking 

sustainability and economic activity. “Commerce” and “cities” highlight real-world implementation, and 

“China” suggests a broader scope. Cluster 3 focuses on water-related aspects, with terms such as “waste 

disposal, fluid,” “wastewater,” “water,” and “water purification.” Cluster 4 addresses waste management, 

particularly electronic waste, including “waste management,” “recycling," and “electronic waste,” with 

“motor vehicles” indicating a sector-specific view and the “European Union” highlighting EU relevance. 

Clusters 5 and 6 are simpler, focusing on “electric power supplies,” “lithium,” and the “internet,” 

respectively. Across clusters, AI's pivotal role is highlighted. Sustainability and economic factors are 

intertwined, and waste management is a major focus, particularly e-waste. “Europe” and the “European 

Union” repeatedly demonstrate the EU's leadership. The research targets practical applications through 

specific sectors (automotive urban planning). Key themes include the importance of AI, IoT, and 

blockchain and the role of agile/lean innovation. The research is committed to leveraging digital 

technologies for circular economy goals while balancing innovation, environmental concerns, and 

economic growth and addressing concrete challenges like waste. 
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Figure 9. Co-words Network Analysis. This figure illustrates the co-occurrence relationships between key 

terms in the analyzed literature, highlighting thematic clusters and research trends. 

Source: Data compiled by the author from the Scopus database were analyzed using the R package 

"bibliometrix". 

 

 

1.1.9 Factor Analysis (MCA) 

Factor analysis, employing Multiple Correspondence Analysis (MCA), offers a nuanced view of the 

underlying structure of research on innovating for a circular economy, specifically regarding emerging 

technologies. The analysis is based on assessing the relationships among multiple categorical variables. 

As shown in Figure 10, the positions of terms reveal the key elements of this research and highlight the 

need for a transition to a net-zero society by 2030. The parameters such as n-grams, minDegree, clust and 

k.max were used to guide the analysis. 

 

The data showing the results of the MCA analysis are presented in two tables of words and documents, 

revealing clusters and relationships within a factorial space. Terms such as “waste management,” 

“recycling,” “electronic waste,” and “solid waste” appear closely together (cluster 1), which highlights 

their role in waste and resource management. “Humans,” “sustainable development,” “economic 

development”, and “commerce” are also grouped in cluster 1, demonstrating the importance of socio-

economic factors. Furthermore, “water,” “waste disposal, fluid”, and “wastewater” are closely connected, 

indicating a research focus on these particular types of waste, linked to agriculture and renewable energy, 

which suggests interconnectedness. The coordinates within the two dimensions reveal how the different 

concepts relate to the overall research field. 
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The analysis of the documents in the factorial space demonstrates the contribution of each document and 

how they are grouped in clusters, which is directly linked to the key terms identified above. Notably, the 

documents with the highest TC tend to be grouped in cluster 1, suggesting they have had a high level of 

influence in the field. Ultimately, this analysis offers a deeper view into the research and the connections 

within, highlighting the need for a systematic approach and a transition to a net-zero society by 2030, 

which is now focused on specific applications that help mitigate the impact of waste and support better 

production and consumption. 

 

 

 

Figure 10. Factorial Analysis. This figure presents the factorial analysis of key terms, identifying the 

underlying dimensions and structures within the dataset. 

Source: Data compiled by the author from the Scopus database were analyzed using the R package 

“bibliometrix”. 

 

1.2 Framework Setup and the Intersection of Agile/Lean Innovation with Emerging Technologies 

The bibliometric mapping, conducted as a network analysis, reveals a research landscape 

characteristically marked by the prominence of key terms such as “humans,” “artificial intelligence,” 

“industry,” and “waste management.” This interconnectedness, consequently, underscores the need for 

strong collaborations between technology, environment, and economics to successfully navigate the 

transition towards a circular economy. 

 

The diverse clusters that emerge from this analysis reveal different focal areas of research, while a 

detailed assessment of the relevant journal outlets helps to pinpoint the main channels used for 
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publications. This provides researchers valuable insights into both where to publish and how to better 

understand the field. The high centrality of the term “humans” suggests future research should prioritize 

user needs, while the equally high metrics for “artificial intelligence” highlight a need for more research 

in specific AI-driven solutions. Finally, the emphasis on waste management suggests a need for more 

specific studies in this area, while also confirming its position as a key area for current scientific 

publications. Ostensibly, all of these findings have informed the development of the framework. 

 

1.2.1 The Intersection of Agile and Lean Innovation with Emerging Technologies in the Circular 

Economy 

The EU's transition to a CE demands not only significant technological advancements but also a thorough 

re-evaluation of traditional business and organizational strategies. Agile and lean innovation 

methodologies are therefore vital for navigating the complexities involved in implementing circular 

practices and effectively integrating emerging technologies, acting as a means of creating, capturing and 

distributing value. 

 

The fast pace of technological advancements and a dynamic marketplace make flexible and adaptive 

approaches vital. Agile methodologies, inherently iterative and focused on user feedback, enable 

companies to rapidly test and improve circular business models. This inherently improves the capacity to 

respond to changes with more efficiency (Ertz & Gasteau, 2023). This adaptability is particularly 

important in the current landscape where the integration of new technologies such as AI and IoT is still 

developing (Sun & Wang, 2022). Moreover, product lifecycle extension (PLE) and product design can 

benefit from agile approaches when coupled with smart technologies (Ertz & Gasteau, 2023), which 

ostensibly leads to enhanced performance and value. 

 

Lean principles, with their focus on efficiency and waste reduction, are undeniably essential for 

implementing effective circular practices in supply chains. The aim is to minimize all inefficiencies, 

improve resource utilization, and reduce energy consumption throughout the resource cycle. This includes 

optimizing logistics, improving reverse supply chain processes, and ensuring that e-waste is managed 

efficiently (Andersen & Halse, 2023; Sharma et al., 2023). Furthermore, using lean methodologies helps 

to enable the adoption of circular economy business models and supports more sustainable production 

practices while reducing material and resource waste (Ting et al., 2023) while also leading to higher 

profits. 

 

The combination of agile and lean methodologies with the implementation of AI, blockchain, IoT, and 

DTs not only yields tangible environmental benefits but also produces competitive advantages for 

businesses within the world's CE framework. Such a combined approach can lead to enhanced resource 

efficiency, optimized supply chains, and improved waste management while also fostering new circular 

business models (Ding et al., 2023). Moreover, studies have empirically demonstrated that companies that 

adopt circular economy principles together with advanced technologies will have better sustainability and 

financial performance, as shown by authors such as Siddik et al. (2023), Jugend et al. (2024), and 

Magnano et al. (2024), and further confirmed by Chopra et al. (2023) who highlights the interplay 

between both agile and lean strategies. 

 

The transition to a CE requires, unequivocally, strong collaboration between universities, industry, and 

government, which may lead to better knowledge transfer and can foster both technological and policy 

innovation. Actively engaging SMEs in such collaborations may potentially accelerate the adoption of 

circular practices by leveraging different areas of expertise and providing diverse approaches for 
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problem-solving (Rejeb et al., 2023; Chopra et al., 2023; Tiwari et al., 2024; Alonso et al., 2023). Such a 

collaborative approach is necessary for building more robust and sustainable circular business models. 

 

1.3 Framework for a Circular Economy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Circular 

Economy 

Goal   

Net-Zero 

2030 Target  

Value 

Stakeholder Collaboration:        

- Agile, Digital Twins for 

Collaborative Design 

9R Framework: 

Refuse,  
Rethink, 

 Reduce,  

Reuse,  
Remanufacture,  

Refurbish,    

Repair,  
Recycle,  

Recovery 

Macro-Level 

(Regional/Global): 

                  

- Align policies and 

global strategies for 

circular economy 

Sustainable Design (Refuse, 

Rethink, Reduce): Lean, 

Agile, Blockchain for 

Traceability  

Regulatory Compliance:                      

- Blockchain, Lean Auditable 

Procedures 

Smart Manufacturing 

(Reuse, Remanufacture, 

Refurbish):  

- AI, Digital Twins, Lean for 

Optimization 

Product End-of-Life 

Management (Recovery, 

Recycling):  

- Automated Sorting, IoT 

Systems 

Efficient Logistics & Supply 

Chain (Repair, Recycle):             

- IoT, AI, Blockchain for 

Transparency 

Data and feedback loops flow 

dynamically between all layers to 

inform iterative improvements 

and optimize decision-making 

Layer 2:  

Layer 3: 

Outcomes 

Outcomes: 

  

Competitive 

Advantage,  

Compliance with 

Regulations, Cost 

Reduction, and  

Long-term Financial 

Sustainability 

  

Layer 1: Circular 

Strategies 

Layer 2: Action Areas Linked to Circular 

Strategies 

Layer 0: 

System 

Perspective 

Levels 

Layer 0: System Perspective Levels 

Meso-Level 

(Industrial 

Ecosystem): 

- Foster symbiotic 

industrial 

relationships and 

chains 

Micro-level 

(Product/Material): 

- Focus on the 

circularity of 

individual products 

and components  

Dynamic 

Data 

Flow and 

Feedback 

Loops 

 

Figure 11. Framework for Circular Economy. The framework illustrates key components and interaction 

within a circular economy, emphasizing resource efficiency, waste reduction, and sustainable value 

creation. It integrates CE principles to foster sustainability. 
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Synthesis and Implications 

This section interprets the quantitative findings derived from the bibliometric analysis, juxtaposed with 

qualitative insights garnered from the literature review. The discussion focuses fundamentally on the 

roles, challenges, opportunities, and regional nuances of emerging technologies and agile and lean 

methodologies within the circular economy (CE), ultimately addressing the core question: What do these 

results effectively mean for advancing the CE? 

The analysis ostensibly highlights that Artificial Intelligence (AI), blockchain, the Internet of Things 

(IoT), and digital twins are quintessentially key emerging technologies within the CE landscape. 

Although AI applications are increasingly adopted, there’s a nuance, and consequently, an associated 

need to focus on high energy demands, potential biases, and the risk of job displacement, as noted by 

Mhlanga (2022) and subsequently by other researchers (Alahi et al., 2023; Delanoë et al., 2023; 

Jovanović et al., 2023). Blockchain is recognized for enhancing supply chain transparency and 

traceability but faces hurdles invariably related to scalability, regulatory uncertainties, and energy 

consumption (Cowls et al., 2021). Furthermore, it’s arguably critical to ensure that blockchain 

applications are aligned with ethical considerations and do not undermine equality and justice (Ahmad et 

al., 2024). The IoT is predominantly used for resource management and streamlining operations, yet data 

security, privacy concerns, and implementation costs represent significant challenges, seemingly (Ding et 

al., 2023; Alahi et al., 2023; Ting et al., 2023; Fraga-Lamas et al., 2021). Digital twins can improve 

decision-making and urban development; however, creating accurate digital twins inherently requires 

extensive data, expertise, and careful validation to prevent inaccurate outcomes, a point Wang et al. 

(2023), posits (Alonso et al., 2023; Tartia & Hämäläinen, 2024). 

The review empirically indicated that agile methodologies support the creation of new CE solutions via 

iterative processes (Ertz & Gasteau, 2023; Srivastav et al., 2023), while lean principles pragmatically help 

refine supply chains and minimize waste (Andersen & Halse, 2023; Ting et al., 2023; Elia et al., 2018). 

The literature consistently supports the synergistic relationship between agile and lean methodologies, 

especially when combined with emerging technologies, which, in turn, can enhance both economic and 

environmental performance (Ding et al., 2023; Siddik et al., 2023; Jugend et al., 2024; Magnano et al., 

2024; Chopra et al., 2023). 

Nonetheless, the findings also underscored trade-offs and potential conflicts. The inherent focus of agile 

methodologies on adaptation can clash with lean's emphasis on standardization, leading to potential 

tensions in recycling efforts. Public blockchains, while purporting transparency, might conversely conflict 

with data privacy regulations. Furthermore, the increased automation driven by AI and IoT inevitably 

raises the potential for job displacement, even if it improves recycling efficiency. 

Implementing new CE technologies requires addressing negative public attitudes, limited understanding, 

and the digital divide. Ethical, governance, and security concerns also pose obstacles. The transition to a 

CE must be environmentally sound and socially equitable, with policies and incentives that foster 

collaboration and meet local needs. The implementation strategies must carefully consider regional 

differences in regulations, economic conditions, technology access, and cultural contexts, as policies like 

Extended Producer Responsibility (EPR) might require adaptations in different regions. 

 

The bibliometric mapping fundamentally revealed a research emphasis on “humans,” “artificial 

intelligence,” “industry,” and “waste management,” underscoring the inextricable interconnectedness of 

technology, environmental practices, and economic activities. These findings subsequently informed the 
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development of a novel framework integrating agile and lean methodologies with emerging technologies. 

The framework inherently stresses the importance of collaboration among universities, industry, and 

governments for knowledge transfer and policy improvements (Rejeb et al., 2023; Chopra et al., 2023; 

Tiwari et al., 2024; Alonso et al., 2023). This approach builds on existing literature by incorporating agile 

and lean principles to optimize emerging technology deployment within the CE. It provides a practically 

adaptable structure for implementation that accounts for unique needs across various industries and 

regions, addressing a critically identified gap in prior research. 

Conclusion 

This review unequivocally demonstrates that a systemic, holistic, and well-integrated approach is 

paramount for the global transition to a circular economy. Ultimately addressing the core research 

question, the judicious combination of agile and lean methods with emerging technologies, underpinned 

by robust policy frameworks, demonstrably possesses the potential to accelerate the transition towards a 

circular economy. While AI, blockchain, IoT, and digital twins offer considerable promise for promoting 

a circular transition, it is equally paramount to proactively address inherent ethical and environmental 

concerns. Neglecting these risks inherently carries the potential to undermine efforts to establish a 

genuinely sustainable and competitive global economy, one that effectively fosters long-term growth, 

financial stability, and societal well-being. 

Moving beyond purely theoretical models, future research must focus on developing demonstrably 

practical and readily implementable frameworks, informed by empirical evidence and real-world case 

studies. Policy measures must undergo rigorous evaluation to ensure their effectiveness and relevance 

across diverse regional and sectoral contexts. Furthermore, this transition necessitates strong collaboration 

across a diverse range of stakeholders, including academia, industry, government, and civil society 

organizations, to formulate a unified, inclusive, and participatory approach. Equitable distribution of 

economic and social benefits, to both reduce disadvantage and ensure the benefits of a circular economy 

are readily available for all, must also be a primary consideration. Effective management of resources and 

the implementation of robust circular practices across all sectors are fundamentally vital to achieving 

ambitious climate targets and are equally essential for enhancing global competitiveness and promoting 

long-term prosperity. 

A multifaceted strategy that seamlessly integrates technological advancements, strategically sound 

methodologies, proactively designed policies, and an unwavering commitment to sustainability is 

demonstrably fundamental for ensuring a successful transition to a circular economy. As such, this review 

makes a clear contribution to the existing body of knowledge, showing the pathway to a more circular and 

sustainable future. 
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