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Abstract

Transparency, traceability, and sustainability have emerged as critical pillars in addressing the growing complexity of
global supply chains. With its decentralized and immutable ledger system, blockchain technology offers a promising
solution to these challenges. This study presents a systematic literature review of sixteen (16) peer-reviewed journals
using the PRISMA methodology to examine the potential benefits of blockchain implementation within supply chain
systems. The findings reveal that current applications largely emphasize technical efficiency, while aspects such as
regulatory compliance, social impact, and relevance to developing countries remain underexplored. This study
highlights the importance of an interdisciplinary approach that integrates technical, social, and regulatory perspectives.
It also identifies an opportunity to develop comprehensive evaluation frameworks aligned with global sustainability
indicators such as the SDGs and ESG, paving the way for more inclusive and responsible supply chain systems.
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1. Introduction

The growing complexity of global supply chains demands greater levels of transparency and accountability. A lack of
openness, limited traceability, and unsustainable practices in traditional systems have become persistent challenges
(Osato Itohan Oriekhoe et al., 2024). Although the early adoption of blockchain technology was considered risky and
costly, it is now widely seen as a promising solution for global supply chain management (Dede et al., 2021).
Integrating this technology into supply chains has the potential to enhance cost efficiency, sustainability, transparency,
traceability, and trust (Mahyuni et al., 2020).

Blockchain is believed to foster trust and transparency in decision-making processes by enabling transaction
verification through an immutable, distributed ledger system (Mahapatra et al., 2021). Its role in supply chain systems
is particularly relevant for addressing the erosion of trust in both second- and third-party stakeholders (Kshetri, 2022).
Moreover, blockchain’s value lies in its ability to meet consumer demands for quality, safety, reliability, transparency,

© IEOM Society International 429


https://doi.org/10.46254/AP06.20250089
mailto:mahasenajonatan@gmail.com
mailto:s164124502@student.ubaya.ac.id
mailto:markus@staff.ubaya.ac.id

Proceedings of the 6th Asia Pacific Conference on Industrial Engineering and Operations Management
Bali, Indonesia, August 5-7, 2025

and ease of traceability (Tayal et al., 2021). These features are especially vital for managing supply chain networks
that span across countries and industries. As a result, blockchain contributes significantly to ensuring the long-term
sustainability of global supply chains.

1.1 Objective

The primary objective of this study is to systematically examine the role of blockchain technology in enhancing
transparency, traceability, and sustainability within supply chain systems. By applying the PRISMA methodology,
this research aims to develop a comprehensive understanding of how blockchain has been implemented across various
industrial sectors and to assess its effectiveness compared to traditional approaches. In addition, this study seeks to
identify research gaps in existing literature, particularly the lack of attention to social dimensions, regulatory
frameworks, and applications in developing countries. Through a critical review of sixteen peer-reviewed journal
articles, this research aims to propose recommendations for future investigations and highlight the need to develop
evaluation frameworks that align with global sustainability indicators such as the Sustainable Development Goals
(SDGs) and Environmental, Social, and Governance (ESG) standards.

2. Literature Review

The literature review process in this study was conducted systematically by adopting the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) framework. The initial step involved identifying
approximately 500 articles retrieved through the Elicit platform, using the keyword combinations “Blockchain,”
“Supply Chain,” “Transparency,” and “Traceability.” However, not all of these articles were directly relevant or
aligned with the specific focus of this research.

To ensure relevance and maintain the quality of the review, a careful and layered filtering process was applied. Articles
were selected based on several key criteria: they had to explicitly discuss the implementation of blockchain in supply
chain systems, particularly in relation to transparency, traceability, and sustainability aspects, while also offering
comparative analysis with conventional systems. Only peer-reviewed journal articles written in English and with a
minimum of ten (10) citations were considered, as an indicator of academic recognition and publication quality.

This filtering was not limited to title and abstract screening alone. Each shortlisted article underwent a thorough full-
text review to confirm its relevance and alignment with the research objectives. Narrowing down to sixteen (16) core
journal articles was by no means a straightforward task. Literature specifically addressing blockchain implementation
with an integrated focus on transparency, traceability, and supply chain sustainability remains relatively limited. Many
publications discuss blockchain from a general technological perspective without directly connecting it to supply chain
contexts, or they focus on only one of the three aspects rather than all three in a comprehensive manner.

Therefore, the final selection of sixteen articles represents a deliberately curated set, chosen through a strict filtering
process that prioritizes depth and relevance over quantity. This approach was taken not simply to limit the number of
references, but to ensure that the analysis presented in this study remains focused, rigorous, and truly reflective of the
most pertinent academic contributions in the field.

3. Results and Discussion

This literature-based study evaluates findings from previous research by analyzing how blockchain technology is
applied across various industries in comparison to traditional systems. Based on an analysis of sixteen peer-reviewed
journals, blockchain has been shown to play a significant role in transforming global supply chain management
systems. These findings center on three (3) key aspects: transparency, traceability, and sustainability. However, the
perspectives vary between studies—shaped by factors such as the industry sector under review, the methodological
approach used, and regional focus.

Overall, previous studies agree that blockchain greatly enhances transparency in distribution flows. Studies by (Dede
et al., 2021), (Osato Itohan Oriekhoe et al., 2024), and (Mahyuni et al., 2020) highlight how trust in the authenticity
of data at every point of the supply chain increases when data is recorded in a decentralized and immutable manner.
Regarding product traceability, researchers emphasize the importance of integrating blockchain with physical tracking
technologies like RFID and QR codes (Bacchetta et al., 2021), to ensure real-time and evidence-based tracking rather
than relying solely on digital records. The study by (Das Turjo et al., 2021) also underscores the critical role of data
security enabled by blockchain implementation.
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As noted in the studies by (Achmad Bagraff et al., 2024), (Wagqar et al., 2024), (Osato Itohan Oriekhoe et al., 2024),
and (Mahapatra et al., 2021), blockchain also contributes significantly to cost reduction and operational efficiency.
Smart contracts that execute automatically based on pre-set conditions enable faster transactions, reduce reliance on
intermediaries, and eliminate error-prone manual documentation. Nonetheless, this efficiency appears to benefit larger
companies more substantially. (Dede et al., 2021), for instance, point out that blockchain adoption remains relatively
costly and challenging for small businesses.

The study presented in (J et al., 2025) emphasizes that blockchain significantly contributes to enhancing transparency,
data sharing, and coordination efficiency, particularly within the agri-food supply chain sector. This aligns with the
focus of this review, which highlights blockchain’s role in improving traceability and transparency in supply chains.
On the other hand, a critical viewpoint is offered in (Bernards et al., 2024), which introduces the concept of the “veil
of transparency.” This study suggests that despite claims of promoting transparency and sustainability, blockchain
implementation may inadvertently reinforce audit culture and managerial power structures that risk obscuring the
underlying social and environmental issues present in supply chain operations. (Centobelli et al., 2022) further support
this view by demonstrating how blockchain, through the Triple Retry Framework, enhances trust, traceability, and
transparency in recycling, redistribution, and remanufacturing processes while reducing coordination costs and
improving reverse logistics efficiency. Therefore, it is essential for decision-makers and practitioners to carefully
consider how blockchain technology is applied, ensuring that its benefits genuinely align with the goals of
transparency, traceability, and sustainability in supply chain management.

Several studies also explored the application of blockchain in enhancing sustainability practices, particularly in carbon
footprint tracking, waste control, and green supply chain reporting. (Paliwal et al., 2020) and (Mahapatra et al., 2021)
demonstrated how blockchain can be employed to verify compliance with environmental standards through real-time
data collection on emissions, recycling processes, and the management of electronic waste (e-waste). Although such
implementations remain largely experimental and not yet widely adopted, these studies highlight blockchain's
emerging role in supporting the United Nations' Sustainable Development Goals (SDGs), particularly in promoting
circularity and responsible resource management.

From a regulatory standpoint, only a few studies explicitly address how blockchain could serve as a tool for achieving
mandatory compliance with legal requirements. (Tuladhar et al., 2024), for example, investigated the application of
blockchain in the context of the European Union's Conflict Minerals Regulation. This reveals a considerable research
gap, as most existing studies still center around voluntary corporate initiatives rather than statutory obligations. Thus,
the potential of blockchain to function as a compliance engine —capable of automating regulatory verification—
remains underexplored and underutilized.

In terms of social dimensions and the empowerment of marginalized actors in supply chains, this theme has been
significantly overlooked. Only (Kshetri, 2022) addresses this issue directly, showing how small-scale miners can gain
formal recognition and digital inclusion through blockchain technology—groups that have historically been excluded
from formal systems. This presents a critical yet underappreciated opportunity for blockchain to foster social equity,
fair value distribution, and labor transparency across global supply networks.

Regarding methodological approaches, most studies relied on conceptual frameworks or narrative literature reviews,
as indicated in the works of (Paliwal et al., 2020) and (Osato Itohan Oriekhoe et al., 2024). Empirical implementations,
however, remain scarce. For instance, (Mahapatra et al., 2021) conducted an empirical study with direct blockchain
application, while others, such as (Straubert et al., 2021), focused solely on technical simulations of smart contracts
without contextualizing them within real-world, complex supply chain ecosystems. In terms of industrial applications,
current research remains concentrated in sectors such as food, textiles (Badhwar et al., 2023), logistics, and mining.
Sectors like energy, fisheries, healthcare, and public services remain underrepresented, presenting significant
opportunities for cross-sectoral and cross-jurisdictional investigations. In conclusion, while blockchain shows great
promise in strengthening supply chain systems, its implementation remains fragmented and has yet to address all
critical dimensions in a holistic manner. Future research would benefit from adopting interdisciplinary perspectives,
incorporating social, legal, and environmental angles. Lastly, developing robust evaluation frameworks based on ESG
(Environmental, Social, Governance) and SDG indicators would provide valuable tools for assessing blockchain’s
real impact—an area that future studies are strongly encouraged to pursue (Table 1).
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Table 1. Research Gap

Author & . Applicatio o Limitations /
No. Year Primary Focus 1 Sector Key Contribution Research Gap
Regulatory Minerals / . Single case study in the
1 (”l;;ﬂa;i g;i)et compliance Conflict Blockchra:nutl(;l tsiléﬁport EU M&M (Minerals &
° (mandatory) Metals £ Metals) industry
) (Bacchetta et Transparency + Manufactu | Integration of blockchain No comprehensive
al., 2021) physical tracking ring with RFID/QR technology integration testing
3 (Straubert et Critique of General Analysis of adoption No implementable
al., 2021) blockchain "hype" challenges and lack of trust solutions proposed
4 (Paliwal et Blockchain for General Conceptual framework for | Not based on empirical
al., 2020) green supply chains sustainability case studies
5 (Badhwar et Transparency in Textile & Design of blockchain- E;rirsx ggg;sr(:rll d
al., 2023b) fashion Fashion based traceability solution p
consumers
(Kshetri, Ethics & Small- Blockchain to support No rpeasurable
6 empowerment of scale . L evaluation framework
2022) - ethics and social justice
small actors Mining proposed
Blockchain . .
7 (Mahyuni et potential for Logistics blocki(}llzrilrtllf(;lcagcr)tlzlr?ifties in No real-world
al., 2020) logistics & SMEs In. doﬁi:sia implementation testing
performance
(Achmad L . il di .
2 Bagraff et Optlmlzgtlon and General Smart contracts to improve Social dimension not
al.. 2024) efficiency process efficiency explored
(Dede et al., Early adoption of Phgrmaceu Initial mapping real-world | . Focus§d .on 1arge—§cale
? 2021) blockchain tical & blockchain use cases industries; not applicable
Retail for SMEs
Integration of microwave India-only context;
10 e(:lt\fllth (grg %&Z:Et;:;d Rg\fegliln treatment and smart limited supply chain
i yelng contracts discussion
sato . acks focus on
o Efficienc Lacks f
1 Itohan trans aren}cl, Multi- Comprehensive review of mandatory regulation
Oriekhoe et inn(l))va tiony’ sector blockchain’s role and empowerment
al., 2024) aspects
(Das Turjo . Techmcgl ) Use of Hyperledger Fabric TeCth?”y focuseq;
12 implementation of E-waste L0 AP lacks social/economic
etal., 2021) and statistical optimization . .
smart contracts discussions
(Jetal Transparency & Agri-food | Shows blockchain improve o erali?(f;l:litsezﬁnical
13 202 5)" Efficiency Using Supply transparency, data sharing, p aspects: lacks
Blockchain Chain and coordination PECts,
governance context
(Bernards et ];1112:;:1};?:111:& Global Introduces "veil of Conceptual, lacks
14 al., 2024) Governancey Supply transparency” concept; concrete solution models
? Critique Chains critiques audit culture or empirical validation
15 (Wagqar et Transparency and | Constructi | Shows blockchain’s value solgig?gzg Zfl(\)/li):(;nlfncel:(nstal
al., 2024) process automation on in complex supply chains insights
Enhancing trust, Automotiv | Proposed the Triple Retry | Limited to a single case
16 (Centobelli traceability, and e& Framework and study and not yet tested
etal.,2022) | transparency using railway implemented a blockchain across industries or
blockchain industries with Hyperledger Fabric global contexts
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Findings from the literature review, based on sixteen (16) peer-reviewed journal articles, reveal that most studies on
blockchain adoption in supply chains remain predominantly technical in nature. The primary focus lies in improving
process efficiency, enhancing information transparency, and integrating blockchain with physical tracking
technologies such as RFID and QR codes. Several studies also emphasize the use of smart contracts to automate
transactions and reduce reliance on manual documentation. However, the approaches employed are largely theoretical
or narrative, with a noticeable lack of empirical research based on real-world industrial implementation. Moreover,
the industrial sectors under study remain concentrated in logistics, manufacturing, mining, and textiles—while other
strategic sectors, such as renewable energy, healthcare, and fisheries, have received limited attention.

Another notable gap concerns the role of blockchain in supporting mandatory regulatory compliance and fostering
social empowerment, particularly for small-scale actors in the supply chain. Of all the studies analyzed, only one
explicitly examined blockchain within the framework of the European Union’s Conflict Minerals Regulation, and just
one highlighted its potential to provide formal access and recognition to small-scale miners. Crucial issues such as
fair value distribution, decent labor practices, and social inclusiveness are rarely positioned at the center of analysis.
This suggests that most of the current literature still views blockchain primarily as a tool for operational efficiency,
rather than as a strategic instrument to address social and ethical challenges in modern logistics systems.

In conclusion, although blockchain holds transformative potential for revolutionizing supply chain management, its
application remains narrowly focused and has yet to address broader dimensions such as social impact, legal
compliance, and environmental accountability. Future research should adopt interdisciplinary approaches that
holistically integrate diverse perspectives. In this regard, developing evaluation frameworks grounded in sustainability
indicators—such as the UN’s Sustainable Development Goals (SDGs) and Environmental, Social, and Governance
(ESG) metrics—is essential. This ensures that blockchain implementation not only delivers technical efficiency but
also upholds social and environmental responsibility. A further discussion on blockchain’s alignment with the SDGs
and ESG criteria will be elaborated in the next section.

4. Blockchain Implementation Through the Lens of SDG & ESG

By offering a decentralized, immutable, and real-time accessible data recording system, blockchain plays a vital role
in enhancing traceability, transparency, and sustainability within supply chains. This technology enables streamlined
tracking and auditing by capturing every transaction and product movement from origin to end-user. In terms of
transparency, blockchain reduces the risk of fraud or data tampering, as all stakeholders in the supply chain can verify
the recorded information. Moreover, blockchain encourages more responsible and sustainable business practices—
socially and environmentally—by providing clear and verifiable information on product origins and production
processes. This perspective aligns with the Triple Bottom Line concept introduced by John Elkington, which
emphasizes three core pillars of sustainability: People, Planet, and Profit (3P). It advocates that organizations must
not only pursue economic gain but also be accountable for their environmental and social impacts. Over time, this
framework has evolved into a broader model that incorporates two additional dimensions—Peace and Partnership—
resulting in the more holistic 5P approach.

The Sustainable Development Goals (SDGs) build upon this expanded framework, comprising 17 goals that address
diverse aspects of sustainable development. The SDGs are rooted in the SP principles: People (e.g., poverty alleviation,
education), Planet (e.g., environmental protection), Prosperity (economic growth and well-being, replacing “Profit”),
Peace (justice and strong institutions), and Partnership (global cooperation and cross-sector collaboration). As such,
the SDGs can be seen as an evolved, measurable, and globally coordinated roadmap stemming from the 3P and 5P
frameworks—offering a more comprehensive structure for achieving sustainability. Meanwhile, Environmental,
Social, and Governance (ESG) has emerged as a widely adopted framework, particularly within the finance and
business sectors, to evaluate corporate sustainability performance and non-financial risks. Although ESG does not
explicitly refer to the 3P or 5P, many of its components are closely aligned. The Environmental pillar corresponds to
Planet, the social dimension relates to People, and Governance ties to elements of Peace and Partnership. ESG is often
regarded as a practical instrument for operationalizing the SDGs within private sector practices, with ESG metrics
frequently serving as benchmarks for corporate contributions toward SDG targets. In this way, ESG and SDGs create
a mutually reinforcing relationship, bridging global sustainability goals with measurable corporate accountability.
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Despite thematic convergence, SDG and ESG differ fundamentally in their scope and application. SDGs are macro-
level goals designed for global and national development agendas, while ESG operates at a micro-level, helping
businesses assess risks and opportunities from an investment perspective. ESG tends to be more pragmatic and
investor-oriented, whereas SDG embodies normative aspirations aimed at structural global change. Therefore, these
frameworks should not be viewed as substitutes, but rather as complementary: ESG can act as a mechanism for the
private sector to support and accelerate SDG achievements within the broader 5P framework. Considering the findings
from prior literature, future research should be directed toward developing evaluative models that measure the success
of blockchain implementation through the lens of SDG and ESG integration. Such research is expected to lay the
groundwork for building supply chain systems that are not only transparent, traceable, and efficient, but also socially
and environmentally responsible — truly aligning technological innovation with global sustainability objectives
(Figure 1).

Triple Bottom Line 3P remains too simplistic to address
(3P) the complexity of global challenges

.

Expanded by
SDG > Become 5P

;'—

A global macro framework that is
more normative in nature and
difficult to measure directly at the
corporate level

ESG

5DGs
(Mormative, Global) (Practical, business)

;'—

Disconnect: SDGs provide a comprehensive,
Global Agenda normative, and globally adopted
vs framework—yet often difficuit to
Business translate into measurable
Measurement corporate action

Goal:
Integrated ESG-in-5P| To make ESG not just a
Framework reporting tool, but a practical
(Bridging Layer) bridge to achieve SDG-aligned
supply chain transformation

Blockchain Blockchain as Enabler of Measurable,
ENABLED SDG-aligned Supply Chains

Figure 1. Conceptual Framework

5. Conclusion

Based on the analysis of sixteen (16) peer-reviewed journal articles, it can be concluded that blockchain technology
plays a significant role in enhancing transparency, traceability, and sustainability in supply chain management. Its
decentralized and immutable data recording system, combined with the integration of physical tracking tools such as
QR codes and RFID, has strengthened the ability to trace products in real time. Moreover, the application of smart
contracts improves operational efficiency and reduces costs, particularly for large-scale enterprises. In terms of
sustainability, blockchain is beginning to be utilized for carbon footprint reporting and waste management. However,
these applications remain limited and are still largely in the experimental stage.

The role of blockchain in supporting social justice and the empowerment of marginalized actors within supply chains,
as well as in ensuring compliance with mandatory legal frameworks, is an area that remains underexplored. Most of
the existing studies rely on conceptual or narrative approaches, with limited empirical investigations. Furthermore,
current research tends to concentrate on specific sectors such as logistics, manufacturing, mining, and fashion, leaving
important industries like healthcare, energy, public services, and disaster management relatively untouched. This
indicates a clear need for broader, cross-sector, and empirical research in future studies.
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Therefore, further research is recommended to adopt an interdisciplinary approach that incorporates social, legal, and
environmental dimensions, along with the development of comprehensive evaluation models grounded in ESG and
SDG indicators. These models are essential to gain a more holistic understanding of blockchain adoption in global
supply chains. Future studies should also aim to explore its applications in under-researched sectors—particularly
within developing countries—through real-world case studies that test blockchain's effectiveness in complex
operational environments. A robust evaluation framework that includes not only technical and efficient aspects but
also regulatory compliance, social impact, and alignment with sustainable development goals is crucial to drive the
adoption of blockchain technologies in a way that is both ethically responsible and strategically aligned with global
sustainability objectives.
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