
 

International Journal of Engineering Technology & Advanced Learning 

ISSN: 3107-4227, Vol. 01 (02), September 2025, pp. 67-76 

 

Copyright ©IJETAL  
online Corresponding Author’s E-mail ID: khatikr197@gmail.com 

Verifying Sustainable and Ethical Sourcing through 

Blockchain-Integrated Supply Chains: A Case-Based 

Analysis  

Rahul khatik1, Piyush Kumar Jain1 

1Department of Mechanical Engineering, Bansal Institute of Science and Technology, Bhopal 
 

Abstract 

Sustainable and ethical sourcing has emerged as a central concern in global supply chains, driven by consumer 

demand, regulatory pressure, and corporate social responsibility. However, traditional sourcing systems often fail to 

ensure transparency and accountability, leaving room for fraudulent certifications, unethical labor practices, and 

environmental violations. This paper investigates the potential of blockchain technology to verify sustainable and 

ethical sourcing through a case-based analysis. By integrating blockchain into supply chain networks, the study 

demonstrates how immutable records, automated verification through smart contracts, and decentralized data sharing 

can address longstanding challenges of trust and compliance. A blockchain-enabled framework was designed and 

implemented in a real-world case context, involving multi-tier suppliers, manufacturers, distributors, and retailers. 

The evaluation considered both technical performance indicators—such as throughput, latency, and scalability—and 

sustainability outcomes, including verification success rates and compliance adherence. The findings reveal that 

blockchain integration significantly enhances transparency, reduces the risk of fraudulent sourcing claims, and 

enables more robust sustainability governance. While challenges such as integration costs, privacy concerns, and 

resistance to adoption remain, the results suggest that blockchain-based verification systems can provide a scalable, 

reliable, and future-oriented solution for ensuring ethical and sustainable sourcing in global supply chains. 
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1. Introduction 

       Global supply chains have become increasingly complex, stretching across continents, involving multiple 

stakeholders, and relying on diverse intermediaries for production and distribution. This complexity often undermines 

transparency, leading to limited visibility into sourcing practices and raising concerns about sustainability and ethics 

[1]. Traditional verification mechanisms such as audits, certifications, and compliance reports are often insufficient to 

detect unethical practices like forced labor, unfair wages, and environmental degradation, particularly in industries 

such as agriculture, mining, and textiles [2]. 

      Sustainability in supply chains is no longer optional but has evolved into a business imperative driven by consumer 

awareness, regulatory mandates, and corporate social responsibility (CSR) initiatives [3]. Customers and stakeholders 

demand evidence that materials are sourced responsibly, without exploitation of human rights or environmental harm 

[4]. The increasing frequency of supply chain scandals — ranging from child labor in cocoa farming to illegal 

deforestation in palm oil production — underscores the urgent need for reliable traceability systems [5]. 

Blockchain technology, originally developed for cryptocurrency, has shown transformative potential in addressing 

these challenges. Its decentralized, transparent, and tamper-proof ledger system provides supply chain actors with the 

ability to record, verify, and audit sourcing information in real time [6]. Unlike conventional centralized systems, 

blockchain enhances trust by ensuring that no single entity can manipulate records, thereby mitigating fraud risks [7]. 

This has made blockchain a focal point of research and pilot implementations in global supply chains seeking 

sustainability assurance [8]. 

       The importance of blockchain integration becomes evident in addressing issues such as certification fraud, where 

unethical actors may forge sustainability credentials [9]. Furthermore, blockchain improves efficiency by reducing 

paperwork, enabling smart contracts, and automating compliance verifications [10]. Governments, NGOs, and 

industry consortia are increasingly experimenting with blockchain to ensure that sustainability claims can be 

independently verified [11]. 

       Despite its potential, blockchain adoption in supply chains is not without barriers. Challenges such as 

interoperability with existing systems, scalability, data privacy concerns, and high implementation costs continue to 

hinder widespread adoption [12]. Moreover, achieving multi-stakeholder buy-in — including suppliers, regulators, 

and end consumers — requires overcoming resistance to digital transformation and aligning diverse incentives [13]. 

       This research paper adopts a case-based analysis approach to examine real-world applications of blockchain in 

verifying sustainable and ethical sourcing. By investigating specific industry implementations, the paper provides 

insights into both the opportunities and limitations of blockchain-based frameworks. Ultimately, the study argues that 

blockchain can serve as a transformative enabler of transparency and accountability in global supply chains when 

supported by collaborative governance and robust technological infrastructure [14]. 

 

Table 1: Key Challenges in Verifying Sustainable and Ethical Sourcing 

 

Challenge                                                                          Description 

 

Fragmented Recordkeeping                               Data scattered across stakeholders leads to verification gaps 

Certification Fraud                                             Forged compliance documents undermine ethical sourcing claims 

Limited Traceability                                          Difficulty in tracing raw materials to origin 

Costly Auditing                                                    Traditional auditing is expensive, time-consuming, and prone to errors 
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Green washing                                                 Companies overstating sustainability performance without verifiable 

proof 

 

 

 

 
 

Figure 1. Traditional vs Block chain-enabled Ethical Sourcing Flow 

 

 
2. Literature Review 

    The literature on sustainable and ethical sourcing emphasizes the importance of transparency, accountability, and 

verification mechanisms across global supply chains. Existing scholarship highlights that while sustainability 

reporting and certifications have gained traction, their credibility is often questioned due to opaque verification 

systems and the ease of forging compliance documents [15]. Researchers argue that blockchain, with its immutable 

ledger, offers a transformative approach to ensuring supply chain transparency and mitigating risks of greenwashing 

[16]. 

2.1 Evolution of Supply Chain Transparency Practices 

      Historically, supply chain verification relied heavily on physical audits, certifications, and manual documentation. 

These methods were designed to ensure compliance with labor rights, environmental standards, and international trade 

laws [17]. However, growing evidence suggests that such approaches are insufficient in addressing systemic problems. 

For example, labor exploitation in the garment industry has persisted despite multiple certifications, revealing the 

limitations of paper-based and centralized auditing mechanisms [18]. 

     In contrast, recent digital tools, including blockchain, Internet of Things (IoT), and big data analytics, are 

increasingly employed to achieve real-time monitoring and traceability [19]. These technologies have shifted the 

paradigm of supply chain verification from reactive auditing to proactive monitoring. Among them, blockchain has 

gained particular attention for its decentralized nature, which eliminates single points of failure and reduces 

opportunities for data manipulation [20]. 

 
Figure 2: Evolution of Supply Chain Verification Systems 

2.2 Ethical Sourcing and Its Challenges 

      Ethical sourcing ensures that products are procured in a manner consistent with human rights, fair labor, and 

environmental sustainability principles [21]. Yet, global supply chains often involve multiple layers of subcontractors, 

making it difficult to verify compliance. In sectors like cocoa, mining, and electronics, child labor and unsafe working 

conditions persist due to weak oversight mechanisms [22]. 

     Certification programs such as Fairtrade, FSC (Forest Stewardship Council), and Rainforest Alliance have 

attempted to address these issues, but cases of certification fraud have eroded stakeholder trust [23]. Blockchain’s 

immutable recordkeeping addresses this gap by providing verifiable evidence of ethical compliance at each stage of 

the supply chain. Furthermore, smart contracts embedded in blockchain systems can automate compliance checks, 

reducing reliance on costly third-party verifiers [24]. 

 

Table 2: Comparison of Traditional Certification vs. Blockchain-Based Verification 

 

Verification Mechanism                        Strengths                                                     Weaknesses     

 

Traditional Certification        Recognized globally, regulatory acceptance        Susceptible to fraud, costly audits 

 

Centralized Digital System     Faster recordkeeping, improved documentation    Vulnerable to manipulation, lacks 

trust 
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Blockchain System         Immutable, transparent, real-time traceability              High setup cost, scalability challenges 

 

 

2.3 Blockchain and Traceability in Sustainable Supply Chains 

     Traceability — the ability to track raw materials and products from origin to consumer — is a cornerstone of 

sustainable supply chain management [25]. Studies show that blockchain can provide unprecedented visibility by 

linking each transaction or material flow to a permanent digital record [26]. For example, IBM Food Trust and 

VeChain have demonstrated blockchain’s ability to track agricultural goods from farms to supermarkets, enhancing 

consumer trust and reducing food fraud [27]. 

    Moreover, blockchain-based traceability helps organizations demonstrate compliance with global regulations such 

as the EU’s Corporate Sustainability Due Diligence Directive and U.S. Dodd-Frank Act’s conflict minerals reporting 

[28]. By enabling stakeholders to verify claims without intermediaries, blockchain strengthens trust in sustainability 

commitments [29]. 

 
Figure 3: Blockchain-Enabled Traceability Model in Supply Chains 

2.4 Blockchain Adoption in Ethical Sourcing 

      Several industries have pioneered blockchain adoption for ethical sourcing verification. In the diamond industry, 

companies like De Beers utilize blockchain platforms to track diamonds from mine to market, ensuring that conflict 

diamonds are excluded from legitimate trade [30]. Similarly, Walmart and Carrefour have deployed blockchain 

systems for food supply chains to improve food safety and sustainability tracking [31]. 

      However, these pilots also reveal barriers to adoption. Technical challenges such as scalability, interoperability, 

and transaction costs remain significant [32]. Moreover, small-scale suppliers, particularly in developing countries, 

often lack the infrastructure to participate in blockchain-based systems, raising concerns about inclusivity and digital 

inequality [33]. 

 

Table 3: Selected Case Studies of Blockchain Adoption in Supply Chains 

 

Industry                Company/Consortium                      Application                                     Outcomes 

 

Diamonds         De Beers                        Tracing diamonds from mine to retail           Reduced risk of conflict    diamonds 

Food              Walmart, Carrefour         Tracking origin of agricultural goods          Faster recalls, improved food safety 

Mining            RCS Global               Monitoring conflict minerals sourcing       Better compliance with global regulations 

Textiles          Provenance               Ethical garment sourcing verification              Enhanced consumer trust 

 

2.5 Limitations and Criticisms of Blockchain in Supply Chains 

      Despite its potential, blockchain is not a universal solution. Critics argue that blockchain alone cannot guarantee 

ethical sourcing since data inputs (e.g., whether a mine used child labor) may still be falsified before entering the 

ledger [34]. This “garbage in, garbage out” problem limits blockchain’s effectiveness unless combined with reliable 

data capture mechanisms such as IoT sensors and third-party audits [35]. 

    Energy consumption of blockchain systems, particularly those using proof-of-work consensus, has also raised 

concerns about sustainability [36]. Although newer consensus mechanisms like proof-of-stake reduce energy usage, 

scalability remains an issue, especially for global supply chains with thousands of transactions per second [37]. 

Furthermore, governance challenges such as deciding who controls access to data and how disputes are resolved add 

complexity to blockchain adoption [38]. 
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Figure 4: Challenges in Blockchain Adoption for Supply Chains 

2.6 Research Gap and Contribution 

      While literature confirms blockchain’s transformative potential, gaps remain in empirical studies that assess its 

real-world implementation across diverse industries [39]. Most research highlights pilot projects, but few long-term 

evaluations exist to demonstrate sustained benefits [40]. Moreover, there is limited exploration of how blockchain 

interacts with other enabling technologies like AI, IoT, and digital twins in enhancing supply chain sustainability [41]. 

     This research contributes to the field by conducting a case-based analysis, focusing on industries where blockchain 

has been deployed for sustainability and ethical sourcing verification. It emphasizes practical outcomes, challenges, 

and lessons learned, thereby bridging the gap between theoretical potential and real-world implementation [42,43]. 

 
3.  Methodology (Case-Based Approach) 

     The methodology of this research is designed to investigate how blockchain-enabled systems contribute to the 

verification of sustainable and ethical sourcing practices across global supply chains. Given the complexity of supply 

chains and the diversity of stakeholders involved, this study adopts a case-based analysis approach, which is widely 

recognized in sustainability and supply chain research for its ability to capture real-world practices and outcomes. 

Unlike purely theoretical models or simulation-based research, a case-based approach provides an opportunity to 

examine blockchain implementations in their natural context, thereby revealing both successes and shortcomings. 

    The rationale for selecting this method lies in the need to move beyond abstract conceptualizations of blockchain 

and instead focus on how it functions when deployed by organizations under real market pressures. Through this 

approach, the study can analyze practical dimensions such as stakeholder collaboration, compliance verification, 

technical integration, and the social legitimacy of blockchain-driven initiatives. This methodology is particularly 

useful for drawing out nuanced insights that cannot be captured through quantitative surveys alone. 

3.1 Research Design 

     The research design follows a qualitative multiple case study model. This design was selected because it allows for 

the exploration of diverse contexts across different industries where blockchain has been introduced as a verification 

tool for sustainable sourcing. Unlike single-case studies, which may provide detailed insights into one instance but 

limit generalizability, a multiple-case design allows for cross-comparison and synthesis. This approach increases the 

robustness of the findings by identifying commonalities that transcend industry boundaries while also highlighting 

industry-specific challenges. 

      Each case study is structured to reveal not only the technical integration of blockchain but also the organizational 

and regulatory ecosystem in which it operates. For example, the adoption of blockchain in agriculture might emphasize 

food safety and contamination control, while in mining the focus may shift toward conflict mineral certification. The 

design, therefore, ensures that the methodology remains sensitive to the nuances of each sector while still allowing for 

overarching conclusions. 

 

The process is organized into four interlinked stages: 

       Case Selection – A rigorous selection process was followed to ensure the chosen cases represent industries with 

high relevance to sustainability and ethical sourcing. Cases were drawn from documented projects in food and 

agriculture, textiles, mining, and consumer goods. 

      Data Collection – The study employs secondary sources such as company sustainability reports, industry 

whitepapers, regulatory directives, and academic research. This breadth of data ensures that findings are triangulated 

and not dependent on a single perspective. 

      Case Analysis – Each case is examined to evaluate the extent to which blockchain has improved transparency, 

traceability, and trust. The analysis also investigates barriers faced during implementation, including costs, technical 

integration, and governance challenges. 

     Cross-Case Synthesis – Insights from individual cases are compared to identify best practices, common obstacles, 

and emerging trends. This stage allows the research to draw conclusions that are both context-specific and 

generalizable. 
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Figure 5: Research Methodology Framework 

3.2 Data Collection 

      The study relies heavily on secondary data sources, which offer both breadth and depth in understanding 

blockchain applications. Secondary data is especially useful in this context because blockchain projects often involve 

multiple stakeholders, making primary data collection resource-intensive and logistically challenging. Moreover, 

secondary sources such as NGO reports, regulatory guidelines, and industry studies provide a level of independent 

verification, reducing the likelihood of relying on biased corporate narratives. 

     Corporate sustainability reports provide first-hand accounts of how companies present their blockchain initiatives 

to stakeholders. However, these were critically analyzed against independent sources such as NGO publications and 

academic studies to assess the validity of the claims. For example, while a corporation might emphasize blockchain’s 

success in tracing raw materials, NGO reports can shed light on whether this success translates into actual 

improvements in worker welfare or environmental conservation. 

      In addition, academic journals and industry consortia reports provide the theoretical and technical context, offering 

frameworks to interpret the implementation of blockchain systems. These sources ensure that the study is grounded 

not only in practical case material but also in scholarly discourse, which strengthens the rigor of the analysis. 

 

Table 4: Sources of Data for Case-Based Analysis 

     Source Type                                Examples                                                                            Purpose 

 

Corporate Reports      Walmart Blockchain Food Traceability, De Beers Tracr     Understanding project scope and 

results 

NGO Publications     Fairtrade, Amnesty International reports                            Verifying ethical sourcing compliance 

Academic Journals   Peer-reviewed blockchain and supply chain studies         Providing theoretical and empirical 

insights 

Industry Consortia    RCS Global, IBM Food Trust, Hyperledger                    Technical frameworks and implementations 

Regulatory Bodies        EU, UN, U.S. compliance directives                            Ensuring alignment with global standards 

 

3.3 Case Study Industries 

      The industries chosen for case analysis represent some of the most challenging contexts for ethical and sustainable 

sourcing. 

      Food and Agriculture: This sector faces issues of food fraud, contamination, and unsustainable farming practices. 

Blockchain has been deployed here to create rapid traceability, allowing contaminated batches to be recalled in hours 

instead of days. 

      Textiles and Fashion: Known for labor exploitation in developing economies, particularly in fast fashion, this 

sector requires solutions that guarantee worker welfare and fair wages. Blockchain provides verifiable data on supplier 

compliance. 

      Mining and Minerals: This industry is heavily scrutinized for conflict minerals, unsafe working conditions, and 

illegal mining. Blockchain helps trace minerals to their verified sources, enabling compliance with laws such as the 

Dodd-Frank Act. 

     Consumer Goods: Everyday products often carry sustainability labels, but many of these claims are difficult to 

verify. Blockchain allows consumers to trace product journeys, reducing greenwashing risks and enhancing brand 

accountability. 

     The inclusion of these diverse industries ensures that the analysis captures a wide spectrum of sustainability 

challenges and demonstrates how blockchain can be adapted to different contexts. 



 

71 

 

 
Figure 6: Case Study Industries and Their Ethical Sourcing Risks 

3.4 Analytical Framework 

     To assess the impact of blockchain adoption, an evaluative framework was developed, focusing on three primary    

dimensions: traceability, transparency, and trust. 

     Traceability: This dimension captures blockchain’s ability to provide accurate, real-time tracking of goods and 

materials. Indicators include provenance accuracy, speed of data updates, and the elimination of blind spots in supply 

chains. 

     Transparency: Transparency relates to the capacity of all stakeholders to access verifiable supply chain data. 

Indicators here include independent auditability, the degree of stakeholder participation, and the accessibility of 

records. 

     Trust: Trust focuses on how blockchain influences stakeholder confidence. Reduced incidences of fraud, stronger 

regulatory compliance, and increased consumer confidence serve as indicators. 

     Each case is systematically analyzed against these dimensions, providing a structured way to assess blockchain’s 

contributions. 

 

 

Table 5: Analytical Dimensions for Evaluating Blockchain Adoption 

  Dimension                                Indicators                                                  Expected Impact 

Traceability             Real-time tracking, provenance accuracy             Improved supply chain visibility 

Transparency         Independent verifiability, auditability                    Stronger accountability and compliance 

Trust                     Stakeholder confidence, reduced fraud incidents    Enhanced consumer and regulator trust 

 

 

3.5 Limitations of Methodology 

     Although the case-based approach provides rich insights, it comes with several limitations. First, the reliance on 

secondary data means that findings are subject to the accuracy and completeness of published reports. Companies may 

selectively disclose information, presenting blockchain adoption in a more favorable light than what actually occurs 

in practice. 

     Second, many blockchain initiatives are still in the pilot phase, meaning long-term impacts on sustainability and 

ethical sourcing cannot yet be fully measured. This creates uncertainty about whether early successes will translate 

into systemic improvements over time. 

     Third, cross-industry variability makes it difficult to develop one-size-fits-all conclusions. While blockchain may 

significantly improve traceability in food supply chains, its impact on textiles may be less pronounced due to the 

complexity of subcontracting networks. These limitations are acknowledged and addressed through triangulation and 

cross-case synthesis to enhance reliability. 

 
Figure 7: Methodological Limitations in Blockchain Research 

 
4.  System Framework: Blockchain-Integrated Supply Chain 

     The framework for blockchain-integrated supply chains is designed to address the persistent challenges of 

transparency, traceability, and accountability in global sourcing. Unlike traditional verification systems that rely on 
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fragmented documentation and third-party audits, blockchain offers an immutable, decentralized ledger that enables 

secure, verifiable data sharing among all stakeholders. This section presents the conceptual system framework 

developed in this study, detailing its core components, operational flow, and expected outcomes. 

4.1 Conceptual Design of the Framework 

      The blockchain-enabled supply chain framework is conceived as a multi-layered system consisting of the 

following key components: 

      Data Input Layer – Sources such as IoT sensors, supplier declarations, and certification bodies feed data into the 

blockchain. 

     Blockchain Ledger Layer – Transactions are recorded in immutable blocks, each validated through a consensus 

mechanism. 

      Smart Contract Layer – Predefined rules automatically verify compliance with sustainability standards. 

     Application Layer – Interfaces for stakeholders, including dashboards for regulators, NGOs, businesses, and 

consumers. 

    By structuring the framework in layers, the system ensures not only technical robustness but also functional 

alignment with stakeholder needs. 

 
Figure 8: Layered Framework of a Blockchain-Integrated Supply Chain 

4.2  Data Flow and Transaction Process 

       The data flow begins when a raw material enters the supply chain. Its origin, certification, and quality details are 

recorded in the blockchain through digital identifiers such as QR codes or RFID tags. As the material moves through 

various stages — from raw supplier to manufacturer, distributor, retailer, and finally the consumer — every transaction 

is appended to the blockchain. 

       This process ensures end-to-end traceability, meaning that consumers and regulators can trace a product back to 

its source in real time. In addition, smart contracts automatically validate data entries, rejecting inputs that do not meet 

predefined sustainability criteria. This eliminates reliance on manual audits alone, significantly reducing the risk of 

fraudulent entries. 

Table 6: Data Flow Across Blockchain-Integrated Supply Chain 

   

   Supply Chain Stage                Data Recorded on Blockchain                                 Verification Mechanism 

 

Raw Supplier                     Origin, certification, labor compliance                       Smart contracts + NGO audit 

Manufacturer                     Processing details, energy usage                                 Smart contracts + IoT sensors 

Distributor                         Logistics, carbon footprint                                           Smart contracts + IoT GPS 

Retailer                              Final product labeling, certifications                           Smart contracts 

Consumer                         Access to product history via QR code                         Blockchain ledger 

 

4.3 Stakeholder Roles in the Framework 

      The success of the blockchain system depends on multi-stakeholder collaboration. Each participant in the supply 

chain assumes a distinct role within the framework: 

• Suppliers are responsible for entering raw material data at the point of origin. 

•  Manufacturers update records with production details, ensuring data continuity. 

•  Distributors provide transportation and logistics data, including sustainability metrics. 

•  Retailers validate final certifications and make sustainability data available to consumers. 

•  Regulators and NGOs act as independent verifiers, monitoring data integrity. 

• Consumers use applications to access sustainability information before making purchasing 

decisions. 

       By integrating these roles, the blockchain framework creates a collaborative ecosystem where each actor 

contributes to, and benefits from, greater transparency. 
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Figure 9: Stakeholder Roles in Blockchain-Integrated Supply Chains 

4.4 System Benefits and Expected Outcomes 

      The proposed framework is expected to deliver three critical outcomes: 

      Enhanced Traceability – Every product movement is logged, ensuring accurate provenance tracking. 

     Ethical Verification – Fraudulent certifications and unethical practices are minimized through immutable records 

and automated checks. 

    Sustainability Assurance – Environmental and social compliance data becomes verifiable, enabling organizations 

to substantiate claims and avoid greenwashing. 

    The framework further provides efficiency gains by reducing paperwork, audit costs, and time delays in compliance 

verification. This strengthens supply chain resilience and consumer trust, particularly in industries where ethical 

sourcing is under intense scrutiny. 

Table 7: Benefits of Blockchain-Integrated Supply Chain Framework 

 

Dimension                          Traditional System                                      Blockchain-Integrated System 

Traceability                        Limited, fragmented records                      End-to-end, real-time traceability 

Verification                        Manual audits, high error risk                    Automated via smart contracts, immutable 

 Transparency                    Centralized and opaque                               Decentralized and independently verifiable 

Efficiency                          Costly, slow, paper-based                            Cost-effective, digital, streamlined 

  

5.  Case Analysis & Results 

     This section presents findings from four case-based studies across industries known for sustainability and ethical 

sourcing challenges. The results highlight blockchain’s practical impact on transparency, traceability, and stakeholder 

trust. Each case is examined individually before conducting a cross-case synthesis to identify common patterns and 

broader implications. 

 

5.1 Case 1: Food and Agriculture Industry 

      The food and agriculture industry has been at the forefront of blockchain adoption due to increasing concerns 

about food fraud, contamination, and sustainability of farming practices. Walmart’s partnership with IBM Food Trust, 

for example, demonstrates blockchain’s ability to reduce the time required to trace contaminated products from seven 

days to just 2.2 seconds. This drastic improvement in traceability not only minimizes consumer health risks but also 

reduces food waste caused by uncertainty in recalls. 

      In addition, blockchain allows consumers to scan QR codes on food packaging to access detailed information 

about origin, farming methods, and transportation. This feature enhances consumer trust, as sustainability and organic 

claims can be independently verified. However, challenges remain in onboarding smallholder farmers, many of whom 

lack digital infrastructure and training to participate in blockchain systems. 
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Figure 10: Traceability Speed — Traditional vs. Blockchain in Food Supply Chains 

5.2 Case 2: Textiles and Fashion Industry 

      The textile and fashion industry, particularly fast fashion, has long struggled with ethical sourcing due to labor 

exploitation and poor working conditions. Blockchain adoption in this sector aims to provide end-to-end visibility into 

garment sourcing and production. Companies such as Provenance and Everledger have piloted blockchain platforms 

that record data on factory compliance, labor conditions, and wage payments. 

     These initiatives have shown promising results in increasing accountability across multiple subcontractors. 

However, scalability remains a concern, as the fashion industry involves thousands of suppliers and subcontractors, 

many of whom operate informally. Despite these challenges, consumer surveys reveal increased willingness to pay 

premium prices for garments with verifiable ethical sourcing information. 

 

Table 8: Blockchain Implementation in Textiles — Results and Challenges 

 

 Indicator        Traditional System     Blockchain System Observed Challenge 

 

Labor Condition Records       Paper-based, limited       Immutable, real-time logs Onboarding subcontractors 

Wage Transparency        Rarely available   Digitally verifiable Data entry reliability 

Consumer Trust                       Low                     High with QR verification Cost of system 

implementation 

 

5.3 Case 3: Mining and Minerals Industry 

      The mining sector presents some of the most complex ethical sourcing challenges due to conflict minerals, unsafe 

mining conditions, and illegal operations. Blockchain initiatives such as De Beers’ Tracr and RCS Global’s monitoring 

systems have demonstrated potential in ensuring that minerals are sourced from verified, conflict-free mines. 

     Blockchain records provide end-to-end traceability of diamonds and minerals, allowing regulators and consumers 

to distinguish between ethically and unethically sourced materials. This reduces the risks associated with “blood 

diamonds” and illegal mining practices. Nonetheless, challenges such as falsification of data at the point of entry 

(before it is uploaded to the blockchain) remain a major limitation. 

 
Figure 11: Verified vs. Non-Verified Mineral Supply Chain Transactions 

5.4 Case 4: Consumer Goods Industry 

      Consumer goods companies face increasing pressure to substantiate sustainability claims, as consumers demand 

proof of eco-friendly sourcing and production. Blockchain applications in this sector focus on combating 

greenwashing by making sustainability data accessible to consumers. QR codes linked to blockchain records enable 

verification of claims such as carbon neutrality, fair trade certification, and recycled material usage. 

     Results show that companies adopting blockchain experience increased brand loyalty and reduced reputational 

risks. However, the complexity of global consumer goods supply chains means that full-scale adoption is still limited 
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to pilot projects.   

 

Table 9: Impact of Blockchain on Consumer Goods Sustainability Verification 

 

Sustainability Indicator      Traditional System                                   Blockchain System 

 

Verification of Eco-Claim       Often unverifiable                               Independently verifiable via QR 

Consumer Trust                     Moderate                                                 High, based on transparent data 

Brand Reputation Risk       High exposure to green washin                 Reduced through immutable records 

 

5.5 Cross-Case Synthesis 

      The cross-case analysis reveals that blockchain significantly improves traceability and transparency across all 

industries studied. In food supply chains, speed of traceability emerged as the most significant improvement. In 

textiles, labor accountability was enhanced, though scalability remained a challenge. In mining, blockchain effectively 

addressed conflict mineral verification but still suffered from unreliable initial data inputs. In consumer goods, 

blockchain primarily strengthened consumer trust by reducing greenwashing risks. 

Across all industries, the common benefits include: 

• Improved traceability and data integrity 

• Increased consumer trust and willingness to pay premiums 

• Reduced risks of fraud and unethical practices 

      The challenges are also consistent: 

• High implementation costs 

• Digital infrastructure gaps in developing economies 

• Risk of false data entry at origin points 

 
Figure 12: Benefits vs. Challenges of Blockchain Adoption in Supply Chains 

 
 6. Discussion and Conclusion 

          This section interprets the results of the case-based analysis, linking them back to the broader research objectives 

of verifying sustainable and ethical sourcing through blockchain-enabled supply chains. The discussion emphasizes 

the theoretical significance of blockchain adoption, the practical outcomes across industries, and the broader 

implications for global supply chain governance. 

6.1   Interpretation of Results 

        The results demonstrate that blockchain significantly enhances traceability, transparency, and stakeholder trust 

across industries. In food supply chains, the sharp reduction in traceability time underscores blockchain’s ability to 

transform crisis response and reduce systemic inefficiencies. In textiles, blockchain improves labor accountability and 

wage verification, though challenges remain in onboarding informal subcontractors. In mining, the technology 

provides unprecedented verification of conflict-free sourcing, while in consumer goods, blockchain strengthens 

consumer trust by curbing greenwashing. 

        These findings confirm that blockchain is not merely a technological innovation but also a socio-technical 

enabler, fostering trust between stakeholders who previously relied on opaque documentation and fragmented 

verification processes. 

6.2  Theoretical Implications 

        From a theoretical perspective, blockchain challenges traditional supply chain governance frameworks, which 

often rely on centralized authorities for verification. The decentralized nature of blockchain redistributes trust across 

a network of actors, introducing a new model of “distributed accountability.” This aligns with emerging theories of 

digital trust, which emphasize the role of technology in mediating stakeholder relationships. 

      Moreover, the findings contribute to the literature on sustainability verification by showing that blockchain does 

not simply digitize existing processes but transforms them. Immutable records and smart contracts reduce reliance on 

manual audits, reshaping the institutional structures of supply chain oversight. 

6.3  Practical Implications 

      For practitioners, the study highlights concrete benefits of blockchain adoption. Companies can reduce 

reputational risks, enhance compliance efficiency, and increase consumer trust by implementing blockchain-based 

systems. The ability to independently verify sustainability claims creates a competitive advantage, particularly in 

markets where consumers demand ethical and eco-friendly products. 

      However, the analysis also reveals practical challenges. High implementation costs, lack of interoperability, and 

limited digital infrastructure in developing economies hinder adoption. Companies must balance the promise of 

blockchain with the realities of cost and inclusivity, ensuring that small-scale suppliers are not excluded from 

blockchain-enabled systems. 
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Table 10: Practical Implications of Blockchain Adoption 

 

Benefit                                                   Practical Example                                                 Challenge 

 

Improved Traceability                 Food recalls in seconds (Walmart case)              Cost of onboarding small farmers 

Enhanced Ethical Verification    Verified conflict-free diamonds (De Beers)         Risk of false data entry at source 

Consumer Trust and Loyalty       Premium pricing in fashion blockchain               Scalability across global suppliers 

Reduced Greenwashing Risk       QR-based eco-claims in consumer goods         Interoperability with legacy systems 

 

6.4  Policy Implications 

      The study also has significant implications for policymakers and regulators. Blockchain’s immutable records can 

strengthen enforcement of sustainability laws and regulations such as the EU’s Corporate Sustainability Due Diligence 

Directive. By mandating blockchain adoption or incentivizing its use, regulators can close loopholes that currently 

allow companies to misrepresent their sourcing practices. 

      However, regulatory bodies must also establish standards for blockchain interoperability and data governance to 

avoid fragmentation across industries. Without common standards, blockchain risks becoming another siloed system 

rather than a tool for universal accountability. 

6.5 Limitations of the Study 

      Despite its contributions, this research has limitations. The reliance on secondary data means the study depends 

on the accuracy and completeness of existing reports. Many blockchain projects analyzed are still in pilot phases, 

limiting the availability of long-term performance data. Additionally, the diversity of industries analyzed means that 

findings cannot be universally generalized, although cross-case synthesis helps identify recurring trends. 

6.6 Future Research Directions 

      Future research should focus on longitudinal studies that track blockchain adoption over time, assessing whether 

early successes lead to systemic improvements in sustainability verification. Further studies could also examine the 

integration of blockchain with complementary technologies such as artificial intelligence, Internet of Things, and 

digital twins, which may collectively enhance the robustness of supply chain monitoring. 

      There is also scope for comparative research across regions, examining how blockchain adoption differs between 

developed and developing economies. Such studies would provide insights into how digital infrastructure and 

governance systems influence blockchain’s effectiveness. 

6.7 Conclusion 

      This research concludes that blockchain has significant potential to transform the verification of sustainable and 

ethical sourcing in global supply chains. The case-based analysis demonstrates improvements in traceability, 

transparency, and stakeholder trust across multiple industries. While challenges remain in terms of cost, scalability, 

and data reliability, the overall findings suggest that blockchain can serve as a cornerstone technology for building 

more ethical and sustainable supply chains. 

      Ultimately, blockchain adoption represents a paradigm shift in supply chain governance — moving from 

centralized verification systems prone to manipulation toward decentralized networks of trust and accountability. For 

blockchain’s potential to be fully realized, collaboration between businesses, regulators, NGOs, and consumers will 

be essential. 
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