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Preface

Blockchain technology is one of the most revolutionary innovations of the 
21st century, impacting a wide range of sectors, from finance and manu-
facturing to healthcare and entertainment. Despite its relatively brief his-
tory, blockchain has rapidly evolved beyond its origins in cryptocurrency 
to become a versatile tool with applications across numerous industries. 
This swift evolution, coupled with the growing interest in decentralized 
finance, has driven governments, businesses, and researchers to explore 
blockchain’s full potential, pushing the boundaries of what this technology 
can achieve.

This book provides a comprehensive exploration of blockchain technol-
ogy, focusing on two key areas. The first section delves into the history 
and technical foundations of blockchain, tracing its development from the 
inception of Bitcoin to its integration with advanced technologies such as 
the Internet of Things (IoT). This part aims to equip readers with a solid 
understanding of blockchain’s technical aspects, fostering a deeper appre-
ciation of how it operates and continues to evolve.

The second section shifts focus to the practical applications and frame-
works of blockchain technology. We examine its implementation across 
various industries, including supply chain management, retail, banking, 
healthcare, food, tourism, and automation. By analyzing these real-world 
applications, we highlight blockchain’s transformative impact and its 
potential to reshape traditional business models. This section also explores 
the current challenges facing blockchain technology, as well as its future 
prospects, offering insights into where the field may be headed in the com-
ing years.

Through this book, we aim to provide a well-rounded guide to block-
chain technology, blending theoretical concepts with practical applications. 
Our goal is to equip readers—whether students, researchers, professionals, 
or enthusiasts—with the knowledge and tools necessary to understand and 
leverage blockchain in diverse contexts. By the end of this book, readers 
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should have a thorough grasp of blockchain technology, its evolution, and 
its vast potential across multiple industries.

We extend our deepest gratitude to Martin Scrivener and the Scrivener 
Publishing team for their unwavering support in bringing this book to life. 
We hope this work serves as a valuable resource in the ever-evolving field 
of blockchain technology and inspires further exploration and innovation.

V. Vaishnavi
R. Rajasekar

C. Moganapriya
P. Sathish Kumar

March 2025
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Abstract
Blockchain technology (BCT) ensures network security, visibility, and transpar-
ency by combining special characteristics such a decentralized structure, storage 
mechanism, distributed nodes and consensus algorithm, smart contracts, and 
asymmetric encryption. Numerous industries, including energy supply compa-
nies, startups, technology developers, financial institutions, national governments, 
and academics, have expressed a great deal of interest in it. Numerous sources 
have identified blockchains as a major source of innovation and advantages. They 
offer safe, transparent, and tamper-proof platforms that enable new business solu-
tions, especially when combined with smart contracts. This current chapter delves 
into the intricacies of blockchain, exploring its fundamental structure, operational 
intricacies, defining traits, historical evolution, broad applications, diverse types, 
implementation nuances, and future prospects. Starting with an examination of 
its core architecture and operational mechanisms, the chapter clarifies the decen-
tralized nature, cryptographic foundations, and immutable ledger underlying 
blockchain functionality. Through a retrospective lens, it traces blockchain’s evo-
lution from its inception alongside Bitcoin to its current status as a disruptive force 
across industries. Real-world case studies and theoretical frameworks illustrate 
blockchain’s diverse applications, extending beyond cryptocurrencies to trans-
form sectors like finance, supply chain management, and healthcare. Additionally, 
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the chapter categorizes blockchain types and assesses key factors affecting their 
implementation, including scalability, interoperability, regulatory frameworks, 
and sustainability considerations. Looking forward, the chapter offers insights into 
blockchain’s future trajectory, foreseeing ongoing innovation, experimentation, 
and collaboration driving new possibilities. Anticipating widespread adoption as 
blockchain matures and trials yield successful outcomes, the chapter predicts its 
transformative impact on society will continue to grow. In summary, this book 
chapter serves as a comprehensive resource for understanding BCT providing 
valuable insights for policymakers, practitioners, researchers, and enthusiasts. 
By elucidating its structure, mechanics, history, applications, types, implementa-
tion factors, and future prospects, the chapter underscores blockchain’s profound 
implications in shaping the future of technology and society.

Keywords:  Blockchain, cryptocurrencies, decentralization, transparency, 
immutable ledger, evolution, applications, implementation

1.1	 Introduction

The foundational principles and ideas behind BCT have roots dating back 
to the 1980s. Digital signatures on documents were made possible in 1991 
by the use of a chain of information as an electronic record. By the early 
2000s, this concept merged with electronic cash, leading to the creation 
of Bitcoin, the pioneering blockchain application widely accepted across 
sectors. Bitcoin allowed direct transactions without intermediaries, ini-
tially providing user anonymity, though their transactions became visible. 
The term “pseudo-anonymous” was coined emphasizing the need for trust 
mechanisms in an environment where user identification was not straight-
forward. Before blockchain, trust was facilitated by intermediaries [1, 2].

In the absence of trusted intermediaries, BCT is recognized for its four 
key characteristics: ledger, security, shared, and distributed. These attri-
butes create trust among users, even without their explicit knowledge 
[3, 4]. Over the past decade, information technology disruptions have 
reshaped industries and businesses, prompting questions about sustain-
ability. Sustainability, in this context, entails reducing financial saving 
costs, the cost of mistrust, disruptions from other fintech companies, and 
eliminating the need for intermediaries [4, 5]. Nevertheless these difficul-
ties, new business paradigms have been brought about by the internet, with 
blockchain being a widely used application in the banking industry follow-
ing the global financial crisis of 2008. Paired with artificial intelligence, IoT, 
and virtual reality, blockchain’s decentralization, transparency, and immu-
tability contribute to trust and security in network [6]. The application 
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of blockchain extends beyond finance promising radical changes in tele-
communications, healthcare, music and entertainment, energy, real estate, 
insurance, and other sectors. This chapter presents a complete introduction 
of BCT, including its various uses and future research directions. It illu-
minates the function and features of blockchain in numerous businesses 
uncovering hidden areas that provide opportunity to address obstacles.

1.2	 The Evolution of Blockchain

The foundational ideas and principles of BCT have been in existence 
since the 1980s. In 1982, Chaum published his dissertation thesis, which 
was the first to explicitly suggest a system similar to blockchain [7]. In 1991, 
an electronic record for digitally signed documents was created using a 
chain of blocks that was cryptographically secured, as later reported by 
Haber and Stornetta [8]. Merkle trees were included into this encryption 
method [9]. In 1998, Szabo developed the idea for “bit gold,” a decentral-
ized system of electronic money [10]. In the early 2000s, this concept was 
integrated with electronic cash eventually leading to the creation of Bitcoin. 
When Nakamoto first introduced Bitcoin in 2008, it was a peer-to-peer 
(P2P) network that offered electronic currency [11]. Additionally, this year 
saw the introduction of the term “blockchain,” referring to the distributed 
ledger technology that enables Bitcoin transactions [12]. Bitcoin, being 
the first widely accepted blockchain application, allowed users to engage 
in direct transactions without the need for third-party mediation. Unlike 
previous electronic cash schemes, Bitcoin gained widespread acclaim due 
to its decentralized nature providing users with control over their elec-
tronic cash without a single point of failure. Bitcoin initially allowed users 
to remain unidentified, but their transactions were visible resulting in 
pseudo-anonymous accounts. The need for trust mechanisms in an envi-
ronment where user identification is not straightforward is becoming cru-
cial. Prior to BCT, trust relied on intermediaries.

In 2013, Ethereum was introduced by Buterin through his whitepaper. 
Crowd sourcing was used to support Ethereum’s development in 2014, and 
on July 30, 2015, the Ethereum network was operational. Ethereum was 
the first project to provide Blockchain 2.0, setting itself apart from other 
endeavors that were only concerned with producing altcoins that resem-
bled Bitcoin. In contrast to these initiatives, Ethereum used distributed 
apps on its blockchain to enable connections without trust. Ethereum was 
created for distributed data storage and smart contracts, which are small 
computer programs, whereas Bitcoin was intended for a distributed ledger. 
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Over the course of three phases, the Ethereum 2.0 upgrade from 2020 to 
2022 sought to improve the network’s speed, scalability, efficiency, and 
security [13].

In 2015, the Linux Foundation unveiled the Hyperledger project, an 
open-source software initiative for blockchains. Geared toward construct-
ing enterprise blockchains, Hyperledger blockchain frameworks differed 
from Bitcoin and Ethereum. Hyperledger encompasses eight block-
chain frameworks (Hyperledger Besu, Hyperledger Fabric, Hyperledger 
Indy, Hyperledger Sawtooth, Hyperledger Burrow, Hyperledger Iroha, 
Hyperledger Grid, and Hyperledger Labs), five tools (Hyperledger 
Avalon, Hyperledger Cactus, Hyperledger Caliper, Hyperledger Cello, and 
Hyperledger Explorer), and four libraries (Hyperledger Aries, Hyperledger 
Quilt, Hyperledger Transact, and Hyperledger URSA) [14]. The history of 
blockchain, as depicted in Figure 1.1, showcases Bitcoin and Ethereum as 
public blockchains allowing anyone to participate in their networks (per-
mission less blockchains). In contrast, the diverse Hyperledger blockchain 
networks are private blockchains necessitating participant verification 
before network entry (permissioned blockchains).

1.2.1	 Development of Blockchain Generation

The progression of BCT can be classified into three clear phases as fol-
lows: Blockchain 1.0, focusing on digital currency; Blockchain 2.0, cen-
tered around the digital economy; and Blockchain 3.0, aimed at shaping 
the digital society [15–17].

Permissionless
(public)
blockchain

Described a
crypto-
graphically
Secure
chain of
block

Proposed 
Blockchain
-like
protocol

1982 1991 1993 1998 2008 2013 2015 2020-2022

Incorporated
Merkle trees

Designed
Bit Gold Permissioned

(private)
blockchain

   Bitcoin
   Term of
Blockchain Ethereum

Hyper-
ledger Ethereum 2.0

Distributed
Ledger

Distributed Ledger
+ Smart Contract

Figure 1.1  History of blockchain adopted from Guo and Yu [13].



A Comprehensive Introduction to Blockchain  5

•	 Blockchain 1.0—Digital Currency: The first phase of BCT, 
known as Blockchain 1.0, focuses on fundamental com-
ponents, including public ledger, hashing, and mining. 
This phase comprises the underlying protocol, transaction 
enablement, and the introduction of digital currencies such 
as Bitcoin. Bitcoin distinguishes out as a real implementa-
tion that predates theoretical talks [18]. Its principal features 
are much lower transaction costs for online transactions, 
greater anonymity compared to credit cards through pseud-
onymous accounts, and a decentralized architecture that 
protects against inflation by utilizing cryptography to keep 
a relatively constant money supply [19].

•	 Blockchain 2.0—Digital Economy: Blockchain 2.0 encom-
passes an extensive array of economic and financial applica-
tions beyond basic payments and transactions. This phase 
includes traditional banking products, complex financial 
market instruments, such as stocks and derivatives, legal 
documents like titles and contracts, as well as services like 
loans and mortgages. Notable applications involve payment 
clearing systems, bank credit information systems, and the 
emergence of smart contracts. Smart contracts, executed 
automatically upon meeting predefined conditions, have 
found applications in various fields, including leasing cars 
[20]. Platforms, like Ethereum, while prominent, face secu-
rity challenges that developers aim to address using tools 
like Oyente [21].

•	 Blockchain 3.0—Digital Society: Blockchain 3.0 ushers 
in applications that extend beyond economic realms, span-
ning areas such as art, health, science, identity, governance, 
education, public goods, culture, and communication. 
Noteworthy applications include the advancement of smart 
cities, integrating facets like smart governance, mobility, liv-
ing standards, resource management, citizen engagement, 
and economic activities [22]. The Internet of Things (IoT) 
emerges as a pivotal platform for e-business, facilitated by 
blockchain’s support for P2P trade and smart contracts, 
enabling transactions involving smart property and paid 
data [23, 24]. In the chemical industry context, blockchain 
facilitates machine-to-machine (M2M) interactions and 
establishes M2M electricity markets [25]. Additionally, 
the technology enhances large-scale data management in 



6  Blockchain for Engineering & Services

electronic medical records (EMR) systems ensuring interop-
erability, accessibility, and auditability [26]. Digital identity, 
empowered by blockchain, holds the potential to transform 
lives, especially for the unbanked population, by provid-
ing access to financial services and regulatory compliance. 
Additionally, the BCT introduces opportunities to redesign 
reputation systems in the cyber world, addressing vulnera-
bilities associated with fraud rating [26].

1.3	 Exploring the Peculiar Characteristics  
of Blockchain

BCT represents a cutting-edge approach with the potential to revolutionize 
equality, accountability, decentralization, and transparency on the inter-
net [27]. Rooted in an egalitarian philosophy, its objective is to establish a 
decentralized structure for P2P transactions promoting trust and circum-
venting intermediaries. Blockchain utilizes a secure and transparent tech-
nology to facilitate data storage and transmission among users obviating 
the necessity for a central control point [28]. As expressed by Rodrigues  
et al. [29], blockchain redistributes control from centralized entities to 
users in a decentralized and transparent fashion.

•	 Decentralization: In traditional centralized systems, every 
transaction must be validated by a central authority, like a 
central bank, which requires confidence. However, decen-
tralization seeks to overcome the trust issue by adding a 
decentralized P2P blockchain architecture. Unlike central-
ized systems, in which transactions need authentication 
from a central agency, blockchain allows any two peers to 
conduct transactions without such authentication [30]. 
Blockchain uses a variety of consensus processes to address 
trust problems providing benefits such as lower server costs 
and decreased performance overheads at the central server. 
It is worth noting that, despite these advantages, some trade-
offs remain, notably in consensus techniques, like Proof of 
Work (PoW) used in Bitcoin and Ethereum, where server 
and energy costs are greater, and speed may suffer [28].

•	 Persistence: Blockchain establishes an infrastructure that 
facilitates the objective measurement of truth and validates the 


