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Abstract 

In today’s dynamic business landscape, sustainability has become a defining concern, driven by increasing demands 
for eco-conscious practices from consumers, regulators, and stakeholders. This has put immense pressure on supply 
chains to undergo a fundamental transformation. Blockchain technology, renowned for its security and decentralized 
architecture, emerges as a promising solution to promote sustainability within supply chains by enhancing 
transparency, traceability, and trust. Blockchain contributes to economic sustainability by mitigating transaction costs 
and facilitating the efficiency and cost-effectiveness of supply chain operations. Blockchain benefits environmental 
sustainability by reducing carbon footprints through traceability practices. By fostering fair trade and protecting 
sensitive data and identities, blockchain can play a pivotal role in ensuring social sustainability. As such, many 
forward-thinking businesses are drawn to blockchain for sustainable business operations. However, reluctance remains 
due to uncertainties surrounding the factors influencing blockchain’s implementation. In this paper, we delve into the 
synergy between blockchain and sustainable supply chain, aiming to provide an overarching insight into the 
opportunities and obstacles presented by this integration. By shedding light on the transformative potential of 
blockchain, we hope to inspire a broader adoption and realization of sustainability goals within supply chains. 
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1. Introduction
Within the complicated landscape of global business, supply chains have tremendously evolved (Oppon et al., 2023; 
X. Zhang et al., 2023). The intricate supply chain networks span continents, seamlessly connecting producers,
suppliers, manufacturers, and consumers (Ali & Govindan, 2021; L. H. Zhang et al., 2023). While this unprecedented
interconnectedness has delivered remarkable efficiencies, it has also underscored a set of pressing challenges,
envisioned as the imperatives of environmental responsibility, ethical sourcing, and transparency (Ali et al., 2023;
Zhu et al., 2023). Therefore, achieving sustainability in supply chains is no longer an option; it has become an
indispensable goal for businesses and consumers alike (Mondal & Giri, 2022; Zeng et al., 2023).
Blockchain technology has emerged as a powerful tool to address these challenges and usher in a new era of
sustainable supply chains (Kayikci et al., 2023; Paul et al., 2021). The inherent characteristics of blockchain—
transparency, security, and decentralization—hold the potential to revolutionize the way supply chains are managed
and monitored (Holmqvist & Kowalkowski, 2023; Yavaprabhas et al., 2023). It can generate an immutable, tamper-
proof ledger of transactions and activities, instilling trust among stakeholders and enabling the traceability of products
and materials back to their origins (Creazza et al., 2022; Guo et al., 2023) supporting supply chain sustainability.
The objective of this paper is to delve into the potential of blockchain in transforming supply chains into sustainable
and responsible entities. Further, by exploring both the benefits and challenges of implementing blockchain
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technology for supply chain sustainability encompassing economic, environmental, and social pillars, we aim to 
uncover not only the promises it holds but also the complexities and limitations of this revolutionary solution. Our 
exploration aims to offer the insights necessary for informed decision-making, promoting sustainability and 
responsibility in supply chains. 
 
2. Overview of Blockchain and Sustainable Supply Chain 
Blockchain is a decentralized, digital ledger comprising interconnected blocks (Arunmozhi et al., 2022). It assures 
trust and security through cryptography and offers a transparent, tamper-proof record of transactions (I. Ali, A. Arslan, 
et al., 2021; Rejeb et al., 2021). By eliminating the need for intermediaries, it accelerates peer-to-peer interactions 
across industries, redefining the way data and assets are managed and transferred (Joshi et al., 2023). With respect to 
sustainable supply chains, it prioritizes economic, environmental, and social responsibility, thereby minimizing 
environmental impact, ensuring ethical sourcing, and supporting the well-being of communities (Kholaif et al., 2023; 
Nguyen & Ali, 2021). This supply chain seeks a harmonious balance between economic growth, ecological 
preservation, and social equity to generate lasting positive impacts (Abban & Abebe, 2022; Bunge et al., 2022). 
 
3. Blockchain and Sustainable Supply Chain 
3.1 Economic Sustainability with Blockchain 
Economic sustainability with blockchain presents a dual-edge paradigm. Benefits include cost-efficiency and 
improved financial inclusion while challenges such as scalability issues and regulatory hurdles pose significant 
barriers to achieving these economic sustainability goals as follows: 
 
3.1.1 Cost Efficiency 
Blockchain is redefining supply chain management, streamlining operations and enhancing transparency (Ada, 2022). 
Traditional supply chains often grapple with intermediaries and information bottlenecks, leading to inefficiencies and 
increased costs (Arora et al., 2023). Blockchain offers an innovative solution, establishing a decentralized, tamper-
resistant ledger accessible to all stakeholders, revolutionizing how supply chain operates (Balzarova et al., 2022; Yu 
& Ye, 2023). As such, these advantages encompass unparalleled traceability, allowing products and materials to be 
tracked from source to destination, with profound implications for safety and accountability (Alkahtani et al., 2021). 
Likewise, the integration of blockchain into supply chains has emerged as a transformative force, reducing transaction 
costs (Biswas et al., 2023). Traditional supply chains involve multiple intermediaries, leading to delays and added 
expenses (Hsuan & Parisi, 2020). Blockchain disrupts this model by enabling direct, peer-to-peer transactions, 
eliminating the need for intermediaries such as banks and payment processors (Mercuri et al., 2021). The outcome is 
a streamlined, cost-effective system where businesses can transfer funds across borders swiftly with minimal 
associated costs (Upadhyay et al., 2021). This efficiency is particularly advantageous in international trade, 
remittances, and financial transactions, presenting substantial savings and facilitating the overall economic 
sustainability of supply chains (Lerner et al., 2021; Yang et al., 2022). 
 
3.1.2 Financial Inclusion 
The utilization of blockchain in supply chains brings an improved access to financial services (Mahmoudi et al., 2023). 
Conventional financial systems frequently exclude those without access to traditional banking services, particularly 
in remote or underserved regions (Fahey et al., 2020). Blockchain disrupts this exclusionary paradigm by offering a 
decentralized and borderless platform for conducting financial transactions (Deng & Ouyang, 2022). Its inclusive 
nature enables unbanked and underbanked populations to engage in financial activities, providing opportunities for 
saving, borrowing, and joining global trade (Kumar et al., 2020). By fostering financial inclusion, blockchain in supply 
chains has the potential to uplift marginalized communities and promote economic growth in a more equitable and 
accessible manner (Sharari, 2023). Furthermore, blockchain is catalyzing a profound transformation in cross-border 
transactions within supply chains (Kumar Singh et al., 2023). Conventional international trade processes are hampered 
by bureaucracy, costly intermediary services, and extended settlement times (Abdelkafi et al., 2022). Blockchain, with 
its decentralized and transparent ledger, introduces a more efficient and secure framework, allowing for direct peer-
to-peer transactions, reducing the need for middlemen, shortening settlement periods, and minimizing costs (Fahey et 
al., 2020). This evolution in supply chain operations empowers businesses to navigate the global market with greater 
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ease, opening new opportunities for economic growth and streamlining international trade in an era of borderless 
commerce (Kumar Singh et al., 2023). 
 
3.1.3 Scalability Issues 
Scalability issues are a pertinent concern, primarily revolving around the limited transaction processing speed within 
blockchain applications in supply chains (Zkik et al., 2023). While blockchain promises unprecedented transparency 
and security, as transaction volumes surge, the network’s capacity can become a bottleneck (Wei et al., 2023). Slow 
processing times and rising fees can impede efficient supply chain operations, particularly in high-volume industries 
(Garcia-Torres et al., 2022). To address these challenges, ongoing research and innovation in scaling solutions are 
imperative. Similarly, while blockchain holds immense potential for enhancing supply chain management, it grapples 
with scalability issues that can result in increased energy consumption (Caldarelli et al., 2021). Energy-intensive 
consensus mechanisms, such as proof-of-work, have drawn criticism for their environmental impact (Caldarelli et al., 
2021). As transaction volumes surge, the network’s energy demands rise, leading to concerns about sustainability 
(Öztürk & Yildizbaşi, 2020). Striking a balance between scalability and energy efficiency is a pressing challenge (de 
Oliveira et al., 2021). Implementing more eco-friendly consensus protocols such as proof-of-stake is inevitable to 
mitigate blockchain’s carbon footprint (Testi et al., 2023). Addressing these scalability-related energy issues is 
paramount to ensuring the long-term viability of blockchain in supply chain applications (Crișan et al., 2021). 
 
3.1.4 Regulatory Hurdles 
Blockchain’s integration into supply chains offers immense potential but is accompanied by challenges related to 
regulatory ambiguity (Naseem et al., 2023). As governments strive to adapt to this rapidly evolving technology, 
compliance with ever-changing financial regulations remains a complex and costly endeavor, creating a patchwork of 
rules and standards, making it challenging for businesses to ensure full legal compliance (Zkik et al., 2023). Further, 
the question of blockchain governance and liability in the event of disputes compounds this regulatory complexity 
(Ma et al., 2021). Clearer regulatory frameworks that account for the unique features of blockchain are essential to 
unlock its full potential in supply chain management (Wang et al., 2023). Likewise, blockchain’s integration in supply 
chains introduces significant advantages, but it is accompanied by regulatory ambiguity concerning privacy (Da 
Silveira et al., 2022). As governments grapple with regulating this transformative technology, ensuring data privacy 
in financial transactions presents complex challenges (Khan et al., 2023). Varying privacy regulations across 
jurisdictions result in a fragmented compliance landscape, making it onerous for businesses to maintain consistency 
while safeguarding user data (Wang et al., 2023). Similarly, addressing the balance between transparency and data 
protection becomes a critical issue in blockchain governance (Feng et al., 2023). A harmonized approach to privacy 
regulations, one that recognizes blockchain’s unique attributes, is essential to foster trust and privacy in financial 
transactions within supply chains (Yontar, 2023). 
 
3.2 Environmental Sustainability with Blockchain 
Blockchain can tremendously impact environmental sustainability. Benefits include enhanced supply chain 
traceability and eco-friendly energy management for green practices while security and privacy concerns as well as 
interoperability challenges pose important barriers. 
 
3.2.1 Supply Chain Traceability 
The integration of blockchain into supply chain offers a revolutionary approach to tracking and reducing carbon 
footprints (Yousefi & Tosarkani, 2023). Traditional supply chain systems often lack the transparency required for 
accurate carbon tracking, leading to inefficiencies and environmental impact (I. Ali, N. Nguyen, et al., 2021; Li et al., 
2023). Blockchain’s immutable ledger records every transaction, generating a transparent and tamper-proof chain of 
custody for products and materials (Radmanesh et al., 2023). This allows for precise carbon tracking from origin to 
destination, facilitating businesses to identify areas for sustainability improvement (Khan et al., 2023). By leveraging 
blockchain for supply chain traceability, companies can proactively reduce their carbon footprints, contributing to a 
greener and more sustainable future (Joshi et al., 2023). Furthermore, the incorporation of blockchain into supply 
chains emerges as a transformative force, particularly in the realm of promoting sustainable sourcing and production 
(Holmqvist & Kowalkowski, 2023). Blockchain’s immutable ledger records each step in the supply chain, generating 
an unassailable chain of custody, thereby enabling precise tracking of materials’ origins and the conditions of their 
production (Biswas et al., 2023). Businesses can employ blockchain to verity and promote sustainable sourcing, 
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reducing environmental impact and supporting ethical production (Addou et al., 2023). As such, they are taking a 
proactive step towards fostering a more sustainable and responsible future. 
 

 
 

Figure 1. A framework of blockchain for supply chain sustainability 
 
3.2.2 Energy Management 
Blockchain is revolutionizing energy management within supply chains (Calandra et al., 2023). Traditional energy 
use often lacks transparency and optimization, resulting in inefficiency and environmental impact (Wu et al., 2021). 
Blockchain’s decentralized ledger records every energy transaction, creating a transparent and tamper-proof trail, 
which empowers businesses to monitor and optimize their energy consumption, reducing costs and minimizing their 
carbon footprint (Karim et al., 2023). By leveraging blockchain, companies can bolster sustainability by tracking the 
source of their energy, ensuring it aligns with eco-friendly practices, and efficiently managing their energy resources 
(Friedman & Ormiston, 2022). This proactive approach not only reduces environmental impact but also improves the 
bottom line in the supply chain operations. Similarly, the synergy of blockchain and energy management in supply 
chains offers an innovative pathway to integrate with renewable energy markets (Cavicchi & Vagnoni, 2022). 
Blockchain’s immutable ledger ensures secure and transparent energy tracking, which facilitates the seamless 
integration of renewable energy sources into supply chain operations (Arunmozhi et al., 2022). By verifying the origin 
and sustainability of energy, businesses can reduce carbon footprints, optimize costs, and support green energy 
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initiatives (Oppon et al., 2023). This integration not only advances environmental responsibility but also positions 
supply chains at the forefront of a sustainable energy revolution. 
 
3.2.3 Data Privacy and Security Concerns 
The adoption of blockchain in supply chains introduces innovative methods for safeguarding sensitive environmental 
data (Xia et al., 2023). Traditional systems often grapple with data privacy and security issues, leaving valuable 
information vulnerable to breaches. Blockchain’s inherent security features, encompassing encryption and 
decentralization, fortify data protection, which creates tamper-proof records, ensuring the integrity and confidentiality 
of environmental data (Yadav et al., 2023). By leveraging blockchain, supply chains can confidently handle and share 
sensitive information related to sustainability without compromising security (Xia et al., 2023). This not only fosters 
trust and accountability but also elevates environmental responsibility, reinforcing the pivotal role of blockchain in 
shaping the future of sustainable supply chains. Furthermore, incorporating blockchain into supply chains introduces 
a critical challenge: balancing transparency with data privacy and security (Kumar et al., 2023). While blockchain’s 
transparency is a boon for accountability, it raises concerns about safeguarding sensitive information (Bechtsis et al., 
2022). The decentralized nature of blockchain can mitigate risks; nevertheless, businesses need to ensure that 
proprietary and personal data remains protected while using careful design and encryption measures (Wu et al., 2022). 
Achieving this equilibrium between transparency and privacy is indispensable to maximize the potential of blockchain 
in supply chains, bolstering trust, and accountability without compromising the confidentiality of crucial information 
(Bechtsis et al., 2022). This delicate balance underpins a future of secure and transparent supply chain management. 
 
3.2.4 Interoperability Challenges 
The integration of blockchain into supply chains presents a substantial challenge: interoperability with existing 
systems (Frederico et al., 2023). Blockchain’s transformative potential can only be fully realized when it coexists 
harmoniously with legacy systems (Chaouni Benabdellah et al., 2023). To overcome these interoperability hurdles, 
businesses have to adopt adaptable frameworks, APIs, and standards (Kayikci et al., 2022) and thereby ensuring a 
smooth transition and allows blockchain to enhance, rather than disrupt, existing operations (Chaouni Benabdellah et 
al., 2023). Addressing interoperability challenges is inevitable for realizing the efficiency, transparency, and 
accountability benefits that blockchain promises in supply chain management, generating a cohesive and modern 
ecosystem (Joshi et al., 2023). Likewise, incorporating blockchain into supply chains brings forward a significant 
hurdle: interoperability amidst data fragmentation (Chaouni Benabdellah et al., 2023). Traditional supply chain 
systems often rely on siloed data structures, hampering the seamless exchange of information (Frederico et al., 2023). 
Blockchain’s transparency and decentralization offer a solution but require standardized protocols and communication 
channels to effectively unify fragmented data (Chaouni Benabdellah et al., 2023). Blockchain can serve as a unifying 
force, bridging gaps, and promoting a cohesive data ecosystem (Pandey et al., 2023). Conquering data fragmentation 
challenges is pivotal for blockchain to realize its full potential in enhancing supply chain efficiency and transparency 
(Khan et al., 2022). 
 
3.3 Social Sustainability with Blockchain 
Blockchain has the potential to advance social sustainability by promoting fair trade and ethical sourcing practices as 
well as identity and data privacy within supply chains while it also has several challenges, encompassing adoption and 
education as well as regulatory and legal issues. 
 
3.3.1 Fair Trade and Ethical Sourcing 
One significant benefit of blockchain in supply chains is its capability to verity and ensure fair labor practices, thus 
promoting fair trade and ethical sourcing (Sendlhofer & Lernborg, 2018). Traditional supply chains often struggle to 
provide transparent proof of fair working conditions; however, blockchain’s immutable ledger offers a solution 
(Lafargue et al., 2022). By recording each step of a product’s journey, from its creation to its destination, blockchain 
enables consumers and businesses to verify the authenticity of fair labor practices, allowing consumers to support 
products that align with their values (Chaudhuri et al., 2023). Blockchain ensures that responsible businesses are 
recognized and rewarded for their commitment to fair trade and ethical production, generating a more equitable and 
conscientious supply chain ecosystem (Mangla et al., 2021). Further, blockchain introduces a significant advantage in 
the supply chain domain by ensuring ethical material sourcing, in turn, facilitating fair trade and ethical supply chains 
(Chamanara et al., 2021). By recording each transaction and movement of materials in the supply chain, blockchain 
offers a trustworthy, verifiable record of the materials’ origins, empowering consumers and businesses to make 
informed choices, supporting products and supply chain partners committed to ethical sourcing (Ignat & Chankov, 
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2020). Thus, blockchain becomes a catalyst for creating responsible, fair trade, and ethical supply chains that prioritize 
sustainability and social responsibility (Zhou et al., 2023). 
 
3.3.2 Identity and Data Privacy 
Blockchain’s role in supply chains extends to the crucial area of identity and data privacy, offering robust protection 
for personal information (Gong et al., 2022). Blockchain’s decentralized and encrypted architecture ensures that 
sensitive personal data is shielded from unauthorized access and tampering (Khan et al., 2021). Users can maintain 
control over their identity and data, granting or withholding access as needed (Chaudhuri et al., 2023). This level of 
privacy fosters trust and accountability, not only benefiting individuals but also reinforcing the reliability and integrity 
of supply chain processes in an area of increasing data security concerns (Zhou et al., 2023). Similarly, blockchain’s 
integration into supply chains is a catalyst for empowering individuals with data ownership and advancing identity 
and data privacy (Agyemang et al., 2022). Blockchain’s decentralized and encrypted ledger empowers individuals to 
take control of their data, ensuring ownership and control over who access it (Khan et al., 2021). This heightened data 
privacy not only safeguards personal information but also promotes trust and accountability within supply chains 
(Öztürk & Yildizbaşi, 2020). By placing data ownership in the hands of individuals, blockchain reinforces the 
principles of privacy and autonomy in an increasingly data-driven world, facilitating a more transparent and equitable 
supply chain ecosystem (Joshi et al., 2023). 
 
3.3.3 Adoption and Education Issues 
The adoption of blockchain in supply chains while promising presents challenges, particularly in dealing with initial 
implementation costs (Mangla et al., 2021). These costs encompass technology infrastructure, training, and the 
creation of blockchain networks (Khan et al., 2021). The initial investment required for this transition can be 
substantial, deterring several businesses from embracing the technology (Lafargue et al., 2022). Furthermore, a 
shortage of blockchain expertise and a steep learning curve can hinder seamless integration (Öztürk & Yildizbaşi, 
2020). To address these challenges, businesses need to allocate resources for education and training while strategically 
planning their blockchain deployment (Zhou et al., 2023). Overcoming these hurdles is imperative to harness the long-
term efficiency, transparency, and accountability benefits of blockchain in supply chain operations (Joshi et al., 2023). 
Likewise, the adoption of blockchain in supply chains hinges on addressing significant skill gaps and training 
requirements (Ada, 2022). Blockchain’s transformative potential is limited when a shortage of skilled professionals 
exists (Singh et al., 2023). Businesses need to invest in educating their workforce to overcome the steep learning curve 
and maximize the benefits of blockchain (Agyemang et al., 2022). Likewise, the shortage of blockchain expertise in 
the job market poses a tremendous challenge (Singh et al., 2023). It is strategic to develop comprehensive training 
programs and cultivate a new generation of blockchain-savvy professionals to ensure the seamless and effective 
implementation of blockchain technology in supply chains (Chaudhuri et al., 2023). 
 
3.3.4 Regulatory and Legal Hurdles 
Incorporating blockchain into supply chains raises the critical challenge of navigating regulatory and legal hurdles, 
particularly in the context of data privacy regulations (Yontar, 2023). The evolving nature of blockchain often outpaces 
the development of clear legal frameworks (Li et al., 2023). Consequently, businesses face uncertainty with respect to 
compliance. Varied regulations across different jurisdictions further compound this challenge, making it difficult to 
ensure consistent adherence to data privacy laws (Liu et al., 2021). Overcoming these hurdles demands an urgent need 
for legal harmonization, when regulatory bodies and the blockchain community collaborate to establish robust and 
standardized guidelines that align with evolving data privacy regulations, enabling the full potential of blockchain in 
supply chain management while safeguarding sensitive information (M. H. Ali et al., 2021). Furthermore, the adoption 
of blockchain in supply chains introduces a formidable challenge regarding the legal ambiguity in blockchain 
governance (Parashar et al., 2020). Traditional legal structures often struggle to keep pace with the rapid evolution of 
blockchain, leading to unclear guidelines and inconsistent interpretations (Diniz et al., 2021). The decentralized nature 
of blockchain further complicates matters, as it blurs the lines of accountability and jurisdiction (Li et al., 2023). 
Navigating these hurdles requires a concerted effort from governments and the blockchain community to establish 
comprehensive, standardized, and adaptable legal frameworks (Diniz et al., 2021). Clear governance is pivotal for 
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ensuring compliance, minimizing disputes, and reaping the full benefits of blockchain in supply chain operations, 
fostering a transparent and accountable ecosystem (M. H. Ali et al., 2021). 
 
4. Conclusion 
The intersection of economic, environmental, and social sustainability with blockchain within supply chains is a 
complex and promising landscape marked by both enablers and challenges (see Figure 1). Blockchain fosters 
economic sustainability by reducing transaction costs, streamlining supply chain management, and providing a more 
efficient, cost-effective, and transparent platform for businesses to operate. Environmental sustainability benefits from 
blockchain’s capability to trace and reduce carbon footprints, enhance green practices, and integrate with renewable 
energy markets. Social sustainability gains ground as blockchain ensures fair trade, ethical sourcing, and the protection 
of sensitive data and identities. However, implementing blockchain incurs initial costs, and addressing skill gaps and 
training needs is crucial. Regulatory and legal hurdles need to be navigated, as blockchain governance remains a gray 
area in the eyes of the law. Interoperability and data fragmentation issues persist and must be resolved to ensure a 
seamless transition to blockchain systems. In the end, blockchain’s potential to revolutionize supply chain 
sustainability is evident, but careful consideration and action are required to harness its full benefits while mitigating 
the associated challenges. The path forward entails continued innovation, education, and collaboration to build a more 
sustainable and responsible supply chain ecosystem. 
The future of blockchain in supply chains is marked by a trinity of factors as follows: 
Emerging Innovations: Blockchain is poised to undergo remarkable advancements. Smart contracts will automate and 
self-execute agreements, streamlining supply chain processes (Dos Santos et al., 2021). IoT and AI integration with 
blockchain will enable real-time monitoring, ensuring product quality and traceability, thereby facilitating efficiency 
and transparency (Addou et al., 2023). 
Influence of Evolving Regulations: As governments and regulatory bodies adapt to blockchain, a clearer legal 
framework will emerge. This will offer guidance, foster adoption, and provide a more secure environment for 
blockchain integration (Wang et al., 2023). 
Global Initiatives: Sustainability and ethical sourcing initiatives will drive the adoption of blockchain in supply chains. 
It will be a key enabler of transparency and accountability, aligning businesses with ethical and environmental 
practices (Joshi et al., 2023). 
Long-term Impact: Blockchain’s long-term impact in supply chains will extend beyond efficiency gains. It will 
redefine standards for transparency, trust, and sustainability, ensuring that future supply chains are more responsible, 
eco-friendly, and ethical, reshaping industries in the process (Yavaprabhas et al., 2023). 
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