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technology's contribution to circular economy goals in supply chains. It develops  7 

a comprehensive conceptual model integrating blockchain capabilities with CE performance 8 

metrics to enable rigorous evaluation of blockchain implementations. 9 

Design/methodology/approach: The study employs a conceptual-analytical research design 10 

based on systematic literature review across three domains: blockchain technology, circular 11 

economy metrics and supply chain visibility. The methodology includes systhematic analysis, 12 

structured conceptual model development following established information systems 13 

frameworks, and secondary analysis of industry case studies to inform model design. 14 

Findings: The framework comprises four integrated layers: Blockchain Technical Capabilities, 15 

CE Performance Metrics, Assessment Frameworks combining Visibility Evaluation with 16 

Blockchain Affordance Analysis and Multi-Tier Implementation. The model articulates seven 17 

critical relationships demonstrating how blockchain capabilities translate into actionable 18 

affordances and enable credible metric measurement. 19 

Research limitations/implications: The primary limitation is absence of empirical validation; 20 

the model remains conceptual and untested in real-world implementations. Future research 21 

should focus on empirical testing through case studies, sector-specific adaptations,  22 

and integration with emerging technologies. 23 
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providing both researchers and practitioners with actionable tools for evaluating blockchain-33 

CE implementations. 34 
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1. Introduction 1 

In the face of growing challenges related to the depletion of natural resources, climate 2 

change and social pressure for sustainable development, the circular economy is gaining 3 

importance as a model for the transformation of production and consumption systems.  4 

A key element of effective CE implementation is ensuring full transparency, effective resource 5 

management and cooperation between supply chain participants. In this context, blockchain 6 

technology, thanks to its unique features such as data immutability, decentralization and the 7 

possibility of automating processes using smart contracts, is becoming a promising tool 8 

supporting the goals of the circular economy.  9 

This article focuses on the development and presentation of a conceptual model for 10 

assessing the impact of blockchain integration in sustainable supply chains on the achievement 11 

of CE goals. This model combines the technical capabilities of blockchain with key circularity 12 

metrics and a framework for assessing the visibility and affordability of the technology, 13 

enabling multi-level analysis of the effects of implementations - from operational efficiency, 14 

through process automation, to systemic transformation. The goal is to provide a tool that will 15 

allow both researchers and business practitioners to measure and monitor the real contribution 16 

of blockchain to the transition towards a circular economy. 17 

2. Materials and methods 18 

This study adopts a conceptual-analytical research design aimed at developing a novel 19 

theoretical framework for assessing blockchain technology's contribution to circular economy 20 

goals in sustainable supply chains. The research recognizes that the integration of blockchain 21 

with circular economy principles is an emergent, socially constructed phenomenon requiring 22 

synthesis of multiple theoretical perspectives. The choice of a conceptual modeling approach, 23 

as opposed to purely empirical research, is justified by the nascent stage of blockchain-CE 24 

integration. Given the limited number of mature, large-scale implementations and the 25 

heterogeneity of existing pilots, a premature focus on empirical validation could result in 26 

context-specific findings with limited generalizability. Instead, this study prioritizes the 27 

development of a comprehensive theoretical foundation that can guide future empirical 28 

investigations across diverse contexts. 29 

The literature review followed a systematic approach to ensure comprehensive coverage 30 

while maintaining flexibility appropriate for an emerging research domain. The review spanned 31 

three interconnected domains: blockchain technology capabilities and applications, circular 32 
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economy frameworks and performance metrics, supply chain visibility and traceability systems. 1 

Research strings used in the research were as follows: 2 

 Blockchain domain: ("blockchain" OR "distributed ledger" OR "DLT" OR "smart 3 

contract*") AND ("supply chain" OR "logistics" OR "traceability"). 4 

 Circular economy domain: ("circular economy" OR "circularity" OR "closed-loop" OR 5 

"resource efficiency" OR "4R" OR "waste reduction") AND ("metric*" OR "indicator*" 6 

OR "measurement" OR "assessment"). 7 

 Integration domain: ("blockchain" AND "circular economy") OR ("blockchain" AND 8 

"sustainability" AND "supply chain"). 9 

The construction of the model proposed by the author in the second part of the article is the 10 

result of literature analysis, case studies observed in business reality and conceptual work. 11 

3. Circular economy and blockchain technical capabilities 12 

A sustainable supply chain is defined as a system that integrates environmental, social,  13 

and economic considerations into supply chain management, aiming to minimize negative 14 

impacts while maximizing benefits for all stakeholders (Negri et al., 2021). This approach is 15 

essential for achieving sustainable development goals and involves complex interactions among 16 

various actors, emphasizing the need for innovative practices and technologies to enhance 17 

efficiency and transparency. Key components of sustainable supply chains include 18 

environmental responsibility, social equity and economic viability (Gao et al., 2024; Fernando 19 

et al., 2022; Makprang, 2024). 20 

Circular economy however is an economic model that aims to minimize waste and 21 

maximize resource reuse by closing material loops (Kara et al., 2022). In contrast to the 22 

traditional linear “take-make-throw” model, CE is based on the 4R principles: reduce, reuse, 23 

recycle, and recover (Sehrawat, 2025). The goal is to create a system in which products, 24 

materials, and resources remain in circulation for as long as possible, which contributes to 25 

reducing pressure on the natural environment and increasing economic efficiency (Ghisellini  26 

et al., 2016). The key objectives of the CE focus on sustainability, resource efficiency, and the 27 

integration of forward and reverse logistics (Mishra et al., 2023). CE aims to create a closed-28 

loop system where products are designed for longevity, repairability, and recyclability, thereby 29 

minimizing waste and maximizing resource use (Kara et al., 2022). This transition necessitates 30 

a rethinking of logistics strategies to accommodate new material flows and business models 31 

(Aarikka-Stenroos et al., 2022). In practice, the circular economy requires a comprehensive 32 

approach to product design, supply chain management and cooperation between different 33 

stakeholders (Amir et al., 2023). Transparency of processes and the ability to monitor the flow 34 
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of materials are key here, which allows for the identification of areas for improvement and the 1 

effective implementation of circular strategies (Nascimento et al., 2019). 2 

A number of metrics have been identified in the scientific literature and industry reports to 3 

assess the degree of circularity in organizations and supply chains (Corona et al., 2019).  4 

The most important include the materials circularity rate, supply chain visibility, waste 5 

reduction and carbon footprint (Calzolari et al., 2022). These metrics allow for a quantitative 6 

assessment of the effectiveness of circular activities and provide a basis for making informed 7 

strategic decisions. Table 1 shows a synthetic summary of the most commonly used circular 8 

economy metrics, which will be used later in the article to assess the impact of blockchain 9 

integration on the achievement of CE goals. 10 

Table 1.  11 
Circular Economy Metrics – a synthetic summary 12 

Metric Description Source 

Materials Circularity Rate Share of recycled/reused materials in total 

input 

Janik, Ryszko, 2017 

Supply Chain Visibility Traceability of materials/products through 

lifecycle 

Kofos et al., 2022 

Waste Reduction Waste minimized/diverted from landfill or 

incineration 

Domenech, Borrion, 2022 

Carbon Footprint Total greenhouse gas emissions Gao, Liu, Wang, 2014 

Resource Productivity Economic output per unit of material input Duflou et al., 2012 

Percentage of Recycled 

Material Used 

Proportion of recycled content in 

products/processes 

Parchomenko et al., 2019 

Product Recyclability Share of product materials that can be 

recycled/reused 

Okumura, 2022 

Circular Water Consumption Proportion of water reused in operations Smol, Adam, Preisner, 2020 

Product Longevity Average lifespan of products Bakker et al., 2021 

Industrial Symbiosis Indicators Use of waste/by-products as inputs for 

other processes 

Domenech et al., 2019 

Source: own elaboration based on sources indicated in the Table. 13 

Integrating blockchain technology with the principles of the circular economy seems to be 14 

a natural and promising direction for the development of sustainable supply chains.  15 

The characteristic features of blockchain - such as decentralization, data immutability, 16 

consensus mechanisms, security, material tracking and programmability - perfectly meet the 17 

needs of transparency, credibility and process automation, which are key to the effective 18 

implementation of the circular economy model. In turn, circularity metrics allow not only to 19 

measure progress in closing material cycles, reducing waste or limiting emissions, but also 20 

provide specific reference points that can be linked to blockchain functionalities. Combining 21 

these two areas - technology and circularity indicators - allows for the creation of  22 

a comprehensive model that not only identifies the potential of blockchain, but above all allows 23 

for measuring and monitoring its actual impact on achieving the goals of the circular economy. 24 

Blockchain is a technology that has attracted a lot of interest from circular economy experts 25 

due to its ability to precisely track the flow of materials and increase the transparency of 26 

information exchange in the network (Rehman Khan et al., 2022). The foundation of blockchain 27 
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is decentralized architecture, which eliminates the need for a central controlling entity,  1 

which increases the system's resistance to manipulation and failures (Shrimali, Patel, 2022). 2 

Each transaction is recorded in a block, which, after being approved by network participants, 3 

becomes immutable, which guarantees the durability and authenticity of data (Thakre, Yadav, 4 

2024). Consensus mechanisms are key to ensuring the consistency and trustworthiness of 5 

records in a distributed network (Lashkari, Musilek, 2021). They allow network participants to 6 

jointly approve transactions, eliminating the risk of forgery and double spending (Zhou et al., 7 

2023). The security of the blockchain system is based on cryptography and the distribution of 8 

data, which protects it from unauthorized access and attacks (Idrees et al., 2021). Traceability, 9 

or the ability to track the origin and flow of materials in the supply chain, is one of the most 10 

important features of blockchain used in the circular economy (Centobelli et al., 2022).  11 

Thanks to the transparent and immutable record of information, it is possible to accurately 12 

monitor the life cycle of products, which supports the responsibility of producers and consumers 13 

and allows for the verification of environmental declarations (Luo et al., 2024). Blockchain 14 

programmability, implemented by smart contracts, among others, allows for the automation of 15 

processes such as the implementation of contracts for returns, recycling or financial incentive 16 

systems (Sen Gupta et al., 2021). This increases operational efficiency and supports the 17 

implementation of business models based on the principles of the circular economy (Upadhyay 18 

et al., 2021). The next section of the article will present a conceptual assessment model that 19 

integrates the technical capabilities of blockchain with key metrics of the circular economy, 20 

creating a tool to support both researchers and practitioners in the transformation of sustainable 21 

supply chains. 22 

4. Measuring Blockchain’s Contribution to Circular Economy Goals –  23 

the model proposal 24 

The proposed model for assessing the impact of blockchain technology on achieving 25 

circular economy goals is conceptualized as an interdisciplinary framework integrating three 26 

main components: blockchain technical capabilities, circular economy performance indicators, 27 

and a framework for assessing supply chain visibility. The model is based on an extensive 28 

analysis of scientific literature and supported by the analysis of case studies from industrial 29 

practice that illustrate real blockchain applications in the context of circularity. Key blockchain 30 

features have been selected as technical foundations that enable the implementation of  31 

CE goals. 32 

  33 
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The construction of the proposed model 1 

A) Identification of Model’s Foundational Layers 2 

The model construction began with the identification of two foundational layers: blockchain 3 

technical capabilities and circular economy performance indicators. These constructs were 4 

selected based on both their theoretical relevance and their practical observability in real-world 5 

pilots and industry use cases. The starting point for defining the first layer of the model was the 6 

analysis of the basic technological features of blockchain technology presented in the earlier 7 

part of the article. The proposed basic variant of the model took into account transparency and 8 

traceability, usability of smart contracts, decentralized verifiability and tokenization. Using the 9 

model in practice allows for the use of a wider range of blockchain technology features that 10 

have the potential to impact the goals of the circular economy. 11 

In the practical use of the model, the first step is to identify those blockchain functionalities 12 

that are actually present or actively used in the analyzed project. Such identification should be 13 

carried out on the basis of a technical and functional analysis of the solution using the following 14 

approaches: 15 

 analysis of technical documentation and system architecture, 16 

 evaluation of implemented blockchain feature, 17 

 interviews or use case analysis, 18 

 checklist and analysis of the occurrence of features. 19 

The model includes four key CE performance indicators: material circularity rate, supply 20 

chain visibility, waste reduction, and carbon footprint. These indicators were selected due to 21 

their widespread recognition in the literature and their direct verifiability and monitoring using 22 

blockchain data. Their selection allows for a comprehensive assessment of the blockchain’s 23 

impact on various aspects of circularity – from material efficiency, through process 24 

transparency, to environmental impact. Similarly to the first element, using the model in 25 

practice allows for the use of a wider range of circularity indicators that are impacted by the 26 

usage of blockchain technology. In practice, this layer of the model should be refined by 27 

selecting indicators that relate to the circular economy objectives and can be measured or 28 

observed in the context of the project being analysed. This selection should be supported by: 29 

 review of strategic documents, project objectives and scope of activity, 30 

 reference to literature and industry standards, 31 

 data availability analysis, 32 

 industry and organizational context, 33 

 validation of indicators with project stakeholders. 34 

  35 
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B) A Framework for Assessing Blockchain Affordability and Circular Economy 1 

Visibility 2 

The model uses a visibility assessment layer, adapted from the existing CE visibility 3 

assessment frameworks, which examine the blockchain’s ability to monitor and integrate data 4 

from multiple sources. In parallel, blockchain affordance analysis allows for linking specific 5 

technology features to circular economy goals, allowing for the identification of mechanisms 6 

through which blockchain improves circularity. In order to effectively assess the impact of 7 

blockchain technology on achieving circular economy goals, it is necessary to combine two 8 

perspectives: technical (blockchain features) and measurement (CE metrics). The technological 9 

capabilities themselves, constitute a potential that must be linked to specific, measurable effects 10 

in the field of circularity. For this purpose, the model introduces two complementary layers:  11 

a visibility assessment framework and a blockchain affordance analysis. 12 

Visibility Assessment Framework 13 

Supply chain visibility is a fundamental element enabling monitoring and verification of the 14 

flow of materials, their condition and interactions between participants in the system. 15 

Blockchain, thanks to its decentralized and immutable nature, increases the level of this 16 

visibility by integrating data from various sources. An important point of reference for this layer 17 

is the Circular Economy Visibility Evaluation Framework, which indicates that without high-18 

quality, integrated and reliable data, it is not possible to reliably monitor and assess circularity 19 

(Kofos et al., 2022). The authors of this approach emphasize that blockchain platforms,  20 

by integrating data from many stakeholders and sources, can significantly increase the visibility 21 

of material flows throughout the supply chain, which is a necessary condition for effective 22 

management and reporting of CE indicators. This enables reliable tracking of materials 23 

throughout the product life cycle, allowing for accurate measurement of indicators such as 24 

Material Circularity Rate or Waste Reduction. This visibility is essential for eliminating 25 

problems such as greenwashing and for ensuring transparency and reliability of data used in 26 

reporting and decision-making. 27 

Blockchain Affordability Analysis 28 

The affordance of technology refers to what actions and capabilities technology makes 29 

available to users and systems. Analyzing blockchain affordance allows to understand how 30 

specific features of the technology translate into the realization of circular economy goals.  31 

For example: 32 

 Transparency and traceability enable verification of recycled content, which translates 33 

into a reliable Material Circularity Rate (Kouhizadeh, Zhu, Sarkis, 2023). 34 

 Smart contracts automate incentive and material recovery processes, which increases 35 

operational efficiency and supports Waste Reduction (Pattanayak et al., 2025). 36 
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 Decentralized verification eliminates the need to trust individual entities, which 1 

strengthens data credibility and reduces the risk of greenwashing (Cerchione, 2025). 2 

 Tokenization introduces incentive mechanisms, e.g. rewards for pro-environmental 3 

activities, which facilitates the involvement of various stakeholders in circular practices 4 

(Pattanayak et al., 2025). 5 

Such a link between blockchain functions and specific CE effects enables not only the 6 

identification of potential benefits of the technology, but also their measurement and monitoring 7 

over time. Combining the visibility assessment framework with affordance analysis creates  8 

a coherent mechanism that allows us to move from abstract technology features and metrics to 9 

a practical tool for assessing the impact of blockchain on supply chain circularity. Visibility 10 

provides data and information, while affordance indicates how this data can be used to achieve 11 

CE goals through specific mechanisms and processes. 12 

 13 

C) Multi-level impact and implementation assessment 14 

The model considers different levels of blockchain impact – from short-term operational 15 

efficiency improvements (e.g., material tracking, waste reduction), through medium-term 16 

process automation (e.g., smart contracts), to long-term systemic transformation  17 

(e.g., decentralized secondary markets, full product lifecycle responsibility). This approach 18 

allows for the assessment of both direct and indirect effects of blockchain implementations in 19 

the context of CE. This approach is also based on the assumption that the transformation 20 

towards a circular economy is a multi-stage and multi-dimensional process, requiring actions 21 

at different organizational and systemic levels. 22 

Short-term improvement in operational efficiency 23 

At the lowest level, blockchain primarily supports operational improvements, such as 24 

tracking materials and components in the supply chain and reducing waste. Thanks to the 25 

transparency and immutability of data, blockchain enables accurate recording of material flows, 26 

which allows for better resource management and reduction of losses. Examples include 27 

systems for monitoring electronics recycling or secondary raw materials, which gain credibility 28 

and efficiency thanks to blockchain. Such activities fit into the 4R, which is the basis of many 29 

CE strategies. 30 

Medium-term process automation 31 

In the medium term, blockchain enables the automation of processes through smart 32 

contracts that can independently implement the terms of contracts for material returns, 33 

recycling, or financial incentives. This automation increases operational efficiency and reduces 34 

transaction costs, while strengthening incentive mechanisms for supply chain participants. 35 
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Examples include buy-back programs that are automatically triggered after scanning QR codes 1 

or tokenization of incentives for system participants. 2 

Long-term systemic transformation 3 

At the systemic level, blockchain has the potential to fundamentally change the structure 4 

and functioning of supply chains and secondary markets. For example, decentralized platforms 5 

for the exchange of materials and products (peer-to-peer marketplaces) can reduce dependence 6 

on traditional intermediaries and increase resource efficiency. In addition, blockchain supports 7 

the concept of "chain of responsibility", or full responsibility for the life cycle of products, 8 

which promotes the design of products for ease of recycling and reuse. 9 

This approach is consistent with systems theory, which emphasizes the interconnectedness 10 

and feedback between elements of the economic and environmental systems.  11 

The transformation of the circular economy therefore requires actions at multiple levels,  12 

from operational to strategic, which the model reflects through a multi-level assessment of the 13 

impact of blockchain. 14 

 15 

D) Model validation and adaptation 16 

The model is designed with verification and scalability in mind, with the purpose of using 17 

case studies from real-world implementations and audit mechanisms based on immutable 18 

blockchain ledgers in the future. Additionally, integration with AI and IoT technologies is 19 

planned, which will allow for the development of predictive tools for managing materials and 20 

product life cycles. The model also takes into account challenges such as data standardization, 21 

technology scalability, and regulatory compliance. Implementing the model in practice requires 22 

taking into account several important challenges: 23 

 Data standardization and interoperability - for blockchain to effectively integrate data 24 

from different sources and platforms, common data standards and communication 25 

protocols must be developed. The lack of standardization makes it difficult to scale 26 

solutions and implement them widely. 27 

 Technology scalability - blockchain, especially in public versions, struggles with 28 

limitations in transaction throughput and energy consumption. Hybrid solutions, private 29 

or consortium blockchains, and the development of technologies such as proof-of-stake 30 

can mitigate these limitations. 31 

 Regulatory compliance - data protection, privacy, and environmental certification 32 

regulations must evolve to take into account the specifics and capabilities of blockchain. 33 

Cooperation with regulators is key to building trust and acceptance of the technology. 34 

It is planned that validation and adaptation of the model will be based on the synergy of 35 

practical implementations, audits based on immutable blockchain data, and integration with 36 

modern AI and IoT technologies. At the same time, successful implementation requires 37 
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overcoming challenges related to standardization, scalability, and regulations. This approach 1 

ensures that the model is not only theoretically consistent, but also practically useful and 2 

scalable in different circular economy contexts. The proposed model, the design assumptions 3 

of which are presented in the above fragment of the article, takes the graphical form shown in 4 

Figure 1. 5 

 6 

Figure 1. The Model Measuring Blockchain’s Contrubution to Circular Economy Goals. 7 

Source: own elaboration. 8 

Figure 1 presents the basic structural elements of the model and indicates 7 connections 9 

between them. The characteristics of the individual connections are presented below. 10 

C1 – Blockchain Technical Capabilities -> Blockchain Affordance Analysis 11 

Demonstrates how technical features of blockchain enable specific CE outcomes.  12 

This link highlights the functional translation of blockchain tools into CE affordances.  13 

For example, transparency enables verification of recycled content, while tokenization supports 14 

user engagement in take-back schemes. 15 

C2 – Blockchain Technical Capabilities - > Implementation & Impact Tiers 16 

Shows how practical CE implementations rely on the technical foundation provided by 17 

blockchain. As impact tiers evolve, blockchain capabilities such as decentralized verification 18 

or smart contracts become critical enablers. This link reinforces the cyclical nature of 19 

innovation and capability development. 20 

C3 – CE Performance Metrics -> CE Visibility Assessment 21 

Illustrates how performance indicators are dependent on robust visibility mechanisms to 22 

ensure accurate measurement and monitoring. Without visibility, performance metrics such as 23 

the material circularity rate or carbon reduction cannot be credibly validated. Visibility ensures 24 

traceability across the value chain, enabling real-time tracking and reporting. 25 

  26 
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C4 – CE Performance Metrics -> Validation & Scalability 1 

Ensures that performance metrics are backed by credible, auditable, and standardized data 2 

sources. Validated and scalable systems allow metrics to be recognized across industries and 3 

regulatory systems.  4 

C5 – CE Visibility Assessment -> Implementation & Impact Tiers 5 

Represents how visibility supports implementation stages and helps scale CE initiatives by 6 

identifying process bottlenecks and material flows. Visibility tools provide the necessary 7 

infrastructure to gradually implement CE solutions, from short-term traceability to long-term 8 

product lifecycle accountability. 9 

C6 – Blockchain Affordance Analysis <-> Validation & Scalability 10 

Emphasizes the importance of validating how blockchain-enabled CE capabilities perform 11 

in real-world contexts and can be scaled sustainably. Each affordance needs to be tested for 12 

impact, audited for credibility, and proven scalable across industries. This includes considering 13 

energy use, transaction costs, and data standardization. 14 

C7 – Validation & Scalability <-> Implementation & Impact Tiers 15 

Highlights the need to evaluate and validate CE implementations before scaling them across 16 

industries or regions. Each implementation must be assessed for actual impact and replicability. 17 

Case studies, verified indicators, and interoperability tests are critical to moving from pilot to 18 

scaled solutions. 19 

 20 

The model described in this article could be a useful tool which can be used in various ways, 21 

such as:  22 

 evaluation of specific blockchain-based pilot projects in logistics, industry, or waste 23 

management, 24 

 comparison of alternative solutions — to decide which blockchain implementation 25 

better supports CE goals, 26 

 verification of technological maturity of a given blockchain-based solution, 27 

 decision-making support for public and private stakeholders looking to invest in 28 

technologies that promote circularity. 29 

The practical application of the model described conceptually in this article will be the 30 

subject of further work by the author. Subsequent articles will focus on model validation, 31 

presentation of practical research results using it, and the development potential of the proposed 32 

tool. 33 

  34 
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5. Conclusion 1 

This study addresses a critical gap at the intersection of blockchain technology and circular 2 

economy research by developing a comprehensive conceptual framework for measuring 3 

blockchain's contribution to circular economy goals in sustainable supply chains. The proposed 4 

model integrates blockchain technical capabilities, circular economy performance metrics, 5 

assessment frameworks, and multi-tiered implementation impacts into a coherent system that 6 

enables systematic evaluation and optimization of blockchain deployments for circularity 7 

outcomes. The research makes three primary theoretical contributions. First, the model provides 8 

a structured integration of affordance theory with circular economy measurement frameworks, 9 

explicitly connecting blockchain's technical features to their action possibilities for achieving 10 

circular economy objectives. Second, the framework introduces a multi-layered visibility and 11 

credibility mechanism addressing one of the circular economy's most persistent challenges: 12 

reliable measurement and verification of circularity performance. By demonstrating how 13 

blockchain-enabled visibility supports the credibility of CE metrics, the model articulates  14 

a pathway to overcome greenwashing concerns and establish trust among supply chain 15 

stakeholders. Third, the model's temporal dimension—distinguishing between short-term 16 

operational improvements, medium-term process automation, and long-term systemic 17 

transformation—provides a framework for understanding blockchain adoption as  18 

an evolutionary process rather than a binary implementation. This perspective aligns with 19 

systems theory and organizational change literature. 20 

The framework offers substantial value for multiple stakeholder groups. Supply chain 21 

managers and sustainability officers gain a structured decision-support tool for evaluating 22 

blockchain investments, enabling assessment of whether proposed solutions align with 23 

circularity objectives before committing resources. Technology vendors and blockchain 24 

developers receive guidance on critical design priorities, with the affordance perspective 25 

highlighting that systems must enable and encourage specific circularity-enhancing actions. 26 

Policymakers and standard-setting bodies obtain a foundation for developing standardized 27 

assessment protocols for blockchain-CE implementations. Investors and financial institutions 28 

focused on sustainable finance gain a framework for due diligence on blockchain-enabled 29 

circular economy ventures, helping direct capital toward genuinely impactful innovations. 30 

Despite its contributions, this study has several important limitations. The most significant 31 

limitation is the absence of primary empirical validation; the model has not been tested through 32 

real-world implementations. While grounded in extensive literature review and informed by 33 

secondary case study analysis, its practical utility, completeness, and accuracy remain to be 34 

verified in diverse organizational contexts. The selection of four primary CE metrics, while 35 

justified by their widespread recognition and measurability, may not capture the full spectrum 36 

of circularity objectives, particularly social dimensions of circular economy. The model is 37 
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designed to be extensible to additional metrics, but the current formulation has inherent scope 1 

boundaries. Technological dynamism presents another challenge. Blockchain technology is 2 

evolving rapidly, with ongoing developments in scalability solutions, consensus mechanisms, 3 

and interoperability standards. The model may require periodic updating to reflect 4 

technological advances and integration with other emerging technologies. Data availability and 5 

quality assumptions may limit applicability. The model assumes reliable, granular data about 6 

material flows and environmental impacts, which may be scarce in many supply chains, 7 

particularly in developing regions or informal sectors. Finally, the framework focuses primarily 8 

on technological and measurement dimensions, giving less attention to organizational and 9 

governance challenges such as power dynamics, resistance to transparency, and competing 10 

economic interests among supply chain actors, which could be an interesting future research 11 

area. 12 

The transition to a circular economy represents one of the most critical challenges of the 13 

21st century, requiring fundamental transformation of production and consumption systems. 14 

Blockchain technology holds significant promise as an enabler of this transformation, yet 15 

realizing this promise requires moving beyond technological optimism to develop rigorous 16 

frameworks for designing, implementing, and evaluating blockchain solutions in service of 17 

measurable circularity outcomes. This study contributes to that endeavor by providing  18 

a theoretically grounded, practically oriented conceptual framework that bridges blockchain 19 

capabilities with circular economy performance measurement. The framework is not  20 

an endpoint but a foundation—a structured starting point for empirical research, practical 21 

implementation, and ongoing refinement. As blockchain technology matures and circular 22 

economy principles become increasingly embedded in business strategy and public policy, tools 23 

like the proposed model will be essential for ensuring that technological innovation genuinely 24 

advances sustainability goals. 25 
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