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Abstract: The rapid emergence and evolution of blockchain technology have created new opportunities for implementing secure and 

scalable applications on the Internet of Things. Unfortunately, choosing the right blockchain framework for these applications can be 

challenging due to the vast number of available options. The paper explores the three main frameworks that are used in the development 

of IoT-based applications: IOTA, Hyperledger, and Ethereum.  This paper aims to provide a comprehensive analysis of the various aspects 

of the three main blockchain frameworks used in the development of IoT applications. It will help decision-makers make informed 

decisions when it comes to implementing their applications. The paper's introduction highlights the importance of considering the various 

factors that affect the development and implementation of IoT-based applications. It also provides a comprehensive overview of the various 

blockchain frameworks that are used for this type of technology. In addition, it reviews the literature on the security challenges and 

scalability issues of these frameworks. This paper aims to provide a comprehensive analysis of the research that has been conducted on the 

secure and scalable implementation of these types of applications. This study presents the methodology for analyzing the various blockchain 

frameworks that are used for building IoT applications. The evaluation criteria are defined and the methods are described. The study also 

acknowledges the potential biases and limitations of these frameworks. The comparative analysis section of the paper takes a look at the 

different blockchain frameworks. It offers descriptions of IOTA, Ethereum, and Hyperledger Fabric and their features. It also delves into 

their security protocols and mechanisms, as well as their scalability solutions. The study explores the applications and use cases of these 

frameworks. The findings and discussion section compares and examines the security attributes of the different frameworks. It also explores 

their performance and scalability. In addition, it talks about the implications of such applications for their stable and scalable nature. The 

paper's comprehensive analysis of the three main blockchain frameworks used for developing IoT applications, namely IOTA, Ethereum 

and Hyperledger, provides valuable insight for decision-makers when it comes to choosing the ideal framework for their projects. The 

findings and recommendations that the paper presents contribute to the established body of knowledge about this type of technology and 

its applications. 
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1. Introduction  

The rapid emergence and evolution of blockchain 

technology and the Internet of Things have raised 

significant concerns about their potential to transform the 

way organizations operate. With the combination of these 

two technologies, organizations can now achieve new 

levels of trust and transparency in their systems. Due to 

the complexity of the IoT environment and the varying 

options available, it is still challenging to choose the right 

blockchain framework for applications that are based on 

this technology[1], [2]. 

The goal of this study is to provide an in-depth analysis of 

the various blockchain frameworks that are used for the 

Internet of Things (IoT). They are examined based on 

their scalability and security features. Some of these 

include IOTA, Hyperledger Fabric, and Ethereum. These 

have gained widespread attention due to their potential to 

provide stable and secure applications[3]–[5]. 

Developers of blockchain frameworks for the Internet of 

Things ecosystem aim to address specific challenges and 

requirements when it comes to integrating the technology 

into their applications. These frameworks offer the 

necessary resources and infrastructure to enable secure 

and distributed transactions, as well as data sharing and 

smart contract execution as shown in fig.1. Each 

framework's architecture and features are designed to 

accommodate different IoT applications' needs.
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Fig. 1 Integration of IoT with Blockchain 

The Hyperledger Fabric is a framework created by the 

Linux Foundation that is designed to provide a flexible 

and modular infrastructure for developing IoT 

applications. It features a variety of features such as smart 

contracts and secure access control, which are ideal for 

use cases that require high levels of privacy and 

governance. 

With the ability to execute smart contracts, Ethereum is a 

leading platform for developing decentralized 

applications. Developers can use its platform to create and 

deploy DApps, which are internet of things-related 

services. Its open architecture and versatile tools make it 

an ideal choice for developing such applications. 

IOTA utilizes a unique architecture, which is 

characterized by its use of the directed acyclic graph. 

Unlike other blockchain frameworks, it doesn't rely on a 

central chain of blocks to perform transactions. Instead, it 

uses a decentralized network to perform validation and 

confirm transactions. This makes it ideal for applications 

that deal with small and frequent transactions. IOTA's 

focus on low transaction fees, machine-to-machine 

communication, and scalability makes it an ideal choice 

for developing IoT applications. 

When it comes to implementing blockchain technology 

into the Internet of Things ecosystem, there are various 

security issues that need to be resolved in order to ensure 

the confidentiality and integrity of the data and 

transactions as shown in fig.2. One of these is the 

protection of the identities of the devices. As the 

interactions between the network and the devices become 

more complex, it's important that the identities of the 

devices are secure.

 

Fig. 2 IoT architecture with blockchain.[6] 
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Data privacy is another issue that needs to be resolved in 

order to ensure the confidentiality and integrity of the 

information and transactions. Since blockchain 

technology is transparent, it's important that the devices' 

sensitive information is protected. This can be achieved 

through the use of various cryptographic techniques such 

as homomorphic encryption and zero-knowledge 

proofs.[7], [8] 

Due to the nature of blockchain technology, it's also 

important that the transactions are validated properly in 

order to prevent unauthorized access and manipulation. 

One of the most common attack vectors that can be used 

to take over a network is the Sybil attack. This type of 

attack can allow an adversary to take over multiple nodes 

in the network. Another issue that can affect the security 

of the blockchain is the vulnerability that's caused by 

smart contracts[9]. 

When it comes to developing blockchain applications for 

the Internet of Things ecosystem, scalability is another 

important factor that needs to be considered. Traditional 

networks can't handle the amount of data that's generated 

by the connected devices[10], [11]. This can prevent real-

time applications from working properly. The issue of 

scalability can also be exacerbated by the limited 

resources of the connected devices. These gadgets 

typically have low memory, bandwidth, and 

computational power, making it hard to participate in the 

consensus mechanisms that are required by blockchain 

frameworks[12], [13]. 

Various methods to address this issue, such as sharing and 

off-chain solutions, have been proposed. The former 

involves splitting the blockchain into smaller parts, which 

can be used for parallel processing. Off-chain methods, 

such as sidechains and state channels, can also help 

improve the network's performance. Lightweight 

consensus methods, such as proof-of-stake (PoS) or 

directed acyclic graph (DAG) can be used to address this 

issue without compromising on security[14]–[16]. 

The paper aims to provide a comprehensive analysis of the 

various frameworks that are available for the Internet of 

Things ecosystem. It focuses on the features and 

architectures of IOTA, Hyperledger Fabric, and 

Ethereum. Through its overview, the paper can help 

developers identify which framework is ideal for their 

applications. The investigation of scalability and security 

issues along with blockchain applications for the IoT 

ecosystem provides valuable insights into the unique 

challenges and possible solutions. By evaluating the 

merits and drawbacks of these frameworks, testers can 

select the best option for their IoT deployments. 

 

 

2. Literature Review 

The convergence of the Internet of Things (IoT) and 

blockchain technology has opened up new possibilities for 

secure and scalable applications. The combination of IoT 

and blockchain offers enhanced data integrity, privacy, 

and decentralized trust in various domains such as supply 

chain management, healthcare, and industrial systems. 

This literature review aims to provide an overview of the 

research conducted in the field of IoT-based blockchain 

frameworks, with a focus on challenges, solutions, and 

future directions. The selected research papers cover a 

wide range of topics, including security, scalability, 

privacy, adoption, and applications of blockchain in IoT. 

A. Dorri et al.[17] presented a comprehensive review of 

blockchain in the IoT, highlighting the challenges and 

potential solutions for integrating the two technologies. 

They discussed the issues of scalability, interoperability, 

and resource-constrained IoT devices. J. Song et al.[18] 

proposed an anomaly detection and visualization tool for 

IoT blockchain, addressing the security aspects of IoT 

data. Their work focused on detecting abnormal patterns 

in IoT devices' behavior and visualizing the data for better 

analysis and decision-making. D. Minoli et al.[19] 

explored the mechanisms of using blockchain for IoT 

security. They discussed the different security challenges 

in IoT systems and presented blockchain-based solutions 

to address those challenges, such as data integrity, access 

control, and device authentication. 

M. A. Khan et al.[20] conducted a review of IoT security, 

blockchain solutions, and open challenges. They 

discussed the vulnerabilities in IoT systems and the 

potential of blockchain technology to enhance security. 

The paper also highlighted the open research challenges 

and future directions in the field. H. T. T. Truong et al.[21] 

proposed a secure and decentralized data sharing 

framework for IoT. They presented a solution based on 

blockchain technology to enable secure and privacy-

preserving data sharing among IoT devices and 

stakeholders. J. Hathaliya et al.[22] focused on the 

application of blockchain in remote patient monitoring. 

They proposed a blockchain-based solution to ensure 

secure and transparent sharing of patient health data, 

improving healthcare delivery and patient outcomes. 

L. Tseng et al.[23] discussed the challenges, 

opportunities, and analysis of blockchain-based databases 

in IoT environments. They explored the potential benefits 

and limitations of integrating blockchain with IoT 

databases and highlighted future research directions. R. A. 

Memon et al.[24] conducted a comparative survey 

between cloud-based and blockchain-based IoT systems. 

They discussed the advantages and disadvantages of both 

approaches and presented insights for future research and 

development in the field. A. R. Mahlous et al.[6] provided 
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an insight view of the adoption of blockchain technology 

in the IoT domain. They discussed the potential benefits, 

challenges, and adoption factors for integrating 

blockchain into IoT systems, highlighting the impact on 

security, privacy, and efficiency. P. Patil et al.[25]  

conducted a review of blockchain for IoT access control, 

security, and privacy. They discussed the various 

blockchain-based access control mechanisms, security 

considerations, and privacy preservation techniques in 

IoT systems. 

A. Attkan et al.[26] presented a comprehensive review of 

cyber-physical security for IoT networks, focusing on 

traditional, blockchain, and artificial intelligence-based 

key security mechanisms. They discussed the challenges 

and opportunities in securing IoT networks and 

highlighted the potential of blockchain and AI in 

addressing those challenges. S. S. Hameedi et al.[27] 

proposed a lightweight blockchain dynamic table for 

improving IoT data security and integrity. They presented 

a solution that combines blockchain technology with a 

dynamic table structure to enhance data security in IoT 

systems, addressing the challenges of scalability and 

storage efficiency. W. Liang et al.[28] conducted a 

systematic review of privacy challenges in IoT-based 

blockchain systems. They discussed the privacy concerns, 

threats, and countermeasures in the integration of IoT and 

blockchain and identified the future research directions 

for addressing privacy challenges. 

E. Nehme et al.[29] proposed a conceptual ethics 

framework for the convergence of AI, IoT, and blockchain 

technologies. They discussed the ethical implications and 

considerations when combining these technologies, 

aiming to promote responsible and ethical practices in 

their development and deployment. D. Ravi et al.[30] 

presented a blockchain-based transparent supply chain 

management system using Hyperledger Fabric. They 

discussed the implementation of Hyperledger Fabric to 

ensure privacy-preserving and transparent supply chain 

operations, enhancing trust and efficiency in the supply 

chain ecosystem. T. Ye et al.[31] conducted a survey on 

redactable blockchain technology, discussing the 

challenges and opportunities in this emerging field. They 

explored the applications, benefits, and future directions 

of redactable blockchains, which allow for selective data 

removal or modification. M. M. Akhtar et al.[32] 

proposed a data communication framework using 

distributed ledger technology and IOTA-enabled IoT for 

future machine-to-machine economies. They presented a 

solution for efficient and secure data communication in 

IoT systems, leveraging the unique features of IOTA for 

machine-to-machine transactions. 

The literature review highlights the challenges, solutions, 

and future directions in the integration of blockchain and 

IoT for secure and scalable applications. The analyzed 

research papers provide insights into various aspects of 

this field, including security, scalability, privacy, 

adoption, and applications. The findings emphasize the 

potential benefits of blockchain in enhancing the security 

and trustworthiness of IoT systems, while also 

highlighting the challenges such as scalability, 

interoperability, and privacy preservation. Future research 

directions include addressing vulnerabilities in smart 

contracts, improving scalability solutions, ensuring 

privacy in IoT-based blockchain systems, and exploring 

emerging technologies such as AI and redactable 

blockchains. By addressing these challenges and 

advancing research in these areas, the integration of IoT 

and blockchain can pave the way for secure, scalable, and 

privacy-preserving applications in various 

3. Methodology 

A. Selection of major IoT-based blockchain 

frameworks: 

The study has selected IOTA, Hyperledger Fabric, and 

Ethereum as its primary frameworks for analysis. These 

are all popular in the field of Internet of Things-based 

applications, and they represent a variety of features and 

architectural designs. 

B. Evaluation criteria for secure and scalable 

applications: 

The study's evaluation criteria will help identify the 

various aspects of the chosen frameworks' capabilities for 

building secure and scalable applications. 

• Security mechanisms: The study will look into the 

security mechanisms of the frameworks, such as 

authentication, encryption, and access control. These 

are designed to protect the data and devices of the 

Internet of Things. 

• Privacy preservation: The study will also look into 

the various techniques that the frameworks employ 

to enhance the privacy of the data they collect. These 

include data anonymization and cryptographic 

protocols. 

• Scalability solutions: The study will also look into 

the various scalability mechanisms that the 

frameworks employ to accommodate the growing 

number of transactions and devices connected to the 

Internet of Things. 

• Performance evaluation: The study will also conduct 

performance tests to evaluate the various factors that 

affect the efficiency of the chosen frameworks for 

developing real-time applications. 

• Development ecosystem: The development 

ecosystem of blockchain frameworks is examined. 

They are analyzed for their ease of use and 
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documentation, as well as their resources for 

developers creating applications that are built on the 

Internet of Things. 

C. Data collection and analysis methods: 

The data collected for this study is collected through a 

combination of quantitative and qualitative methods. 

Besides the usual sources, such as technical papers and 

white papers, the study also analyzed the various aspects 

of the frameworks' architecture and security features. It 

also conducted case studies on the implementation of 

these frameworks in real-world scenarios. 

Through a systematic approach, the collected data is 

analyzed to determine the various features and 

performance metrics of the chosen frameworks. The 

evaluation criteria are then used to compare and contrast 

the various aspects of the frameworks. In addition, 

qualitative methods such as pattern recognition and 

content analysis are utilized to identify the common 

themes and weaknesses of the frameworks. 

A quantitative analysis is carried out to generate an 

empirical evaluation of the performance metrics and 

scalability of the chosen frameworks. 

D. Limitations and potential biases: 

The study's potential biases and limitations are 

acknowledged. The research only focuses on three major 

blockchain frameworks: IOTA, Ethereum, and 

Hyperledger Fabric. This means that it doesn't consider 

other specialized or emerging frameworks that can offer 

distinct advantages. Furthermore, the evaluation 

parameters are predetermined and may not cover all 

aspects of the chosen technologies. The evaluation criteria 

might not be able to address every requirement for IoT-

based applications. 

The study is also conducted on the basis of publicly 

available information, which could be biased or 

incomplete representations of certain aspects of the 

chosen frameworks. In addition, the results of the 

evaluation may vary according to the network conditions, 

the test environment, and the configuration settings of the 

chosen frameworks. 

Comparative Analysis of IoT-based Blockchain 

Frameworks 

A. Hyperledger Fabric 

• Description, features, and architecture: 

The Hyperledger Fabric project is an open-sourced 

blockchain framework that's designed for business-grade 

applications[33], [34]. It features a flexible and modular 

design that can be used for various purposes. Its 

architecture is composed of various components, such as 

peers, an ordering service, and a membership provider. 

The members of the system maintain and execute chain 

contracts, while the ordering service checks the status of 

the distributed ledger. The management of access and 

identity within the network is handled by the MSP. Fig.3 

shows the architecture.

 

 

Fig. 3 Architecture of Hyperledger fabric (src-IBM) 

• Security mechanisms and protocols: 

The Hyperledger Fabric uses various security protocols 

and mechanisms. Its permissioned model ensures that 

users are authorized and can access the network. Its 

identity management system, which is handled by the 

managed service provider, ensures that all interactions are 

secure. Private channels are enabled by Hyperledger 

Fabric. These allow for the transmission of confidential 

information to only authorized users. Moreover, it offers 

granular control measures to enforce the confidentiality of 

its data. 

 

• Scalability solutions and performance evaluation: 
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Through its various scalability techniques, such as 

channel partitioning, Hyperledger Fabric can be used for 

various applications. It can allow for more privacy and 

increased transaction throughput for certain use cases. Its 

modular design allows organizations to expand their 

networks horizontally. The evaluation results of the 

Hyperledger Fabric demonstrated its low latency and high 

throughput. It's ideal for developing complex IoT 

applications. 

 

• Use cases and applications: 

Various industries consider Hyperledger Fabric suitable 

for its applications. One of its most common use cases is 

supply chain management, as it enables companies to 

ensure the integrity and traceability of their products. It's 

also been utilized in healthcare to secure the exchange of 

patient data. Its ability to facilitate secure access control 

and collaboration enables organizations to interact with 

multiple stakeholders in various IoT-related fields. 

The scalability and robust nature of Hyperledger Fabric 

make it ideal for business-grade Internet of Things (IoT) 

applications. Its privacy features, security measures, and 

modular design make it suitable for various use cases. 

These factors help ensure that the data integrity, 

transparency, and access control of the system remain 

uncompromised. 

B. Ethereum 

• Description, features, and architecture: 

Developers can create and deploy various decentralized 

applications with the help of Ethereum, a blockchain 

platform that allows smart contracts to be executed[35], 

[36]. It is constructed on a public ledger, and it has a 

global state, which is represented by the Ethereum virtual 

machine. Smart contracts are defined by rules and logic, 

and they can be written in various programming 

languages. Fig.4 shows the architecture. 

 

Fig. 4 Architecture of Ethereum (src-bootcamps) 

 

• Security mechanisms and protocols: 

The platform uses various security protocols and 

mechanisms to ensure the safety and integrity of its 

operations. One of these is the “Ethash consensus 

algorithm”. This ensures that the blockchain can remain 

immutable by requiring its nodes to solve computational 

puzzles. In addition, it supports the integration of secure 

hash functions and cryptographic signatures to verify the 

authenticity of smart contracts and transactions. 

 

• Scalability solutions and performance evaluation: 

Due to its current architecture's limitations, Ethereum has 

been criticized for its lack of scalability. In an effort to 

address this issue, the company has been working on 

various scalability solutions. One of these involves the 

development of a new consensus mechanism known as 

PoS. This feature will allow users to perform parallel 

transactions on the Ethereum blockchain. Another scaling 

solution that is designed to increase throughput and reduce 

costs is the sidechains and state channels. 

 

• Performance evaluations:  

Although its performance has been commended, the high 

transaction volumes that the Ethereum network 

encounters can result in slower confirmation times and 

increased fees. In order to address these issues, the 

company is developing a new version of its software 

known as Ethereum 2.0, which will introduce more robust 

and efficient scaling solutions. 

• Use cases and applications: 
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Developers can utilize the Ethereum platform for a wide 

range of applications and use cases, especially within the 

finance industry. Its smart contracts allow them to create 

decentralized platforms that are designed to provide 

various services, such as loan applications and exchanges. 

Ethereum's smart contracts also enable tokenization and 

crowdfunding through initial coin offerings (ICOs) and 

security token offerings (STOs). Developers can also use 

the Ethereum platform for various IoT-based applications, 

like supply chain management. Its smart contracts can 

help ensure the traceability, transparency, and automation 

of various processes. 

Developers can also use the platform to create 

decentralized marketplaces, digital identity management 

systems, and other decentralized applications. Its 

ecosystem, which includes a robust developer 

community, interoperability, and a wide range of smart 

contracts, makes it an ideal choice for developing Internet 

of Things (IoT) applications. Ethereum is a blockchain-

based platform that enables developers to create and 

deploy decentralized applications. It can be used for 

various purposes, such as the development of smart 

contracts. Its interoperability, security measures, and 

ongoing optimizations make it a suitable choice for 

developing IoT applications in diverse sectors. 

C. IOTA 

• Description, features, and architecture: 

IOTA is an open-source distributed ledger system that is 

designed for the Internet of things. It utilizes a distributed 

ledger known as the Tangle, which is a type of distributed 

ledger that's built on a direct acyclic graph[37], [38]. It 

allows for efficient and fee-free transactions between 

users. IOTA is ideal for the IoT as it eliminates the need 

for central authority in order to perform transactions. Fig.5 

shows the architecture of IOTA. 

 

fig. 5 Architecture of IOTA 

• Security mechanisms and protocols: 

IOTA uses various security protocols and mechanisms to 

protect its network from attacks. One of these is the 

Coordinator, which is a consensus mechanism that's 

designed to prevent attacks during the initial stages of the 

network. Its milestones serve as references that help 

validate transactions. It also utilizes digital signatures and 

hash functions to prevent tampering. 

 

• Scalability solutions and performance evaluation: 

One of the main factors that IOTA uses when it comes to 

developing its network is its ability to maintain high 

scalability. Its structure allows for multiple transactions to 

be performed simultaneously, which creates a network 

effect. One of its solutions is called Flash Channels, which 

enables off-chain micro-transactions. It's also exploring 

other methods such as swarm intelligence and sharding to 

improve its performance. 

IOTA has demonstrated its ability to perform numerous 

transactions with low resource requirements and minimal 

latency. Its fee-free nature makes it ideal for the IoT, 

especially in applications that require frequent micro-

transactions, which is why it's widely used. 

 

• Use cases and applications: 

IOTA is widely used in various applications and sectors 

within the Internet of Things (IoT). One example of its use 

is in smart cities, where it enables secure and efficient 

payments through its micro-transactions. These services 

include the provision of electric vehicle charging and 

energy management. In logistics and supply chain 

management, IOTA provides a way to ensure that 

transactions are conducted in a transparent and traceable 

manner. 

IOTA is also widely used in data marketplaces, where it 

enables organizations and individuals to easily share and 

monetize the information collected by their IoT devices. 
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Its lightweight architecture and feeless nature make it 

ideal for devices that have limited resources. It has also 

been showcased in various sectors, such as healthcare and 

industrial IoT. 

IOTA is a distributed ledger technology that's designed 

for the efficient and secure transactions that are required 

in IoT applications. Its feeless nature, scalability, and 

architecture make it ideal for various industries. Its 

security protocols and mechanisms ensure that the data 

and transactions are protected. 

Comparative analysis of Hyperledger fabric, Ethereum and IOTA 

Criteria  Hyperledger Fabric

   

Ethereum IOTA 

Security Strengths - Permissioned model 

provides controlled 

access and privacy. 

- Granular access control 

policies ensure data 

confidentiality and 

authorized network 

participation. 

- Identity management 

system (MSP) ensures 

secure access and 

authentication of network 

participants. 

- Strong cryptographic 

mechanisms and secure 

hash functions ensure 

transaction integrity and 

data security. 

- Cryptographic 

algorithms and digital 

signatures protect 

transactions and prevent 

tampering. 

Security Weaknesses - Potential vulnerabilities 

in smart contract code. 

- Dependence on the 

security practices of 

network participants. 

- Vulnerabilities in smart 

contract code and 

potential security risks in 

decentralization trade-

offs. 

- Risk of security 

vulnerabilities in 

decentralized 

applications (DApps) 

developed on Ethereum. 

- Coordinator 

dependency during early 

stages and potential 

security vulnerabilities in 

Coordinator 

implementation. 

Scalability Performance - Supports parallel 

transactions through 

private channels, 

enhancing scalability. 

- Horizontal and vertical 

scaling capabilities by 

adding more peers and 

increasing the capacity of 

existing peers. 

- High throughput and 

low latency demonstrated 

in performance 

evaluations. 

- Ongoing scalability 

efforts through Ethereum 

2.0 upgrade and layer 2 

scaling solutions like 

state channels and 

sidechains. 

- Sharding and rollups 

aim to increase 

Ethereum's capacity and 

reduce transaction costs. 

- Improved transaction 

processing speed with 

Ethereum 2.0's transition 

to proof-of-stake (PoS). 

- Inherent scalability 

through the Tangle 

structure and ongoing 

exploration of sharding 

and swarm intelligence 

for further scalability. 
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Scalability Limitations - Resource requirements 

increase with network 

growth, potentially 

affecting scalability. 

- Performance 

degradation with 

increasing number of 

peers in the network. 

- Network congestion 

affects performance 

during high transaction 

volumes. 

- Limited scalability in 

terms of transaction 

volume and confirmation 

times during Coordinator 

dependency. 

Use Cases and 

Applications 

- Supply chain 

management, healthcare 

data sharing, smart cities. 

- Decentralized finance 

(DeFi), tokenization and 

crowdfunding, digital 

identity management, 

decentralized 

marketplaces. 

- Secure payment systems 

in smart cities, supply 

chain and logistics, data 

marketplace applications, 

IoT sensor networks. 

 

Various security features are implemented by IOTA, 

Hyperledger Fabric, and Ethereum to ensure that sensitive 

information is protected. With its permissioned model, 

Hyperledger Fabric can provide users with complete 

privacy and control over their access. It also offers a 

secure identity management solution through its 

membership service provider. Strong cryptographic 

capabilities are used in Ethereum to ensure the integrity of 

transactions and data. However, there are some concerns 

about its smart contract code and decentralization trade-

offs. IOTA utilizes various security features, such as 

digital signatures and algorithms, to protect its network. 

Comparative analysis of the frameworks in various domains 

Criteria Hyperledger Fabric Ethereum IOTA 

Supply Chain 

 

 
 

Offers privacy and 

confidentiality for sensitive 

supply chain data through private 

channels. 

Enables transparent and 

traceable supply chain 

transactions through smart 

contracts. 

Facilitates secure and 

efficient payment 

systems for supply chain 

transactions. 

Granular access control policies 

ensure data privacy and access 

restrictions. 

Smart contracts allow for 

automated execution of supply 

chain processes. 

  

Provenance and traceability of 

goods can be recorded on the 

blockchain, ensuring authenticity 

and preventing counterfeit 

products. 

Integration with Internet of 

Things (IoT) devices enables 

real-time tracking of goods and 

inventory management. 

  

Enables secure sharing of supply 

chain data across multiple 

stakeholders with permissioned 

access. 

    

Multi-Layer 

IoT Industrial 

System 

Provides a platform for secure 

and authorized access control 

across multiple layers of an 

industrial IoT system. 

Allows for the development of 

IoT-based industrial 

applications with its extensive 

developer ecosystem. 

- Facilitates secure 

machine-to-machine 

(M2M) transactions and 

data transfers within the 

industrial system. 

Granular access control and 

permissioned network ensure 

data confidentiality and integrity 

across different layers. 

Smart contracts enable 

automation and self-execution 

of IoT processes. 
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Enables interoperability and 

seamless communication 

between IoT devices and 

systems. 

Extensive developer community 

and toolsets for building IoT-

based industrial solutions. 

  

Integration with existing 

industrial protocols and systems 

for data exchange and 

interoperability. 

    

Healthcare 

Ensures secure and interoperable 

sharing of patient data, 

improving healthcare data 

management and privacy. 

Facilitates decentralized health 

records management, giving 

patients ownership and control 

over their medical data. 

Enables secure sharing 

of healthcare data 

among authorized 

parties, ensuring data 

integrity and privacy. 

Granular access control and 

permissioned network safeguard 

patient data and ensure privacy 

compliance. 

Secure storage and sharing of 

medical records using 

blockchain-based encryption 

and access control. 

  

Enables seamless integration and 

sharing of healthcare data across 

multiple healthcare providers and 

systems. 

Increased patient autonomy and 

control over their health data 

through self-sovereign identity 

solutions. 

  

Transparent and auditable 

healthcare transactions, 

improving trust and reducing 

fraud. 

    

 

4. Discussion and Findings 

• Analysis of scalability solutions and performance 

results 

One of the most critical factors that a blockchain 

application must consider when it comes to 

scalability is its ability to support multiple 

transactions. With the Hyperledger Fabric, it can be 

used to address this issue by allowing users to add 

more peers or vertically expand its capacity. Its low 

latency and high throughput make it ideal for 

mission-critical applications. In Ethereum 2.0, the 

company is working on various scalability solutions, 

such as sharding, PoS, and layer 2. Although these 

solutions are expected to improve the performance 

of its applications, network congestion and other 

factors can still affect it. One of the most important 

factors that IOTA can offer when it comes to 

addressing this issue is its ability to provide stable 

and fast transactions. 

• Implications for secure and scalable IoT-based 

blockchain applications 

The results indicate that the two frameworks have 

weaknesses and strengths when it comes to 

scalability and security. The Hyperledger Fabric is 

ideal for applications that require privacy and 

control, while Ethereum is versatile enough for 

industrial IoT systems. Although IOTA's scalability 

and feeless transactions make it an ideal choice for 

supply chain management applications, its 

vulnerability to smart contracts and the role of the 

Coordinator in its security raise concerns. 

Before implementing and scaling an IoT-based 

blockchain solution, it's important that organizations 

thoroughly research the various requirements of the 

system. In addition to network access control and 

transaction throughput, other factors such as data 

privacy and interoperability should also be taken 

into account. Developers should also consider the 

ecosystem's development support, as well as the 

existing use cases of the platform. 

The comparative analysis highlights the scalability and 

security attributes of IOTA, Hyperledger Fabric, and 

Ethereum. This resource serves as a valuable reference 

that enables organizations to make secure and manageable 

decisions with regard to implementing and managing IoT-

centric blockchain applications. 
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5. Conclusion and Future Scope 

This paper evaluated the capabilities of Ethereum, IOTA, 

and Hyperledger Fabric in the context of distributed 

ledgers that are secure and interconnected with the 

Internet of Things (IoT). The different frameworks 

exhibited distinct weaknesses and strengths in different 

areas, such as healthcare, supply chain, and industrial 

systems. The Hyperledger Fabric provides a secure and 

resilient supply chain management platform that can be 

used for various applications, such as supply chain 

management. Its scalability and developer ecosystem 

make it ideal for industrial IoT applications. IOTA, on the 

other hand, exhibited the potential of providing secure 

transactions and payments. Although the different 

frameworks exhibited strong capabilities, we identified 

several issues that could affect the operations of their 

distributed ledgers. These include network congestion, 

vulnerability in smart contracts, and coordination 

dependency. The different frameworks exhibited various 

limitations and challenges. For instance, the performance 

degradation of Hyperledger Fabric due to its increasing 

network size and resource requirements can affect its 

scalability. On the other hand, vulnerabilities in its smart 

contract code can lead to security risks. IOTA's 

vulnerability in its coordinator system could affect its 

operations. 

In order to overcome these issues, further studies and 

development are needed. Some of the possible solutions 

include improving smart contract security and formal 

verification, as well as reducing network congestion and 

improving consensus mechanisms. One of the most 

important factors that could affect the operations of 

IOTA's network is the coordination dependency. This 

issue could be addressed by exploring other consensus 

mechanisms. Besides the examined frameworks, other 

factors such as technological innovations and emerging 

trends can also contribute to the development of secure 

and resilient blockchain applications for IoT. Some of the 

techniques that can be used to protect the confidentiality 

of data include multi-party computation and zero-

knowledge proofs. One of the most effective ways to 

improve the efficiency of an IoT network is by 

implementing off-chain scaling techniques, such as state 

channels and payment channels. This can help reduce the 

number of blocks sent and received by an organization. 

Hardware wallets and secure execution environments can 

also help protect the devices connected to the blockchain. 
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