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Supply chains are complex networks involving manufacturers, logistics
providers, customs agencies, retailers, and consumers. Tracking goods across these
networks has historically relied on paper records, siloed databases, and manual
reconciliation — processes prone to fraud, errors, and delays. Blockchain technology
addresses these problems by creating a shared, tamper-resistant ledger that all
authorized participants can read and write to.

How Blockchain Works in This Context
A blockchain is a distributed database where records are grouped into blocks,

cryptographically linked in sequence, and replicated across multiple nodes. No single
party controls the ledger. When a shipment changes hands or a quality check is
recorded, the event is broadcast to the network, validated by consensus, and
permanently appended. Altering a past record would require rewriting every subsequent
block across the majority of nodes simultaneously — computationally prohibitive in
practice.
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Smart contracts extend this capability. These are self-executing code stored on
the blockchain that trigger actions when predefined conditions are met. For example, a
smart contract can automatically release payment to a supplier the moment sensors
confirm a refrigerated cargo container maintained the required temperature throughout
transit, without any manual invoice processing.

Real-World Applications
Walmart partnered with IBM to deploy the Food Trust platform on the IBM Food

Safety blockchain, built on Hyperledger Fabric. The system reduced the time needed to
trace a mango from store shelf back to its farm of origin from seven days to 2.2
seconds. This matters acutely during food safety recalls, where speed of traceability
directly limits consumer exposure.

Maersk, the world's largest container shipping company, used the same IBM
platform to digitize bills of lading and reduce documentation fraud. A single
international shipment can involve over 30 organizations and 200 document
interactions; blockchain consolidates this into a single verifiable record accessible to
customs, insurers, and port authorities in real time.

De Beers created Tracr to track diamonds from mine to retailer, assigning each
stone a unique digital identity based on its physical characteristics. This combats the
circulation of conflict diamonds by making it impossible to introduce an undocumented
stone into the provenance chain without detection.

Limitations and Adoption Barriers
Blockchain does not solve the garbage-in, garbage-out problem. If a supplier

falsely certifies organic produce at the point of entry, that false record becomes
immutably part of the chain. Reliable physical-to-digital linking — through IoT
sensors, RFID tags, or third-party audits — is a prerequisite for data integrity.

Interoperability remains a challenge. Most enterprise deployments use
permissioned blockchains like Hyperledger Fabric or R3 Corda, which are not natively
compatible with each other or with public chains. Industry consortia must agree on data
standards before cross-platform traceability becomes seamless.

Despite these constraints, blockchain in supply chain is not speculative. It is
deployed at scale in food, pharmaceuticals, diamonds, and shipping. The technology's
core value — a shared, auditable record that no single participant can manipulate —
maps directly onto the coordination problems that define global supply chains.
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