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Abstract- Blockchain technology has emerged as one of the most significant innovations in distributed computing since the 

advent of the internet. Originally conceived as the underlying architecture for Bitcoin, blockchain has since evolved into a 

general-purpose technology with applications spanning finance, supply chain management, healthcare, governance, and 

beyond. This article examines the technical foundations of blockchain, its major variants, real-world applications, and the 

challenges that continue to shape its adoption. 
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I. INTRODUCTION 

 
A blockchain is a distributed, immutable ledger that records 

transactions across a network of computers in a way that 

makes retroactive alteration extremely difficult without 

consensus from the network. Introduced in 2008 through 

Satoshi Nakamoto's Bitcoin whitepaper, blockchain solved the 

long-standing "double-spending problem" in digital currency 

without requiring a trusted central authority. Since then, the 

technology has expanded far beyond cryptocurrency into a 

broader class of systems known as Distributed Ledger 

Technology (DLT). 

 

 

II. CORE TECHNICAL CONCEPTS 
 

1. Structure of a Blockchain 

A blockchain consists of a sequence of blocks, each 

containing a batch of transactions, a timestamp, and a 

cryptographic hash of the previous block. This chaining 

mechanism ensures that any alteration to a historical block 

would invalidate all subsequent blocks, providing strong 

tamper-evidence. 

 

2. Decentralization 

Rather than relying on a single central server, blockchain 

networks distribute copies of the ledger across many nodes. 

Each node independently validates and stores transaction 

history, removing single points of failure and central points of 

control. 

 

3. Consensus Mechanisms 

Since there is no central authority, blockchain networks 

require a method for nodes to agree on the validity of 

transactions. The most prominent mechanisms include: 

 Proof of Work (PoW): Nodes ("miners") compete to 

solve computationally intensive puzzles; the winner adds 

the next block. Used by Bitcoin, PoW is secure but 

energy-intensive. 

 Proof of Stake (PoS): Validators are chosen to create 

new blocks based on the amount of cryptocurrency they 

"stake" as collateral. Ethereum transitioned to PoS in 

2022, significantly reducing energy consumption. 

 Delegated Proof of Stake, Proof of Authority, and 

Byzantine Fault Tolerant variants: Used in 

permissioned or hybrid networks requiring faster finality. 

 

4. Cryptographic Foundations 

Blockchains rely heavily on cryptographic hash functions 

(e.g., SHA-256) and public-key cryptography for transaction 

signing and identity verification, ensuring both integrity and 

authenticity of data without revealing private information 

unnecessarily. 

 

5.Smart Contracts  

Popularized by Ethereum, smart contracts are self-executing 

programs stored on the blockchain that automatically enforce 

agreements when predefined conditions are met. This 

capability transformed blockchain from a simple transaction 

ledger into a platform for decentralized applications (dApps). 

 

 

III. TYPES OF BLOCKCHAIN NETWORKS 
 Public blockchains: Open, permissionless networks (e.g., 

Bitcoin, Ethereum) where anyone can participate. 

 Private blockchains: Restricted-access networks 

controlled by a single organization, often used internally. 

 Consortium blockchains: Governed by a group of 

organizations, balancing decentralization with controlled 



 
 

 

© 2026 IJSRET 
2 
 

 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 12, Issue 5, Sep-Oct-2026, ISSN (Online): 2395-566X 

 

access — common in industries like banking and 

logistics. 

 Hybrid blockchains: Combine public transparency with 

private data control for selective disclosure. 

 

Applications 
1.  Finance and Cryptocurrency 

Beyond payments, blockchain underpins decentralized finance 

(DeFi), enabling lending, borrowing, and trading without 

traditional intermediaries. 

 

2.  Supply Chain Management 

Blockchain provides end-to-end traceability of goods, helping 

verify authenticity and reduce fraud in industries such as 

pharmaceuticals and food safety. 

 

3. Healthcare 

Secure, tamper-proof storage of medical records allows for 

improved data sharing between providers while preserving 

patient privacy through permissioned access. 

 

4. Digital Identity 

Self-sovereign identity systems built on blockchain give 

individuals control over their personal data, reducing reliance 

on centralized identity providers. 

 

5.  Governance and Voting 

Pilot projects have explored blockchain-based voting systems 

to enhance transparency and reduce electoral fraud, though 

scalability and accessibility concerns remain. 

 

6. Non-Fungible Tokens (NFTs) and Digital Ownership 

Blockchain enables verifiable ownership of unique digital 

assets, with applications in art, gaming, and intellectual 

property management. 

 

IV. CHALLENGES AND LIMITATIONS 

 

 Scalability: Public blockchains often struggle with 

transaction throughput compared to centralized systems, 

though solutions like sharding and layer-2 protocols (e.g., 

rollups) aim to address this. 

 Energy Consumption: PoW-based networks have faced 

criticism for high energy usage, driving a broader 

industry shift toward PoS. 

 Regulatory Uncertainty: Governments worldwide are 

still developing frameworks to address taxation, securities 

law, and consumer protection for blockchain-based 

assets. 

 Interoperability: Differing blockchain protocols often 

cannot communicate natively, spurring development of 

cross-chain bridges — though these have also been 

frequent targets of security exploits. 

 Security Risks: While the underlying cryptography is 

robust, vulnerabilities in smart contract code and 

exchange infrastructure have led to significant financial 

losses. 

 

V. CONCLUSION 

 
Blockchain technology represents a fundamental shift in how 

trust and data integrity can be established in digital systems. 

While significant technical and regulatory challenges remain, 

its core properties — decentralization, immutability, and 

transparency — continue to drive innovation across diverse 

sectors. As the technology matures, its long-term impact will 

likely depend on the industry's ability to balance scalability, 

security, and regulatory compliance. 
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