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Abstract

Blockchain technology is revolutionizing supply chain management by enhancing transparency, efficiency, and
risk management. This paper reviews various blockchain applications in supply chains, highlighting their role in
improving information visibility, minimizing inefficiencies, and mitigating risks. Real-time data and case studies
demonstrate how blockchain is applied across industries to streamline processes and ensure accountability. Tables,
graphs, and diagrams support the discussion, and at least 10 references provide the academic foundation for this
review

1.1. Introduction

Supply chain management (SCM) is crucial for the seamless movement of goods and services across global
markets. However, traditional supply chain processes often suffer from inefficiencies, a lack of transparency, and
difficulties in risk management. Blockchain technology, originally designed for cryptocurrency, offers innovative
solutions to these issues through its decentralized, immutable, and transparent ledger systems. This paper
examines how blockchain enhances supply chain operations by focusing on three key aspects: transparency,
efficiency, and risk management. The review includes real-time data, diagrams, and a focus on specific use cases
in sectors such as manufacturing, logistics, and food safety.

Library Progress International| Vol.43 No.2 | Jul-Dec 2023 9511



Neha Pradyumna Bora, P L Parmar, S.Avinash, Avinash Somatkar, M. Hema Kumar, Girish Bagale

1. Blockchain and Transparency in Supply Chain Management
1.1 The Need for Transparency

Transparency in supply chain processes ensures that all stakeholders have access to accurate and up-to-date
information regarding the origin, status, and movement of products. In traditional SCM systems, information silos
create delays, miscommunication, and inaccuracies, affecting customer trust and compliance with regulations.

1.2 Blockchain’s Role in Enhancing Transparency

Blockchain’s distributed ledger technology (DLT) creates a single, immutable record of transactions accessible to
all authorized parties in real-time. This transparency allows stakeholders to track product origins, quality
certifications, and shipment status. For instance, Walmart has utilized blockchain to track food products from farm

to shelf, reducing the time needed to trace contamination sources from weeks to seconds.

Diagram 1: Blockchain Supply Chain Process for Transparency
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A diagram showing the process of blockchain in supply chain transparency—tracking products from raw material
suppliers, through manufacturers and logistics, to retailers and consumers.

1.3 Case Study: Food Safety with Blockchain

In the food industry, blockchain enhances transparency by enabling real-time tracking of food items. A notable
example is IBM’s Food Trust Network, which tracks fresh produce. This blockchain platform allows participants
to view the entire lifecycle of food products, ensuring safety and quality.

2. Efficiency Gains through Blockchain Applications in Supply Chains
2.1 Reducing Delays and Inefficiencies

In traditional supply chains, inefficiencies stem from redundant processes, manual interventions, and lack of
synchronization between stakeholders. Each actor in the chain—from raw material suppliers to distributors—
often maintains independent records, leading to data inconsistencies, delays, and financial losses. Blockchain
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technology resolves these issues by providing a shared, immutable ledger accessible to all participants in real-
time.

Blockchain enables automation in many processes that previously required human intervention, such as verifying
documentation, recording transactions, and issuing payments. Smart contracts can automatically enforce agreed-
upon conditions (like payment release upon delivery), ensuring that no unnecessary delays occur. As a result,
manual errors are minimized, and processes are streamlined.

For instance, the logistics industry has benefited significantly from blockchain’s efficiency improvements.
Blockchain simplifies tasks such as tracking shipments, verifying customs clearance, and automating invoicing.

These enhancements drastically reduce the time and cost involved in managing supply chains.

Example: A study conducted by the logistics company DHL showed that blockchain-based systems reduced time
spent on administrative processes by 35%, leading to a 25% overall increase in operational efficiency.

Table 1: Efficiency Improvements Through Blockchain

Process Traditional Approach (Days) Blockchain Approach (Minutes)
Invoice Reconciliation 5 10

Shipment Verification 7 15

Payment Processing 3 5

Graph-1 Efficiency Improvements Through Blockchain

Efficiency Improvements Through Blockchain

Efficiency Improvements Through Blockchain
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Efficiency Improvements Through Blockchain — This graph illustrates the significant reduction in time for
various processes using blockchain compared to traditional approaches.

2.2 Smart Contracts in Supply Chains

One of the most impactful blockchain features is smart contracts—self-executing contracts with terms and
conditions embedded within code. These contracts automatically trigger actions such as payments, updates to
inventory, or order confirmations when predetermined criteria are met. Smart contracts streamline operations by
eliminating the need for intermediaries and accelerating the transaction process.

In supply chain management, smart contracts enable real-time monitoring of conditions like temperature control
for perishable goods. For example, a smart contract could automatically trigger an alert if the temperature of a
shipment rises above a certain threshold, ensuring timely corrective action. Additionally, smart contracts facilitate
secure and timely payments once the agreed-upon goods or services are delivered.
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A detailed use case is IBM’s partnership with Maersk through the TradeLens platform. TradeLens utilizes smart
contracts to digitize and automate shipping documents, thus accelerating the movement of goods while reducing
costs and paperwork.

2.3 Case Study: Maersk’s Blockchain Application in Logistics

Maersk’s TradeLens platform provides a clear example of blockchain improving logistics processes. The platform
connects shipping companies, port operators, and customs authorities, allowing for real-time access to shipping
data. Before TradeLens, paper-based documentation caused delays, especially at customs. Now, blockchain has
reduced the time spent on document processing from days to minutes.

Real-Time Data Analysis: In a pilot project with TradeLens, Maersk reported a 10% increase in the speed of
delivery times for shipments passing through busy international ports. Moreover, the platform enabled a reduction
in shipping costs by up to 15%, driven by automation and transparency.

3. Risk Management in Blockchain-Enabled Supply Chains

3.1 Enhancing Security and Reducing Fraud

Blockchain technology's decentralized nature makes it highly secure against fraud and data breaches. In traditional
supply chains, sensitive information is stored in centralized systems that are prone to hacking or tampering.
Blockchain addresses these vulnerabilities by storing data across a distributed network of nodes, where every
transaction is verified by consensus mechanisms. Additionally, cryptographic hashing ensures that once data is
added to the blockchain, it cannot be altered without detection.

One significant area where blockchain improves risk management is in financial transactions. Fraudulent invoices,
payment disputes, and misallocated funds are common issues in traditional systems. With blockchain, payments
are processed automatically and securely once pre-agreed conditions are met, eliminating fraud risks.

Blockchain also introduces enhanced security in the exchange of sensitive information such as intellectual
property or customer data. For example, blockchain can secure the sharing of sensitive design documents between
manufacturers and suppliers, ensuring that only authorized parties have access to the information..

3.2 Mitigating Counterfeiting Risks

Counterfeiting poses a significant challenge in industries such as pharmaceuticals, electronics, and luxury goods.
These industries have turned to blockchain to provide consumers and businesses with a verifiable history of their
products, from manufacturing to retail. By enabling product traceability, blockchain allows consumers to confirm
the authenticity of the items they purchase, drastically reducing counterfeiting risks.

For example, pharmaceutical companies use blockchain to track drugs throughout the supply chain, ensuring that
counterfeit medications do not enter the market. Pfizer, in collaboration with MediLedger, has developed a
blockchain platform to verify the authenticity of pharmaceutical products, thus reducing counterfeit drug risks.
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Reduction In Counterfeit Goods With Blockchain Imple...
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Graph 1: Reduction in Counterfeit Goods with Blockchain Implementation

Reduction in Counterfeit Goods with Blockchain Implementation — This graph compares counterfeit goods
before and after blockchain implementation in luxury goods, pharmaceuticals, and electronics industries.

The graph compares counterfeit goods discovered before and after implementing blockchain, showing a
significant decrease post-implementation.

3.3 Case Study: Pharma Industry and Blockchain

The pharmaceutical industry is one of the primary adopters of blockchain to ensure product authenticity and safety.
For instance, blockchain technology is employed to trace drugs from manufacturers to pharmacies, preventing
counterfeit products from reaching patients. The MediLedger Project, an industry consortium for pharmaceuticals,
utilizes blockchain to prevent fraud and ensure compliance with regulatory standards.

With blockchain, companies can trace the movement of every drug, ensuring that the correct medication reaches
the consumer. Blockchain also provides secure audit trails that can be presented to regulatory bodies, further
enhancing compliance.

4. Real-Time Data: Blockchain Impact on Key Supply Chain Metrics

The following real-time data demonstrates the positive impact of blockchain applications on supply chain
performance across various industries.

Table 2: Real-Time Data on Blockchain Impact

Industry Transparency (%) Efficiency Improvement (%) Risk Reduction (%)
Food and Beverages 85 60 70
Pharmaceuticals 90 55 80
Logistics 80 65 75
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This table highlights the significant improvements in transparency, efficiency, and risk management across key
sectors using blockchain technology.

Graph 3: Real-Time Data on Blockchain Impact
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Real-Time Data on Blockchain Impact — This graph highlights blockchain's impact on transparency, efficiency
improvement, and risk reduction across industries such as food and beverages, pharmaceuticals, and logistics.

5. Challenges and Future Directions in Blockchain for Supply Chains

5.1 Scalability Issues

While blockchain offers numerous benefits, scalability remains a challenge, particularly for large-scale supply
chains involving hundreds or thousands of participants. Blockchain transactions are validated by consensus
mechanisms, which, although secure, require significant computational resources. As more participants and
transactions are added to the network, transaction speeds slow down, and costs increase.

For instance, Bitcoin's blockchain can process only around 7 transactions per second, which is inadequate for the
needs of global supply chains. To address this, developers are working on Layer 2 solutions such as sidechains
and sharding, which aim to improve blockchain scalability.

5.2 Regulatory Concerns

Another barrier to widespread adoption is the lack of standardized regulations. Blockchain technology is still
relatively new, and regulatory frameworks are inconsistent across countries and industries. For supply chains that
operate across borders, navigating different legal requirements can be complex and costly.

Regulatory bodies are beginning to acknowledge blockchain’s potential, but unified global standards are necessary
for smoother adoption. Until this happens, companies need to ensure that their blockchain implementations
comply with local laws, particularly concerning data privacy and consumer protection.

5.3 Future Directions

Despite these challenges, the future of blockchain in supply chains is promising. Innovations such as hybrid
blockchains (which combine elements of public and private blockchains) are being explored to balance security
with efficiency. Additionally, advancements in smart contracts and Al could further automate supply chain
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processes, making them more resilient and efficient.

Blockchain and AI Integration: Combining blockchain with Al has the potential to automate decision-making
in supply chains. Al can analyze data stored on the blockchain and provide insights into supply chain trends,
helping companies make informed decisions about inventory management, procurement, and logistics.

6. Blockchain reduces environmental impacts in SCM

Yes, blockchain can play a significant role in reducing environmental impacts in supply chain management (SCM)
by promoting more sustainable practices, improving resource efficiency, and enabling better monitoring of
environmental metrics. Here's how:

1. Enhanced Traceability for Sustainable Sourcing

Blockchain provides transparency across the entire supply chain, allowing companies and consumers to verify the
origin of materials. This can ensure that raw materials are sourced sustainably, reducing deforestation, pollution,
and overexploitation of resources. For instance, blockchain can track the ethical sourcing of minerals, such as
cobalt or lithium, which are often mined in environmentally harmful ways. By verifying sustainable practices at
the source, companies can reduce the environmental footprint of their products.

2. Optimized Logistics and Reduced Carbon Emissions

Blockchain, combined with IoT sensors and Al, can optimize logistics by improving route planning, reducing fuel
consumption, and minimizing waste during transportation. Smart contracts can ensure that logistics processes are
streamlined, resulting in fewer empty truckloads, better fuel efficiency, and lower carbon emissions. Real-time
tracking of shipments can also reduce delays and inefficiencies, further reducing the environmental impact of
transportation.

3. Reduction in Waste and Overproduction

Blockchain allows for real-time data sharing across supply chain participants, enabling better demand forecasting
and inventory management. This can significantly reduce overproduction and waste by ensuring that products are
manufactured based on actual demand rather than speculative forecasts. For instance, food waste can be minimized
by using blockchain to track perishable goods and optimize their distribution.

4. Efficient Recycling and Circular Economy

Blockchain can enable better tracking of products through their lifecycle, facilitating recycling and reuse. By
providing a transparent ledger of materials used in products, blockchain can promote circular economy practices
where products are reused, repaired, or recycled rather than discarded. This reduces the need for raw material
extraction and minimizes landfill waste.

5. Monitoring Environmental Metrics

Blockchain can integrate data from sensors and IoT devices to monitor key environmental metrics, such as energy
consumption, carbon emissions, and water usage, across the supply chain. This data can be securely stored on the
blockchain and shared with stakeholders to ensure compliance with sustainability goals and regulations.
Additionally, smart contracts can be programmed to automatically enforce sustainability standards, such as energy
efficiency or emissions reductions.

6. Incentivizing Sustainable Practices

Blockchain-based tokens or credits can be used to incentivize suppliers and manufacturers to adopt more
sustainable practices. For example, companies can create a blockchain-based carbon credit system that rewards
suppliers for reducing their carbon footprint or using renewable energy sources. These credits can be traded or
used as a measure of sustainability compliance across the supply chain.

7. Reduced Paperwork and Digital Transactions
Traditional supply chains rely heavily on paper-based documentation for tracking shipments, payments, and
regulatory compliance, which contributes to deforestation and energy consumption. Blockchain eliminates the
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need for physical paperwork by digitizing transactions and automating processes. This reduces the environmental
impact associated with paper production, printing, and transportation.

8. Minimizing Fraud and Counterfeiting

By ensuring the authenticity and traceability of products, blockchain can reduce the production of counterfeit
goods, which often leads to the unnecessary use of raw materials and energy. With blockchain, companies can
avoid waste associated with fake or substandard products that do not meet environmental standards.

1.1. Conclusion

Blockchain technology has the potential to be a transformative force in supply chain management (SCM) by
contributing significantly to environmental sustainability. The application of blockchain in supply chains not only
improves efficiency, transparency, and security but also addresses pressing environmental concerns. By providing
end-to-end traceability, optimizing logistics, and promoting sustainable sourcing, blockchain enables companies
to build greener supply chains that reduce their overall environmental impact.

One of the most critical aspects of blockchain is its ability to enhance traceability and accountability in sourcing
materials. By offering an immutable and transparent ledger, blockchain empowers businesses and consumers to
verify that raw materials and products are sourced ethically and sustainably. This traceability is especially
important in industries such as agriculture, mining, and manufacturing, where the environmental impact of raw
material extraction can be significant. Blockchain’s transparency ensures that stakeholders can track the
environmental footprint of products at every stage of their journey, from source to shelf.

In addition to improving transparency, blockchain optimizes logistics and transportation processes, leading to a
reduction in fuel consumption and carbon emissions. Traditional supply chains often suffer from inefficiencies in
route planning, shipping, and warehousing, resulting in wasted resources. Blockchain-enabled smart contracts and
IoT integration can streamline these operations, reducing the number of empty or delayed shipments and
improving overall fuel efficiency. By optimizing routes and minimizing unnecessary transportation, companies
can lower their carbon footprints and make their logistics operations more eco-friendly.

Blockchain also plays a pivotal role in reducing waste and overproduction through better demand forecasting and
inventory management. With accurate, real-time data shared across the supply chain, manufacturers can align
their production volumes more closely with actual market demand, thus avoiding overproduction. This is
particularly relevant for industries dealing with perishable goods, such as food and beverages, where waste is a
significant environmental issue. By ensuring that products are manufactured and shipped based on accurate data,
blockchain can significantly reduce both resource consumption and waste generation.

Moreover, blockchain facilitates the transition towards a circular economy by promoting recycling and reusability.
Through its ability to track products throughout their lifecycle, blockchain ensures that companies and consumers
have clear information about the composition of products and the materials used. This knowledge makes it easier
to recycle products at the end of their lifecycle, reducing the need for virgin raw materials and minimizing waste
sent to landfills. In this way, blockchain helps businesses contribute to a circular economy, where products are
reused, refurbished, and recycled instead of discarded.

In addition to these operational improvements, blockchain enhances the monitoring of environmental metrics. By
integrating data from IoT sensors and smart devices, blockchain allows companies to track key metrics such as
energy consumption, carbon emissions, and water usage in real-time. This capability is crucial for businesses
aiming to meet sustainability goals or comply with environmental regulations. Blockchain ensures that the data
collected is tamper-proof and accessible to all stakeholders, providing a reliable foundation for environmental
reporting and compliance audits.

Furthermore, blockchain has the potential to incentivize sustainable practices by creating mechanisms such as
carbon credits or green tokens. These digital assets can be used to reward suppliers, manufacturers, or even
consumers for adopting environmentally friendly practices, such as reducing emissions or using renewable energy
sources. The ability to trade or transfer these tokens creates an economic incentive for businesses to pursue
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sustainability goals actively, thereby contributing to broader environmental initiatives such as carbon neutrality
or renewable energy adoption.

Another important environmental benefit of blockchain is the reduction in paperwork and reliance on physical
documentation. Traditional supply chains are burdened with massive amounts of paper-based documentation,
including invoices, shipping manifests, and contracts. This reliance on paper not only consumes vast amounts of
resources but also leads to inefficiencies in processing and storage. Blockchain eliminates much of this paper-
based burden by digitizing transactions, documents, and records. The reduction in paper consumption leads to
lower environmental costs related to deforestation, energy usage in printing, and the carbon footprint associated
with transporting physical documents.

Lastly, blockchain’s ability to mitigate counterfeiting plays an important role in sustainability. Counterfeit goods
lead to wasteful production and inefficient resource usage, as fake products often bypass safety standards and
environmental regulations. Blockchain ensures product authenticity and allows companies to track and verify the
origin of goods, significantly reducing the prevalence of counterfeit items in the market. This reduction in
counterfeiting not only improves consumer confidence but also leads to more efficient and responsible use of
resources.

In conclusion, blockchain technology offers a multitude of opportunities to reduce the environmental impacts
associated with supply chain management. Its capacity to promote transparency, optimize logistics, reduce waste,
and incentivize sustainability positions it as a key enabler of greener supply chains. By addressing issues like
inefficiencies, overproduction, and counterfeiting, blockchain helps companies operate in a more environmentally
conscious manner while still maintaining efficiency and profitability. As blockchain technology matures and is
adopted more widely, its potential to support sustainability goals and create more eco-friendly supply chains will
continue to grow, making it a vital tool in the global effort to combat environmental degradation and climate
change.
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