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PREFACE

In  recent  years,  decentralized  networks  have  fundamentally  reshaped  the  way  data  is
managed, transactions are processed, and trust is established in digital ecosystems. Part 1 of
this  book,  Beyond  Blockchain:  Reviewing  the  Impact  and  Evolution  of  Decentralized
Networks,  provides an in-depth examination of the foundational principles and early-stage
innovations  in  decentralized  technologies.  It  aims  to  equip  readers  with  the  essential
knowledge  to  understand  the  emerging  impact  of  decentralized  systems  across  multiple
domains.

This book includes six carefully chosen chapters that explain both the basic ideas and real-life
uses  of  decentralized  networks  beyond  just  blockchain.  It  is  a  helpful  guide  for  students
studying computer science, IT, and similar subjects,  and also useful for professionals who
want to understand how these technologies are being used in the real world.

Chapter  1  introduces  the  foundational  concepts  of  decentralized  networks  and presents  an
overview of  recent  innovations  and  future  opportunities  across  industries  such  as  finance,
healthcare, and supply chain management. Chapter 2 explores smart contracts on Ethereum,
focusing  on  their  transformative  role  in  creating  transparent  and  automated  smart  supply
chain systems. Chapter 3 shifts attention to sustainable agriculture, showcasing blockchain
models that support environmental monitoring and carbon offset marketplaces.

In  Chapter  4,  the  focus  turns  to  education,  discussing  how  blockchain  can  streamline
certification, learning management, and institutional transparency. Chapter 5 and 6 examine
the integration of blockchain and AI within the healthcare sector, unveiling the vision of a
Bioverse, a secure, intelligent healthcare ecosystem driven by decentralized data sharing and
automation.

We  believe  this  book  will  not  only  enhance  readers’  understanding  of  the  foundational
applications of decentralized networks but also stimulate further inquiry and development in
this dynamic field.

Sharmila Arunkumar
Department of ECE

Raj Kumar Goel Institute of Technology
Ghaziabad, India

Neha Goel
Department of ECE

Raj Kumar Goel Institute of Technology
Ghaziabad, India

R.K. Yadav
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CHAPTER 1

Smart  Contracts  on  Ethereum  for  Smart  Supply
Chain Management
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Abstract: Raw materials are manually produced, and data is often stored and managed
insecurely,  leading  to  increased  overall  time  and  dissatisfaction  among  clients.
Blockchain  technology,  with  its  decentralization  and  robust  security,  revolutionizes
data storage by improving data security, time management, and transaction efficiency.
This chapter examines the use of Ethereum-based smart contracts to enhance supply
chain  management,  streamline  transactions,  safeguard  data,  and  optimize  time
management.  By  establishing  legally  binding  agreements,  smart  contracts  reduce
ambiguity in operations. However, Smart Contract Management (SCM) tags are costly
and  have  limited  lifespans.  Supply  chain  management  is  inherently  sensitive,  and
logistics require strict confidentiality to protect product information. The study aims to
decouple supply chain processes from data security concerns, addressing the challenges
posed by outdated systems that have persisted for decades. Key areas of focus include
inventory management, product quality, and resolving supply-demand discrepancies,
with  data  security  being  a  critical  priority.  This  proposed  solution  integrates  smart
contracts  and  peer-to-peer  encryption,  leveraging  the  immutability  of  blockchain
ledgers  to  prevent  unauthorized  access  by  hackers.  Registered  users  gain  secure
website  access,  ensuring  controlled  data  sharing.  Cryptographic  methods  further
enhance transaction security, while damaged products can be retained as evidence for
dealer compensation. This approach is not only secure and effective but also instills
greater  customer  confidence  during  transactions.  By  modernizing  supply  chain
systems,  this  study  demonstrates  the  potential  to  transform  the  industry,  making
operations  more  efficient,  user-friendly,  and  reliable.

Keywords:  Ethereum  blockchain,  DDOS,  Internet-of-Things,  Smart  contract,
Supply  chain  management.
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INTRODUCTION

The  rapid  advancement  of  blockchain  technology  has  unlocked  innovative
applications  across  various  fields,  with  supply  chain  management  being  a
prominent beneficiary. Blockchain's core features—transparency, traceability, and
security—are essential for managing the complexities of modern supply chains.
To fully harness these advantages, integrating smart contracts has proven to be a
transformative solution.

Smart  contracts  are self-executing agreements with terms directly encoded into
their framework, eliminating the need for intermediaries and ensuring transactions
and processes are executed automatically when predetermined conditions are met.
This  chapter  highlights  Ethereum,  a  leading  blockchain  platform,  as  the
foundation for implementing smart contracts in supply chain systems. Efficiently
managing the flow of goods within a company's supply chain is crucial in today’s
interconnected  global  economy,  where  it  plays  a  significant  role.  Supply  chain
management  (SCM)  is  commonly  defined  as  the  process  of  transferring  goods
from producers to consumers.

SCM encompasses various stages, beginning with raw materials and ending with
the  end  customer.  These  stages  typically  include  producers,  distributors,  and
retailers.  Goods  are  sourced,  packaged,  and  transported  to  their  destinations
through a series of coordinated steps. While traditional supply chain management
offers  several  advantages,  it  often  falls  short  of  fully  adhering  to  regulatory
standards.  For  example,  assigning  product  quality  and  allowing  the  final
consumer to reverse transactions highlight some of its limitations. Forward flows,
such as the movement of goods from their source to the destination, are among the
most common processes in the field.

The rapid advancement of blockchain technology has introduced groundbreaking
applications  across  various  fields,  particularly  in  supply  chain  management
(SCM)  [1].  Blockchain's  transparency  and  immutability  offer  significant
advantages  for  modernizing  traditional  supply  chain  methods.  By  providing  a
secure  framework  for  collecting  data  and  executing  automated  scripts  or
applications, known as smart contracts, blockchain has the potential to transform
SCM. Smart contracts, which are self-executing agreements embedded in code,
allow  supply  chain  managers  to  track  the  origin  and  safety  of  goods  while
supporting reverse flows, such as product returns and refunds, fostering a more
trustworthy global market [2].

This  research  develops  a  conceptual  framework  for  an  SCM  system  using
blockchain  and  smart  contracts.  The  goal  is  to  ensure  secure  transactions  and
deliver high-quality products to customers. Blockchain, a continuously growing
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ledger of transactions linked and secured by cryptography, requires verification by
the majority of nodes in the network [3]. Once validated, blocks are added to the
chain across all nodes, enhancing security and transparency. However, managing
multiple instances of the same data remains resource-intensive.

Blockchain's decentralized nature ensures data integrity, as it cannot be altered or
hacked.  There  are  three  primary  types  of  blockchains:  public  (permissionless),
private (permissioned), and consortium. Each has unique characteristics tailored
to its geographical or operational context. According to Szabo, smart contracts are
“computerized  transaction  protocols  that  fulfill  contract  conditions.”  These
contracts are typically written in high-level programming languages such as Java,
Python, or Solidity, with Ethereum being a notable platform for deploying them
[4,  5].  Hyperledger,  for  example,  employs  NodeJS  and  Python  for  its  smart
contracts, while Ethereum uses solidity to create secure and publicly accessible
scripts that execute autonomously within a protected environment.

Cryptocurrency  plays  a  pivotal  role  in  blockchain  systems,  serving  as  a  digital
asset for secure transactions and block creation. Cryptocurrencies like Bitcoin rely
on blockchain technology for functionality. Blockchain protocols govern network
interactions,  enabling  cryptographic  authentication  and  facilitating  the  use  of
tokens and smart contracts. Coins and tokens, though related, differ in purpose [6,
7].  Coins  are  tied  to  a  blockchain  protocol,  while  tokens  represent  specific
applications or ideas built on that protocol. For instance, miners are rewarded with
cryptocurrency, which can also be used for third-party transactions.

Supply  chain  management  has  become  increasingly  vital  in  the  global  market.
However,  it  faces  numerous  challenges,  including  the  need  for  trust  between
buyers and sellers, secure transactions, and the elimination of intermediaries who
can  manipulate  market  values  for  personal  gain.  Many  organizations  lack
encrypted  systems  to  store  private  information,  leaving  them  vulnerable  to
cyberattacks [8, 9]. Additionally, there is often limited price transparency due to
intermediary influence. The current system primarily supports one-way movement
of goods, leaving consumers to bear the risks associated with defective products.
Manual processes and human errors further exacerbate inefficiencies, leading to
increased costs and difficulty in identifying root causes [10 - 12].

The importance of SCM in the global economy cannot be overstated, as it directly
impacts market stability. Blockchain technology has been proposed as a solution
for supply chain risk management, addressing issues like operational risks, trade
authenticity,  repayment  risks,  and  contingent  risks.  For  example,  in  the
pharmaceutical  industry,  blockchain  mechanisms  can  enhance  supply  chain
management by integrating with existing systems to improve information sharing,
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CHAPTER 2

Blockchain Model for Sustainable Agriculture Use
Cases
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Abstract:  Agriculture  must  change in  the  modern era  to  accommodate  the  growing
population and protect the environment and natural resources. The current agricultural
practices, food production, and food chain ecosystems might lead to unclear volatility,
high surge pricing, lack of agricultural equipment, and increasing input prices because
most  agricultural  solutions  have  been  generated.  As  a  result,  an  agricultural  system
requires an effective and safe system for product monitoring and fraud prevention. The
emergence of advanced technologies provides better solutions to feed the increasing
population, improve food quality, ensure traceability, and promote modernization in
agricultural  practices.  These  technologies  have  also  led  to  the  development  of  new
methods of marketing and distribution of agricultural products. Recently, Blockchain
technology has been used in agriculture to provide a viable solution, such as tracking
the provenance of food and crops, traceability in food supply chains, and building trust
between producers and consumers for traditional agriculture issues. Hence, this chapter
aims to study how blockchain systems manage data to develop and implement various
smart  agriculture  use  cases  and  crop  insurance  systems.  This  chapter  explains  how
Blockchain-based  systems  are  integrated  into  agricultural  practice  and  their
applications  to  promote  smart  and  sustainable  agriculture.  Integrating  Blockchain
systems into the agricultural sector can encourage the agricultural supply chain, better
facilitate trade, and provide a more inclusive trading system for insurance, transaction,
and traceability.

Keywords:  Agricultural  technologies,  Blockchain  technology,  Food-supply
chain,  Food  fraud,  Precision  agriculture,  Smart  agriculture,  Smart  farming,
Sustainable  agriculture,  Sustainable  farming.

INTRODUCTION

Agriculture  is  an  old  civilizational  practice  that  involves  specialized  labor,
equipment,  and  methods  to  assist  people  in  producing  food  for  a  growing
population  [1  -  3].  Since  then,  agriculture  has  continued  to  advance  and  has
become   increasingly  vital  to  humanity's  survival.   It  drives   the  progress  of
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agriculture and modernizes farming practices to increase yield, feed an increasing
number of people, preserve food quality and traceability, and stop the production
of fake goods [4].  The agricultural  operations such as irrigation,  pre- and post-
harvest processing, tracking, archiving, and sharing agricultural data are still old
ways [5]. Traditional agriculture may need advanced technologies to catch up to
other industries [6 - 8].

Present Challenges

There  are  many  complications  to  agriculture  in  developing  nations,  including
price volatility and non-uniformity, unreliable intermediaries in the supply chain,
food and crop loss owing to deprived storage or long commutes, farm financing,
and inadequate monitoring [9].

The present challenges faced by the farmers are the agricultural finance system●

[10], Global Warming or reducing carbon footprint [11], boosting profitability in
unfavorable  environmental  conditions  [12],  lack  of  reliable  methods  to  track
food  supply  chains  [13],  lowering  the  possibility  of  human  injury  [14],  and
weather conditions that affect food production [15].
The  food  industry  must  be  more  transparent  due  to  the  rise  in  agricultural●

mislabeling and careless handling of non-perishable commodities [16].
Data quality may be impacted at several stages across the data stream due to the●

well-known  chaos  in  agricultural  data  [17].  Most  current  traceability
technologies are unable to offer product farm-to-fork histories due to erroneous
data reliably.

Therefore,  in  extended  smart  farming,  it  is  necessary  to  modify  the  traditional
centralized access control system [18], which calls for scalability. The growth of
technology in agriculture can also introduce challenges such as data privacy and
security  concerns,  interoperability  issues,  and  the  digital  divide  between  large-
scale  commercial  farms  and  smallholder  farmers.  Smart  agricultural  use  cases
may have technical problems such as interoperability, data standards, integration
with current systems, and scalability [87].

Data Standards. A wide range of current databases, technology, and systems are●

necessary for establishing agriculture use cases. This factor becomes crucial in
creating a consistent and unified system.
Integration  with  Current  Systems.  A  seamless  integration  with  these  older●

systems is a significant obstacle that must be overcome.
Interoperability.: Smooth interoperability between various systems is necessary●

due to the varied stakeholder profiles in the agricultural supply chain. This can
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enable data and transactions to be effectively shared and comprehended across
the ecosystem.
Scalability. Scalable solutions are essential since the agricultural supply chain●

includes many transactions and data. These can meet the increasing needs of the
agricultural sector without sacrificing functionality.

Agriculture-related technological solutions must be adaptable and scalable to meet
globally.  The  potential  of  advanced  agricultural  technologies  necessitates  data-
driven strategies, standardization, potential regulations, well-defined frameworks,
inventive  application,  moral  leadership,  and  teamwork.  Effective  operation  of
intelligent  technologies  is  contingent  upon  data  quality,  whereas  many
agricultural  datasets  are  unavailable  and  disaggregated.

Motivation

The above issues that agriculture faces and their relevance inspire this research to
look for earlier solutions.

Research Question(s)

This chapter aims to outline the current state of research in this area and identify
any knowledge gaps the scientific community still needs to fill. Consequently, the
subsequent study inquiries are developed:

RQ1:  How  can  smart  agriculture  and  agribusinesses  efficiently  reduce●

greenhouse gas emissions/global warming?
RQ2: How can the profitability of the present agricultural system be enhanced in●

unfavorable environmental conditions?
RQ3:  Whether  modern  technologies  reduce  food  fraud  and  affect  the  food  or●

product supply-chain system.
RQ4: How does modern technology ensure trust and transparency from farmers●

to consumers/groceries?

The Problem

Most  agricultural  solutions  currently  in  use  are  products  of  conventional
agriculture. As a result, a farming system needs a dispersed, effective, and secure
system  for  product  monitoring  and  fraud  prevention.  Due  to  agriculture's
increased technology adoption, agribusinesses have been searching for software
that manages their supply chains to improve food security, food quality, and the
ability  to  adhere  to  the  farming  supply  chain.  Adding  sensors  and  Internet  of
Things (IoT) devices can minimize actors' involvement without diminishing their
ability to manage the system.
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CHAPTER 3

Enhanced  Environmental  Monitoring  through
Blockchain  Integration:  A  Carbon  Offset
Marketplace  Application
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Abstract:  As  the  global  community  grapples  with  the  escalating  effects  of  climate
change,  the  need  for  robust  environmental  monitoring  and  sustainable  practices  has
become  critical.  The  proposed  research  presents  an  approach  for  environmental
monitoring  through  the  integration  of  blockchain  technology,  focusing  on  the
development  of  a  carbon  offset  marketplace  application.  Blockchain  technology  is
being used by a creative initiative named “Carbon Offset Marketplace” to establish a
decentralized marketplace for the open trading of carbon offsets. The project addresses
the  critical  need  for  a  reliable  and  secure  marketplace  to  facilitate  the  exchange  of
verified carbon offsets to encourage sustainable environmental practices. This report
offers  a  comprehensive  examination  of  the  system,  addressing  its  design,
implementation,  and  anticipated  outcomes  within  the  broader  framework  of
environmental preservation efforts. The Carbon Offset Marketplace uses the immutable
ledger and smart contract characteristics of blockchain technology to revolutionize the
carbon  offset  market.  This  will  encourage  the  use  of  a  more  sensible  and  efficient
technique to offset carbon emissions.

Keywords:  Blockchain,  Carbon  emissions,  Carbon  offset,  Climate  change,
Cryptographic  security,  Greenhouse  gases,  Immutability,  Pollution,  Renewable
energy, Scalability, Smart contracts, Sustainability.

INTRODUCTION

In a time of unparalleled environmental difficulties and a pressing need for long-
term fixes, the nexus between technology and conservation has become a hub for
innovation. Novel techniques for  environmental  monitoring  and  mitigation  are
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required considering the pressing concerns of pollution, deforestation, and climate
change. Blockchain is one of the emerging technologies that are attracting interest
due to their potential for significant change. Imagine a world where individuals,
businesses, and organizations can take responsibility for their carbon emissions
and make a positive impact on the environment. This is the essence of a carbon
offset  marketplace  –  a  platform  that  connects  those  who  want  to  offset  their
carbon  emissions  with  projects  that  reduce  greenhouse  gases.  It  is  a  win-win
solution  that  not  only  mitigates  environmental  damage  but  also  supports
sustainable  initiatives  worldwide.

Initially praised for its contribution to the cryptocurrency space, blockchain has
developed  into  a  flexible  instrument  with  uses  in  many  different  sectors.  Its
inherent  qualities—decentralization,  immutability,  and  cryptographic
security—make  it  a  potent  tool  for  transforming  preconceived  notions  about
transactional  integrity  and  data  management.  The  application  of  blockchain
technology  to  environmental  conservation  has  the  potential  to  completely
transform  how  we  track  and  record  our  environmental  effects.

This study aims to investigate the combination of environmental monitoring and
blockchain technology by creating a strong carbon offset marketplace application.
Through  the  innovative  concept  of  the  carbon  offset  marketplace,  people  and
organizations  may  actively  contribute  to  efforts  to  reduce  emissions  by
exchanging  carbon  offsets.  This  application  seeks  to  simplify  and  improve  the
accessibility and transparency of the carbon offset process by tokenizing carbon
offsets and automating transactions with contract technology.

This project is important not just for its technological advancement but also for its
ability to spark a global movement for environmental preservation. Every carbon
offset transaction is recorded in a tamper-proof ledger, and the marketplace fosters
trust and responsibility among participants by utilizing the transparent and safe
framework that blockchain provides.

This  study  will  give  a  thorough  analysis  of  the  possible  effects  of  the  carbon
offset  marketplace application on environmental  monitoring practices  by going
into  depth  about  its  implementation,  methodology,  and  outcomes.  It  will  also
cover  the  difficulties  and  factors  that  come  with  implementing  blockchain
technology  in  this  situation,  such  as  energy  usage,  scalability,  and  legal
frameworks.

We  hope  that  as  we  explore  this  area  at  the  intersection  of  technology  and
environmental stewardship, the information provided here will not only add to the
body of knowledge but also act as a spark for more innovation and cooperation in
the quest for a more sustainable future.
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LITERATURE SURVEY

Author  Pan,  in  this  paper,  introduces  the  similarity  between  the  mechanism of
carbon trading and blockchain, then it elaborates on the application of blockchain
in  carbon  trading.  At  the  same  time,  an  analysis  of  social  environment  for
blockchain-based carbon trading on person is made. Finally, the paper confirms
the value of “blockchain + carbon trading” and looks forward to the future [1].

In this research paper, the author Arsenii investigates the potential of blockchain
technology in improving carbon markets, particularly emission trading schemes
(ETS)  and  carbon  offset  projects.  The  study  conducted  a  systematic  literature
review  to  understand  the  role  of  blockchain,  its  key  features,  challenges  in
implementation,  and  proposed  applications  in  carbon  markets  [2].

In  this  paper,  the  authors  conducted  a  systematic  review  of  blockchain-based
solutions and their relevance to Industry 4.0 applications. Their contributions can
be summarized in four main points.  First,  they investigated the current  state-o-
-the-art blockchain technology for smart applications. Second, they outlined the
reference architecture used to apply blockchain in various Industry 4.0 contexts.
Third, the paper discussed the pros and cons of traditional security solutions in
comparison  to  their  countermeasures.  Lastly,  the  authors  provided  a
comprehensive comparison of existing blockchain-based security solutions using
various parameters,  offering valuable insights  into their  suitability  for  different
applications [3].

In this paper, the author Heather Lovell examines the complex world of carbon
offsetting  by  delving  into  the  technologies  and  methods  used  to  create  carbon
credits.  Drawing  on  real-world  research  from  both  compliance  and  voluntary
carbon offset markets, the authors highlight the diverse range of technologies and
techniques  involved,  from  refrigerant  plants  to  calculation  and  audit  systems.
They argue that the often-polarized debates for or against offsetting oversimplify
the  significant  variations  between  different  offset  projects  and  governance
practices.  By  applying  insights  from  governmentality  theory  and  science  and
technology  studies,  the  paper  explores  the  challenges  of  creating  standardized,
exchangeable carbon credits [4].

The author Heather Lovell provides a comprehensive overview of the governance
mechanisms in place for both compliance and voluntary carbon offset markets. It
delves  into  the  implications  of  their  distinct  governance  structures  for  their
respective  roles  in  addressing  climate  change.  It  particularly  examines  recent
adjustments made to the governance of the voluntary carbon offset market, driven
by  growing  concerns  about  the  credibility  and  reliability  of  such  offsets.  In
essence, it assesses the evolving landscape of carbon offset market governance,
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CHAPTER 4
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Abstract:  This  chapter  explores  how  blockchain  technology  can  revolutionize  the
education sector. Originally developed for cryptocurrencies like Bitcoin, blockchain is
a system that securely stores data in a way that is transparent and nearly impossible to
tamper  with.  The  chapter  explains  how educational  institutions  can  use  blockchain-
powered smart  contracts to make administrative tasks,  like student registrations,  fee
payments,  and  record-keeping,  more  efficient  and  secure.  By  automating  these
processes, institutions can save time and reduce human error. The chapter also looks
into how blockchain can transform learning platforms, offering students more control
and flexibility over their education. With decentralized platforms, students can access
learning materials from anywhere, and their academic progress is securely recorded,
giving them full ownership of their records. Another key focus of the chapter is how
blockchain  can  improve  the  issuing  and  verification  of  academic  certificates.  The
traditional  methods  are  often  slow  and  open  to  fraud,  but  blockchain  allows  for
certificates to be securely stored and easily verified, ensuring their authenticity. This
reduces  the  need  for  third-party  verification  and  builds  trust  between  educational
institutions and future employers. In summary, blockchain has the potential to make
education  more  efficient,  secure,  and  accessible.  Whether  it's  streamlining
administrative  tasks,  offering  new ways  of  learning,  or  ensuring  the  authenticity  of
academic credentials, blockchain could greatly improve how education systems operate
and serve both students and institutions.

Keywords: Academic certificates, Administrative processes, Bitcoin, Blockchain
technology,  Cryptocurrencies,  Data  immutability,  Decentralized  ledger,
Decentralized  learning  platforms,  Educational  institutions,  Smart  contracts.

INTRODUCTION

In today's dynamic education environment, blockchain technology stands out as a
game-changer, poised to overhaul conventional systems and practices. Amid the
complexities  of  the  digital  era,  the  demand  for  secure,  transparent,  and
decentralized solutions  has  reached critical  levels.  Initially  designed to  support
cryptocurrencies like Bitcoin, blockchain provides a decentralized ledger system
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that  guarantees  data  immutability,  transparency,  and  reliability  in  transactions.
These fundamental attributes hold significant promise for education, addressing
persistent  challenges  such  as  data  security,  credential  verification,  and
administrative  inefficiencies.

One  of  the  most  compelling  applications  of  blockchain  in  education  lies  in  its
ability to securely store and verify academic credentials. With traditional paper-
based certificates susceptible to loss, fraud, and forgery, blockchain technology
offers  a  secure  and  tamper-proof  alternative  [1].  By  storing  credentials  on  a
distributed  ledger,  individuals  can  maintain  ownership  of  their  academic
achievements,  while  institutions  and  employers  can  verify  the  authenticity  of
these  credentials  with  ease.

Furthermore, blockchain-enabled smart contracts have the potential to streamline
administrative  processes  within  educational  institutions.  These  self-executing
contracts  automatically  enforce  predefined  rules  and  agreements,  reducing  the
need for intermediaries and manual oversight [2]. Whether it is managing student
enrolment, processing payments, or facilitating peer-to-peer learning agreements,
smart  contracts  can  enhance  efficiency  and  transparency  across  various
administrative  tasks.

Moreover, blockchain technology holds promise in revolutionizing the concept of
decentralized  learning  platforms.  By  leveraging  blockchain's  decentralized
architecture,  educational  content  and  resources  can  be  securely  distributed  and
accessed without the need for mediators or centralized control.  This distributed
approach  not  only  promotes  greater  accessibility  to  education  but  also  fosters
collaboration and innovation within learning communities.

As we dig deeper into the intersection of blockchain and education, it  becomes
evident  that  this  technology  has  the  potential  to  reshape  the  entire  educational
ecosystem.  From  credentialing  and  administrative  processes  to  the  delivery  of
educational  content,  blockchain  offers  solutions  that  prioritize  security,
transparency,  and  accessibility  [3].  In  the  following  chapters,  we  will  explore
these applications  in  greater  detail,  examining the opportunities  and challenges
that lie ahead in yoking the full potential of blockchain technology in education.

In  an  age  marked  by  digital  advancements  and  increasing  concerns  over  data
security and transparency, the landscape of education is undergoing a significant
transformation.  This  chapter  explores  how  blockchain  technology  is  poised  to
revolutionize various aspects of education, from the secure issuance of academic
credentials to the streamlining of administrative processes and the redefinition of
access to learning [4]. By harnessing blockchain's immutable and decentralized
characteristics,  educational  institutions  can  tackle  longstanding  challenges  and
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pave  the  way  for  a  more  efficient,  transparent,  and  inclusive  educational
ecosystem.  Now,  let  us  delve  into  the  key  themes  that  will  be  explored  in  this
chapter. Secure Credentialing: Leveraging Blockchain for Academic Certificates.

Streamlining Administrative Processes with Smart Contracts.●

Decentralized Learning Platforms: Redefining Access to Education.●

Promoting Transparency and Trust in Educational Transactions.●

Overcoming Challenges: Implementing Blockchain in Educational Institutions.●

Future Directions: Reconnoitring the Potential of Blockchain in Education.●

SECURE  CREDENTIALING:  LEVERAGING  BLOCKCHAIN  FOR
ACADEMIC CERTIFICATES

In  the  digital  era,  the  traditional  methods  of  storing  and  verifying  academic
credentials  are  increasingly  vulnerable  to  risks  such  as  fraud,  loss,  and
manipulation. As educational institutions seek more secure and efficient solutions,
blockchain technology emerges as a promising avenue for transforming the way
academic  certificates  are  managed  and  verified  [5].  This  chapter  explores  how
blockchain  can  revolutionize  credentialing  in  education,  ensuring  the  integrity,
transparency, and accessibility of academic achievements.

Understanding Blockchain Technology

Blockchain technology operates as a decentralized ledger system that securely and
transparently  records  transactions  across  a  network  of  computers.  Each
transaction, known as a block, is cryptographically linked to the preceding one,
creating a chain of blocks. This distributed ledger guarantees the immutability and
tamper-proof nature of data stored on the blockchain, thereby ensuring high levels
of security and trust.

The Problem with Traditional Credentialing

Traditional  methods  of  issuing  and  verifying  academic  certificates  rely  on
centralized  systems,  such  as  paper-based  documents  or  digital  databases
controlled by educational institutions. However, these systems are susceptible to
various risks, including counterfeit certificates, data breaches, and administrative
errors. Moreover, individuals often face challenges in securely storing and sharing
their  credentials,  leading  to  inefficiencies  and  delays  in  credential  verification
processes [6].
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CHAPTER 5

Blockchain to Unblock the Bio-verse: Implications
of Blockchain Technology in Healthcare and Allied
Fields
Shivangi Yadav1, Deepak Rathod1, Megha Singh1 and Sayan Chatterjee1,*

1 University School of Biotechnology, Guru Gobind Singh Indraprastha University, New Delhi,
India

Abstract:  Blockchain  technology,  with  its  decentralized  architecture,  immutable
transaction records, and cryptographic security, holds transformative potential for the
healthcare  industry.  Initially  focused  on  finance,  blockchain  now  simplifies  secure
patient  records,  data  sharing,  and  health  monitoring  in  healthcare.  Additionally,
blockchain  can  enhance  supply  chain  management  to  combat  pharmaceutical
counterfeiting, ensuring medication traceability and protecting patient well-being. The
technology  supports  improved  public  healthcare  management  by  providing  a
transparent and secure database for patient information, empowering users to control
their medical data, and simplifying data sharing while maintaining confidentiality. It
also  aids  in  the  development  of  electronic  medical  records  (EMRs),  addressing
legislative and administrative challenges,  and enabling patients to securely own and
manage their medical data. Furthermore, blockchain's decentralized design can enhance
machine  learning  by  ensuring  data  accuracy  and  reliability,  thereby  improving
healthcare  analytics.  This  technology  offers  a  visible  and  trustworthy  system  for
managing  healthcare  data,  ensuring  efficient  claims  processing,  and  maintaining
permissions  in  electronic  health  records  (EHRs).  Blockchain  solutions  address  data
privacy  and centralized  administration  issues  by  providing  a  secure,  user-controlled
decentralized  network.  This  fosters  transparency,  accountability,  and  secure  data
collaboration  among  healthcare  participants.  This  chapter  will  discuss  the
transformative impact of blockchain technology on the healthcare industry, including
secure  patient  record  management,  combating  pharmaceutical  counterfeiting,  and
enhancing data sharing and privacy. It will also explore the integration of blockchain
with machine learning to improve healthcare analytics and address ethical and legal
considerations for responsible use.
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(EHRs),  Electronic  medical  records  (EMRs),  Healthcare  governance,
immutability, Interoperability, Legal issues, Patient data, Patient empowerment,
Personalized health records, Personalized medicines.
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INTRODUCTION

Blockchain  technology  presents  a  ground-breaking  method  for  securely
documenting transactions over a network without a central authority. It serves as a
decentralized digital recordkeeping system, essentially a collective and growing
collection of encrypted and safeguarded documents, known as blocks. Below are a
few essential characteristics of blockchain:

Decentralization

It involves distributing power among network users rather than concentrating it
under a single authority [1].

Immutability

Once a transaction is recorded on the blockchain, altering or deleting it becomes
highly difficult, ensuring the data's integrity [2].

Transparency

The transparency and accessibility of transaction histories on a blockchain vary,
impacting the level of trust and accountability among participants in the network
[3].

Security

The  network  employs  cryptographic  algorithms  and  consensus  processes  to
prevent fraudulent activities [4]. Fig. (1) shows the Key Features of Blockchain
Technology.

Fig. (1).  Key features of blockchain technology. (Created with biorender).
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Components of a Blockchain Network

Nodes

These machines  execute  the blockchain software and uphold a  duplicate  of  the
ledger, playing a vital part in sending and validating transactions.

Blocks

Transactions are organized into blocks, which create a chain through the use of
each  block's  own  cryptographic  fingerprint  (hash)  and  its  connection  to  the
previous  block.

Transactions

The  fundamental  units  of  blockchain  activity,  represent  the  sharing  of
information,  assets,  or  code  execution.

Cryptography

Mathematical  methods  such  as  hashing  and  encryption  guarantee  the  security,
confidentiality, and accuracy of data on the blockchain [5].

Consensus Mechanisms

These principles guarantee unanimous agreement among all nodes regarding the
accurate state of the blockchain, hence establishing a dependable system [4].

Types of Blockchain Technology

Public Blockchains

Open systems like Ethereum or Bitcoin where anyone can join, view transactions,
and become a validator. They emphasize openness and decentralization [1].

Private Blockchains

Controlled by a single organization, restricting participation and access. They are
useful for internal processes where full public access is not required.

Consortium Blockchains

A  hybrid  approach  that  allows  collaboration  among  multiple  entities,  offering
better control compared to public blockchains due to group governance [3].
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CHAPTER 6

Artificial  Intelligence  and  Blockchain:
Transforming the Healthcare Industry's Future
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Abstract:  Data  production,  storage,  organization,  processing,  archiving,  and
destruction are all part of the healthcare industry. It includes handling and overseeing
the healthcare industry's lifespan. The data must be kept secure and confidential, and
only  those  who  need  access  will  be  able  to  obtain  it.  Security  frameworks  that  are
conventional are used to safeguard sensitive information. By offering compliance, risk
assessment  and  mitigation,  data  access  controls,  incident  response  and  breach
management, physical security measures, training, and awareness, they are essential to
the healthcare industries for the management of data. This technology's shortcomings
include  its  lack  of  flexibility,  its  complicated  compliance  requirements,  its  reactive
approach, the fact that technology is advancing faster than frameworks, user behavior,
and  human  mistakes.  Blockchain  technology  and  artificial  intelligence  are  two
significant  inventions  that  have  profound  effects  on  a  number  of  industries.  AI  is
helpful in medication development, medical diagnostics, and data analysis for intricate
medical  issues.  AI  increases  innovation,  success  rates,  and  patient  access  to  more
reasonably priced medications. On the contrary, Blockchain employs smart contracts to
protect patient anonymity, making it easier for patients to give consent for sharing their
data, and protecting data transit. Considering the challenges and limitations of applying
blockchain  technology to  data  management  in  the  healthcare  sector,  future  research
directions related to the healthcare industry will also be discussed. At the end of this
chapter, we will discuss a case study that involves the usage of blockchain technology
and artificial intelligence in the smart healthcare industry.
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INTRODUCTION

Medical AI has been around since the early 1950s when doctors initially tried to
improve diagnosis with computer-aided algorithms. Because of significantly more
sophisticated software, algorithms, and vast amounts of digital data that can be
processed and visualized, interest in artificial intelligence has grown recently [1].

Artificial  intelligence  (AI)  has  several  uses  in  the  medical  domain,  including
diagnostics,  clinical  decision-making,  surgery,  rehabilitation,  and  predictive
procedures.  AI  systems  handle  and  evaluate  large  amounts  of  data,  producing
reports  and  forecasts  that  assist  medical  professionals  in  making  informed
decisions. The application of AI aids in the development of novel medications and
treatment  plans  that  offer  improved  patient  care  and  healthcare  services.  AI  in
healthcare streamlines many medical  procedures and aids in early and accurate
diagnosis,  individualized  care,  and  treatment.  All  these  implementations  lower
costs associated with incorrect diagnoses, drawn-out treatment regimens, and poor
decision-making while also improving patient results and lifestyle [2, 3].

Blockchain technology has changed the way we handle, store, and validate digital
transactions  and  data.  It  has  become  a  big  player  in  many  different  industries.
There  are  several  benefits  that  blockchain  technology  offers  over  more
conventional systems, including its irreversible and decentralized nature [4]. The
genesis of blockchain technology arises from the inherent challenges of current
systems  in  preserving  transparency,  security,  and  trust.  Systems  with  central
management rely on middlemen to speed up transactions and ensure the accuracy
of  data.  This  highlights  flaws  like  costly  middlemen,  data  manipulation,  and
isolated  points  of  failure.  By  facilitating  peer-to-peer  transactions  directly  and
doing away with middlemen, blockchain technology offers a unique method that
improves  efficiency,  security,  and  confidence  in  digital  interactions  [5].  The
decentralized  nature  of  blockchain  technology  is  one  of  its  most  important
features.  Blockchains  are  safer  and  more  resilient  than  centralized  databases
because of their decentralized architecture, which eliminates the possibility of a
single  point  of  failure  [6].  Blockchain  technology  is  an  attractive  solution  for
many  different  areas  due  to  its  many  significant  benefits.  For  instance,  the
network's  decentralized  architecture  reduces  the  likelihood  of  data  change  and
unauthorized  access  by  ensuring  that  no  one  entity  has  control  over  it  [7].
Cryptographic algorithms make it extremely impossible to change or tamper with
recorded data, ensuring data integrity and immutability. In addition, blockchain
promotes accountability and trust by providing a shared ledger that is available to
all stakeholders [8].
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Blockchain  technology  is  being  utilized  across  many  different  industries  and
fields,  including  decentralized  energy  trade,  voting  systems,  supply  chain
financing,  cryptocurrency,  and  supply  chain  management.  Blockchain  is
revolutionizing financial payment processes by enabling cross-border transactions
that  are  speedy,  more  secure,  and  more  affordable.  It  also  encourages  the
development  of  decentralized  cryptocurrencies  as  a  substitute  for  the  current
finance  system  [9].

Blockchain technology has been applied to supply chain management to improve
efficiency and decrease fraud while also enabling traceability and transparency in
product  movement.  In  the  healthcare  sector,  technology  is  also  employed  to
improve  patient  outcomes  and  medical  research  by  enabling  the  safe  and
interoperable  interchange  of  patient  data  [10].

Artificial  intelligence  and  blockchain  technologies  together  have  the  power  to
dramatically  change  the  healthcare  industry.  Blockchain  technology  enhances
security,  preserves  privacy,  and  makes  it  easier  to  exchange  healthcare  data.  It
produces a predictive system that improves healthcare workflow when combined
with AI. According to studies, by 2025, blockchain will be used in more than 50%
of healthcare applications. Blockchain and AI combined can benefit healthcare by
utilizing the greatest features of both technologies. It can encourage innovation,
lower  healthcare  costs,  and  enhance  patient  care.  Additionally,  combining
blockchain  technology  with  AI  might  greatly  enhance  medical  results  [11].

The  healthcare  industry  can  identify  areas  that  need  improvement,  such  as
shortening  the  time  it  takes  for  medications  to  reach  patients  or  discovering
problems  with  medical  devices,  by  monitoring  the  transport  of  goods  via  the
supply chain with blockchain technology.  AI can also be used to examine data
and spot trends, which enables the early identification of possible problems before
they become more serious ones [12].

The risk of disease transmission, high expenditures, intricate system complexity,
and  lengthy  travel  times  to  hospitals  are  just  a  few  of  the  ongoing  difficulties
facing  the  healthcare  sector.  The  industry  has  been  changing  because  of  these
issues,  utilizing  cutting-edge  technologies  like  blockchain  and  artificial
intelligence (AI). AI provides personalized care and expedites decision-making.
Conversely, blockchain technology enhances privacy, security, and openness in
data  sharing.  However,  challenges  still  stand in  the  way of  its  implementation,
including  the  potential  for  bias  in  AI  outcomes,  unauthorized  access  to  patient
data, and protracted blockchain transaction times. To guarantee that the healthcare
sector reaps the most rewards, we must overcome these obstacles. As technology
develops,  these  applications  will  support  smart  city  planning  and  encourage
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