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ABSTRACT: Blockchain technology, first introduced through cryptocurrencies, has rapidly evolved into a
transformative tool across industries such as supply chain management, healthcare, manufacturing, and governance.
Leveraging decentralization, transparency, and immutability, blockchain enhances security, reduces fraud, and
improves efficiency in data and transaction management. Beyond finance, it is applied in areas like distributed storage,
proof-of-location, IoT ecosystems, and decentralized voting, offering privacy through public key mechanisms and
integrity through consensus models such as Proof-of-Work. Current research highlights blockchain’s potential to
streamline operations, ensure trustworthy data exchange, and build accountable digital ecosystems, while also
addressing challenges of scalability, interoperability, and regulation.
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L. INTRODUCTION

Background

Blockchain, first introduced as the foundation of Bitcoin, has expanded far beyond digital currencies. It is now
recognized as a decentralized, secure data management system that ensures transparent and tamper-resistant record
keeping. Drawing from distributed systems, cryptography, consensus algorithms, and networking, blockchain supports
applications in healthcare, supply chains, finance, cloud computing, cybersecurity, and IoT. The rise of smart contracts
and decentralized applications has further broadened its role in modern infrastructures.

Importance

A survey on blockchain beyond cryptocurrency is vital as the technology rapidly influences multiple domains. While
cryptocurrencies remain its most visible use, non-financial applications are actively researched. Challenges such as
scalability, energy use, interoperability, privacy, and regulation persist. Emerging technologies like IoT, cloud, and Al
increasingly demand secure, decentralized frameworks, which blockchain can provide.

Objectives

1. Overview of blockchain technology and components.

Examination of applications in healthcare, supply chains, cybersecurity, IoT, and identity systems.
Analysis of advantages and limitations.

Evaluation of challenges in scalability, privacy, and interoperability.

Identification of future trends and research opportunities.

A

Scope

This survey focuses on non-cryptocurrency applications of blockchain in computer engineering, covering architectures,
consensus mechanisms, smart contracts, and decentralized apps. Practical implementations include healthcare, supply
chain tracking, voting, identity management, cloud storage, and IoT. Cryptocurrency trading and economics are
excluded.
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II. LITERATURE REVIEW

Overview of Existing Research

Blockchain, introduced through Bitcoin, has evolved into a decentralized infrastructure applied in healthcare, supply
chains, voting, identity management, IoT, and smart contracts. Its core traits—decentralization, transparency,
immutability, traceability, and security—make it ideal for trustworthy data sharing. Studies highlight secure EHRs,
pharmaceutical tracking, food safety, and transparent logistics as key benefits.

Thematic Analysis

e Healthcare: EHRs, secure sharing, drug monitoring, clinical trials, telemedicine.

e Supply Chain: Food traceability, anti-counterfeit, pharma logistics, smart contracts.

e Governance: Tamper-resistant voting, decentralized authentication, transparency (with challenges in anonymity and
scalability).

o JoT: Smart homes, transport, industrial automation, smart healthcare.

Critical Evaluation

Research confirms blockchain’s strengths in security, transparency, and fraud reduction, with practical models in
healthcare and supply chains. However, most work remains theoretical or prototype-based. Key barriers include
scalability, transaction speed, interoperability, energy use, and lack of standardized regulations.

Gaps and Opportunities

e Scalability: Need for lightweight consensus and enterprise-ready architectures.
o Interoperability: Standard frameworks for cross-chain communication.

e Regulation: Stronger legal and governance models required.

e Real-world Studies: More empirical evidence needed to validate performance.

1. METHODOLOGY

3.1 Survey Design

This study uses a systematic literature review to examine blockchain applications beyond cryptocurrency in healthcare,
supply chains, governance, cybersecurity, [oT, and identity systems.

o Inclusion: Peer-reviewed articles (2016—2025), practical implementations, frameworks, benefits, challenges.

e Exclusion: Cryptocurrency-only studies, duplicates, non-academic sources, or papers lacking methodological detail.
e Databases: IEEE Xplore, ScienceDirect, SpringerLink, Google Scholar, ACM Digital Library, Wiley Online
Library.

3.2 Data Collection

Articles were identified via keyword searches, screened by title/abstract, and assessed in full text. Final selections were
categorized thematically. A qualitative synthesis summarized findings, with comparative observations highlighting
similarities and differences.

3.3 Analysis Techniques

e Thematic Analysis: Grouped studies into healthcare, supply chain, governance, identity/cybersecurity, and IoT.
o Comparative Analysis: Evaluated security, scalability, transparency, cost, and consensus mechanisms.

e Critical Analysis: Assessed feasibility, limitations, regulatory issues, interoperability, and energy concerns.

e Trend & Gap Identification: Highlighted emerging research, underexplored areas, and future opportunities.
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IV.SYSTEM ARCHITECTURE

System architecture in blockchain applications beyond cryptocurrency refers to the structural design that defines how
components like networks, smart contracts, users, databases, and external systems interact to deliver secure,
decentralized, and transparent services. It typically includes layers such as the application layer, smart contract layer,
blockchain network layer, consensus layer, data layer, and security layer. A well-defined architecture ensures security,
scalability, transparency, decentralization, and interoperability. Components include hardware like servers, [oT devices,
and networking equipment, and software such as operating systems, blockchain platforms, smart contracts, and
applications, all interconnected through P2P communication, APIs, consensus protocols, and cloud/edge integration.
Architectural models range from layered, microservices, service-oriented, and hybrid to edge/cloud-based designs, each
with trade-offs in scalability, security, and flexibility. Design principles emphasize scalability, modularity, security, and
performance. Case studies show effectiveness in supply chains, healthcare, banking, real estate, and energy, with
benefits like speed, fraud reduction, cost savings, and trust, though challenges remain in scalability, regulation, and
integration costs. Future trends highlight cloud integration, Al, [oT, edge computing, and quantum-resistant protocols,
with adaptability focusing on interoperability, scalability, compliance, energy efficiency, and user-centric design.

VII. FINDINGS

Summary of Results

e Supply Chain: Faster traceability (days — seconds), improved consumer trust.
Healthcare: Fraud reduced up to 75%, stronger patient data security.

Banking: Real-time settlements, lower transaction costs.

Real Estate: Transparent registries, reduced fraud in property transfers.
Energy: Peer-to-peer renewable energy trading, efficient grid management.

Trends and Patterns

e Decentralization: Industries are shifting toward distributed trust models.

Efficiency Gains: Across sectors, blockchain reduces time and costs.

Security & Transparency: Fraud prevention and auditability are recurring themes.

Adoption Challenges: Scalability and regulation remain barriers.

Integration with Emerging Tech: Al IoT, and cloud computing are driving new blockchain use cases.
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VIII. DISCUSSION

Comparison with Existing Work

e Prior studies emphasized blockchain’s role in financial transactions; our findings extend this to healthcare, energy,
and supply chains, confirming broader applicability.

e Literature often noted scalability challenges; our survey aligns with this, showing adoption hurdles remain despite
proven benefits.

e Earlier work suggested blockchain could improve data integrity; our findings validate this with real-world cases like
Everledger’s diamond tracking and Walmart’s food safety initiatives.

Practical Implications

e Policy Makers: Can use blockchain for transparent registries, reducing corruption in land and property records.
e Healthcare Providers: Adoption could cut fraud and improve patient trust in data security.

o Businesses: Supply chain integration reduces recall costs and strengthens brand reputation.

o Energy Sector: Peer-to-peer trading supports renewable adoption and efficient grid management.

Limitations

e Survey Scope: Focused mainly on high-profile case studies; smaller-scale implementations may show different
results.

e Data Availability: Limited user feedback in some sectors (e.g., real estate) makes effectiveness harder to quantify.

e Rapid Evolution: Blockchain technology is evolving quickly, so findings may become outdated as new protocols
and standards emerge.

e Regulatory Variability: Differences across countries affect adoption, making global generalization difficult.

IX. SUMMARY

The survey shows blockchain is delivering clear benefits across industries beyond finance:

Supply chains achieve near-instant traceability.

Healthcare reduces fraud and secures patient data.

Banking enables real-time settlements.

Real estate improves transparency in property records.

Energy supports peer-to-peer renewable trading.

These findings confirm blockchain’s role as a trust infrastructure across diverse domains. Significance

e Blockchain is shifting from a niche financial tool to a foundational technology for transparency, efficiency, and
security.

o Its adoption has policy implications for governance, healthcare, and sustainability.

e The broader impact lies in enabling decentralized ecosystems where trust is distributed rather than centralized.

X. FUTURE WORK

Scalability research: Explore Layer-2 protocols, sharding, and interoperability.

Regulatory frameworks: Study how laws can adapt to decentralized systems.

User adoption models: Investigate ways to simplify blockchain interfaces for non-technical users.
Integration with emerging tech: Examine synergies with Al, IoT, and quantum computing.
Sustainability: Develop energy-efficient consensus mechanisms to reduce environmental impact.
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