International Journal of Recent Research and Review, Special Issues-2 - 2025
ISSN 2277 — 8322

SECURING AND ENHANCING 10T WITH
BLOCKCHAIN TECHNOLOGY

Mr Vimal Daga

CTO, LW India | Founder,

Mrs Preeti Daga

CSO, LW India | Founder,

Jaishree Dadhich

Research Scholar

#13 Informatics Pvt Ltd LWlJazbaa Pvt Ltd LINUX WORLD PVT.
LINUX WORLD PVT. LINUX WORLD PVT. LTD.
LTD. LTD.

Abstract- The Internet of Things (IoT) is
revolutionizing industries at a fast pace by
allowing real-time data capture and
automation using networked devices. As
IoT adoption grows, though, so does its
challenge regarding security, privacy, and
trust. Conventional IoT systems, which
usually depend on centralized
infrastructure, are extremely susceptible to
cyber-attacks, single points of failure, data
tampering, and unauthorized access. These
constraints are of concern in mission-
critical applications like healthcare, smart
cities, industrial automation, and supply
chain management where data integrity
and device authentication are of the utmost

importance.

This study investigates the convergence of
blockchain technology and IoT to solve

these  urgent  issues.  Blockchain's

decentralized, tamper-proof, and
transparent bookkeeping system provides a
viable platform for securing IoT networks.
The

research comprises an extensive

survey of existing literature, architectural
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designs, and case studies explaining how
blockchain strengthens loT with regards to
secure device-to-device

data integrity,

communications, trustless automation

through smart contracts, and identity
decentralization. Particular emphasis 1is
placed on lightweight consensus protocols
and scalable blockchain platforms such as
Ethereum, Hyperledger, and IOTA, which
find application in resource-limited IoT
environments.While integration promises
much, it is not without its challenges—
especially in scalability, latency, power
usage, and interoperability. The paper
describes some of the emerging trends like
DAG-based blockchains, green consensus
protocols, and the fusion of blockchain
with artificial intelligence and edge
computing as possible future directions.
The aim is to give a basic appreciation of
Blockchain-IoT convergence and point
the direction of

future research in

developing secure, autonomous, and

efficient decentralized 10T systems.
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I. INTRODUCTION

The Internet of Things (IoT) has
accelerated to become a foundational
technology for intelligent systems,
allowing billions of interconnected devices
to gather, process, and exchange
information across various applications—
smart homes and healthcare, industrial
automation, and smart cities. Its capability
to process data in real-time and automate
processes has revolutionized system
operations. Yet, as [oT networks expand in
size, so do the issues surrounding data
security, privacy, integrity, and system
trustability.

Legacy IoT architectures heavily rely on
centralized cloud-based solutions, which
leave the network vulnerable to single
points of failure, cyber-attacks, data
breaches, and unauthorized access. Such
threats are serious in view of the
importance of data authenticity and device
environments.

reliability in sensitive

Secure communication, trusted data
exchange, and automated decision-making
in a decentralized fashion have become a

top priority challenge.

Blockchain technology, famous for its
decentralized, immutable, and transparent
bookkeeping

system,  provides a
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compelling answer to most of the security
and operating concerns of IoT. With the
combination of blockchain and IoT, it is
possible for systems to remove central
authorities,

provide tamper-proof data

logs, automate process with smart

contracts, and enable secure identity
management of devices. This integration
not only improves data security and trust
but creates new avenues for decentralized
autonomous loT ecosystems as well.

This

introduces an extensive

paper
overview of blockchain integration with
IoT, investigating current architectures,
applications, advantages, and technical
issues. It delves into how blockchain might
improve loT systems in security,
scalability, and automation, as well as
investigating the current limitations and
avenues for future research in this new
area. The study seeks to identify a
foundation for future work in constructing
decentralized IoT

strong and secure

infrastructures.
II. LITERATURE REVIEW

The convergence of Blockchain and the
Internet of Things (IoT) has emerged as a
dynamic field of study over the past
decade, aiming to address critical
limitations in centralized IoT architectures
such as security vulnerabilities, lack of
transparency, and data integrity issues.

Numerous researchers have explored this



intersection, proposing varied models,

frameworks, and use-case-specific
implementations that leverage
blockchain’s core attributes—
decentralization, immutability, and

transparency—to enhance loT systems.

Earlier studies, including those by Dorri et

al.  (2017), established foundational

principles by suggesting lightweight

blockchain designs tailored to be used on

resource-starved IoT devices. These

studies concentrated

blockchain

on  adapting

and consensus

topology
algorithms for making them viable for
low-scale sensors and devices. Likewise,
Novo (2018) presented an architecture
enabling IoT devices to establish trusted
peer-to-peer networks through a private
blockchain, bringing in enhancements
related to access control and traceability of

data.

Smart contracts have received immense
attention in recent research as a facilitator
for autonomous decision-making in IoT
settings. A study by Christidis and
Devetsikiotis (2016) illustrated how smart
contracts based on Ethereum can automate
device-to-device transactions, therefore
minimizing latency and human interaction.
The use of smart contracts to enforce
access control policies, especially as they

relate to sensitive applications such as
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healthcare and industrial IoT, was

highlighted in some of the studies.
Some studies also examine scalable and

energy-conscious —consensus protocols,
since conventional Proof of Work (PoW) is
computationally expensive and not suitable
for IoT. Others, such as Proof of Stake
(PoS), Practical Byzantine Fault Tolerance
(PBFT),

(DAG)-style ledgers such as IOTA, have

and Directed Acyclic Graph

been put forward as alternatives. IOTA is
particularly unique in the body of literature
for its feeless and light nature, aligning it

with IoT-friendly environments.

The literature also reveals an increase in
interest in edge and fog computing
systems along with blockchain to
minimize latency and bandwidth usage.
Research works by Sharma et al. (2020)
and Ali et al. (2021) present hybrid
approaches where edge nodes validate
blockchain, minimizing the load on
singular IoT devices while ensuring secure

data exchange.

As far as applications are concerned,
various domain-specific use cases have
chain

been investigated. In

supply
management, blockchain has been applied
to provide end-to-end transparency and
product healthcare,

blockchain-based

authenticity. In

systems have been
implemented to protect wearable medical

devices and provide controlled access to



electronic health records. Decentralized
control and secured machine-to-machine
(M2M) communication are also
advantageously applied in smart cities and
industrial automation, according to various

recent surveys.

Even with the advancement, literature
perpetually accepts some open issues,
which include constrained processing
capacity of IoT devices, incompatibility of
blockchain

platforms, excessive

transaction latency, and scalability. In
addition, privacy is an issue, particularly in
public blockchains, where visibility of data
is at variance with such personal data

protection acts as GDPR.
III. METHODOLOGY

This study takes a holistic approach that
integrates a systematic literature review,
architectural framework development, and
prototype building to investigate how
blockchain technology can be integrated
with IoT systems. To start, a thorough
review of approximately 25 academic
papers, conference proceedings, and
technical reports was carried out based on
databases like IEEE Xplore, ACM Digital

Library, and ScienceDirect. This review

considered recent blockchain-IoT
architectures, consensus algorithms,
applications of smart contracts, and

security frameworks, with a view to

highlighting areas of gaps and potential
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areas of improvement. On the basis of
these findings, a conceptual architectural
framework was established with special
focus on decentralized identity
management for IoT devices, automated
device-to-device interactions via smart
contracts, tamper-proof data

blockchain

integrity

through ledgers, and

lightweight consensus protocols

appropriate  for resource-limited IoT
environments. The system also includes
edge computing nodes to undertake
blockchain validations to minimize latency
as well as enable real-time applications. To
test the framework, a proof-of-concept
prototype was developed using emulated
IoT devices like Raspberry Pi or virtual
sensors that produce sample data, coupled
with  blockchain platforms such as
Ethereum (for smart contract functionality)
and IOTA (for its lightweight and feeless
consensus). Smart contracts written in
Solidity handled event processing and data
access automatically, whereas edge nodes
were responsible for transaction validation
and device interaction. The prototype was

subjected to several test cases in order

toanalyze performance factors like
transaction latency, throughput, energy
usage, and security strength against

common IoT attacks like data tampering
and unauthorized access. The gathered
data were compared between blockchain-

based IoT systems and centralized



approaches, emphasizing security,

decentralization, and automation
advancements and existing challenges.
This approach  guarantees an all-

encompassing investigation from
theoretical background to experimental
verification, backing the mission of
developing secure, efficient, and scalable

blockchain-based IoT systems.

Advantages of Blockchain-IoT

Integration

Integrating blockchain with the IoT has its
significant benefits, which address some of
the key limitations of traditional systems.
Perhaps the most significant one is
decentralization, which eliminates the need
for a central authority or server, reducing
the possibility of a single point of failure
and thereby making the systems more
reliable. Immutability of data through
blockchain ensures that every record that is
created by IoT devices becomes tamper-
proof and verifiable, enhancing the
integrity of data throughout the network.
Blockchain transparency enables all
stakeholders to audit and trace data
streams and device behavior with complete
trust, which 1is especially useful in
industries such as supply chain, healthcare,
and industrial automation. The deployment
of smart contracts allows for secure,
automated exchanges between devices,
and

minimizing human intervention
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allowing for trustless transactions.
Decentralized identity management also
enhances device authentication and
authorization, limiting the possibility of
spoofing or unauthorized access. Finally,
blockchain's distributed ledger promotes
secure and efficient sharing of data among
many parties, supporting collaboration
without compromising security. All these
benefits together improve the security,
autonomy, traceability, and trust in IoT

networks.

Disadvantages of Blockchain-lIoT
Integration

Though beneficial, the coupling of
blockchain with IoT comes with its own
and limitations.

set of challenges

Scalability is one such  major

disadvantage—blockchain networks are
typically not optimized to support the large
amount and speed of data generated by
massive [oT systems. This can result in
latency and delay in transaction
processing, rendering it inappropriate for
real-time applications. Most blockchain
platforms, particularly those employing
Proof of Work (PoW), also have high
computational and energy requirements,
which are not suitable for the limited
capacities of most loT devices. Storage
limitations occur because storing large
quantities of data produced by IoT devices

directly on the blockchain is inefficient



and expensive. Interoperability between
different blockchain platforms and IoT
devices is also a technical challenge
because there is no established standard for
easy communication. There are privacy
issues as well, especially with public
blockchains, where IoT data could be
exposed or traced and possibly clash with
data protection laws like GDPR. Finally,
the difficulty of implementation and
upkeep may dissuade uptake, particularly
for enterprises  without blockchain
experience. These drawbacks underscore
the necessity for further research and
optimization prior to blockchain-IoT
systems being effectively and popularly

implemented.

Blockchain-loT Integration
Advantages and
Disadvantages
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figure, mentioning decentralization, data

immutability, transparency, smart

contracts, decentralized identity
management, and distributed ledger usage.
On the other hand, the drawbacks are
mentioned on the right-hand side of the
figure, which includes scalability issues,
latency, high computing and energy
requirements, storage capacity limitations,
interoperability problems, and privacy
issues. The figure easily captures the major
in Blockchain—IoT

trade-offs involved

integration.
IV. RESULTS

The findings of the research reveal that the
combination of blockchain with IoT highly
enhances the security, trustworthiness, and
autonomy of IoT networks compared to
traditional centralized frameworks. A
systematic analysis of 25 research papers
emphasized recurrent  benefits  like
decentralized authentication, data integrity,
improved auditability, and smart contract-
based automated device interaction. These
studies  generally demonstrated that
blockchain highly promotes IoT networks
by alleviating dangers of data tampering,

unauthorized usage, and central failure.

A prototype was built to support the claims
made by the theory using simulated IoT
devices on a private Ethereum blockchain.
Access control and data authentication

were implemented using smart contracts.



Performance parameters like transaction
latency, power consumption, traceability of
data, and security strength were measured.
Although latency in the blockchain-based
(~1.52

seconds per transaction) compared to

system was slightly longer
conventional models (~0.5—1 second), it

was compensated by the increase in

security and data integrity. Edge nodes
facilitated computation offloading from
low-energy loT devices to optimize energy

consumption.

The following table summarizes the

comparative findings from both literature

review and prototype evaluation:

Table: Comparative Analysis of Blockchain-Enabled IoT vs Traditional IoT Systems

Parameter Traditional IoT Blockchain-Enabled Observation
[oT
Data Integrity Moderate(easily High  (immutablevia | Blockchain ensures
tampered) ledger) tamper-proof records
Device Centralized, single | Decentralized identity | Reduced risk of
Authentication point failure via blockchain spoofing
Latency Low (~0.5 — 1 sec) Moderate (~1.5 — 2 | Slight increase due to
sec) transaction validation
Scalability Limited by central | Moderate  (improves | Requires optimization
servers with edge nodes) for large-scale use
Energy Low (for basic IoT | Medium (due  to | Delegation to edge
Consumption devices) consensus mechanism) | nodes helps optimize
Security Vulnerable to attacks | Strong (consensus + | Improved resistance to
smart contracts) data tampering
Auditability Limited logging Full traceability on | Transparent and
ledger verifiable operations
Automation Requires backend | Enabled via smart | Trustless and self-
support contracts executing logic

The table depicts Traditional IoT ws.
Blockchain-Enabled IoT based on main

Blockchain
data

parameters. drastically

enhances integrity,  security,

auditability, and automation by utilizing

decentralization and smart contracts.

Although it adds a moderate level of

latency and increased energy consumption,



these can be kept under control with edge
computing. Generally, blockchain makes
IoT more reliable and trustworthy at the

cost of scalability and performance.

V. CONCLUSION
In summary, the blending of blockchain
technology with Internet of Things (IoT)
provides an efficient and visionary answer
to several of the constraints inherent in
IoT By

conventional architectures.

decentralizing control, making data
immutable, and automating interactions
through smart contracts, blockchain
improves the security, transparency, and
reliability of IoT systems as a whole. The
results from both large-scale literature
survey and prototype deployments prove
that blockchain-based IoT networks can
actually curtail risks like data tampering,
unauthorized access, and failures at the
system level. The integration does pose
some challenges of higher latency, energy
expenditure, and scalability as well as
interoperability issues. The limitations,
while significant, can be addressed through
optimized structures like permissioned
blockchains, edge computing, and light-
weight  consensus  protocols.  With
continued advancement of research and
development in this area, the Blockchain-
[oT paradigm is well placed to change
significant industries such as supply chain,
automation, and

healthcare, industrial
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smart infrastructure. Thus, this integration
not only fills current gaps in IoT but also
paves the way for secure, autonomous, and

scalable networks of the future.
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