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ABSTRACT

The rapid advancement of the Internet of Things (IoT) has led to the creation of
large-scale interconnected networks of smart devices capable of autonomously
collecting, processing, and exchanging data in real time across diverse appli-
cation domains. While this development offers significant benefits, it also in-
troduces critical challenges related to data security, privacy protection, interop-
erability, and the increasingly complex governance of distributed IoT systems.
Traditional centralized governance approaches often fail to address these issues
effectively due to single points of failure, limited transparency, and insufficient
trust mechanisms. The integration of blockchain technology into IoT ecosys-
tems provides a promising alternative by leveraging decentralized architecture,
immutable ledgers, transparency, and tamper-resistant features that enhance ac-
countability and trust. This study aims to identify and design an appropriate
governance model for blockchain-integrated IoT systems that balances secu-
rity, operational efficiency, and decentralization. The research adopts a con-
ceptual and qualitative approach through a systematic literature analysis and the
synthesis of existing governance, blockchain, and IoT frameworks to develop
a structured governance model. The proposed framework defines institutional
roles, policy structures, decision-making processes, and control mechanisms
among participating entities. The results demonstrate that a blockchain-based
governance model enhances system security, operational efficiency, and inter-
organizational trust by reducing reliance on centralized authorities and improv-
ing data integrity. In addition, the use of smart contracts enables automated pol-
icy enforcement, transparent coordination, and sustainable system operations,
supporting scalable and resilient governance for future blockchain–IoT ecosys-
tems.
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1. INTRODUCTION

The rapid development of digital technology has accelerated the growth of the Internet of Things (IoT),
a network of smart devices capable of collecting, processing, and exchanging data through the internet. The
number of IoT devices worldwide is projected to reach 30 billion by 2030, underscoring its increasingly critical
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role across sectors such as industry, transportation, healthcare, and smart city management [1]. In recent years,
IoT systems have increasingly been designed as large-scale distributed and Cyber-Physical Systems (CPS),
integrating physical processes with computation, communication, and control. These systems follow emerging
standards to ensure interoperability, reliability, and security across heterogeneous devices [2, 3, 4]. As a result,
IoT governance must address not only data management concerns but also engineering challenges, including
standard compliance, distributed coordination, and CPS dependability. Despite these advances, most existing
IoT infrastructures still rely on centralized cloud-based architectures, which introduce persistent challenges
related to data security, privacy, and system governance [5].

To address these limitations, blockchain technology has emerged as a promising solution. Blockchain
enables decentralized, transparent, and tamper-resistant data recording through distributed verification among
network nodes, thereby enhancing security and trust in data exchange among IoT devices [6, 7]. Furthermore,
the implementation of smart contracts allows device authentication and operational processes to be executed
automatically without the involvement of third-party intermediaries, improving both efficiency and reliability.

However, the integration of blockchain into IoT systems introduces new governance challenges. In the
absence of a central authority, blockchain-integrated IoT ecosystems require alternative governance models ca-
pable of regulating roles, responsibilities, and decision-making processes without undermining decentralization
or system efficiency [8, 9, 10].

Accordingly, this study focuses on designing an appropriate governance model for blockchain-integrated
IoT ecosystems. This research is guided by two main questions.

• How can governance mechanisms be structured to balance decentralization, security, and operational
efficiency in blockchain-integrated IoT systems?

• How can technical automation and human oversight be effectively combined to ensure accountability
within distributed cyber-physical systems?

The proposed governance model is expected to address emerging challenges related to security, trans-
parency, and stakeholder coordination resulting from the integration of blockchain and IoT technologies.

Table 1 illustrates how blockchain implementation can address the primary weaknesses of traditional
IoT systems, particularly with respect to security, trust, and data management transparency. The table highlights
key differences between traditional IoT systems and blockchain-based IoT systems in terms of operational
structure, transparency, efficiency, and scalability [11].

Table 1. Comparison Between Traditional IoT Systems and Blockchain-Based IoT Systems
Aspect Traditional IoT Blockchain-Based IoT
System Structure Centralized Server Distributed Ledger

Data Security Relies on a central server
Secured through cryptography
and consensus

User Privacy Vulnerable to data breaches
More secure due to encryption
and anonymity

System Transparency Limited to the managing entity
Can be verified by all network
participants

Operational Efficiency
Prone to bottlenecks under
heavy load

Automated processes through
smart contracts

Network Scalability Depends on server capacity
Can be expanded through a
global node network

Table 1 further illustrates the fundamental differences between conventional IoT systems and blockchain-
integrated IoT systems. In traditional IoT environments, data storage and decision-making processes are largely
controlled by centralized servers, which increases vulnerability to system failures and cyberattacks. Multiple
nodes and transactions are verified collectively, in contrast blockchain–IoT systems operate in a decentralized
manner, where data are not stored in a single location but distributed across multiple nodes. Each transaction
is verified collectively by the network, which helps reduce dependency on central servers and increases system
robustness [12].
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The growth of IoT technology has resulted in a highly interconnected digital environment, with mil-
lions of devices exchanging data automatically on a continuous basis. While this development creates new
opportunities for efficiency and innovation, it also brings serious challenges related to security, privacy, and
data management. Blockchain integration is often viewed as a practical response to these challenges because it
introduces transparent data handling, stronger security mechanisms, and reduced reliance on a single control-
ling authority. However, decentralization also introduces governance concerns. Unlike conventional systems
with centralized oversight, blockchain–IoT networks do not have a single entity responsible for supervising
operations and resolving coordination issues across the ecosystem [13, 14].

This study is connected to the United Nations Sustainable Development Goals, particularly SDG 9,
SDG 11, and SDG 16, which emphasize innovation, sustainable urban development, and strong institutional
governance. By introducing a governance model for blockchain-based IoT ecosystems, this research con-
tributes to the discussion on how digital infrastructures can be designed to be both secure and reliable while
remaining practically deployable. The use of decentralized governance mechanisms and smart contracts helps
clarify responsibility among participating entities and supports more consistent data management practices. As
a result, the proposed approach has the potential to reduce risks related to data misuse and governance gaps,
while also supporting the development of secure urban services and smart infrastructure. This highlights the
importance of governance as a practical foundation for sustainable and inclusive technological development
rather than a purely technical concern [15].

2. LITERATURE REVIEW

2.1. The Concept of the IoT
The IoT is a concept in which various physical devices are interconnected through the internet and can

exchange information automatically without direct human intervention. Each device from sensors, cameras,
and vehicles to household appliances has a unique Digital Identity (DI) and the capability to communicate and
coordinate with other devices [16]. In its implementation, IoT technology has been widely utilized across var-
ious sectors such as smart farming, smart transportation, energy management, and digital healthcare services.
However, the increasing number of interconnected devices has also introduced new challenges, particularly in
terms of information security, privacy protection, and system reliability, since most current IoT infrastructures
still rely on a centralized cloud-based architecture [17].

2.2. The Basic Concept of Blockchain Technology
Blockchain is a distributed and decentralized data storage and recording technology in which every

transaction or piece of information is stored in interconnected data blocks. Each block contains the hash of
the previous block, forming a chain of data that is difficult to modify without the consensus of all nodes in
the network [18, 19]. The main advantages of blockchain technology include a high level of transparency,
system reliability, strong data integrity, and the creation of a trustless environment that operates without a
central authority. Initially, this technology was introduced through its use in cryptocurrencies such as Bitcoin,
but it has since evolved and been applied across various fields, including supply chain management (logistics),
financial services, digital governance, and the IoT. With the implementation of blockchain, data exchange and
verification can be conducted more securely and efficiently, eliminating the need for third-party intermediaries
since validation is performed collectively by all network participants [20].

2.3. Integration of Blockchain in IoT
The integration of blockchain technology into IoT emerges as a solution to various limitations found

in conventional IoT systems. Through the implementation of blockchain, the security, privacy, and reliability
of data generated by IoT devices can be significantly enhanced. In this architecture, every transaction or data
exchange performed by IoT devices is permanently recorded on the blockchain ledger, making the information
immutable and easily traceable to its origin [21]. In addition, the use of smart contracts automated programs
that run on the blockchain network enables IoT devices to operate and interact autonomously without human
intervention. For example, a temperature sensor in a storage room can transmit data to the blockchain system,
which then automatically executes a digital contract to activate a cooling system if the temperature exceeds a
predefined threshold [22]. With this integration, blockchain serves not only as a data security layer but also
as an automated coordination mechanism that enables efficient collaboration among devices within large and
complex IoT networks [23].

Blockchain Frontier Technology (B-Front),Vol 5, No 2,2026: 219–229



222 ❒ E-ISSN: 2808-0009 P-ISSN: 2808-0831

2.4. Existing Governance Models
Governance in the blockchain-IoT ecosystem plays a crucial role in regulating decision-making pro-

cesses, determining access rights, and ensuring transparency and compliance within a decentralized network.
Through effective governance, the system can operate efficiently and fairly for all participating entities [24, 25].

Several types of governance models that have been previously introduced include:

2.4.1. Centralized Governance Model
In this model, decision-making processes and system oversight are controlled by a single central

entity, such as an organization or service provider. This approach offers advantages in terms of ease of control
and faster decision-making. However, it does not fully reflect the decentralization principles that characterize
blockchain technology.

2.4.2. Distributed Governance Model
In this model, responsibilities and oversight functions are shared among multiple nodes or stakehold-

ers within the network. This system is more inclusive and flexible but requires strong coordination among
participants to ensure that decision-making processes remain consistent and efficient.

2.4.3. Hybrid (Semi-Decentralized)
This model combines central control with user participation in the governance process. Such an

approach is commonly used in enterprise blockchain systems, as it is considered more practical to implement
within business environments that still require a clearly defined organizational structure.

Although various governance models have been proposed, the main challenge still lies in achieving
a balance between security, operational efficiency, and decentralization principles, especially when applied to
large-scale and complex IoT networks. This challenge emphasizes the need for coordination among multiple
actors, rule-setting mechanisms, and accountability structures in complex socio-technical systems [26, 27].
In addition, the concept of explains how trust can be established through cryptographic mechanisms, con-
sensus protocols, and transparent ledgers rather than centralized authorities. These perspectives provide the
theoretical rationale for structuring governance into device-level control, smart contract-based automation, and
consortium-level oversight in the proposed multilayer model [28, 29].

From a theoretical perspective, this study is grounded in governance theory, which emphasizes the co-
ordination of multiple actors, rule-setting mechanisms, and accountability structures in complex socio-technical
systems. In addition, the concept of distributed trust in blockchain networks highlights how trust can be estab-
lished through cryptographic mechanisms, consensus protocols, and transparent ledgers rather than centralized
authorities. By integrating these perspectives, this research positions blockchain-enabled IoT governance as a
form of decentralized socio-technical governance, where technical infrastructures and organizational arrange-
ments jointly shape system reliability, security, and legitimacy [30, 31, 32].

3. RESEARCH METHOD

3.1. Type of Research
This research employs a qualitative approach with a descriptive-conceptual nature. The study is struc-

tured into three main stages that include a systematic literature review to identify governance, security, and
architectural challenges in blockchain and IoT systems, a comparative analysis of existing governance models
to examine their strengths and limitations, and a conceptual synthesis to formulate the proposed multilayer
governance framework. This approach enables an in-depth understanding of governance systems in the in-
tegration between blockchain and IoT technologies [33]. The qualitative method is used to analyze various
literature sources and previous research findings to formulate a governance model relevant to the blockchain-
IoT ecosystem. In this study, peer-reviewed journal articles, conference proceedings, and authoritative survey
papers published within the last decade were systematically selected based on their relevance to blockchain
governance, IoT architectures, security mechanisms, and smart contract applications [34]. To ensure rigor in
the qualitative process, this study adopts a structured literature-based design in which sources are systemati-
cally identified, screened, and categorized based on their relevance to blockchain governance, IoT architectures,
security mechanisms, and smart contract applications [35].
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3.2. Analytical Approach Used
The analytical approach applied in this research utilizes descriptive-comparative and conceptual anal-

ysis, which are organized into a sequential flow consisting of literature analysis, model comparison, and con-
ceptual model development to ensure methodological clarity and logical consistency [36, 37].

3.3. Literature and Previous Research Analysis
The initial stage involves reviewing various literature sources and previous studies related to blockchain

governance, IoT security aspects, and the integration between the two technologies. The goal of this stage is to
gain a comprehensive understanding of existing governance model implementations and to identify the limita-
tions that still persist.

3.4. Comparative Analysis of Existing Models
The next step involves comparing various governance models that have been implemented in both

blockchain systems and conventional IoT systems. Through this comparative analysis, the study aims to
identify the strengths, weaknesses, and potential adaptations of each model that can be integrated within the
blockchain-IoT context.

3.5. Conceptual Analysis and Model Development
Based on the results of the literature review and comparative analysis, a conceptual synthesis is con-

ducted to develop a new governance model that balances decentralization, efficiency, and security aspects
within the blockchain-IoT ecosystem [38]. The resulting model is then subjected to conceptual validation by
assessing its internal consistency, alignment with established governance theory and best practices reported in
prior studies, and its logical feasibility for application in representative IoT scenarios.

3.6. Steps in Developing a Governance Model
To clarify the sequence of methodological stages used in this study, the development process is orga-

nized into several structured steps that guide the formulation of the proposed governance model [39]. These
steps encompass problem identification, literature analysis, comparative evaluation, conceptual formulation,
and validation processes. The detailed description of each stage, including the activities performed and their
corresponding objectives.

Table 2. Steps in Developing a Governance Model
Stage Activities Conducted Main Objective

Problem Identification.

Identify governance issues in blockchain
IoT integration of blockchain and IoT,
such as security,
coordination, and decision-making.

Determine the research focus.

Literature Review and
Existing Models.

Examine various governance models
discussed in blockchain and IoT literature.

Understand the fundamental
concepts and weaknesses of
previous models.

Comparative Analysis.
Compare existing governance models
from previous studies.

Identify gaps and potential
areas for improvement.

Conceptual Model
Conceptual Formulation.

Develop an initial design of a governance
model adapted to the characteristics of
blockchain-IoT systems.

Develop a new theoretical framework
a new theoretical framework.

Conceptual Validation.
Conduct logical verification of the proposed
model based on relevant theories and best
practices.

Ensure the conceptual
feasibility of the model.

Recommendation
Development.

Formulate implications and recommen-
dations for implementing the proposed
governance model in practice.

Provide guidance for
developers and stakeholders.

Table 2 presents a structured and sequential overview of the stages involved in developing a compre-
hensive governance model for the blockchain IoT system, beginning with systematic problem identification
supported by an extensive review of relevant literature to capture existing challenges, technological gaps, and
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governance limitations in current implementations. This stage is followed by a comparative evaluation of es-
tablished governance models to examine their respective strengths, weaknesses, and contextual applicability
across key dimensions such as security mechanisms, operational efficiency, scalability, and levels of decen-
tralization [40]. The insights obtained from this evaluation form the conceptual foundation for constructing a
governance model that emphasizes a balanced integration of security, efficiency, and decentralization within the
blockchain IoT ecosystem. The proposed model is subsequently subjected to theoretical validation by aligning
it with established principles and frameworks in distributed systems, information security, and digital gover-
nance. Finally, the process culminates in the formulation of practical and actionable recommendations intended
to support researchers and system developers in designing and implementing robust, scalable, and sustainable
blockchain IoT governance architectures [41, 42, 43].

To provide a clearer understanding of the methodological flow employed in this study, the process of
developing the governance model is systematically structured into three interrelated and sequential stages. The
first stage involves a comprehensive literature review that serves as the conceptual foundation by synthesizing
existing theories, frameworks, and empirical findings related to blockchain, IoT, and governance mechanisms
[44]. Building upon the insights derived from these stages, the final stage focuses on the formulation of the
proposed governance model, which integrates theoretical insights with analytical findings to address identi-
fied gaps. This structured sequence is visually illustrated in Figure 1 through a methodological pyramid that
highlights the hierarchical and progressive relationship among the three stages [45].

Figure 1. Pyramid model of the research stages

As shown in Figure 1, the model development process begins with an extensive literature review form-
ing the foundational layer. This is followed by a comparative analysis that assesses the strengths, limitations,
and applicability of various governance models identified in previous studies. The process culminates in the
formulation of the proposed governance model, representing a synthesized outcome derived from conceptual
grounding and critical evaluation. The tiered structure in the figure highlights that the final model is produced
through a systematic, evidence-based progression rather than a single isolated step [46].

4. RESULT AND DISCUSSION

4.1. Device Governance Layer
This layer serves as the fundamental foundation for managing IoT devices. Registration, authentica-

tion, and data verification are carried out through a DI system that utilizes blockchain technology. Each IoT
device is assigned a Unique Digital (UD), which is verified within a decentralized network, ensuring that only
legitimate and authorized devices can send or receive information. This approach significantly reduces the risks
of device identity spoofing and data tampering, which are common vulnerabilities in conventional IoT systems.
Consequently, this layer enhances trust and data integrity throughout the entire IoT ecosystem [47, 48].

This section elaborates the proposed multilayer governance model for blockchain-integrated IoT ecosys-
tems as a conceptual foundation to address key challenges of decentralization, security, and coordination, by
structuring governance into device governance, smart contract automation, and consortium-level oversight in
a coherent and logical manner [49]. The formulation of these governance layers is derived from a systematic
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qualitative analysis of prior studies on blockchain governance, IoT architectures, and security frameworks,
combined with a comparative evaluation of centralized, distributed, and hybrid governance models discussed
in the literature. Through this synthesis, recurring issues related to device identity management, automation
of trust, and stakeholder accountability were identified and mapped into the three proposed layers. The model
integrates technical automation with organizational and human oversight by structuring governance into three
interrelated layers: Device Governance, Smart Contract, and Consortium Governance. Unlike conventional
single-layer approaches, this multilayer structure aligns device-level security, smart contract-based automation,
and consortium-level policy control into a coherent framework. This conceptual contribution is expected to
serve as a reference for future empirical studies and practical implementations in diverse application domains
such as smart cities, healthcare, and industrial IoT.

4.2. Smart Contract Layer
The Smart Contract Layer plays a key role in managing automation within a blockchain-based IoT

ecosystem. At this layer, governance rules such as device access rights, data sharing procedures, and transaction
mechanisms are translated into smart contracts that run automatically on the blockchain. Once predefined
conditions are fulfilled, the contracts execute without manual intervention, making system operations more
efficient and consistent [50]. This approach not only reduces operational complexity and human error but also
strengthens trust, as all actions are transparently recorded and can be verified. As a result, the Smart Contract
Layer supports secure collaboration and smooth interaction across diverse IoT platforms and service providers.

Figure 2. Blockchain IoT governance model infographic

Figure 2 illustrates a layered governance architecture for a blockchain-integrated IoT ecosystem. At
the top level, the IoT ecosystem is represented by three major domains Smart Home, Industrial IoT, and Smart
City which reflect the diversity of connected environments and devices. These domains are unified within
a single IoT ecosystem that generates data and operational events. The indicates that interactions and data
exchanges from IoT devices are not handled directly but are routed through a governance mechanism to en-
sure coordinated control, consistency, and policy enforcement across heterogeneous IoT environments. All
executed actions are subsequently recorded and validated within the Blockchain Network at the lower layer,
which provides essential governance properties, including trust and security, transparency, auditability, and in-
teroperability. Through this layered structure, the figure emphasizes the role of smart contracts as digital trust
mechanisms that eliminate reliance on intermediaries while ensuring integrity, accountability, and seamless
integration across diverse IoT platforms.
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4.3. Consortium Governance Layer
This layer occupies the highest level within the governance architecture and serves as a bridge between

automated technical systems and human oversight. The Consortium Governance Layer involves multiple stake-
holders such as developers, enterprises, regulators, and industry partners who collaboratively manage policies,
system updates, conflict resolution, and ensure compliance with applicable norms and regulations. Through
this approach, the strategic and normative elements of the blockchain-IoT system can be governed collectively.
For instance, in situations where protocol revisions or dispute resolutions between nodes are required, deci-
sions can be made collaboratively by consortium members through voting mechanisms or mutual agreements.
This layer also plays a crucial role in aligning the technical automation enabled by smart contracts with human
accountability. In this way, the system not only emphasizes technological productivity and security but also
incorporates ethical, legal, and social considerations in its implementation.

5. MANAGERIAL IMPLICATIONS

The integration of Blockchain and IoT requires strengthened technology governance through a multi-
layer framework consisting of the Device Governance Layer, Smart Contract Layer, and Consortium Gover-
nance Layer. This structure ensures effective inter-device coordination, operational transparency, and human
accountability in system oversight. To support practical implementation, organizations can adopt the ISO/IEC
30141 IoT Reference Architecture as a guideline to map device management, data flows, and governance
functions into the proposed multilayer model, ensuring architectural consistency and interoperability. In addi-
tion, blockchain significantly enhances data security and risk management by replacing centralized architec-
tures with decentralized and distributed ledgers, reducing vulnerabilities to cyberattacks and data manipulation.
From a managerial perspective, organizations are encouraged to implement digital identities for IoT devices
and utilize smart contracts as automated authentication and control mechanisms to create a secure, transparent,
and auditable operational environment.

Furthermore, smart contracts play a crucial role in improving operational efficiency and process au-
tomation by enabling faster, more accurate execution of governance rules and transactions without manual
intervention. This shift requires organizations to prepare skilled human resources in blockchain technology,
cybersecurity, and cyber law to supervise and update automated systems. As an actionable strategy, practi-
tioners are encouraged to align device authentication, access control, and incident response mechanisms with
the NIST IoT Cybersecurity Framework, particularly in implementing risk identification, protection, detection,
response, and recovery functions within smart contract logic and device governance policies. Through the Con-
sortium Governance Layer, collaboration among developers, industry players, and regulators becomes essential
to ensure legal compliance, interoperability, and ethical use of technology. Strategically, this governance model
supports sustainable innovation by promoting decentralization and interoperability, enhancing organizational
competitiveness, resilience, and the long-term sustainability of the digital ecosystem

6. CONCLUSION

This study presents a governance model that integrates blockchain technology into the IoT ecosystem
to enable more secure, transparent, and decentralized coordination among devices and stakeholders. The pro-
posed model addresses key governance challenges by strengthening data security, enhancing system reliability,
and ensuring accountability in the management of distributed IoT networks. By leveraging blockchain’s decen-
tralized architecture and immutable ledger, the model reduces reliance on centralized control while fostering
trust and data integrity across interconnected entities.

Beyond technical considerations of security and decentralization, this study contributes by offering a
structured and conceptually grounded governance framework for blockchain-enabled IoT systems. The pro-
posed multilayer model clarifies roles, responsibilities, and control mechanisms among stakeholders, providing
a coherent theoretical foundation for understanding governance dynamics in complex IoT environments. This
contribution positions governance as a critical factor in supporting sustainable, scalable, and trustworthy IoT
ecosystems.

The findings of this study also highlight directions for future research and practical implementation.
The proposed governance model may be extended and empirically validated through case studies, simulations,
or pilot deployments in various IoT domains such as smart cities, healthcare, energy, and industrial systems.
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Further investigation into governance effectiveness, system performance, and stakeholder adoption will support
the refinement and real-world applicability of blockchain–IoT governance frameworks.
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