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Abstract—The Internet of Things (IoT) presents unique 

communication and security challenges due to the diverse 

nature and sheer volume of connected devices. Traditional 

communication solutions are often insufficient to meet these 

demands. This paper addresses the critical need for robust 

security in IoT by proposing a novel, blockchain-based 

mechanism for secure data provision in smart applications. 

While security is frequently overlooked in IoT in favor of 

application and hardware development, distributed ledger 

technology (blockchain) offers a promising solution. Beyond its 

role in cryptocurrencies, blockchain offers inherent capabilities 

for device identity, secure data transfer, and immutable data 

storage, all within a decentralized and transparent system that 

provides auditable cryptographic proofs. This paper aims to 

thoroughly analyze blockchain technology and evaluate 

prominent frameworks such as Ethereum and Bitcoin. We will 

examine the distinct features and target use cases of these 

frameworks to determine the most suitable blockchain 

architecture for the IoT ecosystem. This paper provides a high-

level comparison of the evaluated architectures, alongside 

sample use cases and ongoing research, to aid developers and 

managers in selecting an appropriate framework based on their 

specific application requirements. The core contribution is the 

design and initial validation of our novel mechanism, which 

enhances data integrity and trust within IoT environments. 

Keywords—Blockchain, Internet of Things, Smart Applications, 

Styling, Cryptocurrency 

I. INTRODUCTION 

In the digital age, the Internet of Things (IoT) has become 

a disruptive force that is changing how we engage with both 

technology and the real world. The Internet of Things (IoT) 

is a network of linked devices that are embedded with sensors 

and software. These devices can communicate and share data 

to carry out tasks either independently or in conjunction with 

other systems. Applications for this networked ecosystem are 

numerous and include everything from industrial automation 

and environmental monitoring to smart homes and healthcare 

systems [1], [2]. 

Improvements in connectivity, sensor miniaturisation, 

and the combination of cloud computing and data analytics 

are driving the Internet of Things' explosive growth. Large 

volumes of real-time data can now be gathered, processed, 

and analysed, creating new opportunities for process 

optimisation, better decision-making, and enhanced user 

experiences. Although the Internet of Things has great 

potential, there are a number of obstacles to its widespread 

adoption, such as worries about data privacy, security, and 

compatibility across various platforms and devices [3]. 

Fig. 1 presents the architecture of the Internet of Things 

(IoT), which is structured into five distinct layers, each 

serving a specific function within the IoT ecosystem. The 

Perception Layer constitutes the lowest layer and is primarily 

responsible for sensing and gathering data from the 

surrounding environment through various sensors. This data 

collection forms the basis for further processing and analysis. 

The Transport Layer is crucial for the efficient and reliable 

transmission of sensed data between various components and 

layers within an IoT system. This layer leverages a diverse 

array of network protocols, with selection rigorously 

determined by specific application requirements concerning 

communication range, power consumption constraints, 

desired data rate, and critical real-time performance needs. 

For instance, short-range wireless technologies such as 

Bluetooth, RFID, and Near Field Communication (NFC) are 

typically employed for localized data exchange. These are 

ideal for scenarios like device pairing, proximity-based 

interactions (e.g., smart payments or access control), or 

sensor networks operating within a confined area. Their 

appeal lies in their low power consumption, cost-

effectiveness, and ability to support high spatial device 

density. In contrast, longer-range protocols, including 

3G/4G/5G cellular networks, Wi-Fi (WLAN), and wired 

Local Area Networks (LAN), are utilized for broader 

coverage, higher data throughput, and more extensive 

network integration. These are essential for applications 

requiring continuous, wide-area connectivity, such as smart 

city infrastructure, remote asset tracking, or industrial IoT 

deployments across large facilities. The strategic design and 

choice of transport-layer protocols critically impact the 

overall latency, scalability, and real-time responsiveness of 

the entire IoT architecture. For example, protocols optimized 

for minimal overhead and rapid data transmission contribute 

significantly to reduced latency, which is absolutely essential 

for time-sensitive applications like autonomous vehicles, 

remote surgery, or critical infrastructure monitoring where 

even milliseconds of delay can have severe consequences. 

Similarly, highly scalable transport solutions are necessary to 

gracefully accommodate the massive and ever-growing 

volume of data generated by a proliferating number of IoT 
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devices without compromising network stability, bandwidth, 

or performance. Therefore, a thorough and careful 

consideration of these intricate factors during protocol 

selection is paramount to ensuring seamless, efficient, robust, 

and truly responsive data flow throughout the entire IoT 

ecosystem, directly influencing the reliability and 

effectiveness of the end-to-end solution [4]. 

 

Fig. 1. Architectural layers of the IoT system 

At the core of the IoT architecture, the Processing Layer 

manages the enormous volumes of data accumulated by the 

Perception Layer. It employs advanced techniques in data 

storage, analysis, and processing, leveraging tools such as 

databases, cloud computing, and big data processing modules 

to extract meaningful insights from raw data. The Application 

Layer is responsible for delivering domain-specific services 

to the end user. It ensures that the processed data is applied to 

meet the practical needs of various applications within the 

IoT framework. Finally, the Business Layer is tasked with the 

overarching management of the IoT system, including the 

orchestration of business processes, application 

functionalities, profit models, and the protection of user 

privacy. This layer ensures that the IoT system operates 

within the defined business and legal frameworks, aligning 

technological capabilities with organisational objectives. 

Collectively, these layers form the backbone of IoT systems, 

ensuring effective data collection, transmission, processing, 

and application, while maintaining secure and efficient 

operations [5]-[10]. 

The decentralised and distributed ledger system known as 

blockchain technology has drawn a lot of interest due to its 

potential to solve some of the problems that come with 

Internet of Things networks. Fundamentally, blockchain 

eliminates the need for a central authority by enabling safe, 

open, and unchangeable record-keeping. To create a 

chronological and impenetrable history, every transaction or 

piece of data is grouped into blocks and added to a chain of 

earlier records. Because of its structure, blockchain is 

especially well-suited for applications where data integrity, 

security, and trust are crucial [11]. 

Blockchain has the potential to significantly improve the 

security and dependability of networked devices in the 

context of the Internet of Things. The susceptibility of IoT 

networks to cyberattacks, including data breaches and illegal 

access to private devices, is one of the main worries. IoT 

systems may be shielded from these threats by the 

decentralised, cryptographically secure environment that 

blockchain offers. IoT devices can independently verify and 

carry out transactions using smart contracts, which are self-

executing contracts with the terms of the agreement directly 

encoded into lines of code. This ensures that data exchanges 

are precise, safe, and impenetrable [12]. 

Additionally, the problem of interoperability in IoT 

networks is addressed by blockchain's decentralised 

structure. A centralised system may result in bottlenecks and 

single points of failure when a wide range of platforms and 

devices are interacting with one another. By ensuring that 

data can be accessed and verified by all network participants 

without depending on a central authority, blockchain's 

distributed ledger improves the scalability and resilience of 

Internet of Things systems. By merging the advantages of 

blockchain technology and the Internet of Things, we can 

open up new application opportunities in sectors like finance, 

healthcare, supply chain management, and smart cities. 

Blockchain provides a safe, transparent way to track and store 

the vast amounts of data generated by IoT devices in a way 

that ensures its authenticity. The combination of blockchain 

technology and the Internet of Things promises a more 

decentralised, safe, and effective digital future [13]. 

This paper uses a thorough methodology to investigate 

how blockchain technology can be integrated with the IoT. In 

order to comprehend how blockchain technology can offer 

secure data transfer, device identity, and immutable data 

storage without the need for a centralised authority, a 

thorough investigation of the technology will first be carried 

out. The study will concentrate on examining important 

blockchain frameworks, such as Ethereum, Bitcoin, and 

Litecoin, paying close attention to their distinct 

characteristics and related applications. Assessing each 

framework's suitability for Internet of Things applications 

while taking important aspects like security, scalability, and 

decentralisation into account is a crucial part of this 

methodology. In order to help managers and developers 

choose the best framework for their unique IoT requirements, 

a comparative study of the chosen blockchain architectures 

will be provided. Each architecture's current research and 

sample use cases will also be covered, giving their application 

a practical context. This approach seeks to advance 

knowledge of blockchain's function in the Internet of Things 

ecosystem and facilitate the creation of safe, effective smart 

applications. 

II. LITERATURE REVIEW 

The rapid advancement of technology has given rise to a 

new era of connectivity, where everyday objects are 

becoming increasingly integrated into the digital world. This 

transformation, driven by the IoT, has revolutionised 

industries by enabling seamless communication between 

devices and providing new opportunities for automation and 

data analysis. With the proliferation of affordable smart 

devices and ubiquitous internet access, IoT applications are 

now pervasive across various sectors, from healthcare to 

transportation. As a result, industries are experiencing 

enhanced efficiency, improved decision-making, and a more 

interconnected world. However, while the benefits are 

undeniable, challenges such as security concerns, data 

management, and interoperability still need to be addressed 

to fully unlock the potential of IoT. Several studies have been 

presented in the literature, some of which are reviewed as 

follows: 
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The Internet of Things is the global network of intelligent 

and connected devices utilising Wi-Fi capabilities and 

sensors. Embedding electronics into physical objects builds 

some intelligence into them, making them “smart,” thereby 

enabling these devices to communicate with each other as 

mentioned in [14]. These devices can range from industrial 

control systems, automobiles, wearable devices, medical 

equipment, smart home devices, and smart energy 

management devices. In this manner, the predictable 

channels of an information system are rapidly changing, and 

the physical world is becoming increasingly smart. The steep 

rise in the number of connected devices can be attributed to 

the ubiquitous broadband internet, low connection costs and 

availability of a large number of smart devices as mentioned 

in [15]. The following are a few applications of IoT which 

throw light on the advancements in wireless network 

technologies and the extent to which they can be leveraged 

for the purpose of automation and control, information 

analysis. Rental cars with embedded sensors provide the 

customers with the flexibility to pick up cars from pickup 

spots and return them, rather than having rental centres. The 

embedded sensors help in tracking the car, the distance 

travelled, and the rental duration [16]. The sensors in retail 

membership cards retrieve the shopper’s data and apply the 

appropriate discounts at the point of sale. Aeroplane 

manufacturers are considering building the airframes with 

embedded sensors which send important data regarding the 

health of the critical components to monitoring systems [16]. 

This can help mitigate unprecedented downtime and also 

provide scope for proactive maintenance. For instance, in 

many manufacturing industries, the paper industry demands 

manual adjustments of temperature for lime kilns, which can 

be automated through the use of sensors and also, and they 

are also networked to alert the operators in case the 

temperature rises beyond the threshold [17]. 

The three main layers of the architecture shown in Fig. 2, 

the management information layer, the system control layer, 

and the edge device layer, represent a tiered approach for an 

Internet of Things-based system. At the top, the management 

information layer serves as the main communication hub, 

where tools like firewalls, routers, and identity authentication 

systems guarantee safe and effective data flow management. 

Through elements like the public history server, remote 

access server, and office terminal, this layer communicates 

with external networks, including the Internet [18]. The 

architecture's central system control layer is where PLCs 

(programmable logic controllers) communicate with control 

mechanisms like servers, switches, and operator stations to 

enable real-time operations and system monitoring. Intrusion 

detection systems are another component of this layer that, by 

spotting possible breaches, help improve security 

management [19]. Finally, the physical devices, such as 

controllers, collectors, and actuators, that have direct 

interactions with the environment are included in the edge 

device layer. By transforming data into actionable insights 

and powering the automation processes that maximise system 

operations, these edge devices serve as the interface between 

the digital and physical worlds. In addition to addressing 

important issues like system security and data management, 

which are essential for successful IoT deployments, this 

tiered structure guarantees the effective handling of data [20]. 

 

Fig. 2. Typical architecture of layered industrial internet system 

Blockchain system uses encryption technology to protect 

data and relies on strong consistent algorithm to resist 

external attacks [21]. Merkle tree and its commonly used 

variants in blockchain systems support simplified payment 

verification and improve the efficiency of blockchain 

operation, which makes it possible to use blockchain 

technology on industrial internet devices. IIoT mainly applies 

instrumentation, sensors, and edge devices to machinery, 

vehicles in the transport, and the energy and industrial sectors 

[22]. Combined with blockchain technology, industrial 

control system can benefit from low operating cost, 

decentralized resource management, robustness against 

threats and attacks, etc. By allocating computing and storage 

requirements among all devices in the network, blockchain 

establishes a peer-to-peer network, which reduces the 

installation and maintenance costs of centralized cloud, data 

center and network devices. This communication mode 

addresses the issue of single point failure [23]. Blockchain 

solves the privacy problem of Internet of Things by using 

encryption algorithm. It also resolves the reliability problem 

in the IoT using tamper proof ledgers [24]. However, 

numerous academic literatures and some research on 

blockchain-based IIoT technology has only focused on 

general applications of the blockchain [25]-[30]. They have 

no insight into the blockchain challenges associated with the 

Internet of Things. Arias et al. [31] emphasize various 

security, privacy and performance problems of blockchain 

application in the field of IoT. Nevertheless, IoT has different 

multi-layer network architecture from the IIoT. Makhdoom 

et al. [32] put forward a lightweight architecture of the smart 

home and proposes a way to reduce computing density and 

transmission delay solutions to problems such as lateness and 

scalability. The effect of its practical application is not 

considered in depth. Dorri et al. [33] propose a scheme for 

configuring and managing IoT devices using blockchain 

smart contracts. Solve the security and synchronization 

problems in the terminal server model. In the IIoT 

environment, network nodes do not necessarily trust each 

other. Encryption hash link and distributed consistency 

mechanism ensure that the data stored on the immutable 

blockchain will not be changed or deleted, but the blockchain 

mechanism does not guarantee the reliability of the data in 

the source. Wang et al. [34] puts forward a cloud-edge 

computing framework for Cyber-Physical-Social Services. 

Therefore, some recent researches focus on integrating trust 

mechanism and performance optimization into blockchain-

based IIoT applications. However, due to the inherent 

characteristics of industrial internet, such as lack of central 
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control, heterogeneous devices and limited computing 

capacity, traditional blockchain technology and data security 

protection has challenges, such as [35]-[40]: 

• Resources constraints: Industrial internet consists of 

numerous terminal devices, which need to communicate 

with each other in time. However, most devices have 

limited resources, including bandwidth, computing and 

memory. This requires increasing many blocks containing 

a large number of transactions to the blockchain every 

second, which requires a consistent method with low 

latency. 

• Multi-center management: The traditional industrial 

internet relies on a hierarchical agent communication 

model, in which all devices are identified, verified and 

connected through the central control system. Because of 

the large-scale devices, the centralized server is 

sometimes difficult to meet the real-time interaction 

needs of decentralized devices. In general, IIoT has some 

constraint in performance requirements, and prepare to 

save a certain degree of data integrity in calculation and 

energy consumption. One way to achieve this is to relax 

the proof of work to reduce the calculation requirements. 

• Data security: The key parameters and sensitive data in 

industrial internet put forward higher requirements for 

data privacy and security protection. The heterogeneous 

network structure needs to ensure the data security 

protection from the sensor, communication protocol and 

the whole process of information processing. 

A distributed access control method for sensitive data has 

been proposed by some academics, but it adds excessive 

overhead and delay. In reference [41], IPSec and TLS are 

used to provide privacy and authentication, but because of 

their high computing costs, they are not appropriate for a 

variety of computing devices with limited resources. Their 

block validation and consensus mechanism run counter to 

what sophisticated blockchain solutions require. To enable 

ubiquitous computing services, the IIoT is a network of 

physical objects that edge devices can monitor and control. 

Regretfully, industrial internet applications frequently assign 

tasks to cloud computing in the management information 

layer because of constraints in memory, power, and 

computational capabilities. The number of blocks that 

blockchain nodes can mine is constrained in industrial 

internet environments due to the heterogeneous, distributed, 

and low-powered computing resources required to participate 

in block consensus.  In heterogeneous networks, nodes need 

to agree on the timing and accuracy of transactions in recently 

unearthed blocks. Blockchain bifurcation may result from 

inconsistent blockchain copies across nodes if this agreement 

is not reached. The issue of high computational demands 

must be resolved in order to add a new block to the industrial 

blockchain, as shown in Fig. 3. The industrial internet of 

things (IIoT) infrastructure is depicted in this graphical 

illustration, emphasising the function of edge devices, 

certification servers, and cloud-based management nodes. It 

highlights how different devices from the industry network 

communicate with centralised nodes to verify blocks and add 

them to the blockchain, guaranteeing transaction security and 

consistency. Therefore, resolving the issues of high 

computational requirements is crucial to guaranteeing 

dependable and effective blockchain operations in these 

kinds of settings [42]. 

 

Fig. 3. Industrial IoT blockchain architecture 

III. COMPARISON AND CONTRIBUTION 

The integration of blockchain technology with IoT 

devices for smart applications presents several challenges: 

Firstly, unique identification for each device is crucial. Each 

IoT device must have a unique identifier, often achieved 

through a pair of cryptographic keys (public and private). 

However, devices such as lights or CCTV cameras may lack 

the capacity to manage these keys, and IP addresses are 

unreliable due to their dynamic nature and the use of private 

IPs. Secondly, the double-spending issue is resolved through 

mining and proof-of-work functions in blockchain, but this is 

particularly relevant for transactions involving monetary 

assets. For non-financial data transfers, there’s no need to 

prevent double spending, though there should be a protocol 

in place to systematically build and append blocks to the 

blockchain. Another challenge is cryptographic computation; 

many IoT devices lack the computational power to perform 

the complex cryptographic calculations required for 

blockchain operations. With projections of 50 billion 

connected devices by 2022, it’s important to have sufficient 

devices online to handle these tasks. In terms of information 

exchange, IoT networks involve devices that store and 

process diverse types of data. Managing this data within a 

single ledger can be cumbersome, and alternatives like 

sidechains might be necessary to handle different types of 

devices and information. Lastly, the issue of trusting devices 

becomes critical as more devices are added to the network. 

Every device has its vulnerabilities, and an attacker 

compromising a device could lead to a significant system 

breach. Therefore, blindly trusting all devices in the 

blockchain is risky and could lead to exploitation: 

• Unique Identification for Smart Applications: Each 

device connected to the internet should have a unique 

identifier. This Id is used to track the device in the ledger. 

Usually, this is achieved by assigning a pair of keys 

(public and private) to each device. However, devices like 

lights and CCTV cameras might not have built-in capacity 

to manage these cryptography keys. IP address cannot be 

used for this purpose due to their dynamic nature and the 

presence of private IP addresses. 

• Double Spending issue: Mining and proof-of-work 

functions are used eliminate the transactions involving 

double spending. This is only useful while transferring 

assets with monetary value. In other cases, involving the 

transfer of data, the same information from a device can 
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be sent to different devices at any time. But, there should 

be some protocol to build a blockchain and append blocks 

to it in a systematic manner. 

• Cryptographic Computation for Smart Applications: The 

devices in IoT may not have the computational capacity 

to perform complex cryptographic calculations involved 

in the blockchain model. Since it is estimated that 50 

billion devices will be connected to the internet by 2022, 

there should be enough devices online at any point of 

time, to perform these calculations.  

• Information Exchange for Smart Applications: While it 

may be relatively easy to transfer the information and 

maintain a ledger for devices of the same type, IoT will 

have different types of devices and each device might 

store/process different kinds of information. Maintaining 

all this information in a single ledger might get complex 

and difficult to manage. Alternatives like sidechain can be 

utilized to solve this problem.  

• Trusting the devices: More devices mean more risk. Each 

device might have different vulnerabilities and if they are 

exploited successfully by an attacker, it might lead to a 

complete takeover of the device. Blindly trusting all the 

devices in the blockchain might be a problem. 

Table 1 lists the various difficulties in integrating 

blockchain technology with Internet of Things devices. 

Making sure every device is uniquely identified is one of the 

main challenges. To be tracked within the blockchain, each 

IoT device needs a unique identifier, which is usually 

accomplished using a pair of cryptographic keys (public and 

private). However, IP addresses are unreliable because they 

are dynamic, and many IoT devices, like lights or CCTV 

cameras, are unable to manage these keys. The problem of 

double spending, which is particularly pertinent to financial 

transactions, is another difficulty. Blockchain uses proof-of-

work and mining techniques to address this problem. Even 

though double spending is not an issue for non-financial data 

transfers, a protocol for methodically adding blocks to the 

blockchain should still exist. Since many IoT devices lack the 

processing capacity to carry out the intricate cryptographic 

operations necessary for blockchain functionality, 

cryptographic computation presents another difficulty. 

Having enough devices that can manage these tasks is 

essential, given the quick rise in connected devices. IoT 

networks use a variety of devices that process various kinds 

of data in order to exchange information. It can become 

difficult to manage this data in a single blockchain ledger; 

sidechains are one way to improve management. Last but not 

least, trusting devices is a serious issue. Because every device 

has vulnerabilities, the risks rise as more are added to the 

network. A serious systemic breach could result from a 

compromised device. As a result, it is dangerous and may 

result in exploitation to blindly trust every device on the 

blockchain. To achieve safe and effective IoT and blockchain 

integration, these issues must be resolved. 

IV. IMPLEMENTATION CHALLENGES AND SOLUTIONS 

FOR BLOCKCHAIN-IOT INTEGRATION 

Blockchain technology and the IoT have significant 

potential to revolutionize various industries, including supply 

chain management, smart cities, healthcare, and industrial 

automation. However, integrating blockchain into IoT 

ecosystems presents a number of complex operational, 

technical, and environmental issues. These challenges must 

be systematically resolved to guarantee the successful 

implementation of blockchain in IoT systems, particularly 

when considering the resource limitations and real-time 

processing demands specific to IoT devices. For instance, 

platform incompatibility often impedes seamless device 

integration, as different IoT devices and ecosystems may use 

proprietary protocols or data formats that are not inherently 

interoperable with standard blockchain frameworks. This 

fragmentation leads to complex middleware requirements 

and increases development overhead, slowing adoption. 

Furthermore, concerns about security and privacy are 

paramount. While blockchain offers strong cryptographic 

security, the sheer volume of IoT data and potential 

vulnerabilities at the device level remain a risk. A notable 

example is the Mirai botnet attack in 2016, which leveraged 

insecure IoT devices to launch massive distributed denial-of-

service (DDoS) attacks, demonstrating how widespread 

device vulnerabilities can be exploited, even with robust 

network security in place. In order to facilitate successful 

implementation, this section examines the main obstacles to 

blockchain-IoT integration and provides workable solutions, 

which are covered in detail in the subsections that follow: 

• A. Scaling and Network Latency: Significant scalability 

issues for blockchain systems have been brought about by 

the quick growth of IoT devices. Network latency is made 

worse by the requirement that every device take part in 

blockchain consensus procedures like Proof of Work 

(PoW) as the number of connected devices rises. For real-

time applications, where prompt and effective data 

exchange is essential, this latency is especially 

troublesome. For example, latency in data transmission in 

healthcare systems can affect patient care and treatment 

results, while delays in processing sensor data in 

autonomous vehicles can endanger safety. PoW's energy-

intensive nature also raises environmental concerns, 

which makes it less appropriate for widespread use in IoT 

networks where a large number of devices need 

continuous processing and validation. Many different 

strategies have been put forth to address the latency and 

scalability problems that blockchain systems in IoT 

applications present. While preserving the blockchain's 

security and integrity, these solutions seek to maximize 

transaction throughput and reduce latency as follows [43], 

[44]: 

• Lightweight Consensus Algorithms: Delegated Proof of 

Stake (DPoS) and Proof of Stake (PoS) are good 

substitutes for Proof of Work (PoW), which greatly 

lowers the energy and computational load. These 

algorithms are better suited for the resource-constrained 

environments typical of IoT networks because they 

require fewer validators to reach consensus, which lowers 

the energy footprint and speeds up transaction validation. 

• Layer 2 Solutions: To manage high-throughput 

transactions outside of the main blockchain network, 

technologies like sidechains and off-chain transactions 

have been developed. These solutions ease the strain on 

the primary blockchain by shifting some of the transaction 

processing to secondary layers, which speeds up 

processing and lowers latency. This makes it possible for 
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IoT applications to function more effectively in settings 

like industrial monitoring and autonomous systems that 

demand real-time data exchange. 

• Sharding: Is the process of dividing the blockchain into 

more manageable, smaller sections, or "shards," each of 

which is able to process its smart contracts and 

transactions on its own. By dividing the processing and 

storage burden among several nodes, this method 

improves scalability and raises the blockchain network's 

overall performance. For applications that need high-

frequency, low-latency interactions, sharding also helps 

to guarantee that transaction processing times are kept to 

a minimum. 

• Private Blockchain Networks: Hyperledger Fabric and 

other permissioned blockchain networks can offer an 

environment for Internet of Things applications that is 

more efficient and controlled. Consensus mechanisms 

like Raft, which are less resource-intensive than PoW and 

can be customized to match the unique requirements of 

IoT systems, are used in these networks. The potential of 

Hyperledger Fabric for real-time Internet of Things 

applications was highlighted by a study that showed it 

could process up to 230.2 transactions per second (TPS) 

with a latency of 259.3 milliseconds. 

Table 1. Challenges in Blockchain-IoT Integration for smart applications 

Challenge Description Solutions/Considerations 

Unique 
Identification 

for Smart 

Applications 

Each IoT device 

requires a unique 

identifier for tracking 
within the 

blockchain. Many 

devices lack the 
capacity to manage 

cryptographic keys. 

Use of public and private 

keys for device 
identification. IP 

addresses are unreliable 

due to their dynamic 
nature. 

Double 

Spending 

Issue 

Double spending 
must be prevented in 

blockchain for 

transactions 
involving monetary 

assets. Non-financial 

data transfers don’t 
require prevention. 

Mining and proof-of-work 
for monetary transactions. 

Protocols to build and 

append blocks for non-
financial data. 

Cryptographic 

Computation 
for Smart 

Applications 

Many IoT devices 

lack the 
computational power 

to perform complex 

cryptographic 
operations required 

for blockchain. 

Ensure sufficient devices 

online to perform the 

cryptographic 
computations. Need 

scalable devices for 

handling this. 

Information 
Exchange for 

Smart 

Applications 

IoT networks involve 
diverse devices 

storing and 

processing different 
types of data, making 

ledger management 

complex. 

Use of sidechains to 

manage data from 

different devices 
effectively, easing ledger 

complexity. 

Trusting the 

Devices 

Each device has 

unique 

vulnerabilities, and 
compromising a 

device can lead to 

security breaches. 
Blind trust in devices 

is risky. 

Carefully manage device 
trustworthiness. Risk 

management protocols to 

ensure secure interactions. 

 

Fig. 4 shows how different consensus algorithms used in 

blockchain-IoT integration trade off latency and scalability. 

It demonstrates how private blockchain networks, sharding, 

Layer 2 solutions, and lightweight consensus mechanisms 

synergistically improve blockchain system performance in 

IoT environments, enabling the scalability needed for large-

scale, real-time applications. 

A. Energy Efficiency in IoT Devices 

The power limitations of many IoT devices presents a 

major obstacle. The battery life of such devices can be rapidly 

depleted by running energy-intensive blockchain consensus 

mechanisms, especially Proof of Work (PoW). When IoT 

devices are placed in difficult-to-reach or remote areas, 

frequently without convenient access to power sources, this 

becomes particularly problematic. In order to ensure the long-

term, sustainable operation of these devices without 

sacrificing the functionality of the underlying Internet of 

Things applications, energy efficiency becomes crucial. 

Innovative solutions that improve the overall energy 

efficiency of blockchain-IoT integration are required to 

balance the energy demands of blockchain operations with 

the operational requirements of IoT devices. Using edge 

computing is one promising way to address energy 

inefficiency in IoT devices. The computational load on 

resource-constrained IoT devices can be greatly decreased by 

shifting complex cryptographic operations to more 

competent edge nodes. This method optimises bandwidth and 

lowers energy consumption by ensuring that only the most 

pertinent data is sent to the blockchain network, in addition 

to helping to protect the energy of individual devices. Energy 

efficiency can also be increased by implementing lightweight 

consensus techniques like Proof of Stake (PoS) or Proof of 

Authority (PoA). PoS and PoA use a lot less energy to 

maintain consensus than PoW, which needs a lot of 

computing power and energy for transaction validation. They 

are therefore more appropriate for Internet of Things settings 

where power efficiency is a major consideration. Fig. 5 shows 

how edge computing lowers the overall energy demand of 

blockchain transactions in IoT applications by shifting 

energy-intensive tasks from IoT devices to more potent edge 

nodes. To further optimise energy consumption and ensure 

that the blockchain network maintains its efficiency while 

taking into account the power constraints of IoT devices, 

lightweight consensus protocols like PoS or PoA are 

integrated [45]. 

 

Fig. 4. Scalability and latency trade-offs between consensus algorithms in 

blockchain-IoT integration 

B. Data Integrity and Privacy 

Particularly in industries like healthcare, finance, and 

smart homes, the explosive growth of IoT devices has 

resulted in the creation of previously unheard-of amounts of 

private and sensitive data. Large amounts of extremely 
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sensitive data, including financial transactions, location data, 

and personal health information, are gathered, processed, and 

transmitted by these devices. With its intrinsic transparency 

and immutability, blockchain technology has a lot to offer in 

terms of protecting data integrity. But this openness may 

unintentionally reveal private information, raising serious 

privacy issues. For example, the blockchain makes sure that 

data records are verifiable and tamper-proof, but it does so in 

a way that makes the data accessible to all network users. This 

presents a problem, especially when handling private or 

sensitive data. As a result, protecting data integrity while 

preserving privacy becomes crucial. Privacy-preserving 

mechanisms must be integrated to ensure compliance and 

safeguard individuals' rights in industries like healthcare and 

finance, where privacy is subject to stringent regulatory 

frameworks (e.g., GDPR in the EU or HIPAA in the U.S.). 

Several cutting-edge cryptographic techniques can be used to 

address these privacy issues while maintaining the integrity 

of data stored on the blockchain. Homomorphic encryption is 

one such method that makes it possible to perform 

calculations on encrypted data without first decrypting it. 

This protects privacy while enabling the blockchain to verify 

the integrity of the data by guaranteeing that sensitive 

information is encrypted throughout its lifecycle. Using Zero-

Knowledge Proofs (ZKPs), which enable the authenticity of 

a piece of data to be confirmed without disclosing the data 

itself, is another promising strategy. Without disclosing any 

private or sensitive information, ZKPs can be used to verify 

that a transaction is authentic or that data has not been 

tampered with. Because of this, ZKPs are the perfect way to 

preserve privacy in blockchain-based Internet of Things 

applications. An extra degree of security and privacy may 

also be offered by the use of permissioned ledgers or private 

blockchains.  

 

Fig. 5. Energy-efficient blockchain-IoT integration via edge computing 

Private blockchains limit access to only those who are 

authorised, in contrast to public blockchains, which allow 

anyone to join the network. This makes it possible to have 

more control over who can access and validate transactions, 

guaranteeing that only trusted entities can see sensitive IoT 

data. A more fine-grained degree of control over data access 

and validation is made possible by permissioned blockchains, 

which further refine this by giving various users distinct roles 

and permissions. When combined, these tactics provide a 

strong framework for guaranteeing IoT system privacy and 

data integrity. Fig. 6 shows how IoT data privacy is ensured 

by integrating Zero-Knowledge Proofs into a blockchain 

network. The blockchain maintains its function as a safe and 

unchangeable record-keeping system while maintaining 

privacy by employing this cryptographic technique to 

authenticate transactions and confirm data integrity without 

disclosing the sensitive information that lies beneath [46]. 

C. Interoperability Across IoT Devices 

Devices from various manufacturers that use various 

hardware configurations, communication protocols, and 

standards make up the naturally diverse Internet of Things 

(IoT) ecosystem. The smooth integration of IoT devices into 

a single system may be hampered by serious interoperability 

problems brought on by this diversity. Blockchain 

technology presents difficulties when implemented in diverse 

IoT environments, even though it has the potential to offer 

security, transparency, and immutability. These difficulties 

result from devices' incapacity to interact with one another 

across various protocols, which makes it difficult to create a 

coherent network and causes inefficiencies. Blockchain-

based IoT systems may not operate at their best if 

interoperability problems are not fixed, which would restrict 

their scalability and practicality in fields like smart cities, 

healthcare, and industrial automation. Furthermore, the 

absence of a standardised method may make it difficult for 

blockchain solutions to be widely adopted since developers 

and manufacturers might be hesitant to embrace a system that 

necessitates a major reconfiguration of current infrastructure 

or devices [47]. 

 

Fig. 6. Blockchain with zero-knowledge proofs for IoT data privacy 

Several tactics must be used to get past the 

interoperability issues in IoT ecosystems. The creation and 

acceptance of standardised interoperability frameworks and 

Application Programming Interfaces (APIs) is one essential 

strategy. Blockchain can serve as a universal communication 

layer that connects devices from various manufacturers and 

technological capabilities by creating a common set of 

protocols, interfaces, and data formats. Regardless of the 

underlying software or hardware protocols, standardised 

APIs guarantee that a variety of IoT devices can securely and 

efficiently communicate with the blockchain, facilitating 

transactions and data exchange. Apart from standardised 

APIs, cross-chain interoperability solutions present 

encouraging developments. These solutions make it easier for 

various blockchain networks to communicate with one 

another, which is especially helpful when working with a 

wide range of IoT devices that might be installed on different 

blockchain platforms. The use of sidechains is one such 

technique that allows various IoT device types to function on 

distinct chains while preserving connectivity and data flow 
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with the main blockchain. This guarantees that specialised 

devices can function in their ideal settings and join a single 

blockchain network without sacrificing effectiveness or 

security. Furthermore, the limitation of device-specific 

protocols is removed by utilising blockchain-agnostic 

frameworks, which allow IoT devices to exchange data and 

communicate across various blockchain platforms. In IoT 

applications, these interoperability solutions improve 

blockchain's scalability and functionality. A more flexible 

and inclusive blockchain environment makes it simpler to 

add new devices to the network, which promotes wider 

adoption of blockchain solutions in a variety of IoT domains. 

Interoperability also makes it possible for devices to function 

independently while preserving safe, real-time data 

exchange, which is essential for Internet of Things systems 

that need to function with minimal latency, like industrial 

control systems or driverless cars. Fig. 7 illustrates the 

multitude of interoperability solutions that facilitate smooth 

communication and data exchange between diverse IoT 

devices within a blockchain framework, including 

standardised APIs, cross-chain interactions, and sidechains. 

The figure would show how blockchain can act as a universal 

layer of communication that guarantees the security, 

scalability, and efficiency of IoT systems by showing how 

these solutions integrate various IoT devices with the 

blockchain [48]. 

 

Fig. 7. Blockchain interoperability solutions for heterogeneous IoT 

devices 

There are several important obstacles to overcome when 

integrating blockchain technology with the IoT, and each one 

calls for thoughtful analysis and specialised solutions to be 

implemented successfully. Because blockchain networks 

may be strained by the increasing number of IoT devices and 

their requirement for real-time communication, scalability 

and network latency are important issues. Layer 2 solutions 

like sidechains and sharding, in addition to lightweight 

consensus algorithms like PoS and DPoS, can be used to 

improve scalability and lower latency. Energy efficiency is 

also essential, particularly because a lot of IoT devices have 

limited resources. The energy requirements of blockchain 

operations can be reduced by using edge computing to 

offload intricate calculations and lightweight consensus 

techniques. Interoperability between various IoT devices 

running different protocols presents another difficulty. To 

ensure smooth communication and integration across 

heterogeneous systems, standardised APIs, cross-chain 

interoperability solutions, and blockchain-agnostic 

frameworks can aid in bridging these gaps. Lastly, legal and 

regulatory compliance are important factors to take into 

account, especially when handling sensitive data in Internet 

of Things applications. Blockchain's transparency and 

immutability provide a strong solution for keeping auditable 

records and guaranteeing data integrity, while smart contracts 

can be used to automate adherence to privacy laws and legal 

requirements. Table 2 provides a summary of these issues and 

suggested fixes [49]. 

V. PLATFORM CONSIDERATIONS FOR 

IMPLEMENTATION AND SIMULATION 

The key performance metrics like latency, throughput, 

energy consumption, and transaction verification time must 

be taken into account when assessing which platforms are 

best suited for implementing the suggested blockchain-based 

IoT framework. Based on fictitious performance data, Fig. 8 

compares four popular platforms: MATLAB, NS-3, 

Ethereum testnets, and hardware environments based on 

Raspberry Pi. Because of their versatility and large library, 

simulation tools like MATLAB and NS-3 are frequently used 

to model network protocols and communication in Internet of 

Things systems [50], [51]. Realistic blockchain transaction 

environments are provided by Ethereum testnets like Goerli 

and Rinkeby, which can highlight throughput and consensus 

time limitations [52]. 

Table 2. Implementation challenges and solutions for Blockchain-IoT 

integration 

Challenge Description Solutions/Considerations 

Scalability 

and 

Network 
Latency 

Discusses the 

scalability challenges 
and latency issues 

related to blockchain 

networks in IoT 
systems, and proposes 

solutions like 

lightweight consensus 
algorithms, Layer 2 

solutions, and 

sharding. 

Use of lightweight 
consensus algorithms (PoS, 

DPoS), Layer 2 solutions 

(sidechains), and sharding 
to handle scalability and 

reduce latency. 

Energy 

Efficiency 

in IoT 
Devices 

Explores the energy 

efficiency challenges 
of blockchain-IoT 

integration, 

particularly in 

resource-constrained 

devices, and suggests 

solutions such as edge 
computing and 

lightweight consensus 

mechanisms. 

Implement edge computing 
to offload complex 

computations from IoT 

devices, and use 
lightweight consensus 

protocols like PoS. 

Interoperab

ility Across 

IoT 
Devices 

Highlights 

interoperability issues 

in heterogeneous IoT 
environments and 

proposes solutions 

such as standardized 
APIs, cross-chain 

interoperability, and 

blockchain-agnostic 
frameworks. 

Adopt standardized APIs, 

cross-chain 
interoperability, and 

blockchain-agnostic 

frameworks to ensure 
seamless communication 

between diverse IoT 

devices. 

Regulatory 

Compliance 

and Legal 
Issues 

Addresses the 

regulatory compliance 
challenges in 

integrating blockchain 

with IoT systems, 
focusing on data 

privacy, legal 

requirements, and the 
use of smart contracts 

for automated 

compliance. 

Incorporate smart contracts 
for automated compliance 

with data privacy laws and 

regulatory requirements, 
and use blockchain for 

transparent audit trails. 

 

Real-world deployment problems, especially those 

pertaining to energy consumption and computational 

overhead, can be better understood through hardware-based 

prototyping with gadgets like Raspberry Pi [53]. This 

comparison helps future researchers choose the best platform 
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for validating secure IoT systems by highlighting the trade-

offs between hardware limitations, blockchain realism, and 

simulation accuracy. 

 

Fig. 8. Performance comparison of IoT–Blockchain platforms 

VI. CONCLUSION  

This paper shows that blockchain technology, especially 

Ethereum's proof-of-stake consensus mechanism, has a lot of 

potential for integrating IoT devices into applications for 

smart cities. In contrast to other platforms like Litecoin, 

Ethereum's well-established infrastructure provides 

significant benefits in terms of security, decentralisation, and 

scalability. In order to solve important issues with data 

privacy, device identity management, and secure data transfer 

within IoT networks, blockchain offers an environment for 

IoT data that is safe, transparent, and unchangeable. 

Blockchain is not a one-size-fits-all solution, despite its 

enormous potential. While blockchain is ideally suited for 

applications where security and decentralisation are critical, 

the paper emphasises that its implementation necessitates 

careful consideration of the resource limitations and 

operational requirements unique to Internet of Things 

devices. Furthermore, there are still problems that need to be 

resolved, such as scalability issues, energy efficiency issues, 

and the requirement for interoperability across heterogeneous 

IoT devices. Consequently, even though blockchain's 

integration with IoT ecosystems presents revolutionary 

opportunities, more study and technical developments are 

required to maximise its use and guarantee its widespread 

adoption in a variety of IoT contexts. 
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