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Abstract

Industrial Internet of Things (IIoT) has grown tremendously to transform industries with real-
time sensing, predictive repairs, and decision-making with insights across manufacturing,
logistics, energy, and healthcare. Adoption of massive networks of connected devices, however,
creates serious concerns related to security, privacy, and trust. Traditional centralized security
systems suffer from issues of single points of failure, low scalability, and operational costs that
are too high. Blockchain technology has come to offer a tenable substitute with its inherent
properties of decentralization, immutability, and openness of ledgers. In its single versions of
either public, private, or consortium ones, however, blockchain schemes suffer from
imperfections when reassailed for deployment in heterogeneous and resource-scarce IIoT space.

The article creates hybrid blockchain architectures that bring together public and private
blockchain advantages to solve these issues. Public chains ensure auditability and trust with
external partners while private chains ensure efficiency and confidentiality of information for
industrial processes. The article overviews existing techniques, describes key building blocks of
architectures such as consensus models, smart contracts, and cross-chain messaging, and shows
hybrid models' benefits in solving IIoT-specific requirements. Besides, it covers applied issues of
interoperability, governance, and adoption, while future research directions in such areas of
lightweight consensus, AI-aided anomaly detection, and standards for interoperability are
represented. The conclusion is that hybrid blockchain is a strong direction to securing IIoT
environments with scalability, privacy, and openness in balance.
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1. Introduction

Industrial Internet of Things (IIoT) has emerged as a corner stone of modern industrial
development, connecting machines, sensors, controllers, and enterprise systems into fully

https://ijctjournal.org/


International Journal of Computer Techniques – Volume 12 Issue 5, September - October - 2025

ISSN :2394-2231 https://ijctjournal.org/ Page 225

interlinked digital worlds. By enabling real-time monitoring, predictive maintenance, and
intelligent decision-making, IIoT technologies revolutionized operational procedures in
manufacturing, logistics, power, and healthcare sectors. With a predicted install base across
industrial networks of more than a billion devices, complexity and quantity of resultant data are
increasing at historic rates. While that growth has accompanied grave concerns involving
security, privacy, and trustworthiness of IIoT data, it has also reflected urgent imperatives for
modern industries to address these problems [1].

Traditional security solutions rely principally upon central schemes such as encryption schemes
and cloud authentication schemes. While these provide various levels of protection, these are
normally fraught with scalability issues, single points of failure, and vulnerabilities to advanced
cyberattacks. A breech of a central authority has the very real ability to destroy the entire
industrial network. These shortcomings identify a need for stronger, more decentralized, more
open mechanisms for securing industrial information [2].

Due to its immutability, decentralization, and transparency properties, blockchain technology
has been studied thoroughly for its suitability for application to IoT and IIoT settings. But having
all dependencies on one type of blockchain has its own set of issues. Although public
blockchains are best for great transparency and audit capability, they suffer from high delay, low
capacity, and high-power consumption. Private blockchains give fast settlement of transactions
and tighter control but do not manage to provide distributed trust and openness that would be
required for multi- stakeholder industrial platforms. Consortium blockchains aim to balance
these trade-offs but again fail to meet globally scalability and operability requirements [3].

More recent studies confirm this perception by recognizing convergence across IoT, blockchain,
and artificial intelligence in industrial and supply chain use cases. For instance, Kadam et al.
show how supply chain quality management digital transformation comes to depend more
heavily on IoT, AI, and blockchain to enhance visibility and efficiency while creating problems in
data security and interoperability [4] . In similar vein, another study explores digital twin
integration of smart manufacturing, showing how cyber-physical systems and IoT-capable
models require secure, real-time sharing of data, a capability better suited to hybrid blockchain
architectures [5] . In energy, another study proposes an AI-driven hybrid solar power system
secured with blockchain-enacted smart grids, underscoring hybrid architectures' inter-domain
potential for balance between efficiency, transparency, and robustness. Collectively, these
studies confirm that hybrid blockchain methods are not unique to a single domain but are
underlying mechanisms across industries for whom secure, scalable, and interoperable
management of data is most critical [6].

This dichotomy has provoked growing interest in hybrid blockchain architectures that combine
the best of both worlds between public and private chains to overlay efficiency and trust upon
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one another. In this article, we discuss hybrid blockchain models' prospects for securing IIoT
data, delving into their structural building blocks, their merits and demerits, and directions for
future work.

2. Literature Review: Blockchain in IIoT Security

Industrial Internet of Things (IIoT) system security has been gaining immense focus over years
due to growing threats of cyber-attacks to critical infrastructure. Conventional solutions rely on
encryption, intrusion detection systems, and centralized cloud authentication to protect
communications of devices. While demonstrated to be operable in few cases, these centralized
schemes are still vulnerable to denial-of-service attacks, insider attacks, and system-wide
breaches from single points of failure. Additionally, growing heterogeneity of IIoT devices, from
low-power sensors to high-performance controllers, renders it challenging to implement
uniform security mechanisms [7].

Blockchain has been suggested to the IIoT security discussion as a decentralized alternative that
might serve to mitigate these threats. Public blockchain platforms such as Ethereum provide
visibility and tamper resistance but are normally maligned for high delay of transaction,
scalability limitations, and high-power consumption. Private blockchain can provide faster
transaction settlement, cost effectiveness, and robust control over rights of access but is short
of being fully decentralized and therefore might reintroduce trust issues. Consortium blockchain
adopts a midpoint position by distributing governance over a pre-disclosed set of players, but
their limited openness prevents adoption across wider, more heterogeneous industrial
communities [8].

More recent studies began to talk about hybrid blockchain approaches for tradeoffs between
efficiency and transparency. Hybrid schemes for supply chain and healthcare sectors showed
their capacity to enable sensitive data to remain on private chains while committing integrity
proofs to public chains for auditing. Despite these recent studies, however, very little has been
developed in a structured manner for serving special requirements of IIoT systems such as real-
time response, resource-constrained nodes, and heterogeneity-aware interoperations across
industrial environments [9].

This gap highlights that further research work is required on hybrid blockchain infrastructures
for IIoT with added focus on scalability, security, privacy, and inter-chain communications.

3. Hybrid Blockchain Architecture for IIoT
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Hybrid blockchain model takes the best of both worlds - i.e., public and private blockchain - to
deploy a more robust and adaptable Industrial Internet of Things (IIoT) system. It is different
from one-chain deployments because a hybrid system can manage sensitive industrial data
being kept in private ledgers while offering openness and trust through virtue of anchoring to
public ledgers. It is best suited to IIoT environments, where sensitivity of data, operational
efficiency, and trust of all players coexist [10].

Data segmentation lies at the core of hybrid blockchain execution. And operational and
sensitive data, such as machine telemetry, production planning, or algorithms, continue to be
stored and authenticated on private or consortium blockchain networks operated by either the
organization or its trusted partners. While aggregated data like hashed transaction verifications
or compliance record is periodically written to a public blockchain to secure immutability and
accountability. It helps industries to maintain confidentiality while demonstrating regulatory
compliance and visibility to external auditors or partners [11][12].

Hybrid blockchain integration with IIoT can be conceptualized across multiple layers:

 Perception Layer: Includes sensors, actuators, and RFID tags that generate raw data.
 Network Layer: Utilizes protocols such as 5G, LPWAN, or SDN for efficient data

transmission.
 Application Layer: Facilitates predictive maintenance, asset management, and real-time

analytics.

Blockchain Integration Layer: Connects private and public chains to enable cross-chain
messaging and execution of smart contracts.

Key features of hybrid models are smart contracts for automated execution of data access policy,
variety of consensus (e.g., PBFT in private chains and PoS for public chains), and bridges
between chains for interoperation. By reconciling efficiency of private chains with trust of public
networks, hybrid models of blockchain produce a balanced result to secure IIoT while satisfying
heterogeneous needs of industry players.

4. Components of the Proposed Hybrid Framework

A hybrid blockchain system to secure Industrial IoT (IIoT) data relies on integrating multiple
technical components that collectively address problems of security, scalability, and
interoperability. These become specifications of how data flows, of how trust is governed, and
of how multiple blockchains interact throughout industrial environments.

https://ijctjournal.org/


International Journal of Computer Techniques – Volume 12 Issue 5, September - October - 2025

ISSN :2394-2231 https://ijctjournal.org/ Page 228

Consensus Mechanisms: Hybrid designs implement different consensus mechanisms across
different layers of their implementation. With respect to their public chains implementation,
these chains can implement energy-efficient algorithms such as Proof of Stake (PoS) or Proof of
Authority (PoA) to allow for transparency. The private chains can implement Byzantine Fault
Tolerant (BFT) algorithms such as RAFT or PBFT for fast and secure verification. With different
mechanisms applied, both trust and efficiency are achieved [13].

Smart Contracts: Automated functionality in IIoT is rooted in smart contracts. Smart contracts
manage device interactions, enforce data access policy, and allow for conditional event triggers,
such as shutting down machines in response to outlier readings from sensors. Automation
eliminates the need for human monitoring while ensuring consistency [14].

Cross-Chain Communication: It is possible to ensure interoperability between private and public
chains with such cross-chain communications as atomic swaps, sidechains, or relay protocols.
These technologies allow for free movement of data or transaction proofs across blockchains,
thereby ensuring synchronization without being a threat to security [15].

Identity and Access Management: Decentralized Identifiers (DIDs) and verifiable credentials are
used for secure authentication and authorization of IIoT devices. This prevents unauthorized
nodes from feeding malicious data into the system [16].

Data Management Strategy: The sensitive industrial information is kept on private chains for
confidentiality purposes, while compliance proofs and hashed versions are kept on public chains
periodically for auditability purposes. These in combination lead to a robust architecture
capable of satisfying IIoT’s double challenge of efficiency and trust [17].

5. Benefits of Hybrid Blockchain for IIoT

Industrial implementation of hybrid blockchain designs for Industrial IoT (IIoT) has a number of
benefits that directly address single-chain deployment shortcomings. Organizations can align
efficiency, privacy, and trust by mixing private and public blockchains appropriately at a strategic
level.

Scalability and Efficiency: Private blockchains manage voluminous data transfers from IIoT
devices without delay and high costs of public chains. This ensures that real-time applications
such as predictive maintenance and monitoring of machines are not impacted.

Data Privacy and Confidentiality: Sensitive operation data is stored in personal ledgers to
prevent leakage of trade secrets, manufacturing processes, and proprietary analyses. Only non-
sensitive information or hashed transaction verifications are connected to the public chain
while minimizing leakage of data risk.
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Transparency and Auditability: Public chains present imperishable ledgers of significant
happenings or compliance data. This gives a boost to accountability and provides external
parties such as regulators, suppliers, and clients to verify authenticity of data without having
access to confidential details.

Cyber-Resilience: It eliminates points of single failure by distributing trust across multiple
blockchains. Even with a single chain being compromised, the system stays functional overall
because of redundancy and immutability.

Cost Optimization: By decreasing reliance on expensive public blockchain transactions and
moving bulk work to private chains, businesses can considerably cut operation costs and still
maintain necessary transparency. Stakeholder Trust: Hybrid systems permit safe cooperation
between various industrial ecological partners, promoting trust and lasting relationships.

6. Challenges and Limitations

While hybrid blockchain infrastructures are of immense promise to secure Industrial IoT (IIoT)
deployments, their adoption is accompanied with several technical and organizational problems
that must be addressed for large-scale deployment.

Interoperability Issues: A significant challenge lies in ensuring seamless inter-operation between
private and public chains. Present models of cross-chain communications, such as sidechains or
atomic swaps, are still in their growth phase and cannot necessarily guarantee full reliability or
security.

Latency and Throughput Trade-offs: Although hybrid models improve scalability, real-time IIoT
use cases such as industrial automation and predictive maintenance require ultra-low latency.
Balancing transaction speed and blockchain security appropriately remains a significant
challenge to be solved.

Governance Complexity: Determining what to retain on private chains and what to anchor to
public chains can be contentious, especially in multi-stakeholder systems. Governance models
are required to explicitly specify roles, responsibilities, and access rights.

Security Issues in Cross-Chain Protocols: Although blockchains themselves are strong, bridges
between them can bring vulnerability. Attackers can target vulnerabilities in interoperability
frameworks at their weak points, with possible implications for the whole hybrid system.

Cost and Infrastructure Overhead: Both private and public blockchains require massive
infrastructural investments. Smaller companies may find it costly for hybrid blockchain
implementation than for regular security solutions.
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Adoption Barriers: Broad adoption across sectors is restricted by nonstandard procedures and
platforms. In addition, organizational hesitation to adopt disruptive technologies can retard
implementation. In short, while hybrid blockchain models address significant IIoT security
vulnerabilities, it is required to eliminate these vulnerabilities for their fieldable and sustainable
deployment.

7. Future Research Directions and Conclusion

Industrial IoT (IIoT) hybrid blockchain designs are only just starting to materialize, and most of
these prospective future directions show tremendous potential. Following that list is the
building of lightweight consensus algorithms that are resource-optimized for IIoT devices that
are resource-constrained. In their nature, traditional algorithms, while being secure, are usually
power- and compute-thirsty. In preparation for their futures, new technologies must focus on
low-power protocols that balance efficiency with speed.

Another direction of studies lies in integrating artificial intelligence (AI) and machine learning
(ML) with hybrid blockchain networks. Predictive analytics and real-time AI-powered anomaly
detection can improve IIoT security by identifying malicious activity or suspicious flows of data
in real time, while blockchain offers tamper-proof records of such events.

Standards for interoperability are also a major area of future study. Establishing world-
recognized standards for cross-chain communications can simplify adoption and ensure
consistency across multiple industrial settings. Moreover, developing simulation settings and
testbeds for hybrid blockchain for IIoT will enable researchers and practitioners to experiment
with system performance prior to deployment in real settings.

In sum, hybrid blockchain architectures hold immense potential in addressing both issues of
system openness and information secrecy in IIoT. Combining operational effectiveness with
private chains and accountability with public chains, hybrid systems offer a balanced approach
to securing industrial data. Although adoption, governance, and interoperability concern still
persist, ongoing advancements with blockchain, industrial automation, and artificial intelligence
are laying down foundations for scalable, resilient, and reliable IIoT systems. Hybrid blockchain
can thus be regarded not only as a security upgrade, but also a strategic enabler of Industry 4.0
and its successors.
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