Towards a circular supply chain for retired electric vehicle batteries: A systematic literature review
Abstract 
[bookmark: OLE_LINK8][bookmark: OLE_LINK21][bookmark: OLE_LINK19][bookmark: OLE_LINK18]While the significance of circular supply chains in boosting the sustainability of retired electric vehicle batteries through ongoing material secondary use and recycling is clear, there is a distinct absence of thorough studies that explore retired electric vehicle batteries from a circular supply chain standpoint. This gap is particularly evident in the lack of research detailing existing patterns, pinpointing research gaps, and offering directives for future inquiries. This study undertakes a systematic literature review, analysing 249 academic articles from Scopus and Web of Science up to September 2024. Three keyword clusters, which are supply chain management for battery recycling, environmental assessment, and economic analysis are identified by keyword co-occurrence networks. The structural dimension analysis further reveals that the existing literature predominantly focuses on recycling and remanufacturing within closed-loop supply chains, highlighting an incomplete current sustainability assessment. A circular supply chain framework and archetype for retired electric vehicle batteries, along with a future research agenda, have been proposed to guide research in four streams: i) open-loop supply chains, ii) novel business models, iii) empirical research for circular economy strategies, and iv) the sustainability assessment frameworks. This study enriches researchers and practitioners’ understanding of the current development of retired electric vehicle batteries circular supply chains, underlining the potential value of retired electric vehicle batteries, fostering effective collaboration among supply chain actors, and uncovering new business opportunities. 
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1 Introduction 
[bookmark: OLE_LINK545][bookmark: OLE_LINK546]Nowadays, the electric vehicles emerge as a critical component in advancing transportation towards a sustainable, low-carbon, and circular economy (Kumar and Alok, 2020). The electric vehicle battery plays a pivotal role in the transition towards clean transportation, primarily motivated by the objective of reducing CO2 emissions compared to traditional fossil fuel vehicles (Al-Alawi et al., 2022; Fallah and Fitzpatrick, 2022). However, electric vehicle batteries require replacement once their capacity falls to 70-80%, driven by performance and safety considerations (Chen et al., 2022). Consequently, this necessitates multiple battery replacements over an electric vehicle’s lifetime, resulting in a significant accumulation of retired electric vehicle batteries (REVBs) (Gu et al., 2021). 

As demand for electric vehicles increases, projections indicate that over 1 million REVBs will be phased out from use by 2030 (Hua et al., 2020). This figure is expected to swell to 6.8 million by the year 2035 (Xu et al., 2020), underlying the urgent need for sustainable and efficient recycling strategies in the coming years (Feng et al., 2023). In this context, swiftly collecting REVBs from consumers and effectively processing them are critical for managing the rapidly increasing volume (Chen et al., 2022; Zhao and Ma, 2022). However, the industry can only offer feasible solutions if its supply chains, which include all actors involved in recycling, repurposing, or disposing of REVBs, are sustainable (Bocken et al., 2016; da Silva et al., 2023). Circular economy (CE) strategies enable sustainability in the REVBs industry by establishing a circular supply chain through the integration of open-loop and closed-loop processes into circular initiatives (Wang et al., 2022; Yang et al., 2021). This transition aims to enhance resource efficiency and profitability while reducing environmental and economic impacts (Chen et al., 2023; Rosenberg et al., 2023). However, research on the REVBs remains fragmented, particularly in conceptualising how CE concepts and practices could facilitate the transition to a circular supply chain.

[bookmark: _Hlk185522083][bookmark: _Hlk185517673]Circular supply chain is conceptualised as the integration of circular economy principles, such as designing out waste, preserving value through reuse and remanufacture, and safely returning biological resources to the biosphere, into all stages of supply chain operations (De Angelis et al., 2018; Geissdoerfer et al., 2018; Farooque et al., 2019; Lahane et al., 2020; Lee et al., 2024). Moving beyond the traditional linear take-make-dispose model, circular supply chain emphasises iterative loops of materials and components, supported by regenerative flows and restorative systems that minimise resource inputs, environmental emissions, and energy leakages (Farooque et al., 2019; Lahane et al., 2020). It evolves as a complex, adaptive network of actors, processes, and technologies that require integrated strategies, policies, and frameworks to maximise resource efficiency and resilience (Braz and de Mello, 2022; Massari et al., 2023; Massari and Giannoccaro, 2024; Massari et al., 2024; Nacchiero et al., 2024). The existing literature highlights the importance of transformative organisational capabilities and collaborative relationships that foster knowledge sharing and coordinated action toward circular objectives (Nacchiero et al., 2024; Massari et al., 2024). Technological enablers, such as digital platforms and IoT, are recognised for enhancing transparency, traceability, and the optimisation of circular material flows (Massari et al., 2023). Further, the integration of standardised reporting frameworks and the development of comprehensive circularity indicators that address multiple dimensions are critical for enabling more balanced, inclusive decision-making across all supply chain actors (Massari and Giannoccaro, 2023; Lee et al., 2024). Therefore, the circular supply chain plays an essential role in transitioning from a linear to a circular model by incorporating return processes that not only integrate supply chain activities but also enhance value capture (Zhang et al., 2021). Unlike traditional closed-loop supply chains, which are confined to individual industries, circular supply chains broaden their scope by facilitating collaboration both within and across different industrial sectors, thus incorporating open-loop supply chain elements (De Lima and Seuring, 2023). This expansion is crucial as it allows for a more flexible and comprehensive integration of CE principles. The closed-loop component of the supply chain supports key activities such as remanufacturing, reuse, and recycling. These processes are vital as they enable the direct utilisation of REVBs and related materials within the same industry, thereby minimising waste and curbing the reliance on virgin materials (Li et al., 2023; Lin et al., 2023b). This approach not only supports sustainability but also strengthens the connection between different sectors, enhancing the overall efficiency and impact of circular supply chains.

Given REVBs’ versatility for repurposing in other applications, the open-loop supply chain facilitates their use in energy storage systems, base stations, renewable power systems, or EV charge stations through collaboration with cross-industrial sectors (Etxandi-Santolaya et al., 2023; Schulz-Mönninghoff and Evans, 2023). However, the existing research predominately investigates environmental impacts and economic feasibility of CE strategies within the context of REVBs to identify the most suitable Rs (e.g., reuse, remanufacture, recycling, etc.) to reduce carbon emission (Tang et al., 2023), enhance cost efficiency (Wang et al., 2020), and maximise profits (Feng et al., 2023) at the business level. Furthermore, there is a scarcity of publications that provide a holistic view on REVBs, discussing the current status and trends within the literature. To date, only a limited number of reviews have been conducted, primarily focusing on aspects such as REVBs’ recycling technologies, strategies, and repurposing scenarios. Table 1 summarises these 26 review studies. 

[bookmark: _Hlk178741389][bookmark: OLE_LINK32][bookmark: OLE_LINK42]The aspect of recycling technologies includes processes such as physical and chemical separation, where methods like particle size separation, magnetic separation, gravity separation, and flotation are integrated with closed-circuit recycling procedures (Winslow et al., 2018; Sun et al., 2021). Additionally, the technologies related to REVBs’ pretreatment, extraction of metal elements, and their recovery are comprehensively explored, reflecting the depth of current research in this field (Wei et al., 2023). Challenges in battery disassembly, including the need for cost-effective, scalable solutions and adaptable automated systems, are also reviewed (Hertel et al., 2024). The second area of focus concerns recycling strategies for REVBs, particularly with respect to supply and logistics, alongside the associated challenges and opportunities. It emphasises the strategic placement of recycling facilities to optimise both current and future infrastructure, taking into account costs, social, and environmental impacts (Slattery et al., 2021). Furthermore, incentives related to the adoption of CE strategies for REVBs have been examined, introducing a conceptual framework that highlights key strategies for advancing CE and improving the circular supply chain within the REVB industry (Sopha et al., 2022). Moreover, the key challenges and opportunities in the material supply from REVBs aimed at sustainable transport decarbonisation have been studied, providing a foundation for future transitions (Jannesar Niri et al., 2024). Additionally, a disposal framework that highlights strategic approaches and development directions for REVB recycling has been proposed, aiming at safe and sustainable end-of-life management (Guo et al., 2024b). The third area addresses the potential application of REVBs in energy storage systems, focusing on the consequent sustainability benefits (Faessler, 2021). A comprehensive review of the economic viability and cost analysis in various REVB repurposing scenarios has also been undertaken, categorising them based on their profitability (Shahjalal et al., 2022).


[bookmark: _Hlk141908952][bookmark: _Hlk164695165]------Insert Table 1 here------

A circular supply chain facilitates the integration of processes that allow batteries to be refurbished, repurposed, and recycled, helping to minimise the extraction of new raw materials and reduce the environmental footprint associated with battery production. This model not only supports economic efficiency by lowering material costs but also mitigates environmental harm by diverting REVBs from landfills and reducing pollution. The importance of a circular supply chain is particularly evident in enhancing the sustainability of REVBs by promoting the continuous reuse and recycling of materials, thereby reducing waste and conserving resources. Despite this, existing literature reviews reveal significant limitations that warrant further investigation. Firstly, the predominant focus on specific technologies for battery recycling, such as chemical and physical separation processes, often overlooks broader circular economy strategies beyond mere recycling, such as reuse, repair, and repurposing. Furthermore, much of the current research is concentrated at the individual business or technological level, failing to consider the complexities of entire supply chains or to integrate a life cycle perspective of REVBs. This approach limits understanding of the systemic interactions and dependencies across different stages of the REVBs’ life cycle. Additionally, while many studies address economic and environmental aspects, there is a notable gap in exploring the societal impacts of managing REVBs. These oversights result in an incomplete picture of the challenges and opportunities within the field, underscoring the necessity for a comprehensive Systematic Literature Review (SLR). By conducting such a review, this research aims to holistically examine REVBs from a circular supply chain perspective, thereby addressing the identified limitations. Specifically, the study will reveal current research patterns, identify research gaps, and offer detailed guidelines for future research to ensure environmentally and economically sustainable, as well as socially responsible practices. In line with this objective, the following research questions have been formulated to guide the study: 

1. What is the bibliometric profile (publication journals, publication years, and research methods) of the literature? 
2. Which are the major research area clusters?
3. What are future research directions in this field?

This study identifies the prevailing trends and challenges within the literature, while also proposing directions for future research. It significantly advances the REVBs literature by presenting a framework specifically designed to assist the transition towards a circular supply chain to enhance circularity and sustainability. The research thoroughly explores the integration of circular economy strategies within the business, deepening the understanding of their effective connection with supply chain actors in the REVBs sector. Additionally, this research proposes an archetype for REVBs circular supply chains, providing crucial guidance for managerial decision-making by offering insights into selecting suitable supply chain loops, applying appropriate circular economy strategies, and fostering collaboration with relevant supply chain actors.

The structure of the paper is as follows: Section 2 outlines the research methodology. Section 3 presents the descriptive analysis. Section 4 conducts a keywords co-occurrence analysis. Section 5 discusses the findings in the context of structural dimensions. Section 6 proposes future research directions. Section 7 summarises the work and presents the conclusions.
2 Research Methodology
SLR stands out from other review methods due to its principles: transparency, inclusivity, and its explanatory and heuristic nature (Denyer and Tranfield, 2009). These principles enable a more objective overview of search results and help eliminate issues of bias and error (Colicchia and Strozzi, 2012). This research comprises three stages, as outlined by Snyder (2019) and Tranfield et al. (2003): paper collection, paper selection, and paper evaluation.

[bookmark: _Hlk178740630][bookmark: OLE_LINK1]Paper collection involves identifying keywords, constructing search strings, and selecting databases for investigation. The first search string is ‘electric vehicle battery’, which defines the search context of this review. This is expanded to include ‘EV battery’ OR ‘lithium-ion batter*’, ‘LIB’, ‘lead acid batter*’, ‘electric vehicle batter*’, ‘new energy vehicle batter*’ as suggested by Slattery et al. (2021). The term ‘recycle’ is the second keyword that characterises the search scope. The associated search string can consist of ‘reus*’, ‘resell*’, ‘repair*’, ‘refurbish*’, ‘remanufact*’, ‘recycl*’, ‘repurpos*’, ‘recove*’, ‘remin*’, ‘closed loop’, ‘open loop’, ‘reverse logistics’, ‘circular supply chain’, ‘circular economy’, ‘reconstruct*’, ‘restorat*’, ‘remediat*’, ‘reconfigurat*’, ‘cascading’, ‘battery second use’, ‘B2U’, ‘second life*’ as referred by Reike et al. (2018); Reinhardt et al. (2019) among others. To establish the full search strings, the logical operators ‘AND’ and ‘OR’ were employed. Truncated terms, denoted by an asterisk, serve to enhance the breadth of literature searches, thereby facilitating a more comprehensive scope of studies (Gimenez and Tachizawa, 2012). The asterisk, functions by substituting for one or more characters at the end of a word stem. Consequently, it allows for the retrieval of variants that share a common root but diverge in their suffixes, thereby ensuring that the search captures a broader array of relevant documents. This technique is instrumental in conducting thorough literature reviews, as it maximises the inclusion of applicable research findings. This research chooses Scopus and Web of Science, which are the two most comprehensive scientific databases, to retrieve articles (Chadegani et al., 2013; Guz and Rushchitsky, 2009). These two databases have been widely employed for conducting SLRs in the realms of CE (Govindan and Hasanagic, 2018; Merli et al., 2018; Sudusinghe and Seuring, 2022) and REVBs recycling (Islam and Iyer-Raniga, 2022; Pražanová et al., 2022). The search strings were applied within the ‘Title, Abstract, and Keywords’ and the search was executed in September 2024. The Scopus and Web of Science outputted 10415 and 8617 papers, respectively.

[bookmark: _Hlk178741926][bookmark: _Hlk178741809]Paper selection entails the application of specific inclusion and exclusion criteria to refine the research focus within the investigated area (Bourcet, 2020). Firstly, the document types were restricted to articles, reviews, and conference papers, while the language was limited to English. The publication timeframe was constrained to those published up until September 2024. The chosen subject areas included ‘environmental science’, ‘business, management and accounting’, ‘mathematics’, ‘computer science’, ‘social science’, ‘economics, econometrics and finance’, ‘multidisciplinary’, and ‘decision sciences’ in Scopus. In the Web of Science, although the subject areas differed, the scope was similarly narrowed to align closely with those in Scopus. These inclusion criteria were carefully selected to encompass papers that address the management of REVBs, articulate CE principles, and examine specific aspects of CE strategies or supply chain related issues. The searches in Scopus and the Web of Science yielded 2953 and 2082 papers, respectively. Secondly, exclusion criteria were rigorously applied to further refine the focus. A total of 1230 duplications were removed, and studies centred on ‘chemistry’, ‘materials’, and ‘electronics’ were excluded. These fields were specifically excluded because they primarily focus on the design and chemical composition of batteries, which are substantially irrelevant to the review’s emphasis on supply chain management, business models, and resource efficiency. This strategic exclusion significantly narrowed the focus, resulting in 183 eligible papers from Scopus and 291 from the Web of Science. Finally, a thorough reading of the full texts of these papers led to the identification of 223 papers deemed suitable for in-depth analysis. Further examination of the references within these selected papers led to the addition of 26 more papers, resulting in a total of 249 papers that met all predefined criteria and were included in the subsequent analysis. Figure 1 illustrates the paper selection steps.

------Insert Figure 1 here------

Paper evaluation targets the analysis of the selected papers in terms of their descriptive attributes, keywords, and structural dimensions (Munaro et al., 2020). Firstly, the descriptive analysis highlights the distribution of the selected papers across publishing journals and time periods. Moreover, the utilisation of various research methods was quantified and analysed. Secondly, a keyword co-occurrence network (KCN) analysis was employed to visually explore the knowledge base, topic distribution, and research fronts in REVBs circularity studies (Gorzeń-Mitka et al., 2020). Given that keywords capture the main themes of a research article, analysing them can reveal the key topics of the paper and clarify the connections between two or more documents. Therefore, the KCN provides a more accurate overview of a selected field by focusing on the content of the article rather than the results (Radhakrishnan et al., 2017). Thirdly, structural dimension analysis was conducted based on the result of KCN analysis. Every dimension is further divided into corresponding analytical groups.
3 Descriptive Analysis
The 249 papers are published in 101 academic journals. Table 2 summarises those that have published at least two articles in this field. Most papers appeared in renowned journals focused on environment and resource topics, emphasising sustainability and the circular economy, including the Journal of Cleaner Production, Resources Conservation and Recycling, Applied Energy, Waste Management, and Energies, among others. The top seven journals that published more than 10 relevant articles contribute to over 48% of the total publications. However, it is noticeable that the circularity of REVBs has not been given much emphasis in operations and supply chain journals. 

------Insert Table 2 here------

As Figure 2 shows, prior to 2015, there was scant published literature in this area. The earliest known publications date from 2003 and include Schultmann et al. (2003), which proposed a hybrid strategy for creating a closed-loop waste battery supply chain, and Daniel et al. (2003), which demonstrated how a life cycle inventory could be applied to reverse supply chains through a case study of lead recovery from batteries. These two studies provide a theoretical foundation for subsequent research. It was not until 2014, when Europe introduced the CE concept, that interest in implementing CE strategies in the REVBs industry began to take off in academia. A noticeable upward shift is then observed as the annual publication counts begin to accelerate. This acceleration becomes especially pronounced from 2019 onwards, with the number of papers growing substantially year-on-year until 2022, where the count reaches its highest level. While there is a temporary drop in 2023 and 2024 (with only nine months accounted for), these declines are relatively small in comparison to the overall growth observed over the last decade. Taking into account the lengthy timeline and external factors like Covid lockdowns that can affect publication rates, the longer-term trend clearly remains one of increasing academic attention and industry engagement in this topic.

------Insert Figure 2 here------
------Insert Figure 3 here------
The 249 papers are categorised in five types based on the applied research method (shown in Figure 3): i) modelling – 172 papers, ii) literature review – 26 papers, iii) case study – 22 papers, iv) surveys – 18 papers, v) theoretical and conceptual framework – 11 papers. Modelling, the predominant method, includes approaches such as game theory (43), economic analysis (41), network design (34), Life cycle assessment (LCA)-based methods (27), material flow analysis (15), and others (12). These papers often evaluate recycling channel selection, assess techno-economic feasibility, design circular networks, analyse environmental impacts, and quantify materials like lithium and cobalt. Literature review papers rank second, concentrating on three topics: REVBs’ recycling technologies, recycling strategies, and repurposing. Case study research focuses on REVBs business models to implement CE strategies and redistribute REVBs. For example, sustainable business models for REVBs’ secondary use (Jiao and Evans, 2016; Reinhardt et al., 2020), circular business models (Albertsen et al., 2021), and experiments on the secondary use of REVBs (Kebir et al., 2023; Rallo et al., 2020b). As for the survey method, these papers primarily aim to investigate the barriers and drivers in the transition to a circular supply chain (Bonsu, 2020; Gebhardt et al., 2022; Kumar et al., 2021), the effectiveness of subsidies (Huang et al., 2022), and new business opportunities (Chirumalla et al., 2022; King and Boxall, 2019). Finally, the theoretical and conceptual papers illustrate the challenges of effective utilisation of REVBs (Beaudet et al., 2020; Rajaeifar et al., 2022; Yu et al., 2022b) and provide insights into the current status of the REVBs industry in different countries (Choi and Rhee, 2020; Meegoda et al., 2022).
[bookmark: _Hlk155356071]4 Keyword Co-occurrence Analysis
KCN serves as an effective method for visualising research trends by demonstrating the interconnections among keywords in selected articles (Radhakrishnan et al., 2017). Within a KCN, each keyword is displayed as a node, and links are used to represent the co-occurrence between pairs of keywords. These keywords, derived from both author keywords (i.e., keywords selected by authors listed in the publications) and index keywords (i.e., keywords automatically generated by algorithms based on the full text), are sourced from Scopus and Web of Science to ensure alignment with the research objectives (Nguyen et al., 2022). VOSviewer is utilised to discover relationships between keywords following Han and Fang (2024) and Xu et al. (2024). VOSviewer’s built-in smart local moving algorithm clusters keywords based on their co-occurrence patterns, indicating that a higher number of articles featuring the same pair of keywords suggests a stronger relationship between them. Keywords allocated to the same cluster typically share significant correlations and pertain to similar subjects (Do et al., 2021). This clustering process is visually represented in Figure 4, where individual keywords are denoted as circles. The size of each circle correlates with the frequency of the keyword’s occurrences, thereby providing insights into their significance. The proximity of keywords on the map reflects their level of association, with closer keywords sharing stronger connections. The smart local moving algorithm assigns each keyword to a single cluster, ensuring that even if two keywords from different clusters appear close together on the map, they still maintain a strong relationship (Waltman et al., 2010).

[bookmark: _Hlk178741230]Several essential steps were implemented, as suggested by Do et al. (2021) and Xu et al. (2024), to ensure precision. Firstly, during the pre-processing phase, standard terms typically found in structured abstracts, such as ‘priority journal’ and ‘review’, were removed due to their limited analytical value. Secondly, a thesaurus file was employed to standardise synonyms and ensure consistency in keyword expressions. For example, ‘electric vehicle’ was aligned with ‘electric vehicles’, and ‘recycling’ with ‘battery recycling’ to maintain data quality and precision in subsequent keyword analysis. Thirdly, the parameter settings for VOSviewer were primarily maintained at the default values, with the occurrence threshold set at 5 to ensure an optimal balance between clarity and the inclusion of relevant keywords. This threshold was selected to strike a balance between including high-frequency terms and preventing unnecessary clutter in the visual network. A lower threshold would have resulted in an overload of less significant keywords, making the network difficult to interpret. The selection of this threshold aligns with prior research, such as Han and Fang (2024), Kumar et al. (2022) and Montecchi et al. (2021). As a result, 117 keywords with five or more occurrences were extracted from a total of 2042 keywords across 249 papers. These keywords were categorised into three distinct clusters as shown in Figure 4, namely (i) supply chain management for REVBs, (ii) environmental impact for REVBs, and (iii) economic analysis for REVBs. Table 3 presents the top 10 high-frequency keywords under each cluster based on their occurrences (Agnusdei and Coluccia, 2022), ranked in descending order to reflect their prominence and thematic dominance in the analysed literature. For example, under Cluster 1, ‘battery recycling’ and ‘electronic waste’ ranked highest, with 118 and 86 occurrences respectively, indicating a strong emphasis on strategies, configurations, and opportunities to enhance the management of electronic waste. 

[bookmark: _Hlk165034172]------Insert Figure 4 here------
[bookmark: OLE_LINK17]------Insert Table 3 here------
[bookmark: OLE_LINK54][bookmark: OLE_LINK55]
[bookmark: OLE_LINK58][bookmark: OLE_LINK59]
Cluster 1 emphasises shaping a sustainable and circular approach to battery recycling (118) through effective supply chain management (66). The analysis underscores the critical roles of closed-loop supply chains (27) and reverse logistics (16) in managing electronic waste (86) and ensuring the responsible reintegration of second-life batteries (82). The focus on sustainable development (42) and profitability (32) highlights the importance of strategic approaches to maximise resource utilisation and minimise waste generation (Lin et al., 2023a). Automotive manufacturers (28) are increasingly pivotal in integrating circular economy strategies, particularly in managing automotive batteries (26). This holistic approach at the supply chain level fosters innovation and growth in the REVB industry, ultimately driving the transition towards a more sustainable and circular supply chain ecosystem.
[bookmark: OLE_LINK2]Cluster 2 reveals a significant emphasis on the environmental impact assessment (69) of lithium-ion batteries (109), underscoring the importance of thorough evaluation throughout the battery's entire lifespan using life cycle assessment (90). The figure highlights critical considerations, such as integrating REVBs into electric power supplies (68) to extend their usage life and applying effective and safe treatment methods to lithium ions (62) in recycling processes to mitigate potential environmental hazards. End-of-life management (33) and waste management (28) play crucial roles in addressing the challenges posed by solid waste (17) generated from lithium-ion batteries, contributing to a more sustainable approach (Ioakimidis et al., 2019). Efforts to enhance energy utilisation (11) are aligned with broader sustainability goals, aiming to reduce environmental damage. By prioritising environmental considerations and adopting sustainable waste management practices, this approach bolsters the REVBs industry’s commitment to circular development and environmental responsibility, particularly within the Chinese context (32). 

[bookmark: OLE_LINK65]Cluster 3 highlights the economic analysis (66) of retired batteries from electric vehicles (158), focusing on the cost-benefit analysis (50) and financial feasibility of various end-of-life pathways for REVBs, such as their integration into energy storage systems (60). This cluster examines the economic landscapes shaped by circular economy strategies (45) and their applications, including secondary use (43), reuse (19), and repurposing (13). It reveals both challenges and opportunities in the transition towards leveraging REVBs for renewable energy solutions and reinforcing their role in the circular economy. The investigation into investments (15) and business models (12) underlines the necessity of ensuring the economic viability of utilising REVBs to enhance the overall value proposition.
5 Structural Dimension Analysis
This section conducts structural dimension assessments based on the three clusters resulting from KCN. The open coding and axial coding procedures, based on grounded theory (Strauss and Corbin, 1998), were used to identify and aggregate key information. Subsequently, the inductive method was applied to code the selected papers based on the three dimensions in Microsoft Excel (Talwar et al., 2021). Consequently, a fine-grained assessment of supply chain management for REVBs was conducted, which included analyses of REVBs circular supply chain types and actors, employed CE strategies as well as the environment and economy evaluation criteria.
5.1 Cluster 1: Supply chain management for REVBs 
[bookmark: _Hlk154492043]5.1.1 REVBs circular supply chain types
[bookmark: OLE_LINK9][bookmark: _Hlk178739145]Three types of REVBs circular supply chain are identified in the literature: i) closed-loop supply chain-65 articles, ii) open-loop supply chain-51 articles, iii) mixed-12 articles. The closed-loop supply chain facilitates the return of REVBs to the original battery manufacturers from consumers, extending their usage in electric vehicles and enabling the materials recycling (Genovese et al., 2017; Guide et al., 2003; Östlin et al., 2008). Conversely, the open-loop supply chain involves the use of REVBs by entities other than the original manufacturers or for alternative purposes (da Silva et al., 2023; Kalverkamp and Young, 2019). The mixed approach integrates both open- and closed-loop supply chains, incorporating actors from diverse industrial sectors to create a more comprehensive management strategy. It enhances the optimisation of resource utilisation and extends the lifecycle of materials through innovative recycling and repurposing practices (Gunasekara et al., 2023). In recent years, the prevalence of research focusing on closed-loop and open-loop supply chains has shown a fluctuating upward trend. However, studies considering a mixed approach have received scant attention, thereby highlighting a significant gap in the exploration of holistic supply chain strategies.

[bookmark: _Hlk164589097]The closed-loop supply chain studies are comparatively well-established as they investigate a holistic aspect of REVBs. For example, they detail how REVBs can be allocated to either a large-scale facility for centralised recycling or a localised, smaller facility for minor repairs to maximise the value (Ghalandari et al., 2023; Li et al., 2018). These studies also explore network design and strategies for REVBs utilisation, such as logistics planning (Kamyabi et al., 2022), facility design (Tang et al., 2023), return channel selection (Zhang et al., 2022a), and pricing strategies development (Lin et al., 2023b; Zhang et al., 2022a). On the other hand, although recent open-loop supply chain studies have quickly expanded, they primarily investigate the economic feasibility of REVBs via calculating the investment payback period and net present value (Mathews et al., 2020; Moore et al., 2020). Despite the advancements in both closed-loop and open-loop supply chain studies, there is a notable gap when it comes to integrating these approaches. So far, only ten papers combine these perspectives in their investigations and were published very recently. For instance, Gong et al. (2022) proposed a dual-channel REVB reverse supply chain that distributes REVBs to echelon utilisation enterprises for repurpose, while the remainder are sent to metal recycling stations for materials extraction. Similarly, Tadaros et al. (2022) and Li et al. (2023) developed REVBs circulate networks that not only consider the reselling, remanufacturing, and recycling strategies but also place an emphasis on repurposing strategies. Given the limited scope of existing closed-loop supply chains, significant research gaps remain in REVBs literature in terms of circular supply chain development, decision making in circular loop selection, and value maximisation under the integration of open- and closed-loop supply chains. 
5.1.2 REVBs circular supply chain actors
REVBs circular supply chain actors are entities involved in implementing or adopting CE strategies focusing on resource efficiency, waste reduction, and the continuous use of resources (Chakuu et al., 2019; Jannesar Niri et al., 2024). They can be broadly classified as common actors and specific actors in closed- and open-loop supply chains. Common actors are those that work in both closed- and open-loop supply chains. Specific closed-loop supply chain actors include particular parties that extend the usage of REVBs within the original supply chain. Specific open-loop supply chain actors extend the usage of REVBs in different applications and supply chains. Table 4 summarises these actors with their roles and occurrences in the literature.

------Insert Table 4 here------

Among the common actors, collection centres (63) play a crucial role in recycling services. They can be further categorised into two types, namely battery manufacturers’ subsidiaries (Ghalandari et al., 2023) and third-party centres (Zhao and Ma, 2022), each highlighted in 30 and 33 papers, respectively. Apart from the fact that they are both responsible for collecting REVBs, the former also serves as temporary warehouses for battery capacity testing and circular loop determination (Li et al., 2023; Li et al., 2018). For instance, Brunp recycling, a subsidiary of CATL, provides critical services in this area. Third-party collection centres can extract precious materials such as lithium and cobalt from REVBs and manage the material recycling (He and Sun, 2022). GEM and Redwood Materials are representative companies in the sector. The high occurrence of consumers (56) underscores their significant role in handling and returning REVBs for closing the loop of resource use, ensuring that precious materials are reintegrated into the supply chain rather than being lost as waste.

[bookmark: OLE_LINK10]Within the closed-loop supply chain, battery manufacturers and electric vehicle manufacturers are identified as two crucial actors (Zhu et al., 2020). Battery manufacturers (69) play a crucial role in designing and producing batteries. They also develop and implement technologies to effectively recycle and remanufacture REVBs. Although electric vehicle manufacturers (31) participate in designing batteries and recycling REVBs, their primary focuses are still electric vehicle design and assembly. Therefore, the responsibility and capability for effective REVBs circulation often fall more heavily on battery manufacturers. The retailers (34) not only provide battery repair and maintenance services but also act as intermediaries in the resale of electric vehicles. The raw material suppliers (17) are active actors in the upstream supply chain, ensuring and providing quality raw and sustainable materials for the manufacturing of new batteries. Their contribution is critical to fostering a sustainable battery ecosystem by supporting the development of batteries that are both high-performing and environmentally responsible. In the context of the open-loop supply chain, echelon utilisation enterprises, as detailed in 32 articles, play a crucial role in assessing REVBs capacity and tailoring these batteries for new applications (Tang et al., 2019; Thakur et al., 2022). Their contribution is vital in expanding the utility of REVBs beyond their original automotive purposes by ensuring compatibility with grid applications, adhering to regulatory standards, and managing the stability and performance of energy grids (Gu et al., 2021; Schulz-Mönninghoff and Evans, 2023). Additionally, other manufacturers, featured in 24 articles, serve as another key specific open-loop supply chain actor, significantly broadening resource utilisation opportunities. They innovatively repurpose materials extracted from REVBs to manufacture diverse products, thereby not only enhancing material efficiency but also contributing to the reduction of environmental impacts associated with raw material extraction and waste. The existing literature predominantly concentrates on the specific roles of individual actors, with inadequate attention directed towards their collaborative dynamics. There is a notable gap in understanding how these actors cooperate and the effectiveness of their collaborations, particularly through novel business models that could benefit all participants. 
5.1.3 CE strategies employed in REVBs circular supply chains 
Table 5 provides an examination of the employed CE strategies in REVBs circular supply chain by presenting their occurrence, objective, and key REVBs circular supply chain actors adhering to the 10Rs strategies proposed by Reike et al. (2018). Notably, ‘Refuse’ and ‘Reduce’ from the 10Rs are excluded because they represent ideological strategies, meaning decisions to reduce consumption either through purchasing fewer items or using them more sparingly, as universal approaches to waste prevention (Allwood et al., 2011; Black and Cherrier, 2010). Their inclusion in this analysis would not provide additional analytical insights as they are a common element across all relevant CE studies. Subsequently, this research explores the diverse CE strategies through three phases as suggested: user choice, product upgrade, and downcycling (Reike et al., 2018). At user choice phase, REVBs still retain its original function and can be directly reused by other consumers through transactions. At the product upgrade phase, REVBs are upgraded to prolong the lifespan. At the downcycling phase, REVBs lose their original function and are either repurposed for different applications or turned into sustainable materials for different products.
[bookmark: _Hlk154492867]
------Insert Table 5 here------
5.1.3.1 User choice phase
[bookmark: _Hlk164546394]‘Resell’/’Reuse’, with 41 instances, represents an exclusive CE strategy at this phase. It involves the transfer of a product to a second consumer with minimal or no adaptations, where the product functions as new for the intended purpose, without requiring refurbishment, rework, or repair (Ghisellini et al., 2016). This strategy encompasses both the offering and receiving sides of the market transaction necessary to reintroduce products into the economy after their original usage (Reike et al., 2022). This CE strategy entails direct transactions between customers, where a secondary consumer acquires a minimally adapted product that functions comparably to a new one. However, the safe and effective reuse of REVBs necessitates specialised handling skills, which preclude their sale as ordinary items on platforms such as eBay (Worrell and Reuter, 2014). Moreover, the process of reselling or reusing such items demands rigorous testing and certification to ensure they meet safety and performance standards. These requirements create an additional layer of complexity and cost, potentially limiting the accessibility of these practices to a wider market.
5.1.3.2 Product upgrade phase
‘Repair’ (5), ‘Refurbish’ (10), and ‘Remanufacture’ (51) are identified as the CE strategies deployed to upgrade REVBs. ‘Repair’ is defined as the process of fixing specific faults in a product to restore its original functionality without major upgrades or replacement of components, while refurbishment extends beyond this by enhancing a product’s condition through significant component replacements (Stahel, 2010). ‘Remanufacture’ is even more comprehensive, involving the disassembly, cleaning, repair, and replacement of necessary parts of a product, often updating it to meet current standards to ensure it functions like new (Reike et al., 2018). Among these three strategies, ‘Remanufacture’, with 51 instances, has gained the most attention, covering a wide range of aspects that reflect a strategic emphasis on the role of remanufacturing in utilising REVBs. Several studies design supply chain models including REVBs remanufacturing possibilities to optimise circular loop selection and pricing strategies. For instance, Gong et al. (2022) found that government subsidies could enhance the extent of remanufacturing activities and influence the pricing strategy. Meanwhile, Liu et al. (2021) observed that remanufacturing strategies impact the equilibrium decisions and profits, considering the uncertainty of REVBs’ residual capacity. Another segment of the literature considers remanufacturing-related network configurations, such as the decision-making problem of REVBs remanufacturing facility location (Deveci et al., 2021) and infrastructure development (Li et al., 2018). It is notable that there is a marked lack of focus on ‘Refurbish’ and ‘Repair’ in REVBs circular supply chains, reflecting a strategic orientation towards more resource-intensive approaches for optimising REVB upgrades. This trend is predominantly due to considerations of resource efficiency and utilisation. Additionally, the current infrastructure in the REVBs industry for repair and refurbishment is underdeveloped, and battery warranty responsibilities are primarily assumed by upstream battery manufacturers, thereby increasing the distance between consumers and these services and complicating access and execution (Albertsen et al., 2021).
5.1.3.3 Downcycling phase
[bookmark: OLE_LINK12]The downcycling phase encompasses four distinct CE strategies: ‘Repurpose’ (48), ‘Recycle’ (111), ‘Recovery’ (3), and ‘Remine’ (0). Among these, ‘Recycle’ emerges as the most studied CE strategy in this phase, with 111 instances in the literature. It refers to any recovery methods for materials or resources used for various purposes (Reike et al., 2018). Scholars primarily focus on designing recycling networks under various recycling methods. For example, Wang et al. (2020) and Rosenberg et al. (2023) proposed models to determine the optimal locations and sizes of hydrometallurgy plants for centralising REVBs recycling, considering various economic and environmental constraints. Similarly, Gonzales-Calienes et al. (2022) and Hu et al. (2022b) explored the network configurations of pyrometallurgical plants for recycling REVBs, taking into account total cost and carbon emissions. Although three recycling methods, namely, hydrometallurgical, pyrometallurgical, and bio-hydrometallurgical recycling, are commonly applied in the REVBs industry (Mossali et al., 2020), the bio-hydrometallurgical recycling method has not been considered in network design.

[bookmark: _Hlk178738265][bookmark: _Hlk178728496][bookmark: _Hlk164546546]Repurpose involves adapting discarded goods for a new function, distinct from their original use (Ugalde and Peiró, 2024). It emerges as a growing CE strategy at the downcycling phase aiming to extend REVBs lifespan in secondary applications. Table 6 categorises existing scenarios into three groups: Grid-based (28), Off-grid based (26), and Mobile (17). The grid-based scenario involves REVBs connecting to the electricity grid. Notably, energy storage systems integrated with photovoltaics are considered most economically feasible from perspectives of profitability (Bai et al., 2019; Omrani and Jannesari, 2019), residual value (Rallo et al., 2020b; Wu et al., 2020), and environmental benefits (Geng et al., 2022). The off-grid scenario, functioning either in integrated or standalone modes without relying on a conventional network, presents another potential option for REVBs’ secondary use (Hossain et al., 2019). Off-grid applications, from residential energy systems to communication base stations, highlight the adaptability of REVBs in providing energy independence and supporting renewable installations in remote areas. However, when compared to grid-based scenarios, off-grid scenarios demonstrate marginal economic profits (Casals et al., 2019; Song et al., 2019) and may require higher metal consumption, despite offering certain environmental benefits (Kamath et al., 2020; Yang et al., 2020). Meanwhile, mobile repurposing scenarios, such as for electric bicycles and electric vehicle charging stations, showcase the potential of REVBs to power sustainable urban mobility solutions. Although frequently mentioned in academic literature, these scenarios are often discussed without the support of detailed quantitative analysis. 
[bookmark: _Hlk165036470]
------Insert Table 6 here------

[bookmark: OLE_LINK13]‘Recover’ (3) receives limited attention compared to ‘Recycle’ and ‘Repurpose’ at the downcycling phase. REVBs possess considerable potential for secondary usage and contain precious materials that are viable for recycling and remanufacturing. This reutilisation underscores the inherent value preserved within REVBs beyond their initial life cycle. From the standpoint of resource efficiency and utilisation, energy recovery from the waste through incineration is often viewed as a less effective strategy (Reike et al., 2018). In addition, the environmental impacts associated with the incineration processes involved in energy recovery, such as the release of toxic emissions, further diminish its viability. Thus, the focus shifts towards more environmentally benign and resource-efficient CE strategies in the management of REVBs. Surprisingly, ‘Remine’ (0) has not been examined in the literature, especially considering a considerable number of REVBs have not been recycled but landfilled (He and Sun, 2022). Hence, remining the valuable materials stored in old landfills and other waste plants is worth exploring (Raffaello Cossu and Williams, 2015). This approach not only aids in the regaining of scarce resources but also mitigates the environmental hazards associated with traditional landfill methods. Furthermore, it promotes a more sustainable and circular approach to waste management, potentially reducing reliance on virgin material extraction and lowering overall environmental impact.
[bookmark: _Ref151492907][bookmark: _Toc153986755]5.2 Cluster 2: Environmental impact assessment of REVBs 
The environmental impact assessment in the existing literature has two primary focuses: the application of LCA in assessing the environmental benefits of CE strategies, and the design of REVBs circular supply chain networks with an emphasis on carbon emissions. The commonly employed environmental assessment criteria are listed in Table 7. 

------Insert Table 7 here------

27 papers employ LCA to evaluate environmental impacts, specifically focusing on the benefits to the environment following the implementation of CE strategies. This body of work indicates a trend towards incorporating a broader array of CE strategies in environmental impact assessments. Notable studies include Hendrickson et al. (2015), which demonstrated that material recycling from REVBs could reduce CO2 emissions by 23% compared to new material production. Similarly, Casals et al. (2017) and Ahmadi et al. (2017) explored the environmental impacts of repurposing REVBs in grid-based scenarios, finding significant reductions in environmental impacts. The growing interest in multi-faceted CE approaches is further evidenced by Yu et al. (2021), which reported that the combined phases of remanufacturing and recycling could lessen greenhouse gas emissions, water consumption, and production costs. Additional research by Koroma et al. (2022) and Richa et al. (2017) supports these findings, highlighting the substantial environmental savings, net cumulative energy demand decrease, and global warming relief achievable through recycling, refurbishing, and repurposing strategies. However, despite this progress, there remains a notable limitation as strategies like resell/reuse, repair, recover, and remine are seldom considered in these assessments. This exclusion of key CE strategies means that the full potential of circular economy benefits is not being captured. Moreover, the absence of comprehensive LCAs that encompass all CE strategies within REVBs circular supply chains prevents a holistic understanding of REVBs’ cumulative environmental impacts, thus hindering the development of fully informed sustainable policies and practices.

On the other hand, 21 studies specifically integrate environmental impacts into REVBs supply chain design, focusing on carbon emissions as a critical evaluative criterion. These studies typically utilise mixed-integer linear programming to incorporate carbon emissions to multi-objective functions, reflecting a carbon-centric perspective in their methodologies (Fazli-Khalaf et al., 2017; Li et al., 2023). Studies such as Zhang et al. (2022a), have developed models that include carbon cap-and-trade policies to quantify environmental costs and facilitate more sustainable network designs. However, while these studies include carbon emissions as an optimisation objective and consider government carbon regulations and potential carbon trading, the prevailing approach of converting carbon emissions into cost metrics does not accurately or fully represent the environmental impact of REVBs. This method oversimplifies the complex nature of environmental impacts, potentially overlooking other critical environmental factors. For example, very few studies take landfill waste into consideration. In addition, there is a lack of specific criteria that can provide a comprehensive and accurate depiction of the environmental assessment of REVBs.

[bookmark: _Toc153986756]5.3 Cluster 3: Economic analysis of REVBs 
It is revealed that economic analyses within the REVBs industry primarily apply four sets of criteria: cost, profitability, uncertainty, and quality as shown in Table 8. Cost-based criteria are the most frequently used, primarily focusing on the assessment of REVBs circular supply chain network design. This is followed by profitability, which is often utilised to configure REVBs circular supply chains, such as cooperation between circular supply chain actors. However, uncertainty and quality-based criteria have been less explored.

------Insert Table 8 here------

Specifically, a significant stream of research has been directed towards the development of infrastructure, such as echelon utilisation enterprises and collection centres, within REVBs circular supply chains, focusing primarily on cost implications. The construction and operational costs are critical in shaping the implementation of CE strategies and the planning of the overall network. For example, Kannan et al. (2010) initially designed the REVBs network with the primary objective of minimising total costs through recycling. Over time, the research has expanded to include multiple CE strategies. Recent studies like those by Tadaros et al. (2022) and Gaur et al. (2017) have broadened their focus to integrate refurbishing, remanufacturing, repurposing, and recycling into their cost assessments. This evolving analysis of profitability has steered the strategy towards more intricate selection and coordination within the REVBs circular supply chain configuration, including efforts to maximise net revenue for stakeholders and achieve optimal allocation of REVBs and execution of CE strategies. For instance, Li et al. (2022) and Zhu et al. (2020) found that collaboration with battery manufacturers is the most profitable channel for recycling strategies from a total profit perspective. Moreover, Chai et al. (2021) explored the economic viability of the remanufacturing strategy, noting the potential for limited profits for battery manufacturers, which could, however, be supplemented by government subsidies. Uniquely, Gu et al. (2021) investigated the profitability of circulating REVBs by simultaneously considering remanufacturing, repurposing, and recycling. The uncertainty in supply chain dynamics and the quality of REVBs significantly impact the practical application of CE strategies and the configuration of the overall circular network. For example, Lin et al. (2023b) analysed the uncertainty in REVBs demand and collection rates to aid in decision-making for dual-recycle channel selection. Additionally, Gu et al. (2018) categorised REVBs based on quality, and Sun et al. (2022) modelled the residuals of REVBs to follow a normal distribution. Both studies aimed to identify the optimal recycling channel. These investigations underscore the importance of quality assurance and risk management in circular supply chains, striving to optimise REVBs allocation and effectively execute CE strategies.

Although a significant body of research has been dedicated to the economic assessment of REVBs, critical limitations persist in the breadth of CE strategies considered within these studies. Most notably, while certain strategies such as recycling and remanufacturing are regularly explored, others integral to a comprehensive understanding of REVBs’ economic impact—such as resell, reuse, repurpose, repair, recover, and remine—are often overlooked. This oversight leads to an incomplete representation of the true economic potential of REVBs utilisation, potentially skewing strategic decisions and policy formulations. Furthermore, the focus predominantly on closed-loop supply chains means that the broader, potentially more complex dynamics of open-loop supply chains, which include many secondary applications of REVBs, remain underexamined. This not only restricts the applicability of findings across different circular supply chain configurations but also limits understanding of the economic interactions that occur outside of closed-loop environments. Given that not all CE strategies and supply chain models are thoroughly explored, there remains a significant gap in determining whether new types of economic criteria and indicators should be developed to accurately reflect the economic dynamics of REVBs utilisation. 

In conclusion, a framework for REVBs circular supply chain transition has been synthesised based on the structural dimension analysis results as shown in Figure 5. It outlines the essential dimensions required for developing effective circular supply chains for REVBs, including types of supply chains, key actors involved, CE strategies employed, and sustainability evaluation. Each dimension is critical to understanding the systemic shifts and the existing challenges in navigating the complexities of circular supply chain implementation. Firstly, the transition cannot be achieved by merely developing REVBs closed-loop supply chains. The integration of open-loop supply chains with closed-loop ones is essential to broaden the circular loops of REVBs, ultimately maximising the value of REVBs. Secondly, all involved REVBs circular supply chain actors must fulfil their responsibilities and cooperate effectively to ensure the circularity of REVBs. New business models that benefit all actors, considering their roles and demands, should be developed to promote circular supply chain collaboration. Thirdly, eight CE strategies categorised into three phases must be employed to circulate REVBs. It is important to ensure that safety and performance testing and certification are in place to popularise resell/reuse. The infrastructure for repair and refurbishment should also be well-developed to provide convenience to consumers accessing these services. Developing new mobile repurposing applications for REVBs to further extend their lifespan and dedicating more attention to recovery and remine strategies will enhance resource efficiency and utilisation. Lastly, the sustainability of the REVBs circular supply chain can only be measured accurately by assessing all CE strategies within both closed- and open-loop supply chains using a comprehensive list of criteria.

[bookmark: _Hlk165042172]------Insert Figure 5 here------
6 Future Research Agenda
To address the key challenges outlined in the REVBs circular supply chain transition framework, a future research agenda will be discussed. By identifying research opportunities, the next steps in enhancing circular supply chain efficiency and sustainability for REVBs will be proposed. This approach ensures a focused and strategic exploration of how to overcome obstacles and leverage potential advancements in the field.
[bookmark: _Hlk162447073]6.1 REVBs open-loop supply chains 
[bookmark: OLE_LINK15]It has become clear that there is a substantial gap in studies pertaining to open-loop supply chain models. This deficiency hampers the potential for maximising value retention across the lifecycle of REVBs, as current studies predominantly focus on closed-loop systems. Addressing this issue is crucial, as integrating open-loop with closed-loop supply chains could substantially enhance the circularity and sustainability of REVBs (Gong et al., 2022; Tadaros et al., 2022). To address this, the proposed research agenda is dedicated to refining decision-making processes related to supply chain network design. This includes facets such as resource allocation, facility location, transportation mode, stakeholder collaboration, cost and profit optimisation, and circular loop selection. This initiative aims not only to bridge the existing knowledge gap but also to cultivate a comprehensive understanding of how the integration of these two supply chain models can unlock the full potential of REVBs. The following specific research questions have been developed to guide future studies and fill the observed gaps:

i) What are the implications of integrating open-loop and closed-loop supply chains on the overall profitability and sustainability of REVBs? This research question intends to quantify the economic and environmental benefits of such integration, providing a solid basis for cost and profit optimisation strategies.
ii) How to optimise REVBs allocation in integrated open-loop and closed-loop supply chain systems to maximise sustainability and cost-effectiveness? This question seeks to identify the most efficient ways to distribute recycled REVBs between these two systems to enhance environmental and economic performance.
iii) What are the optimal facility locations for integrated supply chain models that balance cost, accessibility, and environmental impact? This question aims to explore the strategic placement of facilities that can serve both open-loop and closed-loop systems, enhancing the overall efficiency of the circular supply chain.
iv) Which transportation modes and logistics strategies enhance the efficiency of integrated supply chain models for REVBs? This question focuses on identifying transport solutions that minimise environmental impact and cost while maintaining or improving supply chain efficiency. 
v) How can stakeholder collaboration be improved in integrated supply chain models to enhance the circularity and sustainability of REVBs? This question investigates the roles and relationships between different stakeholders in the supply chain, aiming to foster cooperation that supports sustainability goals.
6.2 Novel business models for REVBs circular supply chains
As various actors within REVBs circular supply chains, including collection centres, battery manufacturers, electric vehicle manufacturers, retailers, echelon utilisation enterprises, and consumers, play distinct roles by adopting different CE strategies aimed at maximising value retention, the development and implementation of novel business models are crucial for enhancing efficiency and achieving long-term success in this complex and competitive landscape. At the user choice level, collaboration between retailers and digital platforms can generate value through mechanisms such as battery leasing fees, subscription services, and battery arbitrage, thereby promoting the widespread use of REVBs (Chirumalla et al., 2024). At the product upgrade level, engaging new partners and transferring warranty responsibilities from battery manufacturers to new stakeholders can revolutionise the current landscape, creating business models that offer consumers enhanced repair and refurbishment services. This shift not only improves service quality but also extends the lifecycle of the batteries. Furthermore, at the downcycling level, strategic partnerships among battery manufacturers, energy companies, and recycling firms are essential. These collaborations can lead to the development of integrated service platforms that support the secondary use of REVBs in applications such as stationary energy storage, thereby fostering the adoption of REVBs in secondary markets. The diversification of business models in the REVBs industry, such as battery leasing and second-life battery applications, involves cross-sector collaboration to identify optimal battery repurposing pathways and advance recycling technologies. Operationally, these innovative models are supported by efficient logistics networks, storage facilities, and strategic partnerships, facilitating the deployment of repurposed batteries in various scenarios, including on/off-grid-based or mobile setups. Additionally, while researchers like Van Engeland et al. (2020) and Wrålsen et al. (2021) highlight the government as a critical stakeholder in the REVBs recycling industry, further research is needed to effectively integrate government roles and support within the REVBs circular supply chain. This includes the development of relevant government support and regulation to accelerate the operation of these business models, ensuring that collaborations are not only profitable but also conducive to the broader adoption and utilisation of REVBs and their materials in secondary uses. The following research questions are proposed to guide the future studies: 

i) What are the impacts of battery leasing fees, subscription services, and battery arbitrage on the widespread adoption of REVBs, and how can these mechanisms be optimised to enhance consumer acceptance and value retention? This question seeks to assess the effectiveness of various user choice level strategies and their scalability within the market.
ii) How can the transfer of warranty responsibilities to new stakeholders revolutionise the product upgrade level, and what are the implications for consumer satisfaction and business profitability? This question will explore the potential benefits and challenges of shifting warranty responsibilities within the supply chain, focusing on outcomes such as enhanced service quality and extended battery lifecycles.
iii) In what ways can strategic partnerships at the downcycling level be structured to develop integrated service platforms that promote the secondary use of REVBs, and what are the key factors for success in such collaborations? This question focuses on the dynamics and configurations of strategic partnerships that aim to create service platforms for the secondary market utilisation of REVBs, especially in applications like stationary energy storage. 
iv) What role do government policies and support play in facilitating the integration and success of novel business models in the REVBs recycling industry, and what specific regulatory changes are needed? This question investigates the influence of governmental frameworks on the operational efficiency and market viability of new business models in the REVBs sector.
6.3 Empirical research for CE strategy adoption in REVBs circular supply chains
The existing literature predominantly utilises modelling to optimise and simulate REVBs value retention strategies. The relevant empirical research, whether quantitative or qualitative, is insufficient. This shortfall highlights the need for more exploratory studies that provide real-world insights into the effectiveness and sustainable development within REVBs circular supply chains. Empirical studies, such as quantitative surveys and experiments or qualitative case analyses, have already demonstrated their capacity to uncover the underlying motivations driving stakeholder decisions and to enhance the design and planning of supply chain networks with rich, exploratory, and descriptive data (Trang and Li, 2023). Such research is vital as building effective REVBs circular supply chains involves complex decision-making that considers a multitude of criteria and objectives, which modelling alone cannot fully capture or quantify accurately. Further empirical investigation into detailed CE strategies in the REVBs industry, supported by practical evidence, is highly encouraged. This approach will not only measure performance from the perspective of sustainable development but also substantiate the positive impacts of such strategies. For instance, although REVBs repurposing is economically viable, there is scant empirical evidence on how its deployment influences the sustainability performance of REVBs circular supply chains. Existing literature often hypothesises a positive correlation between REVBs repurposing and sustainability improvements without empirical verification. Thus, there is a clear need for studies that empirically test these hypotheses to provide a grounded understanding and conceptualisation of the impact factors and implementation procedures involved in REVBs circular supply chains. Additionally, empirical research in the domains of resell and repair for REVBs could significantly enhance our understanding of the lifecycle benefits and consumer acceptance of these strategies. Investigating real-world applications and consumer behaviours through empirical methods can provide crucial insights into the efficacy and challenges of establishing robust markets for resold and repaired REVBs, thereby aiding in the formulation of targeted policies and business models that support the sustainability of the circular economy. The following research questions are developed to lead the future studies: 

i) How do different CE strategies impact the operational and sustainability performance of REVBs circular supply chains when implemented in real-world scenarios? This question aims to conduct a detailed empirical analysis to ascertain and differentiate the tangible effects that various CE strategies have on resource efficiency and utilisation of REVBs circular supply chains.
ii) How effective are current CE strategies in enhancing the value retention of REVBs, and what improvements are necessary to optimise these strategies? Focused on gathering practical evidence, this question intends to analyse the effectiveness of existing CE strategies and identify potential areas for enhancement to maximise value retention in REVBs.
iii) What are the real-world challenges and benefits associated with the resell, repair, and refurbish of REVBs from both a consumer and supplier perspective? This inquiry aims to gather empirical data on consumer acceptance, market dynamics, and the economic viability of reselling, repairing, and refurbishing REVBs, contributing to a deeper understanding of the lifecycle benefits and operational hurdles.
6.4 Sustainability assessment for REVBs circular supply chains
The prevailing sustainability assessments primarily focus on economic and environmental analyses within closed-loop supply chains, specifically in the contexts of recycling and remanufacturing. However, other CE strategies and open-loop systems remain largely unexplored. This raises significant questions about the applicability of existing criteria to these areas and whether they accurately reflect the true economic and environmental performance of REVBs circular supply chains across broader setups. Further compounding the challenge in assessing the sustainability of REVBs circular supply chains is the significant oversight of social sustainability assessment, which is not even clustered in KCN. Only a few studies have touched upon a limited set of social criteria. For example, the focus has been on gauging customer willingness to return REVBs as seen in (Wei et al., 2022), assessing consumer surplus as explored by (Zhang et al., 2023; Zhu et al., 2020), on job creation within the supply chain (Hao et al., 2021), worker health and safety (Deveci et al., 2021), and contributions to local community development (Mota et al., 2015). Although important, these aspects represent just a fragment of the broader social sustainability landscape. This discrepancy highlights a clear need to systematically develop and evaluate a comprehensive set of social sustainability criteria. Such development is essential to ensure a holistic understanding of sustainability performance that aligns with the principles of the triple bottom line, encompassing social, environmental, and economic dimensions. Furthermore, it is necessary to consider the specific roles of REVBs circular supply chain actors in the operation to design effective sustainability assessment criteria that can accurately capture their sustainability performance. The following research questions have been formulated to direct future investigations:

i) How can sustainability assessment criteria be adapted to measure the environmental and economic impacts of REVBs recycling and remanufacturing more accurately? This question aims to identify and develop assessment criteria that effectively capture the nuances between different supply chain models, ensuring that they reflect true performance metrics across diverse setups.
ii) What comprehensive set of social sustainability criteria can be developed to encompass the broader aspects of social impact within REVBs circular supply chains? Focusing on expanding the current narrow scope of social criteria, this question seeks to create a more inclusive set of measures.
iii) How can the integration of economic, environmental, and social criteria into a unified framework enhance the assessment of sustainability performance in REVBs circular supply chains? This question explores the potential for a holistic framework that combines all three dimensions of the triple bottom line, aiming to provide a more balanced and comprehensive evaluation of sustainability.
iv) What role do specific REVBs circular supply chain actors play in the sustainability performance, and how can criteria be tailored to reflect their unique impacts and responsibilities? Investigating the influence of different actors, such as battery manufacturers, retailers, and consumers, this question aims to develop customised assessment criteria that reflect the distinct contributions and challenges posed by each role within the chain.
6.5 REVBs circular supply chain archetype
[bookmark: _Hlk178743748][bookmark: _Hlk178740412]Based on the comprehensive analysis and discussions presented, the REVBs circular supply chain archetype, as proposed in Figure 6, serves as a conceptual framework to guide future research in this field. This archetype represents a general model that describes how the entire REVBs circular supply chain can be structured and managed to prioritise sustainability and circular economy principles (Batista et al., 2018; Massari et al., 2023). It is characterised by three distinct CE phases or loops as discussed—user choice, product upgrade, and downcycling—which represent the distinctive utilisation of REVBs. The archetype encompasses both open- and closed-loop supply chains, capturing all eight CE strategies while distinctly highlighting the roles of diverse supply chain participants. It is also important to emphasise that the REVBs circular supply chain archetype is not static; the flow of REVBs can be dynamic, shifting from one archetype, supply chain type, or CE strategy to another. For example, REVBs can be traded to other customers as second-hand products in the user choice archetype through reselling and reusing. The transaction can be completed within the closed-loop supply chain via official battery or electric vehicle manufacturers or it can be facilitated by a third-party company in an open-loop supply chain. After a certain period of use, REVBs may enter the product upgrade archetype to be repaired, refurbished, or remanufactured in both open- and closed-loop supply chains. Subsequently, these upgraded REVBs can enter the downcycling loop to be repurposed for other applications in open-loop supply chains. Finally, the discarded downcycled REVBs can be collected and recycled back into the original closed-loop supply chain for remanufacturing.

This archetype significantly enriches the conceptualisation of circularity and sustainability within the REVBs supply chain framework, showcasing effective approaches to maximise the lifespan of REVBs and minimise waste generation. The archetype advocates for a critical reassessment and refinement of the current CE strategies utilised for REVBs. It prompts practitioners to enhance their CE evaluation methodologies, thereby substantially improving decision-making processes, performance measurements, and compliance with stringent regulatory standards. Furthermore, it provides managers with a robust tool for mapping the circulation of REVBs, alongside a precise framework for evaluating circularity at the supply chain level from a multi-dimensional perspective. This multi-faceted approach ensures that the benefits are significantly enhanced across multiple stakeholders, thereby fostering a more sustainable and efficient circular economy. The adoption of this archetype not only facilitates better resource utilisation and waste management but also drives innovation in product design and supply chain operations. By enabling a deeper understanding of each actor’s contribution to the circularity, it allows for targeted improvements and strategic alignment with global sustainability goals, making it an invaluable tool for advancing the circular economy paradigm in the REVBs industry.

------Insert Figure 6 here------
7 Conclusion
This SLR aimed to study the existing knowledge regarding the value retention of REVBs from a circular supply chain perspective. The review analysed 249 academic articles from Scopus and Web of Science up until September 2024. The bibliographic profile reveals that although this topic is popular in environmental and resource journals, predominantly through modelling research methods, it is nascent in operations and supply chain journals. Three keyword clusters were identified by KCN: supply chain management for REVBs recycling, environmental impact assessment, and economic analysis assessment. The structural dimension analysis indicates that current studies predominantly focus on closed-loop supply chains with limited attention to integration with open-loop systems. Additionally, while various circular supply chain actors are recognised for their distinct roles, there is a notable lack of coordination among them through innovative business models. Moreover, the prevailing literature emphasises recycling and remanufacturing, with other CE strategies remaining underexplored. There is an evident need to develop robust sustainability assessment criteria that can accurately evaluate the economic, environmental, and social sustainability aspects. To address these gaps, a REVBs circular supply chain transition framework has been designed, underscoring the necessary shifts and challenges present. A future research agenda with a REVBs circular supply chain archetype has been proposed to guide forthcoming studies. This agenda will help in expanding the scope of research to include neglected areas and foster a more comprehensive understanding of REVBs within circular supply chains.

This research significantly advances theoretical contributions to the field of REVBs circular supply chains. By identifying prevailing research trends and classifying studies based on topical keywords, the review delineates the current landscape and highlights pertinent research gaps. Such classification not only captures the state-of-the-art of research but also enhances our understanding of the accumulated knowledge base concerning REVBs. This analytical overview enables a clearer comprehension of how past studies have shaped current perspectives and where significant voids in research remain. Further contributing to theoretical advancement, the proposed REVBs circular supply chain framework and archetype, alongside a particularly designed future research agenda, respond adeptly to recent academic calls by da Silva et al. (2023), Alamerew and Brissaud (2020) and Trang and Li (2023) for deeper exploration into this domain. The framework delineates the necessary shifts required for more circular supply chain practices, while the archetype offers a novel structural perspective for investigating these systems. Together, they set a robust foundation for future empirical and theoretical work, presenting numerous opportunities for innovative research. The detailed research questions outlined in the agenda are particularly instrumental in directing subsequent inquiries, ensuring that subsequent studies are well-aligned with the identified needs and gaps in the field. This strategic approach not only fosters continuity in research but also enriches the theoretical underpinnings of circular supply chain management for REVBs.

[bookmark: _Hlk185523687][bookmark: _Hlk185454234]This SLR underscores several practical contributions toward enhancing REVBs circular supply chains, urging businesses and policymakers to reassess their CE strategies and practices. For managers, it advocates integrating CE strategies to extend the lifespan of REVBs and reduce waste, while promoting their secondary use in industries such as energy storage. Managers are encouraged to leverage the broader spillover effects of battery recycling and explore new opportunities, such as repurposing batteries for tiered usage in grid systems or as components in electronic devices (Guo et al., 2024c). These promoted applications not only unlock untapped value from REVBs but also provide actionable pathways for businesses to innovate and realign their operational models. The review also emphasises the importance for managers of fostering effective collaboration among actors to optimise CE strategies, suggesting the adoption of innovative business models like product-as-a-service and closed-loop systems, while establishing robust mechanisms to enhance transparency and accountability across the circular supply chain (Altuntas Vural et al., 2024). For policymakers, this study highlights the necessity of formulating and enforcing clear, actionable policies, standards, and legislation that support the integration of CE strategies within the REVBs industry (Chirumalla et al., 2024). Legislation should be introduced to increase battery recycling rates and progressively mandate the use of recycled materials. Moreover, consumer incentives such as subsidies or tax deductions should be considered to encourage activities like reuse, reselling, repair, and refurbishment, which align with CE objectives (Kamath et al., 2023). Policymakers are urged to establish uniform standards and definitions, and to develop detailed technical standards for processes like battery disassembly, transportation, residual energy assessment, echelon utilisation, material recovery, and safe disposal practices. Such regulations will enhance operational safety and oversight throughout the battery lifecycle. Additionally, to aid the industrialisation of REVBs utilisation, governments should clarify clear responsibilities for stakeholders and promote partnerships among all REVBs circular supply chain actors. These collaborations should focus on the multi-level and muti-purpose utilisation of REVBs, thereby improving materials efficiency and sustainability. To further support the collaboration, policymakers should also facilitate the creation of platforms that foster industry-wide innovation and knowledge exchange. This could include funding for research and development initiatives and the establishment of industry clusters that bring together academia, manufacturers, and recyclers. These efforts will be crucial in driving the adoption of innovative and sustainable business practices across the REVBs sector.
This study also contains certain limitations. It does not consider the technological aspects of REVBs, which are crucial for fully understanding the operational capabilities and innovation potential within the industry. Additionally, the focus of this study is restricted to peer-reviewed articles. Currently, various companies and countries are developing new technologies and systems to accelerate the advancement of the REVBs industry. It is recommended that future reviews investigate the evolving technological advancements in REVBs to better gauge their impact on sustainability and efficiency within the circular economy. Moreover, the future study should expand its scope to include non-academic materials, such as white papers from companies and reports from businesses and governments, which are compiled for scholarly purposes.
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