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ABSTRACT:

Blockchain technology has proven to be revolutionary, applicable to numerous domains beyond cryptocurrencies. This paper provides an extensive examination of
blockchain technologies, highlighting their classifications, significance, and applications. We examine the four primary types of blockchains—public, private,
consortium, and hybrid—regarding their structure, advantages, and disadvantages. Each type meets different needs for decentralization, privacy, openness,
scalability, and governance. The review makes a big deal out of how important blockchain is for making digital ecosystems more trustworthy, safe, and efficient.
It also emphasizes the significance of selecting the appropriate model for the context. The paper also looks at how blockchain can be used in different fields, such
as finance, supply chain, healthcare, the Internet of Things (1oT), and government. Lastly, the most important issues and possible solutions for the future, like
interoperability, scalability, and regulatory frameworks, are discussed. The insights are meant to help researchers and professionals understand how to use
blockchain well in a variety of fields.
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1. INTRODUCTION

Blockchain technology is a revolutionary new idea that lets people handle data safely, openly, and without a central authority. Blockchain is a type of
distributed ledger technology (DLT) that uses cryptography and consensus mechanisms to make sure that data can't be changed and that people can trust
it. Bitcoin was the first blockchain in 2008, and it has quickly grown to include more than just cryptocurrencies. It now works for a lot of different things,
like finance, healthcare, the Internet of Things (loT), supply chain, and government.

Over time, different types of blockchain architectures have been created to meet different needs for privacy, scalability, decentralization, and governance.
There are four kinds of blockchains: public, private, consortium, and hybrid. There are good and bad things about each one. Anyone can see public
blockchains, and they are open to everyone. However, they often have trouble growing and using energy efficiently. Private blockchains are good for
businesses because they let people in on a limited basis and work better. With consortium blockchains, different groups can share control, which builds
trust and makes people want to work together. Hybrid blockchains combine features of both public and private blockchains, which makes them more
adaptable for some tasks.

Researchers and practitioners must comprehend the various types of blockchain, their significance, and their applications to fully leverage their potential.
This review gives a full look at blockchain technologies, focusing on their structure, advantages, disadvantages, and uses in business. It also looks at the
bigger picture of how blockchain can help people trust each other.

Digital ecosystems need to be more open and efficient, and this paper suggests areas for future research to solve problems like scalability, interoperability,
and regulatory issues.

2. Background of Blockchain Technology

Blockchain technology is a kind of distributed ledger technology (DLT) that lets transactions be safely recorded, stored, and checked on a network that
no one person controls. Blockchain doesn't need any middlemen because it lets everyone (nodes) agree on a shared and up-to-date ledger. This is not the
same as centralized systems that are common..
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A. Historical Development

In 2008, Satoshi Nakamoto came up with the idea of blockchain as the foundation for Bitcoin, the first cryptocurrency. Bitcoin demonstrated the potential
of blockchain technology to establish a decentralized digital currency system devoid of banks or central authorities. Blockchain is now used for much
more than just cryptocurrencies. It has led to new research and ideas in a lot of fields.

B.  Core Characteristics
Blockchain is built upon several foundational principles:
®  Decentralization: When something is decentralized, control is spread out over many nodes instead of being in one place.
®  |Immutability: When something is decentralized, control is spread out over many nodes instead of being in one place. .
®  Transparency: All people who are allowed to see and verify transactions.
o Security: Cryptographic methods make sure that data is safe and real.

o Consensus Mechanisms: Algorithms such as Proof of Work (PoW), Proof of Stake (PoS), and Practical Byzantine Fault Tolerance (PBFT)
assist nodes in determining the validity of transactions.

C. Technical Components
A blockchain consists of:
®  Blocks: Data structures containing transactions and metadata.
®  Chain: A linked sequence of blocks secured using cryptographic hashes.
®  Nodes: Participants in the network that validate and propagate transactions.
®  Smart Contracts: Self-executing code deployed on certain blockchains (e.g., Ethereum) to automate processes.
D. Generations of Blockchain
Blockchain technology has often categorized into three generations depending on functionality and innovation:
®  First Generation (Blockchain 1.0): Focused on cryptocurrencies such as Bitcoin, enabling peer-to- peer financial transactions.
®  Second Generation (Blockchain 2.0): Introduced smart contracts (e.g., Ethereum), enabling programmable and automated agreements.

®  Third Generation (Blockchain 3.0): Designed to address scalability, interoperability, and sustainability challenges. Examples include
Cardano, Polkadot, and Cosmos.

E. Relevance to Review

To understand the different types of blockchain, their importance, and how they are used, you need to know how they have changed over time, what their
main features are, and how technology has changed them. This context sets the stage for looking into how different types of blockchain architectures
meet the needs of different industries and stakeholders.

3. Classification of Blockchain Technologies

There are four main types of blockchains: public, private, consortium, and hybrid. These types are based on who can access them, how they are governed,
and how they are built. A distributed ledger system is what blockchain technology is. There are different features in each category that make it good for
different uses and situations.

A. Public Blockchains

You don't need permission to join a public blockchain, so anyone can do it. They work in a completely decentralized way, with a shared ledger that keeps
track of every transaction and is open to everyone, so everyone can see everything.

Two common ways to verify transactions and keep things safe are Proof of Work (PoW) and Proof of Stake (PoS). Bitcoin, Ethereum, and Solana are
some well-known examples.

You don't have to trust public blockchains, and they can't be changed. These traits are what make cryptocurrencies and decentralized finance (DeFi)
possible. They often have trouble with scalability, transaction throughput, and energy efficiency because there are so many people involved and the
consensus processes use a lot of resources.

Private Blockchains
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Only a few people can use private blockchains, and one person or group controls them. Only people who have permission can join, which keeps privacy
and secrecy safe. Most of the time, these blockchains use lightweight consensus algorithms like Proof of Authority (PoA) or Practical Byzantine Fault
Tolerance (PBFT). These algorithms speed up transactions and cut down on latency compared to public blockchains.

They are great for business apps that need to be safe, follow the rules, and work well. Some examples of use cases are managing identities, managing the
supply chain, healthcare record systems, and internal audits. .

B. Consortium Blockchains

Federated blockchains, also known as consortium blockchains, are networks that are only open to a small number of organizations instead of just one.
This way of running things helps people from different groups work together to make decisions and agree on things. A consortium blockchain is a good
balance between being decentralized and being efficient. They are more private and scalable than public blockchains, and they also encourage member
organizations to work together.

They are often used in trade finance, healthcare data exchange, inter-bank settlements, and cross-industry consortia, where many trusted parties need
access to a secure and shared ledger.

A contract could look at a patient's data without actually seeing it in plain text. A tax platform could also figure out how much someone owes without
sending their private financial information to the blockchain.

C. Hybrid Blockchains

A hybrid blockchain is a combination of public and private blockchains. This gives businesses the freedom to make solutions that work for them. Some
information and processes are only available to people who have permission, while other parts are made public so that everyone can see and check them.

Hybrid blockchains are great for places that need both privacy and accountability, like government services, e-governance platforms, healthcare records,
and international trade. This is because they are only partially open.

Hybrid models mix the security and openness of public blockchains with the flexibility, scalability, and controlled access of private and consortium
blockchains. This makes them useful for complicated programs that involve a lot of people. .

4. Significance of Blockchain Technologies in Contemporary Applications

Blockchain technology has become a game-changing way to ensure data integrity, transparency, and trust in many fields. You can tell how important
different blockchain models are by seeing how they change things like decentralization, security, privacy, scalability, and governance.

A. Enhancing Decentralization and Trust

Public blockchains help make decentralized ecosystems where trust is spread out across many networks instead of being held by a small number of
powerful people. Proof of Work (PoW) and Proof of Stake (PoS) are two examples of consensus algorithms that protect the network without the need for
middlemen. This decentralization reduces the risk associated with a singular point of failure or censorship. This is why cryptocurrencies like Bitcoin,
decentralized finance protocols like Ethereum DeFi, and permissionless platforms like Polkadot and Solana need public blockchains. But there are still
issues to deal with when it comes to making things more energy-efficient and scalable. .

B. Enabling Privacy and Controlled Access

Private and consortium blockchains meet the growing need for businesses and regulated settings to keep some things private and not show everything.
These networks let businesses share private information while making sure that everyone is accountable by limiting who can join and access them. For
example, Hyperledger Fabric and R3 Corda offer business-level tools for managing supply chains, sharing healthcare data, and doing internal audits.
These kinds of models make it easier for people to work together while still keeping things private. One problem is that they aren't as decentralized as
they could be because one or a few groups usually have power.

C. Improving Transaction Efficiency and Scalability

Private and consortium blockchains often use lightweight consensus mechanisms like Proof of Authority (PoA) or Practical Byzantine Fault Tolerance
(PBFT). These systems work faster and have higher throughput than PoOW/PoS. This level of efficiency is very important for real-time applications like
interbank settlements, tracking logistics, and keeping corporate records, where latency must be kept to a minimum. They can grow better, but their
reliance on trusted validators may make people wonder about their openness and resilience. .

D. Facilitating Flexible and Hybrid Solutions

Hybrid blockchains are a mix of public and private models that try to find a balance between privacy and openness. They keep some information private
but let the public check some processes, which builds trust without putting security at risk. Some well-known examples are Dragonchain and XinFin.
They let a lot of different groups work together on things like healthcare systems, e-governance, and trade across borders. Hybrid designs are important
because they provide a flexible framework for complex workflows that works for many organizations with different access needs. .

E. Driving Industry-Specific Innovation
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Every kind of blockchain is coming up with new ideas that are useful for a certain field. Public blockchains are what make the digital asset economy,
NFTs, and decentralized apps (DApps) possible. Private blockchains make it easier to manage identities, plan resources for businesses, and control data
that is stored internally. Consortium blockchains like the IBM Food Trust for supply chains and the Energy Web Foundation for renewable energy markets
help organizations agree on how things should be done. You can use hybrid blockchains to make custom platforms that work in many different fields and
let people share data in both open and limited ways. All of these blockchain models show how adaptable the technology is for solving business and
technical problems. .

5. Applications of Blockchain Technologies: Sectoral and Functional Perspectives

There are four main kinds of blockchain technologies: public, private, consortium, and hybrid. These technologies have been used in many different
fields, each using different parts of blockchain to solve problems that are unique to that field. This section talks about the different ways that blockchain
can be used, with a focus on its functional benefits and the needs of different industries.

A. Financial Services and Decentralized Ecosystems

Public blockchains have made a big difference in financial services by letting people use decentralized digital currencies and other financial tools. Their
architecture is open and trustless, which means that peer-to-peer transactions, international remittances, and decentralized finance (DeFi) platforms can
work without middlemen. Making money easier to get to helps people get involved in the economy, lowers the cost of transactions, and supports new
technologies like asset tokenization, programmable smart contracts, and non-fungible tokens (NFTs). Bitcoin is a well-known digital payment system,
and Ethereum is a well-known DeFi ecosystem. But big financial apps still have big problems with scalability and volatility. .

B. Enterprise Data Management and Confidentiality

Private blockchains are very important in businesses where following the rules, keeping data safe, and keeping things running smoothly are very important.
Private blockchains make things like supply chain provenance, healthcare record management, trade documentation, and internal audits better by letting
trusted people share and check data in a safe way. Hyperledger Fabric and R3 Corda are two solutions that help businesses work together more quickly
and efficiently by giving them controlled access to information. One problem with them is that they are less decentralized because one governing body
usually has all the power.

C. Collaborative Industry Networks

Consortium blockchains let different groups with similar goals work together by giving them shared infrastructure and decentralized decision-making.
These models are now being used by banks to settle debts and finance trade. This has sped up the clearing process, cut down on fraud, and made things
clearer. Supply chains can use platforms like IBM Food Trust to make it easier to track and verify products from the producer to the consumer. Energy
consortia and manufacturing alliances also use consortium blockchains to create standard protocols, make the most of resources, and allow industries to
share data safely. Getting all the different stakeholders to agree on how to do things is one of the biggest problems.

D. Multi-Stakeholder Governance and Hybrid Solutions

Hybrid blockchains have structures that can change to allow for both public openness and private privacy. This makes them useful in places where many
people are involved. Governments use hybrid models to make e-governance, land registries, and public services better while keeping citizens' private
information safe. In healthcare, hybrid blockchains strike a balance between keeping patient information private and letting different institutions share
data. International trade networks and big partnerships can use customizable access controls and selective data exposure, like what Dragonchain and
XinFin offer. Because they can be used in so many different ways, hybrid blockchains are a good bet for future cross-sectoral innovation. But making
frameworks that work together is still hard.

6. Challenges and Limitations of Blockchain Technologies

Although the potential of blockchain is transformative, their widespread adoption faces several challenges. These limitations vary across different
blockchain models (public, private, consortium, and hybrid) but collectively highlight the technical, organizational, and regulatory barriers that must be
overcome for sustainable growth.

A. Scalability and Performance Bottlenecks

Public blockchains often struggle with low transaction throughput and high latency, particularly in systems using Proof of Work (PoW) consensus. For
instance, Bitcoin processes ~7 transactions per second compared to thousands in traditional payment systems like Visa. While layer-2 solutions and
sharding are being explored, scalability remains a fundamental obstacle for mass adoption.

B. Energy Consumption and Environmental Impact

Consensus mechanisms such as POW require significant computational power and energy resources, leading to concerns about sustainability. Bitcoin
mining, for example, consumes more electricity annually than some countries. Although newer models like Proof of Stake (PoS) and Proof of Authority
(PoA) aim to reduce energy usage, the environmental footprint remains a limitation for certain blockchain networks.
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C. Privacy and Data Confidentiality

While public blockchains ensure transparency, they also raise concerns about data privacy, since transaction details are visible to all participants.
Conversely, private and consortium blockchains restrict access but may compromise decentralization. Achieving the right balance between openness and
confidentiality is still a pressing challenge, particularly in sensitive domains such as healthcare and finance.

D. Governance and Standardization Issues

The lack of unified governance models and interoperability standards hinders collaboration across blockchain platforms. Public blockchains often face
challenges with protocol upgrades, hard forks, and consensus disputes, while consortium blockchains must manage conflicting interests among multiple
organizations. The absence of standardized frameworks makes integration with legacy systems difficult.

E.  Security Vulnerabilities and Cyber Risks

Although blockchains are resistant to data tampering, they are not immune to cyber threats. Attacks such as 51% attacks, double spending, and smart
contract vulnerabilities pose risks to both users and organizations. Furthermore, poorly coded decentralized applications (DApps) have led to high-profile
exploits in DeFi platforms, undermining trust in blockchain security.

F. Regulatory and Legal Uncertainty

Blockchain applications, particularly cryptocurrencies and tokenized assets, face regulatory ambiguity in many jurisdictions. Governments struggle to
define legal frameworks for digital assets, taxation, and cross- border transactions. Regulatory restrictions can hinder innovation and discourage
institutional adoption, while overly permissive environments may increase risks of fraud and illicit activity.

G. Integration with Legacy Systems

Enterprises often face difficulties in integrating blockchain with existing IT infrastructure, such as ERP, CRM, and supply chain systems. High
implementation costs, lack of technical expertise, and resistance to organizational change further slowdown adoption.

7. CONCLUSION AND FUTURE SCOPE

Blockchain technology has changed the game by making many things more decentralized, open, and trustworthy through its public, private, consortium,
and hybrid models. It has been very helpful in healthcare, governance, supply chain, enterprise data management, and finance. But it is hard to use on a
large scale because of problems like scalability, energy use, privacy trade-offs, and not knowing what the rules are. Future research should focus on
enhancing scalability through advanced consensus and interoperability solutions, the implementation of energy-efficient mechanisms, and the integration
of privacy-preserving techniques. For blockchain to grow, it is also very important to have harmonized governance frameworks and work together with
new technologies like Al, 10T, and edge computing. As long as people keep coming up with new ideas and working together, blockchain is ready to go
from being an experimental system to a mainstay infrastructure that supports open, secure, and decentralized digital ecosystems.
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