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Abstract

The Bangladesh Readymade Garments (RMG) industry faces increasing pressure to enhance sustainability and trans-
parency across its complex supply chain. This research develops a blockchain-based Green Supply Chain Management
(GSCM) framework to address these challenges. Through a structured review of existing literature, the study identifies key
sustainability challenges in GSCM and explores how blockchain can help overcome these challenges, thereby providing
a foundation for developing a blockchain-based GSCM framework. The proposed framework facilitates the end-to-end
monitoring of sustainability practices, from the procurement of raw materials to the production of finished garments,
by utilizing the immutability and transparency of blockchain technology. Smart contracts enforce predefined sustain-
ability criteria, ensuring stakeholder accountability while providing real-time data to drive continuous improvements
in resource efficiency and overall sustainability performance. This research addresses a critical gap in the existing litera-
ture by proposing a context-specific framework that integrates transparency and sustainability functionalities within a
blockchain-based GSCM system. The framework aligns with relevant Sustainable Development Goals (SDGs) and offering
a novel approach to achieving a more transparent, accountable, and sustainable future for the Bangladesh RMG industry.
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1 Introduction

The ReadyMade Garments (RMG) industry is the backbone of Bangladesh’s economy, contributing significantly to
employment, export earnings, and industrial growth. However, the sector faces increasing scrutiny due to its envi-
ronmental impact, labor rights concerns, and lack of supply chain transparency [1, 2]. As global markets demand
more sustainable and ethically produced apparel, the need for traceable and accountable supply chain practices
has become increasingly urgent. Blockchain technology has emerged as a promising solution to address these chal-
lenges by enhancing transparency, sustainability, and stakeholder accountability [3, 4]. With its decentralized and
immutable ledger, blockchain allows real-time tracking of raw materials, production activities, and logistics, sup-
porting the verification of sustainable sourcing, energy usage monitoring, and waste reduction initiatives. Moreover,
blockchain facilitates secure data sharing and collaboration among stakeholders, enabling data-driven decisions in
sustainable supply chain management [4, 5]. In response to these challenges and opportunities, this study proposes a
Blockchain-Based GSCM framework tailored to the Bangladeshi RMG industry. The framework is designed to improve
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traceability, automate compliance through smart contracts, and support the sector’s alignment with national priori-
ties and global Sustainable Development Goals.

While existing research explores blockchain technology’s potential to enhance supply chain transparency and
traceability across various industries [6], a gap exists in applying this specifically to a comprehensive GSCM framework
for the Bangladesh RMG industry. Current studies often focus on general applications of blockchain in supply chains
or sustainability initiatives within the RMG industry in isolation [3, 5]. For example, some studies have demonstrated
how emerging technologies, such as blockchain, Al, and loT, can enhance sustainability in industrial supply chains by
improving circular economy performance [7], optimizing carbon emissions [8], and ensuring secure and resilient sup-
ply chain networks [9]. However, there is a distinct lack of research that holistically integrates blockchain technology
into a green supply chain management framework tailored to the unique operational and sustainability challenges
of the Bangladeshi RMG sector.

Several factors can drive research on a blockchain-based GSCM framework for the Bangladesh RMG industry. A pri-
mary motivator is likely the growing pressure to address sustainability concerns in the industry [10, 11]. The RMG sector
has been under fire for its environmental impact, from water pollution caused by dyeing processes to high energy con-
sumption and textile waste generation [12]. Developing a solution that promotes sustainable practices throughout the
supply chainis a critical step toward environmental responsibility. Furthermore, a lack of transparency makes it difficult
for consumers to be confident about their ethical and environmental credentials [13]. The advancements of emerging
technologies suggest that blockchain-driven solutions, when effectively integrated, can help overcome key sustainabil-
ity barriers by enabling traceability, reducing operational inefficiencies, and ensuring compliance with environmental
regulations. Furthermore, blockchain’s ability to facilitate open innovation in supply chain design can be particularly
beneficial for developing countries [14]. Despite these opportunities, practical adoption challenges persist, including
integration complexity, high implementation costs, and the need for stakeholder collaboration. Prior research highlights
the importance of designing a tailored framework that aligns with industry-specific sustainability goals while ensuring
regulatory compliance and supply chain resilience [15, 16]. This research could be instrumental in establishing a system
that fosters transparency and holds all stakeholders accountable for meeting pre-defined sustainability goals. Ultimately,
the motivation for this research stems from a desire to create a more sustainable, ethical, and competitive RMG indus-
try in Bangladesh. However, this research aims to answer the following research questions to explore the potential of
blockchain-based GSCM in the context of RMG industries in Bangladesh:

RQ1: How can blockchain technology enhance transparency and sustainability practices?
RQ2: What are the key challenges and opportunities associated with implementing a blockchain-based GSCM?
RQ3: How can a blockchain-based GSCM framework be designed and implemented to support SDGs?

To address this research questions, this study develops a blockchain-based GSCM framework for the Bangladeshi RMG
industry, providing a structured approach to improving sustainability and transparency. This study conducts a systematic
literature review to identify key sustainability challenges in GSCM and explore how blockchain can help mitigate them.
This framework, however, proposes a comprehensive approach that integrates both aspects. By establishing a transpar-
ent system that actively promotes and monitors sustainable practices throughout the supply chain, it aims to achieve
a more holistic impact. Moreover, the framework extends beyond environmental sustainability. It emphasizes aligning
the system with relevant SDGs such as decent work and responsible consumption. The framework achieves broader
social and environmental goals by incorporating measurable criteria for these SDGs. Finally, the framework leverages
real-time data captured on the blockchain to empower stakeholders with data-driven insights. This can inform continu-
ous improvement in resource efficiency, environmental performance, and overall sustainability practices within the RMG
industry. This research offers a novel approach by proposing a context-specific, sustainability-focused, SDG-aligned,
and data-driven framework for a more transparent, accountable, and sustainable future for the Bangladesh RMG sector.

This paper explores the potential of blockchain technology for sustainable practices in the Bangladesh RMG industry.
Section 2 outlines the systematic literature review methodology used to develop the blockchain-based GSCM frame-
work. Section 3 details the proposed framework, while Sect. 4 highlights its key contributions and SDG alignment. Sec-
tion 5 provides a comparative analysis of the framework's strengths and weaknesses, supported by a case analysis, and
concludes with a strategic action plan and implementation roadmap. Finally, Sect. 6 discusses managerial implications,
research limitations and future directions.
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2 Methodology

This study employed a systematic literature review to develop a novel blockchain-based GSCM framework tailored for
the Bangladeshi RMG industry. Recognizing the need for a structured approach to synthesize existing knowledge on
blockchain technology, green supply chain management, and sustainability within the RMG sector, the methodology
was conducted in the following rigorous steps (as depicted in Fig. 1).

Step 1: Research Question Formulation

The study commenced by defining key research questions aimed at exploring the potential of blockchain technology
in enhancing sustainability and transparency within the complex RMG supply chain. These questions were formulated
to address identified gaps in the existing literature regarding the application of blockchain for sustainable practices in
developing country contexts, particularly within the unique challenges of the Bangladeshi RMG industry. The subse-
quent steps of this methodology were specifically designed to gather and analyze information relevant to answering
these core inquiries.

Step 2: Literature Search Strategy

A systematic literature search was undertaken across several relevant academic databases, including Scopus, Web of
Science, IEEE Xplore, and Google Scholar. These databases were selected for their extensive coverage of peer-reviewed
research in technology, business, and environmental science. The search strategy utilized a combination of specific key-
words and Boolean operators (AND, OR) to ensure a targeted retrieval of pertinent studies. Key search terms included

Fig. 1 Research framework
J Research Question Formulation

The study defines key research questions to explore the potential of blockchain in enhancing
sustainability and transparency in the RMG supply chain.

) 2

Literature Search Strategy

Relevant academic databases were used to collect peer-reviewed journal articles, conference

proceedings, and industry reports. Keywords such as “Blockchain in supply chain,” “Green
supply chain management,” “Sustainable practices in RMG,” and “Blockchain for

sustainability” guided the search.

Inclusion and Exclusion Criteria

Studies were selected for relevance to blockchain in supply chain management, sustainability,
and RMG industry challenges. Non-English articles, duplicates, and studies lacking a clear
blockchain-sustainability focus were excluded.

\ 4

Data Extraction and Analysis

Key insights from selected studies were extracted, categorized, and analyzed to identify
common themes, research gaps, and best practices in implementing blockchain-based GSCM.

) 4

Framework Development

Based on the findings, a blockchain-based GSCM framework was conceptualized, integrating
key sustainability principles, transparency mechanisms, and stakeholder collaboration
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“Blockchain in supply chain,”“Green supply chain management,”“Sustainable practices in RMG,” and “Blockchain for
sustainability,” along with variations and combinations thereof. This structured search aimed to identify a robust body
of knowledge directly relevant to the research objectives.

Step 3:Inclusion and Exclusion Criteria

To ensure the selection of relevant and high-quality studies, clearly defined inclusion and exclusion criteria were applied.
Studies were included if they explicitly addressed blockchain applications within supply chain management, discussed
sustainability practices, and focused on challenges relevant to the RMG industry. Conversely, non-English articles were
excluded due to resource limitations for translation. Duplicate studies were removed to avoid redundancy and potential
bias in the analysis. Furthermore, studies lacking a clear and substantive focus on the role of blockchain technology in
advancing sustainability were excluded to maintain the research’s specific focus. These criteria ensured that the synthe-
sized literature directly contributed to the development of the proposed framework.

Step 4: Data Extraction and Analysis

Following the selection process, key insights from the included studies were systematically extracted and organized. A
structured data extraction protocol was employed to capture relevant information such as the specific blockchain appli-
cations discussed, the sustainability metrics analyzed, the challenges identified in implementation, and any proposed
frameworks or best practices related to blockchain-based GSCM. The extracted data was then categorized and analyzed
using thematic analysis to identify recurring themes, significant research gaps, and promising best practices in the context
of implementing blockchain-based GSCM, particularly within the RMG sector. This rigorous analytical process facilitated
the identification of core principles and mechanisms for the development of the novel framework.

Step 5: Framework Development

The final step involved the conceptualization of the blockchain-based GSCM framework. This framework was developed
based on the synthesized findings from the literature analysis, integrating key sustainability principles identified as
critical for the RMG industry, transparency mechanisms enabled by blockchain technology, and strategies for foster-
ing stakeholder collaboration across the supply chain. The framework’s design was directly informed by the identified
research gaps and aimed to address the specific challenges and opportunities for sustainable development within the
Bangladeshi RMG sector.

2.1 Knowledge transfer and theoretical justification

The development of this blockchain-based GSCM framework is inherently justified through a robust process of knowl-
edge transfer. The systematic literature review, as outlined in Fig. 1, involved the identification, analysis, and synthesis
of existing knowledge from diverse academic databases and industry sources. This rigorous process ensured that the
framework’s conceptualization was grounded in established research on blockchain technology, green supply chain
management, and sustainability within the RMG sector. The framework aims to codify tacit understandings into a struc-
tured and practical tool by addressing identified research gaps and integrating interdisciplinary knowledge. This explicit
articulation of relationships between blockchain components, sustainability principles, and stakeholder collaboration
facilitates the transfer of knowledge to industry stakeholders and provides a foundation for future research and learning
in this critical area.

2.2 Framework validation strategy

While this study primarily focuses on the theoretical development of a blockchain-based GSCM framework for the Bang-
ladeshi RMG sector, careful attention was given to the clarity and traceability of parameters used in its construction. All
constructs and design elements were derived from a systematic literature review, ensuring contextual relevance and
academic rigor. Although empirical validation through primary data collection was beyond the scope of this research,
the framework’s potential applicability was explored through a case-based analysis (see Sect. 5.2). This analysis involved
applying the developed framework to a representative real-world scenario depicting the sustainability and supply chain
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challenges faced by a small and medium-sized RMG industries in Bangladesh. The framework is designed with a clear
pathway for future validation. This includes the potential for expert consultation, case study application, and simulation
modeling to evaluate its operational feasibility and practical impact. Such structured alignment allows the framework
to serve as a robust foundation for future empirical testing and real-world implementation.

3 Blockchain-based GSCM framework

This section details the proposed blockchain-based GSCM framework designed to enhance transparency, sustainability,
and SDG alignment within the Bangladeshi RMG industry. The framework as illustrated in Fig. 2 is structured around four
interconnected layers: blockchain foundation, traceability, sustainability operations, and strategic alignment, which jointly
enable secure data integration, process transparency, and decision support across the GSCM ecosystem. This synergistic
system aims to support and achieve specific SDGs relevant to the RMG sector.

GSCM Goals & Environmental Standards

(green initiatives, emission targets, waste reduction, and
relevant certifications)

\4

Data Capture Traceability Mechanisms Smart contracts for
GSCM Enforcement
(Emissions, chemical and water > (Origin & Journey with
use, wastes, certifications, environmental attributes, carbon (Automated verification of green
resource consumption) footprint, lifecycle tracking) practices, environmental

triggers)

] j

Collaborative Green Action
& Improvement

> Participant Network

(Suppliers, Manufacturers,
Logistics providers, Consumers,

y

(Data analysis for GSCM,

Environmental reporting, green Auditors, certifiers, regulators)

initiatives, circular economy)

Sustainable
Development
Goals

SDGs:
3,8,12,13,15

Fig. 2 Blockchain-based GSCM framework
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3.1 Overview of the framework

The proposed Blockchain-based GSCM framework is developed to address the sustainability and traceability chal-
lenges faced by the Bangladeshi RMG industries. The framework integrates key components of GSCM with block-
chain technology to enable transparent, secure, and verifiable environmental practices across the supply chain. It
consists of interconnected modules that collectively facilitate the adoption, monitoring, and enforcement of green
initiatives. These modules include GSCM Goals & Environmental Standards, Data Capture, Traceability Mechanisms,
Smart Contracts for GSCM Enforcement, Participant Network, and Collaborative Green Action & Improvement. Each
component is designed to address a specific aspect of sustainable supply chain management, while the use of
blockchain ensures tamper-proof data records, enhances stakeholder accountability, and automates compliance
with predefined environmental standards. Ultimately, the framework aims to contribute to key Sustainable Develop-
ment Goals, particularly SDG 3 (Good Health and Well-being), SDG 8 (Decent Work and Economic Growth), SDG 12
(Responsible Consumption and Production), SDG 13 (Climate Action), and SDG 15 (Life on Land).

3.2 Linkages Among Framework Components

The strength of the proposed framework lies in the dynamic and synergistic linkages among its components. GSCM
goals and environmental standards act as the initial guiding layer, informing all subsequent functions. Data capture
collects real-time environmental metrics from production and logistics processes, ensuring that all sustainability
indicators are quantified and traceable. This data feeds directly into traceability mechanisms, where it is used to
track the journey and environmental characteristics of materials and products. These traceability records enable
informed decision-making for both internal stakeholders and external auditors. Smart contracts leverage the data
and traceability records to enforce compliance. For instance, if a manufacturer’s emissions exceed allowable limits,
a smart contract can automatically trigger a notification to the relevant regulatory body or suspend a transaction
until compliance is restored. This integration minimizes greenwashing and enhances trust within the network. The
participant network ensures that all relevant actors from raw material suppliers to end consumers are connected,
informed, and empowered to act based on transparent data and smart contract logic. Collaborative green action
and improvement further strengthen the framework by encouraging shared responsibility for environmental per-
formance. It uses insights derived from the collected data to drive sustainability initiatives, such as resource opti-
mization, product redesign for circularity, and adoption of renewable energy. This feedback loop not only improves
current operations but also enables strategic planning for long-term sustainability. As all modules interact through a
blockchain backbone, the framework offers a holistic, transparent, and resilient approach to managing environmental
sustainability across the RMG supply chain.

3.3 How the framework facilitates sustainable practices?

The framework facilitates sustainable practices in the RMG industry by leveraging blockchain’s capabilities to create a
decentralized and transparent environment for data collection, monitoring, and enforcement. It begins with the defini-
tion of GSCM goals and environmental standards such as emission targets, circularity, waste reduction, and certifications.
These standards serve as the foundation for capturing relevant data from across the supply chain, including metrics on
emissions, water and chemical usage, waste generation, and resource consumption. Application Programming Inter-
faces (APIs) facilitate seamless data transfer and validation, ensuring that accurate and reliable information enters the
blockchain. This foundational layer ensures that the data driving the system is robust and verifiable, which is essential
for the subsequent components to function effectively. This data is then fed into the blockchain system, ensuring it
remains immutable and auditable over time. The framework introduces traceability mechanisms, enabling companies
to track the environmental attributes of raw materials and finished products throughout their life cycles. This includes
monitoring the carbon footprint, water usage, and adherence to eco-friendly processing standards. The Traceability
Mechanisms component leverages blockchain technology to store captured data on a decentralized ledger, providing
each transaction with a unique identifier such as QR codes or RFID tags. The immutable nature of blockchain ensures that
once data is recorded, it cannot be altered, providing a reliable audit trail. Smart contracts are integrated to automate the
enforcement of green practices, triggering alerts or actions when sustainability thresholds are violated or certifications
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expire. These contracts are programmed to automatically trigger actions when pre-defined conditions are met or vio-
lated. For example, they can release payments to suppliers upon verification of sustainable practices, initiate audits if
labor violations are detected, or send notifications based on specific sustainability metrics. These contracts reduce the
need for manual oversight, increase trust among stakeholders, and ensure real-time compliance with agreed standards.
Additionally, the participant network comprising suppliers, manufacturers, logistics providers, consumers, certifiers, audi-
tors, and regulators ensures that all actors in the supply chain are interconnected and accountable. This network creates
a collaborative environment where stakeholders share information and work together towards common sustainability
goals. Participants upload sustainability certificates, transmit real-time energy consumption and waste generation data,
and share labor-related data, which feeds back into the data capture and traceability mechanisms. The final component,
collaborative green action and improvement, promotes continuous learning and collective sustainability efforts. Through
blockchain-based data analytics and reporting, supply chain partners can assess performance, identify gaps, and initiate
circular practices such as resource reuse, process optimization, and green innovation. The framework creates a practical,
auditable, and interconnected approach for implementing sustainability throughout the RMG supply chain.

3.4 Challenges and opportunities in implementing a blockchain-based GSCM

Despite its promise, implementing this framework presents several hurdles. Integrating the new blockchain platform
with the existing IT infrastructure of RMG companies can be a complex technical challenge. Furthermore, achieving
industry-wide adoption requires ongoing collaboration to address potential concerns and convince all stakeholders,
from raw material suppliers to regulatory bodies, to participate. Financial constraints further complicate adoption, with
high initial investments and ongoing maintenance costs posing significant barriers, particularly for resource-strapped
SMEs. Data security and privacy are critical concerns, demanding a balance between transparency and the protection
of sensitive proprietary and personal information while mitigating cybersecurity risks. Finally, requlatory and policy bar-
riers, including the lack of standardized guidelines for blockchain adoption and the need to comply with diverse laws,
add layers of complexity. Moreover, the chosen blockchain platform must ensure scalability to efficiently process and
store the vast data generated across the dynamic RMG supply chain. Overcoming these multifaceted challenges will be
crucial for the framework’s successful and widespread implementation.

Conversely, the blockchain-based GSCM framework offers transformative opportunities for the Bangladesh RMG indus-
try, driving sustainability, efficiency, and trust. Enhanced transparency enables consumers to trace the origin of garments,
materials, and labor practices, fostering informed decisions aligned with ethical and sustainable values. It also serves as
a powerful tool against counterfeiting by providing immutable records that safeguard authenticity and protect intel-
lectual property rights. Furthermore, the framework promotes fair labor practices by enabling the monitoring of working
conditions and wages, empowering workers and ensuring ethical compliance. Aligning with global trends toward digi-
talization and sustainability, the technology can unlock access to new markets and partnerships with environmentally
conscious buyers. By supporting data-driven decision-making, blockchain can optimize resource use, minimize waste,
and reduce carbon footprints, directly contributing to achieving Sustainable Development Goals. Ultimately, the adop-
tion of blockchain technology positions the industry as a pioneer in sustainable innovation, significantly enhancing its
competitiveness in the global market.

4 Research contributions and SDG alignment

The blockchain-based GSCM framework makes a significant contribution to sustainable practices in the RMG industry
by enhancing transparency, enforcing compliance, fostering accountability, and promoting collaboration among stake-
holders. The immutable and decentralized nature of blockchain ensures that all supply chain activities are traceable
and verifiable, reducing the risk of data manipulation and fostering trust. Smart contracts automate compliance with
sustainability standards, minimizing manual interventions, reducing inefficiencies, and ensuring adherence to ethical
and environmental guidelines. The framework’s collaborative structure ensures that all participants, including manu-
facturers, suppliers, regulators, and consumers, contribute to and benefit from a transparent, efficient, and accountable
supply chain. This approach positions the RMG industry to make substantial progress toward achieving key Sustainable
Development Goals, particularly in responsible consumption, fair labor practices, and environmental sustainability.
The proposed blockchain-based GSCM framework directly supports multiple SDGs by addressing key sustain-
ability challenges in the RMG industry. For SDG 8 (Decent Work and Economic Growth), the framework enables

@ Discover



Brief Report
Discover Sustainability (2025) 6:508 | https://doi.org/10.1007/543621-025-01196-8

real-time tracking of wages, working hours, and safety conditions, ensuring compliance with labor rights and
ethical employment practices. Preventing unauthorized subcontracting and wage exploitation fosters fair working
environments and inclusive economic growth. SDG 12 (Responsible Consumption and Production) is supported
through transparent data collection on material sourcing, energy consumption, waste generation, and water usage.
Smart contracts enforce sustainable procurement policies, ensuring that suppliers meet environmental and ethical
standards. The framework also strengthens SDG 3 (Good Health and Well-being) by monitoring workplace safety,
hazardous chemical exposure, and air quality. Transparent health and safety records improve accountability and
encourage manufacturers to maintain better working conditions. In alignment with SDG 13 (Climate Action), block-
chain enables the tracking and reporting of greenhouse gas emissions at every stage of the supply chain. This facili-
tates carbon footprint assessments and incentivizes sustainable production practices. Integrating blockchain with
loT sensors allows real-time emissions data to be recorded immutably, helping brands meet climate commitments.
Finally, SDG 15 (Life on Land) is addressed through blockchain’s ability to verify the ethical sourcing of raw materi-
als, ensuring that deforestation, biodiversity loss, and land degradation are minimized. The framework promotes
responsible procurement by encouraging the use of recycled materials, sustainable cotton, and eco-friendly dyes.

5 Analysis and discussion
5.1 Comparative discussion on framework

Our research investigates the implementation of a blockchain-based GSCM framework within the Bangladesh RMG
industry, aligning with previous studies on blockchain’s potential to enhance supply chain transparency [17]. The
data captured through the system revealed significant variations in environmental sustainability practices across
RMG companies [18]. Early adopters readily embraced the framework, highlighting its potential to create a com-
petitive advantage, which aligns with the findings of Agrawal et al. [19] in their study on blockchain adoption in
the textile industry. This enhanced transparency fostered collaboration between RMG companies and raw mate-
rial suppliers, particularly in sourcing sustainable materials. However, the role of blockchain in promoting inter-
organizational collaboration for sustainability goals remains underexplored, as noted by Kouhizadeh et al. [20].
The framework'’s enforcement mechanisms, enabled by smart contracts, proved effective; several non-compliance
issues were identified and resolved through blockchain-enabled traceability systems [21]. Stakeholders reported a
shift toward more sustainable practices due to these enforcement mechanisms, aligning with research by Raddatz
et al. [22], who documented positive behavioral changes driven by blockchain-based transparency. Real-time data
on energy consumption and waste generation empowered companies to make informed, data-driven decisions,
supporting previous insights into how blockchain can facilitate decision-making in manufacturing settings [23].
These insights led to targeted interventions, such as machinery upgrades and waste reduction initiatives, result-
ing in measurable environmental improvements as supported by similar studies on blockchain’s environmental
impact within supply chains [24].

However, challenges persist. Industry-wide adoption remains elusive, with smaller companies hesitant due to
high initial costs and limited technical expertise, a barrier also highlighted in research by Kouhizadeh et al. [20] on
blockchain adoption in developing economies. Although security protocols helped mitigate data privacy concerns,
some stakeholders expressed the need for stricter control mechanisms, highlighting the ongoing challenge of bal-
ancing transparency with privacy as discussed by Akram and Bross [25] in their study on blockchain and data privacy.
While the selected blockchain platform performed well initially, scalability issues emerged as the network expanded,
reinforcing the importance of choosing the right platform, as emphasized in research examining blockchain scal-
ability challenges [26]. Moving forward, addressing these challenges is essential. Incentives and capacity-building
programs can promote broader adoption among SMEs, as suggested by Lanzini et al. [27] and Kumar et al. [28] in
their work on blockchain uptake in small businesses. Moreover, exploring more scalable blockchain architectures
is necessary to support the growing complexity of RMG supply chains, which are key enablers of successful block-
chain deployment, as noted by Al Amin et al. [29]. Future research should also focus on establishing standardized
sustainability criteria for broader application across the industry, aligning with calls for harmonized standards in
sustainable supply chain management [30]. While several implementation hurdles remain, the framework offers a
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promising path toward a more transparent and sustainable future for the Bangladesh RMG industry, building upon
and extending the foundation laid by previous research.

5.2 Case analysis and insights: factory y’s path to sustainability with blockchain-based GSCM

Factory Y, a mid-sized garment manufacturer in Dhaka supplying European brands, frequently encounters challenges
common in the RMG industry: rigorous sustainability compliance audits, difficulties in maintaining verifiable records for
sustainable sourcing and ethical labor, and inefficient waste management. These issues have resulted in shipment delays
and jeopardized valuable contracts. Compounding these problems is the increasing pressure from international buyers
demanding comprehensive supply chain visibility and adherence to stringent ethical and environmental standards.
Failure to meet these demands directly translates to order cancellations, reduced profitability, and potential exclusion
from lucrative global markets. Furthermore, the environmental impact of excessive waste and carbon emissions poses
a significant threat to the long-term sustainability of the industry.

The implementation of the Blockchain-Based GSCM Framework offers a compelling solution to these multifaceted
challenges. As highlighted in Table 1, the framework directly addresses key pain points. For Factory Y, this means leverag-
ing the immutable ledger for transparent tracking of raw material origins, directly resolving their difficulties in providing
verifiable sourcing information. Automated verification of sustainability criteria through smart contracts will streamline
their compliance processes and reduce the risk of audit failures related to ethical labor and environmental standards. The
digital record-keeping capabilities will minimize the administrative burden and costs associated with manual documenta-
tion. Furthermore, smart contracts can establish clear and enforceable agreements with their suppliers, ensuring a more
stable and transparent supply chain. Ultimately, by providing proven sustainability credentials through the blockchain,
Factory Y can meet the stringent demands of international buyers, secure existing contracts, and potentially access new,
sustainability-focused markets. The active participation of all stakeholders within the network ensures a collaborative
and accountable approach to achieving genuine sustainability.

5.3 Strategic action plan and implementation roadmap

The strategic action plan establishes the foundation for the systematic adoption of a blockchain-based GSCM framework
in the Bangladesh RMG industry. Key elements include defining clear objectives aligned with UN Sustainable Devel-
opment Goals such as responsible consumption, decent work, and climate action. Engaging stakeholders, including
brands, suppliers, regulators, and workers, is vital to foster collaboration and secure industry-wide buy-in. Stakeholder
Collaboration is crucial, as government bodies, manufacturers, and suppliers must work together to establish a shared
blockchain network that ensures seamless data exchange and transparency. Developing partnerships with technology
providers will ensure access to the necessary technical expertise and infrastructure. Additionally, the plan addresses
barriers such as resistance to change and data privacy concerns by building trust, offering training, and incentivizing
participation. Capacity Building is essential to equip the workforce with the necessary skills to understand and utilize
blockchain-driven processes effectively. Training programs and workshops can help industry participants adapt to the
evolving technological landscape, ensuring smooth implementation and maximizing the framework’s impact. Securing
financial and technical resources is critical for piloting and scaling the framework. Furthermore, integrating compliance
with global sustainability standards will align the framework with best practices, while regular assessments will enable
its continuous improvement to meet evolving industry needs.

Table 1 Blockchain-based GSCM solution

Challenges Impact on RMG industries Blockchain-based GSCM solution

Lack of traceability Difficulty in tracking raw material sources Immutable ledger ensuring transparency

Compliance challenges Frequent audit failures, loss of certifications Automated verification of sustainability criteria

High operational costs Manual documentation increases costs Digital record-keeping reduces administrative expenses
Supplier disputes Disruptions due to lack of contract enforcement Smart contracts ensure fair trade agreements

Market exclusion Buyers rejecting suppliers with poor transparency Proven sustainability credentials improve market access
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To ensure the practical adoption of the blockchain-based GSCM framework in the Bangladeshi RMG industry, a struc-
tured and phased implementation approach is recommended. The first phase involves readiness assessment and goal
setting. This includes identifying key supply chain stakeholders, assessing the current maturity of GSCM practices, and
evaluating the existing digital infrastructure. Firms must also define clear environmental goals such as reducing carbon
emissions, improving water efficiency, or achieving specific certifications. The second phase focuses on establishing a
digital foundation and data standardization. This involves setting up loT-enabled systems for capturing real-time envi-
ronmental data, standardizing data formats and metrics across all participants, and establishing initial benchmarks for
green performance. This phase ensures that all future blockchain activities are based on accurate and consistent data
inputs. In the third phase, blockchain integration begins. A suitable blockchain platform is selected considering factors
such as cost, scalability, and data privacy and smart contracts are deployed to automate sustainability compliance and
trigger enforcement actions. Participants are onboarded with appropriate permissions and data-sharing agreements,
creating a secure, decentralized network. The fourth phase enables traceability and automation. Lifecycle traceability
is implemented to monitor the origin, movement, and environmental attributes of products. Blockchain is used to verify
environmental certifications, while smart contracts are programmed to respond automatically to non-compliance or
environmental deviations. Finally, the fifth phase emphasizes continuous monitoring and improvement. Real-time dash-
boards visualize sustainability performance, while blockchain-backed reporting ensures alignment with SDGs and ESG
standards. Collaborative analytics promote joint decision-making, resource-sharing, and adoption of circular practices.
Through this adaptive and participatory approach, the framework transforms from a theoretical model into a sector-wide
tool for sustainability, offering long-term value and compliance in a globally competitive environment.

5.4 Broader impact and policy implications

Beyond its direct alignment with SDGs, the blockchain-based GSCM framework has broader implications for regulatory
compliance, technological integration, and market confidence. By facilitating adherence to international labor and envi-
ronmental regulations, including Bangladesh’s labor laws, the EU Green Deal, and sustainability certification standards
such as LEED and ISO 14001, the framework enhances compliance efficiency through tamper-proof records, reducing
audit complexities and costs for manufacturers. Integrating blockchain with emerging technologies like Al, 10T, and Big
Data Analytics can further strengthen supply chain sustainability. loT sensors can provide real-time environmental data
such as energy usage, emissions, and water consumption securely stored on the blockchain for automated compliance
verification, while Al-driven analytics optimize resource allocation and predict sustainability risks, reinforcing supply
chain resilience. Furthermore, as consumer and investor demand for ethical and sustainable fashion continues to grow,
blockchain-enabled transparency can help RMG firms build stronger consumer trust and attract investment from stake-
holders prioritizing environmental, social, and governance (ESG) considerations.

6 Conclusion

The proposed Blockchain-based GSCM framework provides a structured solution to overcoming sustainability chal-
lenges in supply chains, particularly in the RMG sector. By enhancing transparency, traceability, and compliance, the
framework serves as a blueprint for industries seeking to align with global sustainability standards. Its implementation
requires strategic collaboration, technological adoption, and capacity building to maximize its effectiveness. The align-
ment with SDGs addresses environmental and social issues and enhances the overall resilience and competitiveness of
the RMG sector in Bangladesh. This innovative approach can serve as a model for other industries seeking to integrate
sustainability into their supply chain management practices.

This research explores the potential of blockchain-based GSCM in the Bangladeshi RMG industry by addressing three
key research questions. First, a systematic literature review was conducted to examine how blockchain technology
enhances transparency and sustainability practices (RQ1) by analyzing its role in traceability and accountability. Second,
the study identifies key challenges and opportunities (RQ2) through a thematic analysis of existing literature. Lastly, a
conceptual framework and implementation roadmap (RQ3) were developed to determine how blockchain-based GSCM
can be designed and implemented to support specific SDGs, mapping blockchain applications to sustainability goals
while outlining strategic steps for real-world adoption.

The proposed blockchain-based GSCM framework offers a multitude of advantages for managers within the Bangla-
desh RMG industry. Firstly, it fosters enhanced transparency and visibility by granting real-time access to sustainability
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practices across the entire supply chain. This empowers managers to identify areas for improvement and potential road-
blocks hindering sustainability goals. Improved transparency also builds trust with consumers, potentially boosting brand
reputation and customer loyalty. Secondly, the framework promotes accountability through the use of smart contracts.
Recognizing these benefits for industry and consumers, policymakers play a crucial role in creating a supportive regula-
tory environment that encourages the adoption of blockchain for sustainability in the RMG sector. This includes develop-
ing clear guidelines, addressing legal uncertainties, and potentially offering incentives for early adoption. Policymakers
can act as conveners, fostering collaboration between industry stakeholders, technology providers, and research institu-
tions to promote the development and implementation of effective blockchain-based GSCM solutions. Governments can
facilitate the development and adoption of standardized sustainability criteria and data protocols for blockchain-based
GSCM systems within the RMG industry to ensure interoperability and comparability of data. Integrating blockchain-
based GSCM strategies within broader national policies aimed at achieving the Sustainable Development Goals.

One of the primary limitations of this research lies in the complexity of integrating the proposed blockchain-based
GSCM framework with existing IT infrastructures across the RMG industry. This integration process can be time-consum-
ing and resource-intensive. Furthermore, industry-wide adoption requires sustained stakeholder engagement, effec-
tive communication strategies, and potentially the development of incentive mechanisms to encourage participation.
Ensuring data privacy and maintaining transaction efficiency also present significant technical challenges that must be
addressed through robust security protocols. While this framework provides a strong conceptual foundation, further
empirical validation is essential. Future research should involve pilotimplementations or case studies in real-world RMG
factory settings to assess its practical feasibility, impact, and adaptability. Moreover, integrating emerging technologies
such as Al and Big Data Analytics could further enhance the framework by enabling predictive analytics, automated
monitoring, and data-driven decision-making. Lastly, economic feasibility studies should be conducted to evaluate the
cost-benefit aspects of blockchain adoption, ensuring that the framework remains scalable and financially sustainable
over the long term.
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