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I. INTRODUCTION 
Blockchain technology has emerged as one of the most transformative innovations of the 21st century, 

reshaping industries and redefining trust in digital transactions. Originally conceived as the underlying 
framework for Bitcoin, blockchain has since evolved far beyond its cryptocurrency origins, finding 
applications in finance, healthcare, supply chain management, governance, and beyond. At its core, blockchain 
is a decentralized, distributed ledger that records transactions in a secure, transparent, and immutable manner. 
By eliminating the need for intermediaries and ensuring data integrity through cryptographic techniques, 
blockchain offers a paradigm shift in how information is stored, verified, and exchanged. This decentralized 
approach not only enhances security but also fosters greater efficiency, accountability, and inclusivity across 
various sectors. 

The rapid proliferation of blockchain technology has sparked widespread interest among researchers, 
businesses, and policymakers, leading to a surge in exploration and experimentation. However, despite its 
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potential, the adoption of blockchain is not without challenges [1]. Issues such as scalability, energy 
consumption, regulatory uncertainty, and interoperability continue to pose significant hurdles. Moreover, the 
diversity of blockchain applications across different domains necessitates a comprehensive understanding of 
its strengths, limitations, and real-world implications. This review aims to provide a holistic examination of 
blockchain technology, exploring its foundational principles, current applications, and future prospects across 
multiple industries. 

The purpose of this paper is to synthesize existing knowledge on blockchain technology, offering a 
detailed analysis of its applications in various fields while addressing the challenges and opportunities that 
accompany its implementation [2]. By consolidating insights from academic research, industry reports, and 
case studies, this review seeks to bridge the gap between theoretical advancements and practical deployments. 
The scope of this paper encompasses both public and private blockchain systems, highlighting their distinct 
use cases and operational mechanisms [3]. Additionally, the review delves into emerging trends such as 
decentralized finance (DeFi), non-fungible tokens (NFTs), and smart contracts, illustrating how they are 
revolutionizing traditional business models and societal structures. 

This paper is structured to provide a logical and coherent exploration of blockchain technology, 
beginning with an overview of its fundamental concepts and architectural design. The discussion then 
transitions into an in-depth examination of blockchain applications across key domains, including but not 
limited to financial services, healthcare, supply chain logistics, and public administration. Each sector is 
analyzed in terms of how blockchain enhances transparency, reduces fraud, improves efficiency, and enables 
new forms of collaboration. Following this, the paper addresses the technical and non-technical challenges 
that hinder widespread blockchain adoption, offering insights into potential solutions and ongoing research 
efforts. Finally, the review concludes with a forward-looking perspective, discussing emerging innovations 
and the future trajectory of blockchain technology. 

By presenting a balanced view of blockchain’s capabilities and limitations, this paper aims to serve as 
a valuable resource for researchers, practitioners, and policymakers seeking to understand the multifaceted 
impact of this groundbreaking technology [4]. Whether as a tool for financial inclusion, a mechanism for 
secure data sharing, or a platform for decentralized governance, blockchain holds immense promise in 
addressing some of the most pressing challenges of the digital age [5]. Through this comprehensive review, 
we endeavor to illuminate the transformative potential of blockchain while encouraging further exploration 
and responsible innovation in this dynamic field. 

 
II. FOUNDATIONS OF BLOCKCHAIN TECHNOLOGY 

Blockchain technology is built upon several foundational principles that distinguish it from traditional 
databases and centralized systems. At its heart, blockchain is a decentralized, distributed ledger that records 
transactions in a secure, transparent, and tamper-proof manner [6]. Unlike conventional systems that rely on 
a central authority, blockchain operates on a peer-to-peer network where participants collectively maintain 
and validate the ledger. This decentralization ensures that no single entity has control over the entire system, 
reducing the risk of manipulation and increasing trust among users. 

One of the most critical features of blockchain is immutability, which ensures that once a transaction 
is recorded, it cannot be altered or deleted. This property is achieved through cryptographic hashing, where 
each block contains a unique hash of the previous block, creating a chain of interlinked records [7]. Any 
attempt to modify a past transaction would require altering all subsequent blocks—a computationally 
infeasible task due to the consensus mechanisms that secure the network. Immutability makes blockchain 
particularly valuable in applications requiring audit trails, such as financial transactions, legal contracts, and 
supply chain tracking. 

Consensus mechanisms play a pivotal role in maintaining the integrity and security of blockchain 
networks [8]. These protocols ensure that all participants agree on the validity of transactions before they are 
added to the ledger. Some of the most widely used consensus models include: 
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A. Proof of Work (PoW): Used by Bitcoin and early blockchains, PoW requires miners to solve 
complex mathematical puzzles to validate transactions and create new blocks [9]. While secure, 
PoW is energy-intensive and has scalability limitations. 

B. Proof of Stake (PoS): A more energy-efficient alternative, PoS selects validators based on the 
number of coins they hold and are willing to "stake" as collateral. Ethereum’s transition to PoS 
(Ethereum 2.0) marks a significant shift toward sustainability [10]. 

C. Delegated Proof of Stake (DPoS): A faster variant where stakeholders vote for a limited number of 
delegates to validate transactions, improving efficiency (e.g., EOS, Cardano). 

D. Practical Byzantine Fault Tolerance (PBFT): Used in permissioned blockchains, PBFT ensures 
consensus even if some nodes act maliciously, making it suitable for enterprise applications [11]. 

Blockchains can be categorized into three main types based on their accessibility and governance: 
I. Public Blockchains: Open to anyone, these networks are fully decentralized and permissionless, 
meaning anyone can join, transact, or participate in consensus [12]. Bitcoin and Ethereum are prime 
examples, offering high transparency but facing challenges in scalability and privacy. 
II. Private Blockchains: Operated by a single organization, these blockchains restrict participation and 
are typically used for internal business processes [13]. They offer greater control and efficiency but 
sacrifice decentralization (e.g., Hyperledger Fabric). 
III. Consortium Blockchains: Governed by a group of organizations rather than a single entity, these 
hybrid models balance decentralization with efficiency [14]. They are common in industries like 
banking and supply chain management, where multiple stakeholders require shared oversight (e.g., R3 
Corda). 
The evolution of blockchain technology can be traced through three key phases: 
 Blockchain 1.0 (Cryptocurrencies): The first generation, exemplified by Bitcoin, focused primarily 
on enabling peer-to-peer digital cash [15]. Its innovation lay in solving the double-spending problem 
without a central authority. 
 Blockchain 2.0 (Smart Contracts): With the introduction of Ethereum, blockchain expanded 
beyond payments to programmable agreements [16]. Smart contracts—self-executing code on the 
blockchain—enabled decentralized applications (DApps) in finance, gaming, and governance. 
 Blockchain 3.0 (Scalability & Interoperability): Current advancements aim to address limitations 
like slow transaction speeds and high costs. Solutions include layer-2 protocols (e.g., Lightning 
Network, Polygon), sharding, and cross-chain interoperability (e.g., Polkadot, Cosmos), paving the 
way for enterprise adoption and Web3 integration. 
Methodology of the Review 
This review employs a systematic approach to evaluate blockchain applications across diverse 

domains, ensuring a comprehensive and unbiased analysis. The methodology is designed to identify key 
trends, assess technological advancements, and highlight challenges in blockchain adoption. The process 
involves three main stages: criteria for domain selection, data sources and literature selection, and the 
analytical framework used to synthesize findings. 

 
III. CRITERIA FOR DOMAIN SELECTION 

To ensure a representative and impactful review, the selection of domains was guided by the following 
criteria: 

I. Industry Relevance – Sectors where blockchain has demonstrated significant real-
world adoption or transformative potential were prioritized. These include finance, healthcare, supply 
chain, government, energy, and emerging fields like decentralized identity and digital art. 

II. Academic and Commercial Interest – Domains with substantial research publications, 
pilot projects, or enterprise deployments were included to reflect both theoretical and practical 
advancements. 
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III. Diversity of Use Cases – The review covers a mix of well-established applications (e.g., 
cryptocurrency, smart contracts) and emerging innovations (e.g., NFTs, decentralized autonomous 
organizations) to provide a balanced perspective. 

IV. Societal and Economic Impact – Preference was given to domains where blockchain 
can address critical challenges such as fraud reduction, transparency, and efficiency gains. 

 
IV. DATA SOURCES AND LITERATURE SELECTION 

A multi-source approach was adopted to gather relevant literature, ensuring credibility and breadth of 
coverage: 

I. Academic Databases – Peer-reviewed journals and conference proceedings from IEEE 
Xplore, ScienceDirect, ACM Digital Library, and Springer were systematically searched using 
keywords such as "blockchain applications," "decentralized ledger technology," and domain-specific 
terms (e.g., "blockchain in healthcare"). 

II. Industry Reports & Whitepapers – Publications from leading organizations (e.g., 
Gartner, World Economic Forum, Deloitte) and blockchain consortia (e.g., Hyperledger, Enterprise 
Ethereum Alliance) provided insights into real-world implementations and market trends. 

III. Case Studies & Technical Documentation – Real-world deployments (e.g., IBM Food 
Trust, Estonia’s e-governance) and open-source blockchain project documentation (e.g., Ethereum, 
Solana) were analyzed to assess practical challenges and scalability. 

IV. Patents and Regulatory Guidelines – To understand the legal and innovation landscape, 
patent filings (via USPTO, WIPO) and government policy documents (e.g., EU’s MiCA regulation) 
were reviewed. 

 
V. THE LITERATURE WAS FILTERED BASED ON: 

Analysis Approach 
The selected literature was analyzed using a structured framework to derive meaningful insights: 

i. Thematic Analysis – Identified recurring themes (e.g., scalability, privacy, interoperability) across 
domains and categorized findings into technological, economic, and regulatory dimensions. 

ii. Comparative Evaluation – Contrasted different blockchain platforms (e.g., Ethereum vs. Hyperledger) 
and consensus mechanisms (PoW vs. PoS) to assess suitability for specific applications. 

iii. SWOT Analysis – Evaluated strengths (e.g., transparency), weaknesses (e.g., energy consumption), 
opportunities (e.g., DeFi growth), and threats (e.g., regulatory crackdowns) for each domain. 

iv. Trend Mapping – Tracked the evolution of blockchain applications over time, highlighting shifts from 
theoretical research to commercialization (e.g., CBDCs, tokenization of assets). 

v. Stakeholder Perspectives – Incorporated views from developers, enterprises, regulators, and end-users 
to present a holistic view of adoption barriers and incentives. 

A. Blockchain Applications in Financial Services 
The financial sector has been one of the earliest and most prominent adopters of blockchain 

technology, leveraging its core features—decentralization, transparency, and security—to revolutionize 
traditional systems [17]. From enabling borderless digital currencies to automating complex financial 
agreements, blockchain is reshaping how value is stored, transferred, and managed [18]. This section explores 
three key applications: cryptocurrencies and digital payments, smart contracts in banking, and blockchain’s 
role in insurance and fraud detection. 

B. Cryptocurrencies and digital payments 
Blockchain’s first and most well-known application is cryptocurrencies, with Bitcoin serving as the 

pioneer of decentralized digital money. Unlike traditional fiat currencies controlled by central banks, 
cryptocurrencies operate on public blockchains, allowing peer-to-peer transactions without intermediaries. 
This innovation addresses several pain points in conventional payment systems: 
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 Cross-Border Transactions: Traditional remittances are slow and costly due to multiple 
intermediaries [19]. Cryptocurrencies like Bitcoin and stablecoins (e.g., USDT, USDC) enable near-
instant, low-cost transfers across borders. 

 Financial Inclusion: Over 1.4 billion people remain unbanked globally. Blockchain-
based digital wallets allow anyone with internet access to participate in the financial system, bypassing 
traditional banking infrastructure. 

 Central Bank Digital Currencies (CBDCs): Governments are exploring blockchain to 
issue digital versions of national currencies (e.g., China’s digital yuan, Nigeria’s eNaira). CBDCs aim 
to combine the efficiency of cryptocurrencies with the stability of central bank oversight. 
However, challenges such as price volatility, regulatory scrutiny, and scalability limitations (e.g., 

Bitcoin’s 7 transactions per second vs. Visa’s 24,000 TPS) hinder mainstream adoption. Solutions like the 
Lightning Network (for Bitcoin) and Ethereum’s layer-2 rollups are addressing these issues. 

C. Smart Contracts in Banking 
Smart contracts—self-executing agreements coded on blockchains—are transforming banking by 

automating processes that traditionally require manual intervention and trust in third parties. Key use cases 
include: 

 Automated Lending & DeFi: Decentralized finance (DeFi) platforms like Aave and Compound use 
smart contracts to enable algorithmic lending/borrowing without banks. Users earn interest by 
supplying crypto assets to liquidity pools, while borrowers collateralize loans transparently [20]. 

 Trade Finance: Letters of credit and invoice financing often involve paperwork and delays. Blockchain 
platforms (e.g., we.trade, Marco Polo) digitize trade documents, triggering automatic payments upon 
meeting contract terms (e.g., shipment delivery verification via IoT sensors). 

 KYC/AML Compliance: Banks spend billions annually on customer due diligence. Blockchain-based 
identity solutions (e.g., Sovrin) allow users to share verified credentials across institutions securely, 
reducing redundancy and fraud [21]. 
Despite their potential, smart contracts face risks such as coding vulnerabilities (e.g., the $60M DAO 

hack) and legal ambiguity. Hybrid systems combining blockchain with regulated entities (e.g., JPMorgan’s 
Onyx) are emerging as a pragmatic approach. 

D. Blockchain in Insurance and Fraud Detection 
The insurance industry, plagued by inefficiencies and fraudulent claims, is leveraging blockchain to 

enhance transparency and automation: 
 Claims Processing: Traditional claims assessment is slow and prone to disputes. Platforms like 

Etherisc use smart contracts to automate payouts for flight delays or crop insurance, with data fed 
directly from trusted sources (e.g., weather APIs). 

 Fraud Prevention: Fraud costs insurers over $40 billion annually. Blockchain’s immutable record of 
policy history and claims makes it harder to submit fake claims or manipulate records [22]. For 
example, B3i’s blockchain consortium helps detect duplicate claims across insurers. 

 Parametric Insurance: Unlike traditional indemnity models, parametric insurance pays out based on 
predefined triggers (e.g., earthquake magnitude). Blockchain ensures tamper-proof data from oracles 
(e.g., Chainlink), enabling instant settlements (e.g., AXA’s Fizzy for flight delays). 
Challenges remain, including integration with legacy systems and regulatory hurdles. However, pilots 

by firms like Allianz and AIG demonstrate significant cost savings—up to 30% in operational efficiencies. 
 

VI. CONCLUSION 
Blockchain is fundamentally altering financial services by enabling faster, cheaper, and more inclusive 

systems. Cryptocurrencies are redefining money, smart contracts are automating banking, and blockchain’s 
auditability is curbing insurance fraud. While scalability, regulation, and interoperability hurdles persist, the 
convergence of blockchain with AI (for fraud analytics) and IoT (for real-time data) promises further 
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disruption. As institutions move from experimentation to scaled deployment, the next decade will likely see 
blockchain become embedded in the backbone of global finance. 

 
VII. BLOCKCHAIN IN HEALTHCARE 

The healthcare industry faces persistent challenges related to data security, interoperability, and 
transparency [23]. Blockchain technology, with its decentralized and immutable ledger capabilities, offers 
innovative solutions to these issues. By ensuring secure data sharing, enhancing traceability in clinical 
research, and enabling patient-controlled health records, blockchain is poised to transform healthcare delivery 
[24]. This section examines its applications in secure patient data management, clinical trials and drug 
traceability, and decentralized health records. 

A. Secure Patient Data Management 
Healthcare institutions handle vast amounts of sensitive patient data, often stored in fragmented 

systems vulnerable to breaches and unauthorized access. Blockchain enhances security and interoperability 
through: 

 Immutable Audit Trails: Every access or modification to patient records is permanently recorded, 
ensuring accountability and reducing insider threats [25]. 

 Encrypted Data Sharing: Patients and providers can share medical records securely using 
cryptographic keys, minimizing exposure to cyberattacks (e.g., ransomware). 

 Interoperability: Blockchain facilitates seamless data exchange between hospitals, labs, and insurers 
by standardizing formats (e.g., FHIR standards) without centralized intermediaries [26]. 

Example: MedRec, an MIT-developed prototype, uses blockchain to manage authentication and consent logs, 
allowing patients to control who accesses their data. 

B. Challenges 
 Balancing transparency with privacy (e.g., GDPR compliance). 
 High computational costs for large-scale medical datasets. 

Blockchain in Clinical Trials and Drug Traceability 
Clinical research and pharmaceutical supply chains suffer from inefficiencies, fraud, and lack of transparency. 

Blockchain addresses these issues by: 
I. Clinical Trial Integrity: 

o Timestamps and hashes ensure trial data (e.g., patient consent, results) cannot be altered 
retroactively, reducing fraud. 

o Smart contracts automate payments to participants upon milestone completions. 
II. Drug Supply Chain Transparency: 

o Each step—from manufacturing to distribution—is recorded on-chain, combating counterfeit 
drugs (e.g., IBM’s Trust Your Supplier tracks drug components). 

o Patients can verify drug authenticity via QR codes linked to blockchain records 
(e.g., Chronicled’s MediLedger). 

Example: Novartis uses blockchain to monitor temperature-sensitive vaccines during transit, ensuring 
compliance with storage conditions. 

Challenges: 
 Integration with legacy tracking systems (e.g., RFID). 
 Regulatory alignment across geographies. 

 
C. Decentralized Health Records (DHRs) 

Traditional electronic health records (EHRs) are siloed, making it difficult for patients to access or 
transfer their data. Blockchain enables patient-centric health records by: 

 Self-Sovereign Identity (SSI): Patients own and manage their health data via digital wallets 
(e.g., Sovrin Network), granting temporary access to providers. 
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 Cross-Border Portability: Immigrant patients or travelers can share records globally 
without bureaucratic delays. 

 Incentivized Data Sharing: Patients can monetize anonymized data for research 
(e.g., *Hu-manity.co’s #My31* marketplace). 
Example: Estonia’s e-Health system integrates blockchain to secure citizens’ health data across 1,000+ 

service providers. 
Challenges: 

 User adoption (e.g., elderly patients managing cryptographic keys). 
 Scalability for real-time data access in emergencies. 

 
VIII. FUTURE OUTLOOK 

Blockchain’s potential in healthcare extends to telemedicine (secure video consultations), genomic 
data markets (tokenized DNA ownership), and AI-driven diagnostics (tamper-proof training data). While 
hurdles like energy consumption and standardization persist, pilot projects by FDA, Mayo Clinic, 
and UnitedHealthcare signal growing institutional adoption. The convergence of blockchain with IoT 
(wearables data logging) and zero-knowledge proofs (selective data disclosure) will further accelerate 
innovation, paving the way for a more secure, patient-empowered healthcare ecosystem. 

In summary, blockchain is not a panacea but a foundational tool to address healthcare’s trust and 
efficiency deficits—one encrypted block at a time. 

A. Blockchain in Supply Chain and Logistics 
Supply chains are complex, multi-stakeholder systems plagued by inefficiencies, lack of transparency, 

and vulnerability to fraud [27]. Blockchain technology introduces unprecedented traceability, automation, and 
trust to logistics networks by creating an immutable, shared ledger for all transactions. This section explores 
three critical applications: traceability and transparency, inventory and asset tracking, and counterfeit 
prevention. 

I. Traceability and Transparency 
Modern supply chains span multiple countries, vendors, and regulatory environments, making it difficult to 
track the origin, movement, and condition of goods. Blockchain enhances traceability by: 

 End-to-End Visibility: Every step—from raw material sourcing to final delivery—is recorded 
on the blockchain, accessible to authorized stakeholders in real time. 
 Provenance Verification: Consumers and businesses can scan QR codes or NFC tags to verify 
product origins (e.g., fair-trade coffee, conflict-free minerals). 
 Regulatory Compliance: Automated logging of certifications (e.g., organic, halal) reduces 
paperwork and audit costs. 

Use Cases: 
 Food Safety: Walmart’s Food Trust Blockchain tracks produce like mangoes and pork, 
reducing contamination investigation time from 7 days to 2.2 seconds. 
 Ethical Sourcing: De Beers’ Tracr ensures diamonds are conflict-free by recording each 
stone’s journey from mine to retailer. 

Challenges: 
 Data Standardization: Different suppliers use incompatible tracking systems. 
 Onboarding SMEs: Small farmers or manufacturers lack resources to adopt blockchain tools. 
 
II. Inventory and Asset Tracking 
Traditional inventory management relies on error-prone manual logs or siloed digital systems. 

Blockchain enables: 
 Real-Time Asset Monitoring: IoT sensors (e.g., GPS, temperature loggers) feed data to 

the blockchain, triggering alerts for deviations (e.g., spoilage, theft). 
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 Automated Reconciliation: Smart contracts match purchase orders, shipments, and invoices, 
reducing disputes (e.g., TradeLens by Maersk and IBM). 
 Shared Ledger for Multi-Party Logistics: Carriers, warehouses, and customs agencies 
synchronize data without exposing proprietary systems. 

Example: 
 Automotive Industry: BMW uses blockchain to track cobalt (a battery material) from mines to 
factories, ensuring ethical sourcing and just-in-time inventory. 

Challenges: 
 IoT-Blockchain Integration: Sensor data must be tamper-proof before being logged on-chain. 
 Scalability: High-frequency tracking (e.g., perishable goods) strains blockchain networks. 

III. Counterfeit Prevention 
Counterfeiting costs global economies $2.3 trillion annually, with pharmaceuticals, luxury goods, and 
electronics hardest hit. Blockchain combats this by: 

 Digital Twins: Unique cryptographic tokens (NFTs) represent physical products, enabling 
authentication via mobile apps. 
 Immutable Product Histories: Fake goods lack verifiable blockchain records (e.g., LVMH’s 
AURA platform for luxury handbags). 
 Smart Contract Enforcement: Authorized distributors are recorded on-chain; unauthorized 
sales trigger alerts. 

Use Cases: 
 Pharmaceuticals: The EU Falsified Medicines Directive mandates serialization, with 
blockchain (e.g., Chronicled’s MediLedger) ensuring drug authenticity. 
 Aerospace: Boeing tracks aircraft parts to prevent counterfeit components from entering 
maintenance cycles. 

Challenges: 
 Tagging Costs: RFID/NFC tags add per-unit expenses for low-margin goods. 
 Global Adoption: Widespread counterfeit detection requires all supply chain participants to use 
blockchain. 
IV. Future Outlook 

Blockchain’s integration with AI (predictive analytics for delays) and 5G (real-time IoT tracking) will further 
optimize supply chains. Emerging trends include: 

 Circular Supply Chains: Blockchain incentivizes recycling by tracking materials’ lifecycle 
(e.g., Plastic Bank’s tokenized waste). 
 Autonomous Shipping: Smart contracts automate payments when cargo reaches checkpoints 
(e.g., Dubai’s blockchain-powered ports). 
While hurdles like energy consumption (for PoW chains) and legal recognition of smart contracts 

persist, pilot projects by DHL, Amazon, and UPS demonstrate tangible ROI. As industries shift 
from "blockchain for compliance" to "blockchain for competitive advantage," the technology will become the 
backbone of resilient, transparent, and agile supply chains. 

In summary, blockchain transforms supply chains from opaque, reactive pipelines into transparent, 
self-optimizing networks—where every product tells its own story, and trust is built into the system. 

 
IX. BLOCKCHAIN IN EDUCATION 

The education sector faces challenges related to credential fraud, fragmented student records, and rigid 
learning systems [28]. Blockchain technology introduces secure, tamper-proof solutions for verifying 
academic credentials, managing student records, and enabling decentralized education models. This section 
explores three key applications: credential verification, student records and academic transcripts, 
and decentralized learning platforms. 

I. Credential Verification 
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Academic fraud, including fake degrees and forged certificates, undermines trust in education systems. 
Blockchain addresses this by: 

 Immutable Credential Storage: Institutions issue digital diplomas or badges on the blockchain 
(e.g., MIT’s Blockcerts), which employers can verify instantly. 
 Global Recognition: Students can share credentials across borders without cumbersome 

notarization (e.g., Malta’s blockchain-based degree system). 
 Reduced Administrative Burden: Universities eliminate manual verification requests, saving 

time and costs. 
Use Cases: 

 Sony Global Education developed a blockchain platform for sharing student records among 
schools and testing agencies. 
 The University of Bahrain issues all diplomas on blockchain, preventing forgery. 

Challenges: 
 Adoption by Institutions: Legacy systems resist transitioning to blockchain. 
 Privacy Concerns: Balancing transparency with GDPR compliance. 

II. Student Records and Academic Transcripts 
Traditional transcript systems are slow, prone to errors, and inaccessible when institutions close. Blockchain 

enables: 
 Lifetime Portable Records: Students own their academic history via decentralized identifiers 

(DIDs), accessible anywhere (e.g., Learning Machine’s Hyland Credentials). 
 Automated Credit Transfers: Smart contracts validate course equivalencies for transfers 

between universities (e.g., European Commission’s EBSI project). 
 Micro-Credentialing: Skills from MOOCs (e.g., Coursera) or workshops are logged on-chain, 

creating comprehensive learner profiles. 
Example: 

 The University of Melbourne piloted blockchain transcripts, allowing graduates to share 
verified records with employers in seconds. 

Challenges: 
 Interoperability: Competing blockchain standards (e.g., Hyperledger vs. Ethereum) hinder 

seamless data exchange. 
 Data Entry Errors: On-chain records are immutable; incorrect entries require complex fixes. 

III. Decentralized Learning Platforms 
Centralized e-learning platforms (e.g., Udemy) impose high fees and restrict content ownership. Blockchain-

powered alternatives offer: 
 Tokenized Incentives: Students earn crypto tokens (e.g., BitDegree) for completing courses, 

redeemable for certifications or tutoring. 
 Peer-to-Peer Learning: Educators monetize content directly via smart contracts, bypassing 

intermediaries (e.g., Odyssey). 
 DAO-Based Governance: Decentralized Autonomous Organizations (DAOs) let communities 

vote on curriculum changes (e.g., EduDAO). 
Use Cases: 

 Open Source University links blockchain credentials to job market needs, aligning education 
with employer demands. 
 Gilgamesh Platform rewards students and authors for peer-reviewed academic contributions. 

Challenges: 
 Scalability: Most decentralized platforms struggle with high user loads. 
 Quality Control: Curation mechanisms for user-generated content are underdeveloped. 
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X. BLOCKCHAIN IN GOVERNMENT AND PUBLIC SECTOR 
Blockchain technology is transforming government and public sector operations by introducing 

transparency, security, and efficiency to traditionally bureaucratic systems. One of the most promising 
applications is in digital identity and voting systems. Many governments struggle with identity fraud and 
insecure voting processes. Blockchain addresses these issues through self-sovereign identity solutions, where 
citizens control their digital IDs via encrypted blockchain records, as seen in Estonia's e-Residency program. 
For voting, blockchain enables secure e-voting systems that prevent tampering while maintaining voter 
anonymity, with successful pilots in places like West Virginia. However, challenges remain around ensuring 
equal access and preventing voter coercion in digital systems. 

In land registry and property management, blockchain solves critical problems of fraud and disputes. 
Countries like Georgia have implemented blockchain-based land registries, reducing property conflicts by 
90% through immutable ownership records. Smart contracts automate property transfers upon payment, 
eliminating notary fraud risks. Dubai aims to put all government documents on blockchain by 2025. While 
these systems dramatically improve transparency, the transition requires significant effort to digitize historical 
paper records and achieve legal recognition of blockchain-based evidence in courts. 

Public procurement represents another area where blockchain combats systemic corruption. By 
recording all bidding processes and contract awards on an immutable ledger, systems like Ukraine's ProZorro 
platform have increased transparency in government contracting. Smart contracts ensure automatic payments 
only when project milestones are verified, reducing opportunities for graft. South Korea tracks over $10 billion 
in public contracts annually using blockchain. However, these systems must balance transparency with 
practical concerns, as bidders might still attempt off-chain collusion, and complete anonymity could 
undermine accountability. 

The future of blockchain in government points toward increasingly integrated systems. As the 
technology matures, we can expect broader adoption in areas like tax collection, benefit distribution, and 
regulatory compliance. The combination of blockchain with other emerging technologies like AI could enable 
even smarter governance systems. For instance, AI could analyze blockchain procurement data to detect 
patterns of potential corruption. While challenges around digital inclusion and system interoperability persist, 
blockchain's potential to restore public trust in government institutions makes it a transformative tool for 
modern governance. The key will be implementing these solutions in ways that maintain essential democratic 
values while delivering the promised efficiency gains. 

 
XI. BLOCKCHAIN IN LEGAL AND INTELLECTUAL PROPERTY DOMAINS 

The legal and intellectual property (IP) sectors are undergoing significant transformation through 
blockchain technology, which introduces automation, transparency, and security to traditionally complex 
processes. One of the most impactful applications is in smart contracts for legal processes. These self-
executing contracts with predefined terms written into code are revolutionizing how agreements are created 
and enforced. Smart contracts automatically execute when conditions are met, eliminating the need for 
intermediaries in scenarios like property transfers, royalty payments, or business agreements. This not only 
reduces costs and processing times but also minimizes disputes, as all contract terms and executions are 
immutably recorded on the blockchain. For instance, platforms like OpenLaw and Clause are integrating smart 
contracts with traditional legal frameworks, creating hybrid systems where blockchain handles execution 
while courts address exceptional cases. However, challenges remain in ensuring these contracts can adapt to 
unforeseen circumstances and align with existing legal systems across jurisdictions. 

In copyright and intellectual property management, blockchain provides solutions to long-standing 
issues of ownership verification and royalty distribution. The technology creates tamper-proof records of 
creation and ownership, which is particularly valuable for digital content creators. Artists, musicians, and 
writers can timestamp their work on a blockchain, providing indisputable proof of authorship. Platforms like 
Po.et and Verisart enable creators to register and authenticate their IP assets on blockchain networks. 
Additionally, smart contracts automate royalty payments, ensuring creators receive fair compensation 
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whenever their work is used or resold. This is especially relevant in the music industry, where services like 
Ujo Music leverage blockchain to track plays and distribute royalties transparently. The rise of non-fungible 
tokens (NFTs) has further demonstrated blockchain's potential in IP management, allowing for verifiable 
ownership of digital assets. Despite these advantages, the legal recognition of blockchain-based IP records 
varies globally, and the technology must still address challenges related to the enforcement of rights and 
prevention of digital piracy. 

Looking ahead, blockchain's role in legal and IP domains is set to expand as the technology matures 
and gains wider acceptance. Future developments may include more sophisticated smart contracts capable of 
handling complex legal scenarios through integration with artificial intelligence. For IP management, 
blockchain could enable global, decentralized registries that simplify cross-border protection of creative 
works. As these applications evolve, collaboration between technologists, legal professionals, and 
policymakers will be crucial to establish standards and frameworks that maximize blockchain's benefits while 
addressing its limitations in these critical sectors. 

 
XII. EMERGING DOMAINS OF BLOCKCHAIN APPLICATION 

Blockchain technology continues to expand into new sectors, demonstrating its versatility beyond 
finance and governance. Three emerging areas showing particular promise are energy trading, agriculture and 
food safety, and media and entertainment. Each of these domains benefits from blockchain's core features of 
decentralization, transparency, and immutability in unique ways. 

In the energy sector, blockchain is revolutionizing traditional power grids through peer-to-peer (P2P) 
energy trading platforms. These systems allow producers of renewable energy, such as homeowners with solar 
panels, to sell excess electricity directly to consumers without utility company intermediaries. Projects like 
Brooklyn Microgrid and Germany's Conjoule use smart contracts to automate these transactions, recording 
energy production and consumption on a blockchain ledger. This not only creates more efficient energy 
markets but also promotes renewable energy adoption by making small-scale production economically viable. 
The technology also enables innovative solutions for tracking carbon credits and renewable energy 
certificates, bringing greater transparency to sustainability initiatives. However, challenges remain in 
integrating these systems with existing energy infrastructure and regulatory frameworks that were designed 
for centralized utility models. 

The agriculture and food safety industries are leveraging blockchain to bring unprecedented 
traceability to supply chains. By recording every step of a food product's journey from farm to table on an 
immutable ledger, blockchain helps quickly identify contamination sources during outbreaks while reducing 
food fraud. Walmart's Food Trust Network, developed with IBM, can trace the origin of produce in seconds 
rather than days, significantly improving recall efficiency. Similar applications track fair trade and organic 
certifications, giving consumers verifiable information about product claims. In developing economies, 
blockchain-based systems help small farmers prove ownership, access credit, and receive fair payments by 
providing transparent records of production and sales. Despite these benefits, widespread adoption faces 
hurdles including the need for digital infrastructure in rural areas and the cost of implementing tracking 
technologies at small farms. 

Media and entertainment represent another frontier for blockchain innovation, particularly in 
addressing issues of content ownership and royalty distribution. The technology enables creators to register 
copyrights immutably and receive micropayments automatically through smart contracts whenever their work 
is used. Platforms like Audius for music and OpenSea for digital art demonstrate how blockchain can create 
fairer compensation models. The rise of non-fungible tokens (NFTs) has introduced new paradigms for 
owning and trading digital collectibles, artwork, and even real estate in virtual worlds. Blockchain also 
combats piracy by creating verifiable ownership records and enables fans to directly support creators through 
tokenized ecosystems. However, the industry must address environmental concerns related to energy-intensive 
blockchain networks and develop sustainable solutions as these applications scale. 
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These emerging applications demonstrate blockchain's potential to transform diverse industries by 
solving long-standing challenges around trust, efficiency, and transparency. As the technology matures, we 
can expect to see more sophisticated implementations that combine blockchain with other emerging 
technologies like IoT sensors for real-time data collection and AI for advanced analytics. While each sector 
faces unique adoption challenges, the common thread is blockchain's ability to create more equitable, efficient, 
and transparent systems across traditionally disconnected domains. The continued evolution of these 
applications will depend on thoughtful collaboration between technologists, industry leaders, and regulators 
to balance innovation with practical implementation considerations. 

 
XIII. CHALLENGES AND LIMITATIONS OF BLOCKCHAIN TECHNOLOGY 

Despite its transformative potential, blockchain technology faces several significant challenges that 
hinder its widespread adoption across industries. These limitations span technical, regulatory, and operational 
domains, requiring innovative solutions to unlock the technology's full capabilities. 

Scalability and energy consumption remain among the most pressing technical challenges. Many 
blockchain networks, particularly those using proof-of-work (PoW) consensus mechanisms like Bitcoin and 
Ethereum (prior to its Merge upgrade), suffer from limited transaction throughput and high energy demands. 
Bitcoin's network, for instance, processes only 7 transactions per second (TPS) compared to traditional 
payment systems like Visa that handle thousands of TPS. This scalability bottleneck leads to network 
congestion, slow processing times, and high transaction fees during peak usage. While various scaling 
solutions have emerged—including layer-2 protocols (Lightning Network), sharding, and alternative 
consensus mechanisms (proof-of-stake)—these approaches often involve trade-offs between decentralization, 
security, and performance. The environmental impact of energy-intensive mining operations has also drawn 
criticism, prompting a shift toward more sustainable alternatives. 

Regulatory and legal issues present another major hurdle to blockchain adoption. The decentralized 
nature of public blockchains conflicts with many existing legal frameworks designed for centralized systems. 
Governments worldwide struggle to classify and regulate cryptocurrencies, with approaches ranging from 
outright bans to cautious acceptance. Smart contracts face legal ambiguity in many jurisdictions, as their 
enforceability remains untested in many court systems. Data privacy regulations like GDPR complicate 
blockchain implementations due to the technology's immutable nature, which conflicts with "right to be 
forgotten" provisions. Intellectual property rights, tax compliance, and anti-money laundering (AML) 
requirements all create complex challenges for blockchain applications. The lack of global regulatory 
harmonization forces businesses to navigate a patchwork of conflicting national policies, slowing innovation 
and adoption. 

Interoperability and standardization issues further limit blockchain's potential. The proliferation of 
competing blockchain platforms—each with different protocols, smart contract languages, and consensus 
mechanisms—has created isolated ecosystems that cannot easily communicate or share data. This 
fragmentation means assets and information cannot flow seamlessly between different networks, reducing 
efficiency and user experience. While cross-chain bridges and interoperability protocols (Cosmos, Polkadot) 
aim to solve this problem, they often introduce new security vulnerabilities, as evidenced by several high-
profile bridge hacks. The absence of universal technical standards for blockchain development complicates 
enterprise adoption, as organizations face uncertainty about which platforms will prevail long-term. Industry 
consortia and standards bodies are working to address these issues, but progress remains slow compared to 
the rapid evolution of the technology itself. 

These challenges collectively constrain blockchain's ability to achieve mainstream adoption at scale. 
While innovative solutions continue to emerge—such as zero-knowledge proofs for privacy-preserving 
verification or hybrid blockchain architectures—each technical breakthrough often introduces new 
complexities. The path forward requires balanced collaboration between technologists, regulators, and 
industry stakeholders to develop sustainable solutions that preserve blockchain's core benefits while 
addressing its limitations. As the technology matures, overcoming these hurdles will be critical for blockchain 
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to transition from experimental projects to production-grade systems capable of transforming global 
industries. The next phase of blockchain evolution will likely focus on creating more energy-efficient, 
regulation-friendly, and interoperable solutions that can support real-world applications at enterprise scale. 

 
XIV. FUTURE TRENDS AND RESEARCH DIRECTIONS IN BLOCKCHAIN TECHNOLOGY 

Blockchain technology is poised for significant evolution as it converges with other cutting-edge 
technologies and addresses current limitations. The integration with artificial intelligence (AI), the Internet of 
Things (IoT), and big data analytics represents one of the most promising directions for blockchain's future. 
AI can enhance blockchain networks through intelligent contract optimization, fraud detection, and predictive 
analytics, while blockchain provides AI systems with secure, auditable data trails to address "black box" 
transparency issues. The combination of blockchain and IoT is creating tamper-proof networks for device 
communication and automated machine-to-machine transactions, particularly in supply chain and smart city 
applications. When combined with big data, blockchain enables secure sharing and monetization of data assets 
while preserving privacy through techniques like zero-knowledge proofs. These convergences are giving rise 
to new paradigms such as decentralized AI marketplaces and self-soverign data economies, though they also 
introduce complex challenges around computational demands and system integration that require further 
research. 

Several potentially disruptive innovations are emerging on the blockchain horizon. Quantum-resistant 
cryptography is becoming an urgent research area as quantum computing advances threaten current encryption 
standards. The development of truly scalable consensus mechanisms beyond current proof-of-work and proof-
of-stake models could enable global adoption at enterprise scale. Decentralized identity solutions may 
revolutionize how personal data is managed online, while tokenization of real-world assets could create new 
financial markets with fractional ownership of everything from real estate to intellectual property. Privacy-
preserving technologies like fully homomorphic encryption could enable computation on encrypted 
blockchain data, opening new possibilities for confidential smart contracts. Another disruptive frontier is the 
development of decentralized autonomous organizations (DAOs) with increasingly sophisticated governance 
models that may challenge traditional corporate structures. These innovations promise to expand blockchain's 
impact far beyond its current applications but require breakthroughs in both technical implementation and 
regulatory frameworks. 

For future research, several critical areas demand attention. Energy-efficient consensus protocols need 
further development to make blockchain sustainable at global scale, including exploration of novel approaches 
like proof-of-space or proof-of-time. Interoperability standards must be established to enable seamless 
communication between different blockchain networks and legacy systems. Legal and regulatory research is 
needed to develop adaptive frameworks that can accommodate decentralized technologies without stifling 
innovation. User experience research should address the complexity that currently limits mainstream adoption 
of blockchain applications. Additional priorities include: improving formal verification methods for smart 
contracts to eliminate vulnerabilities; developing better oracles for reliable real-world data integration; and 
creating new programming paradigms for decentralized applications. Cross-disciplinary collaboration will be 
essential, combining expertise from cryptography, economics, law, and social sciences to address blockchain's 
multifaceted challenges. Longitudinal studies of real-world implementations are also needed to properly assess 
the technology's long-term impacts across different sectors. 

As blockchain technology matures, its ultimate success will depend on balancing innovation with 
practical considerations of security, sustainability, and usability. The most impactful research will likely 
emerge at the intersections between blockchain and other transformative technologies, creating solutions that 
leverage the strengths of multiple approaches while mitigating their individual limitations. By focusing on 
these strategic directions, the blockchain community can unlock the technology's full potential to create more 
transparent, efficient, and equitable systems across global industries and societies. Future progress will require 
sustained investment in both fundamental research and applied development, along with constructive 
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engagement between technologists, policymakers, and end-users to ensure blockchain solutions meet real-
world needs while upholding ethical standards and social values. 

 
XV. CONCLUSION 

This comprehensive review has demonstrated blockchain technology's remarkable potential to 
revolutionize industries ranging from finance and healthcare to supply chain management and government 
services. The key findings reveal that blockchain's core attributes—decentralization, immutability, and 
transparency—address critical pain points across sectors by enabling secure peer-to-peer transactions, 
verifiable digital identities, and tamper-proof record-keeping. Notable successes include Walmart's 97% 
reduction in food traceability time, Estonia's blockchain-based e-governance ecosystem, and the emergence 
of decentralized finance (DeFi) platforms handling billions in transactions without traditional intermediaries. 
However, the analysis also identifies persistent challenges, particularly regarding scalability limitations, 
energy consumption concerns, regulatory uncertainty, and interoperability barriers that currently constrain 
widespread enterprise adoption. 

For industry stakeholders, these findings carry significant implications. Business leaders must 
strategically evaluate where blockchain offers genuine competitive advantage versus where traditional 
solutions may suffice, focusing on use cases that leverage the technology's unique capabilities rather than 
pursuing blockchain for its own sake. The successful implementations examined in this review suggest that 
hybrid approaches—combining blockchain with existing systems—often prove more practical than full-scale 
decentralization. Industries should prioritize collaborative efforts to establish standards, share best practices, 
and develop regulatory frameworks that foster innovation while managing risks. For academia, this review 
highlights numerous research opportunities at the intersection of blockchain and other emerging technologies, 
as well as critical gaps in our understanding of the socioeconomic impacts of widespread blockchain adoption. 
Interdisciplinary research combining technical, legal, economic, and ethical perspectives will be essential to 
guide the technology's responsible development. 

As we stand at what may be the threshold of blockchain's maturation from experimental technology to 
mainstream infrastructure, several key observations emerge. First, blockchain is not a panacea but rather a 
powerful tool in the broader digital transformation toolkit—most impactful when combined with 
complementary technologies like AI and IoT. Second, the technology's ultimate value lies not in its 
cryptographic sophistication but in its ability to create trust in trustless environments and redistribute power 
from centralized intermediaries to network participants. Finally, the coming years will likely see blockchain 
become increasingly invisible—less as a disruptive force and more as foundational plumbing enabling new 
business models and social structures. While challenges remain, the cumulative evidence suggests that 
blockchain technology, thoughtfully implemented and properly governed, has the potential to meaningfully 
improve the efficiency, transparency, and inclusivity of global systems. Its continued evolution warrants close 
attention from practitioners and scholars alike as we shape the next generation of digital infrastructure. 

The journey from blockchain's cryptocurrency origins to its current multifaceted applications 
demonstrates both the technology's adaptability and the creativity of its adopters. As implementation patterns 
mature and early hype gives way to practical utility, organizations that focus on solving real problems rather 
than chasing technological fashion will be best positioned to harness blockchain's transformative potential. 
What began as the architecture for Bitcoin may ultimately have its most profound impact in areas far removed 
from finance—from securing medical records to verifying supply chain sustainability to preserving digital 
identities. In this broader context, blockchain represents not just a technical innovation but a conceptual shift 
in how we organize and verify information in an increasingly digital world. 

 
REERENCES 

[1] U. Bodkhe et al., "Blockchain for industry 4.0: A comprehensive review," IEEE Access, vol. 8, pp. 79764–
79800, 2020. 



 

 

JOURNAL OF ENGINEERING AND COMPUTATIONAL 
INTELLIGENCE REVIEW (JECIR) 

 
Volume 1, Issue 1, 2023 

https://jecir.com/ 

Title: A Comprehensive Review of Blockchain Applications across Diverse Domains 

 

37 

[2] J. Abou Jaoude and R. G. Saade, "Blockchain applications–usage in different domains," IEEE Access, vol. 
7, pp. 45360–45381, 2019. 

[3] F. A. Sunny et al., "A systematic review of blockchain applications," IEEE Access, vol. 10, pp. 59155–
59177, 2022. 

[4] A. Sharma, S. Kaur, and M. Singh, "A comprehensive review on blockchain and Internet of Things in 
healthcare," Trans. Emerg. Telecommun. Technol., vol. 32, no. 10, p. e4333, 2021. 

[5] A. Pal, C. K. Tiwari, and A. Behl, "Blockchain technology in financial services: A comprehensive review 
of the literature," J. Glob. Oper. Strateg. Sourcing, vol. 14, no. 1, pp. 61–80, 2021. 

[6] W. Chen et al., "A survey of blockchain applications in different domains," in Proc. 2018 Int. Conf. 
Blockchain Technol. Appl., 2018, pp. 17–21. 

[7] W. Viriyasitavat et al., "Applications of blockchain in business processes: A comprehensive review," IEEE 
Access, vol. 10, pp. 118900–118925, 2022. 

[8] W. Baiod, J. Light, and A. Mahanti, "Blockchain technology and its applications across multiple domains: 
A survey," J. Int. Technol. Inf. Manage., vol. 29, no. 4, pp. 78–119, 2021. 

[9] B. Lashkari and P. Musilek, "A comprehensive review of blockchain consensus mechanisms," IEEE 
Access, vol. 9, pp. 43620–43652, 2021. 

[10] F. Casino, T. K. Dasaklis, and C. Patsakis, "A systematic literature review of blockchain-based 
applications: Current status, classification and open issues," Telemat. Inform., vol. 36, pp. 55–81, 2019. 

[11] S. Khezr et al., "Blockchain technology in healthcare: A comprehensive review and directions for future 
research," Appl. Sci., vol. 9, no. 9, p. 1736, 2019. 

[12] T. Alladi et al., "A comprehensive survey on the applications of blockchain for securing vehicular 
networks," IEEE Commun. Surv. Tutor., vol. 24, no. 2, pp. 1212–1239, 2022. 

[13] A. Ali et al., "Blockchain and the future of the internet: A comprehensive review," arXiv:1904.00733, 
2019. 

[14] K. Agrawal et al., "An extensive blockchain based applications survey: Tools, frameworks, opportunities, 
challenges and solutions," IEEE Access, vol. 10, pp. 116858–116906, 2022. 

[15] J. Bhardwaj et al., "Applications of blockchain in various domains," in Smart IoT for Research and 
Industry. Springer, 2021, pp. 1–30. 

[16] U. Agarwal et al., "Blockchain technology for secure supply chain management: A comprehensive 
review," IEEE Access, vol. 10, pp. 85493–85517, 2022. 

[17] M. R. Haque et al., "The role of macroeconomic discourse in shaping inflation views: Measuring public 
trust in Federal Reserve policies," J. Bus. Insight Innov., vol. 2, no. 2, pp. 88–106, 2023. 

[18] M. Z. Afshar, "Exploring factors impacting organizational adaptation capacity of Punjab Agriculture & 
Meat Company (PAMCO)," Int. J. Emerg. Issues Soc. Sci. Arts Humanit., vol. 2, no. 1, pp. 1–10, 2023. 

[19] G. Drosatos and E. Kaldoudi, "Blockchain applications in the biomedical domain: A scoping 
review," Comput. Struct. Biotechnol. J., vol. 17, pp. 229–240, 2019. 

[20] A. Lohachab et al., "Towards interconnected blockchains: A comprehensive review of the role of 
interoperability among disparate blockchains," ACM Comput. Surv., vol. 54, no. 7, pp. 1–39, 2021. 

[21] A. A. Monrat, O. Schelén, and K. Andersson, "A survey of blockchain from the perspectives of 
applications, challenges, and opportunities," IEEE Access, vol. 7, pp. 117134–117151, 2019. 

[22] T. A. Syed et al., "A comparative analysis of blockchain architecture and its applications: Problems and 
recommendations," IEEE Access, vol. 7, pp. 176838–176869, 2019. 

[23] R. Huo et al., "A comprehensive survey on blockchain in industrial internet of things: Motivations, 
research progresses, and future challenges," IEEE Commun. Surv. Tutor., vol. 24, no. 1, pp. 88–122, 2022. 

[24] M. Tahir et al., "A review on application of blockchain in 5G and beyond networks: Taxonomy, field-
trials, challenges and opportunities," IEEE Access, vol. 8, pp. 115876–115904, 2020. 



 

 

JOURNAL OF ENGINEERING AND COMPUTATIONAL 
INTELLIGENCE REVIEW (JECIR) 

 
Volume 1, Issue 1, 2023 

https://jecir.com/ 

Title: A Comprehensive Review of Blockchain Applications across Diverse Domains 

 

38 

[25] A. G. Gad et al., "Emerging trends in blockchain technology and applications: A review and outlook," J. 
King Saud Univ. - Comput. Inf. Sci., vol. 34, no. 9, pp. 6719–6742, 2022. 

[26] M. Krichen et al., "Blockchain for modern applications: A survey," Sensors, vol. 22, no. 14, p. 5274, 
2022. 

[27] N. Malik et al., "A comprehensive review of blockchain applications in industrial Internet of Things and 
supply chain systems," Appl. Stoch. Models Bus. Ind., vol. 37, no. 3, pp. 391–412, 2021. 

[28] N. Deepa et al., "A survey on blockchain for big data: Approaches, opportunities, and future 
directions," Future Gener. Comput. Syst., vol. 131, pp. 209–226, 2022. 

 


