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Blockchains for Internet of Things: Fundamentals,
Applications, and Challenges

Yusen Wu, Ye Hu, Mingzhe Chen, Yelena Yesha, Mérouane Debbah

Abstract—Internet of Things (IoT) services necessitate the
storage, transmission, and analysis of diverse data for inference,
autonomy, and control. Blockchains, with their inherent prop-
erties of decentralization and security, offer efficient database
solutions for these devices through consensus-based data sharing.
However, it’s essential to recognize that not every blockchain
system is suitable for specific IoT applications, and some might
be more beneficial when excluded with privacy concerns. For
example, public blockchains are not suitable for storing sensitive
data. This paper presents a detailed review of three distinct
blockchains tailored for enhancing IoT applications. We initially
delve into the foundational aspects of three blockchain systems,
highlighting their strengths, limitations, and implementation
needs. Additionally, we discuss the security issues in different
blockchains. Subsequently, we explore the blockchain’s appli-
cation in three pivotal IoT areas: edge AI, communications,
and healthcare. We underscore potential challenges and the
future directions for integrating different blockchains in IoT.
Ultimately, this paper aims to offer a comprehensive perspective
on the synergies between blockchains and the IoT ecosystem,
highlighting the opportunities and complexities involved.

I. INTRODUCTION

As one of the most notable technologies in recent years, the
Internet of Things (IoT) is expected to transform our daily lives
with numerous applications such as smart homes, autonomous
driving, smart grids, and more. However, the rise of IoT will
also lead to a data explosion. Through a consensus-based data-
sharing mechanism, blockchain techniques can provide IoT
with a distributed, immutable, and efficient database solution,
paving the way for a trustworthy data analysis and sharing
platform.

Some existing works [1]–[4] have explored the use of
blockchain in IoT applications. One of the most significant
applications is edge artificial intelligence (edge AI) due to the
increasing volume of data generated by edge IoT devices such
as sensors and wearable devices. Processing data at edge de-
vices can enhance training speed and data privacy, eliminating
the need to exchange sensitive information, such as medical
data, with other devices and central controllers, thus reducing
the risk of data leakage. However, since edge devices are
susceptible to various malicious attacks, utilizing blockchains
to address data and model security concerns becomes essential.
The application of blockchains in healthcare has also garnered
considerable attention. A blockchain ledger’s immutable and
trusted nature ensures that transactions are secure, and its
records are resistant to attacks. Additionally, permissioned
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blockchains can bolster data privacy for sensitive patient
information. They can also be used to establish an electronic
patient clinical trial system across different untrusted orga-
nizations, reducing traditional time-consuming administrative
processes in hospitals. Lastly, leveraging blockchain for IoT
communication stands as a crucial application in enhancing the
security of data transmission across networks and IoT devices.

In this article, we begin by introducing three fundamen-
tal blockchain systems: a) Public blockchain, b) Private
blockchain, and c) Permissioned/consortium blockchain. We
summarize their respective advantages, disadvantages, and
implementation requirements. We also summarize the security
issues associated with different blockchains. Next, we explore
the application of these blockchain systems in three critical
IoT domains: edge AI, healthcare, and IoT communications.
Finally, we describe the challenges associated with implement-
ing blockchain for IoT applications, concluding our discussion
at the end.

Currently, several survey and magazine papers [5]–[11]
have introduced the use of blockchains for IoT systems.
However, this article is different from these existing papers
in the following aspects. Compared to [5] and [6], our paper
details three distinct blockchains for different IoT scenarios,
especially for permissioned blockchains. Different from [7]
that ignored edge AI, we introduced permissioned blockchain
for edge AI. Compared to [8]–[11] which discovered vast
opportunities in the IoT domain, our paper points to several
differences: 1) We introduce several unique blockchain appli-
cations for the Internet of Medical Things, for example, trusted
executed environment (TEE) based private smart contract for
clinical trials. 2) We have introduced choosing the appropriate
blockchains for IoT applications, which is not discussed in
the current works. 3) We delved into real IoT applications
and summarized more important challenges for practical IoT
settings.

II. PRELIMINARIES AND OVERVIEW

A blockchain system simply is a shared and decentralized
ledger that is publicly accessible by all the participants. A
public immutable ledger is used to record transactions across
many nodes (clusters). And the underlying consensus protocol
ensures a new block added to the chains is in a final agreement.
There are at least four types of blockchain networks in the
industry: a) public blockchain, b) private blockchain, c) per-
missioned/consortium blockchain, and d) hybrid blockchain.
In this section, we mainly focus on the first three blockchains
and explain their advantages, drawbacks, and implementation
requirements as follows. Hybrid blockchain usually just com-
bines and merges them in different requirements. A detailed
comparison is shown in Table I.
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TABLE I
DIFFERENT TYPES OF BLOCKCHAIN SYSTEMS

Property Public blockchain Permissioned / Consortium blockchain Private blockchain
Consensus determination All miners Invited and authorized members Administrator

Permission Public Could be public or restricted Could be public or restricted
Scalability Typically low to moderate Moderate to high High
Security High Moderate to high Low

Immutability Nearly impossible to tamper Could be tampered with fewer nodes Could be tampered with fewer nodes
Efficiency (latency,cost,throughput) Poor (high latency) Moderate to Good Good (low latency)

Centralized No Partial Yes (administrator)
Consensus protocol Proof of "X" (PoX) Byzantine fault tolerance (BFT) Byzantine fault tolerance

Membership Dynamic Fixed; Know IDs of each other Fixed; know IDs of each other

Applicability for IoT systems
• High data security • Supply chain management • High sensitive data privacy

• Need transparency and trust • Healthcare and smart city • Require high transaction throughput
• Need global reach by all users • Permissioned network • Low-cost network fees
• Tokenization and micropayments • Require good transaction throughput • Private network participants

1) Public Blockchains: In a public blockchain system, a
participant (whether a miner or a user) can join the blockchain
network from anywhere and at any time. A core consensus pro-
tocol is employed to ensure agreement, trust, availability, and
safety. For instance, Bitcoin relies on proof-of-work (PoW),
whereas Ethereum utilizes proof-of-stake (PoS). Users can
employ a digital blockchain wallet to manage cryptocurrencies
like Bitcoin or Ether (ETH) for the purpose of exchanging
funds and assets. Public blockchains are well-suited for appli-
cations requiring both high data security and a necessity for
data transparency.

While the transparency and immutability of public
blockchains make them resilient to censorship and tampering,
we continue to witness incidents where attackers successfully
steal cryptocurrencies as public blockchains are under severe
attacks, such as transaction verification vulnerabilities (e.g.,
double spending, 51% attacks, privacy, etc.), private key vul-
nerabilities, phishing attacks, wallet vulnerabilities, exchange
vulnerabilities, physical theft, etc. To enhance security, we can
utilize reputable wallet software, store private keys securely
offline, enable two-factor authentication wherever possible,
avoid sharing private keys or sensitive information, and keep
your devices and software updated with the latest security
patches. Moreover, efficiency includes the speed of processing
transactions (latency), the energy and computational resources
required (cost efficiency), and the system’s overall ability to
handle large volumes of transactions effectively (throughput).
However, due to the PoW consensus, efficiency of the public
blockchains are poor (high latency and low throughput).

2) Private Blockchains: A private blockchain is overseen
by a network administrator, and participants require consent
or authorization from the administrator to join the network.
Due to the fewer nodes in a private blockchain compared to a
public blockchain, a private blockchain expends less time on
achieving a final consensus (high efficiency). Consequently,
it conserves considerable resources and provides significantly
lower transaction fees with highly efficient transaction exe-
cution times. It finds applications in secure data exchange
and the protection of highly sensitive medical data among
small groups. However, because a private blockchain is a
centralized network with a limited number of nodes, the data
and transactions recorded in the ledger are comparatively less
secure when contrasted with a public blockchain.

Security in private blockchains relies heavily on access con-
trol and encryption. Ensuring that only authorized participants
can access the network and that data is encrypted at rest and
in transit is crucial. Additionally, centralized control requires
trust in the governing entity, however, it introduces risks if
the governing body is not trustworthy. Establishing clear gov-
ernance rules and mechanisms or implementing transparency
and accountability in decision-making processes can be a solu-
tion to mitigate centralization risks. Moreover, even in private
blockchains, smart contracts can have vulnerabilities that could
be exploited by malicious participants (e.g., smart contracts
are transparent to every participant). Therefore, conducting
thorough security audits of smart contracts before deployment
or implementing a monitoring tool to detect smart contract
functions can be used to address emerging vulnerabilities.

3) Permissioned / Consortium Blockchains: A permis-
sioned blockchain, also referred to as a consortium blockchain,
operates as a distributed ledger that is not openly accessible to
the public. To become a participant in such a blockchain, one
must be invited and gain acceptance from the majority of exist-
ing participants. In permissioned blockchains like Hyperledger
Fabric or Iroha, each user’s identity is both manageable and
well-defined, and it is known to other participants. User access
control is granted through an identity management module.

A permissioned blockchain represents a partially centralized
network. When new members join the network, they also
become owners of the blockchain and are included as part
of the blockchain’s committees. The underlying protocol of a
permissioned blockchain typically employs a Byzantine fault
tolerance (BFT) consensus protocol for achieving total order
agreement so that the efficiency is ensured. However, it’s
important to note that BFT consensus has limitations in terms
of scalability, as latency tends to increase exponentially as
more nodes join the network, and it requires at least three
rounds of communication to reach a final agreement.

Security problems in permissioned blockchains involve as-
sessing the robustness of the consensus mechanism and the
composition of the validator nodes. In these networks, identity
management and authentication are critical aspects of security,
as ensuring the legitimacy of participants is fundamental to
the system’s integrity. Therefore, the implementation of ro-
bust access control mechanisms, including user authentication
and role-based access control (RBAC) [12], is indispensable.
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Fig. 1. Blockchain for federated learning.

Moreover, smart contract security, data privacy, network secu-
rity, and compliance with regulatory standards are important
considerations in permissioned blockchains, particularly in
industries like finance and supply chain management.

III. BLOCKCHAINS FOR INTERNET OF THINGS

We introduce three main IoT applications of blockchain: 1)
blockchain for edge AI, 2) blockchain for IoT communica-
tions, and 3) blockchain for IoT healthcare.

1) Blockchain for Edge AI: Edge AI enables distributed
edge devices to collaboratively train a machine learning model
without data sharing. However, since edge devices are vul-
nerable to malicious attacks such as poisoning and backdoor
attacks, the number of security issues and concerns in edge
AI increases significantly compared to centralized AI. For
example, within the edge AI training process, malicious edge
devices may be compromised and send faulty models or
gradients to a server or pretend they are correct among all
the devices. Meanwhile, in edge AI, attackers among a large
number of edge devices cannot be easily detected and traced
since most of the attacks are anonymous. To improve training
security, privacy, traceability (explainable AI), and data in-
tegrity, permissioned blockchain seems a promising solution to
public blockchain. In particular, permissioned blockchain can
create a secure, decentralized, and highly sensitive system for
storing and processing AI-generated data, models, or weights
in the ledger so that all the data in the transactions become
traceable. Meanwhile, permissioned blockchain can use its an-
alytics engine (failure detection) to block malicious identities
thus improving model and data security. We introduce two
specific applications of permissioned blockchain for edge AI
as follows:

• TEE-based smart contracts for privacy-critical and data-
sensitive edge AI. In permissioned blockchains, new
participants must obtain permission before joining. This
structure enhances data privacy in sensitive scenarios,
such as maintaining the confidentiality of patient data
across different organizations. Hospitals might employ
a permissioned blockchain network for secure data ex-
change or to exclusively share AI models trained from
edge devices, such as wearable health monitors that

can incorporate ML to analyze health metrics in real-
time, minimizing data leakage risks. These models can
be cataloged in a ledger using a unique model ID,
model hash, and accompanying metadata. Through this
ledger, hospitals can write, query, or aggregate different
AI models, thereby establishing a private model-sharing
platform fortified with smart contracts. Due to the im-
mutable nature of the blockchain ledger, every AI training
epoch can be chronologically documented. This not only
ensures traceability in AI training but also guarantees
that the parameters in the ledgers remain intact. Such
immutability provides clarity on the derivation of the
final AI model and flags potential malicious datasets.
However, in a permissioned blockchain, smart contracts,
although secure, are typically transparent to all members.
This openness can pose a risk: inquisitive participants
(though not necessarily malicious) could potentially ac-
cess data via these contracts. To mitigate this, the use of
private smart contracts is recommended. Given that smart
contracts can be a vulnerable component in blockchain,
safeguarding them with a trusted execution environment
(TEE) ensures that data inputs stay concealed from even
blockchain clients. In essence, a TEE-based smart con-
tract enclave executes all its functions within a secure
TEE zone, shielding all data even from the operating
system and administrative users. Therefore, the synergy
of edge AI and private smart contracts can notably elevate
the levels of data privacy and security.

• Federated Learning meets permissioned blockchain in
the edge. Federated learning (FL) enables mobile de-
vices to collaboratively learn a shared prediction model
while keeping all the training data private. However,
the devices are vulnerable to high-severity attacks, such
as DDoS or backdoor attacks, which severely destroy
the availability, security, correctness, and liveness of an
FL framework. Federated learning can effectually take
advantage of blockchain to bring trust to edge model,
and improve training and model security, as shown in
Fig 1. Each device needs to register an identity in a
blockchain network and thereby, each device owns a
unique identity, and blockchain only accepts data from
authorized devices. Edge devices can collect data, an-
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alyze and train data, and then submit the gradients or
parameters to the blockchain ledger as logs or receipts
to make training traceable. In other words, leveraging
blockchain enables edge models accessible and trusted.
Interestingly, one of the most significant challenges for
data owners is that they always doubt how and when
AI-based applications will use their data in federated
learning, which means that there is no trust between data
owners and systems. Leveraging blockchain technology,
the data owners can fully control their data by giving
permission or consent (e.g., electronic smart contracts
including who and when can access the data) in AI-
based applications. Data owners can surface their data
ownership by licensing their data to the application and
storing all the policies or rules in immutable blockchain
ledgers based on different conditions. Importantly, FL
prioritizes data privacy since clients are often reluctant
to reveal their datasets. As a result, public blockchains,
which inherently prioritize transparency and openness,
are not the ideal choice for FL.

2) Blockchain for Wireless Communications: Motivated
by the use of cryptocurrency and the establishment of se-
cure decentralized networks among various untrusted entities,
blockchain technology has been integrated into wireless net-
works [13]. This integration permits uncertain individuals to
engage with each other across different network areas. Specif-
ically, blockchain can instill immutable trust among these
distinct networks. For instance, public blockchains can ensure
secure data access and transaction traceability. Conversely,
permissioned or private blockchains can enhance data privacy
and support private resource sharing in wireless networks. We
have listed several research areas related to the application of
blockchains in wireless networks as follows:

• Application management in wireless networks with
blockchain. Wireless devices include GPS, wireless com-
puter devices (e.g., headphones or keyboards), satellites,
cordless phones, radio transceivers, etc. The applications
of wireless networks include different Wi-Fi applications
or network services from network providers installed
on those devices. A public blockchain enables different
providers to manage their services and assets efficiently,
for example, by selling network services online through
cryptocurrencies in an Ethereum blockchain, and the
network will be active only after the provider gets a valid
payment. Customers and providers can fully trust each
other through the immutable and transparent transactions
in the ledgers. Likewise, a detailed and well-designed
smart contract needs to be developed automatically to
execute, control, or document legally relevant payments
and events.

• Adversarial modeling in wireless communications. Ad-
versarial modeling is the technique of identifying mali-
cious attackers based on some suspicious behaviors (e.g.,
time, entities, frequency, and protocols to thwart attacks),
rather than only searching for specific indicators of an
attack. Traditional solutions such as authentication and
signature fail in this case since the attackers are often

no anomalies and pretending they are honest, thereby
adversarial modeling becomes the most common solution
in wireless settings to filter spam and detect malware.
Combined with public blockchain technology, the plat-
form can act as an immutable notebook to record all the
suspicious behaviors of attackers and become an adver-
sarial detection toolbox for all users. A smart contract
is designed and runs independently as a middleware to
interact with blockchain ledgers. For example, invoking
commit suspicious behaviors function to store a behavior
record including malicious behavior ID, timestamp, and
descriptions, or query a transaction by a transaction ID,
or delete a transaction.
Take blockchain in wireless vulnerability assessment as
an example. Wireless security assessment helps identify
vulnerabilities and security issues in the wireless settings,
e.g., Wi-Fi vulnerability assessment can help detect and
fix the risks before being attacked, we can discover
nearby wireless devices, investigate rogue devices, test
WLAN infrastructure, and apply the test results in a
blockchain. A smart contract enables the monitoring of
specific parts of the radio frequency (RF) spectrum to
identify unauthorized wireless transmissions and activi-
ties. A dedicated smart contract also can be implemented
to commit all the reports and results to immutable ledgers.
Experts or researchers can join and contribute research
results to the assessment. An intrusion detection report
can also be part of the assessment.

• Secure routing protocols. Secure routing protocols are
designed to counteract routing attacks that might disrupt
route discovery. A route fails when the source node uses
up its network retries without receiving an ACK, and
the routing poisoning attack generally happens by editing
the routing tables. With public blockchain, an ad hoc
smart contract for managing and orchestrating iptables
can prevent them from malicious attacks, thus improving
network routing security.

• Digital forensics with blockchain in wireless communica-
tions. Indisputably, public blockchain technology can of-
fer digital forensics with substantial benefits for the whole
procedure, including identification, preservation, analy-
sis, documentation, and presentation. Wireless forensics
similarly includes data collection, data analysis, secu-
rity analysis, and network investigations to determine
whether the network has been used for illegal purposes.
The features of immutability, transparency, and trust of
public blockchain bring reliable digital forensics to wire
communications.

• User privacy with permissioned blockchain in wireless
communications. Blockchain transactions can be en-
crypted by data owners using private and public keys,
enabling them to store the ciphertext privately in a
ledger. Third-party participants, even authorized members
within the same permissioned blockchain network, are
prohibited from misusing or obtaining the data. When
personal data is stored on the blockchain ledger, data
owners have complete control over when and how a third
party accesses it. This undoubtedly enhances user pri-
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vacy and data confidentiality. Specifically, the advantage
of employing cryptographic primitives to encrypt data
during transmission from devices to servers via wireless
networks is that it bolsters data privacy, especially when
the raw data (which lacks privacy measures) is susceptible
to eavesdropping attacks. Permissioned blockchain partic-
ipants can log all transactions in the ledger, efficiently
manage or share their data, and utilize permissioned
blockchain technology to develop innovative data-sharing
and access control applications.

3) Permissioned Blockchain with the Internet of Medical
Things: Blockchain’s adoption in healthcare is expanding
rapidly with platforms like BurstIQ helping healthcare entities
securely manage vast patient data. BurstIQ’s platform offers
comprehensive patient records, potentially aiding in curbing
prescription drug misuse. The Internet of Medical Things
(IoMT) 1 allows hospitals real-time patient connectivity, en-
abling timely data acquisition by healthcare professionals.
Given the sensitivity of patient data, permissioned blockchains
are preferred for ensuring data privacy due to the ability to
ensure security, regulatory compliance, and efficient handling
of sensitive patient data within an access controlled and
customizable network.

• A zero-trust data sharing platform with IoMT. Medical
devices produce vast amounts of sensitive patient data.
Therefore, a big data analytics platform is crucial for
managing these valuable patient details, encompassing
modules for data sharing, analysis, and storage. A demon-
stration of data sharing in an IoT-based healthcare system
among various hospitals is depicted in Fig. 2. Smart
medical devices, such as robotic surgeons or wearable
sensors, transmit diagnostic and therapeutic procedure
data as transactions to the smart contract. This contract
then records the transactions in the blockchain ledger.
Various hospitals can participate as authorized members,
enhancing specific medical research domains within the
blockchain. Researchers or experimenters can access,
download, and analyze the data once they obtain per-

1The internet of medical things (IoMT) is the network of Internet-connected
medical devices, hardware infrastructure, and software applications used to
connect healthcare information technology

mission (a demonstration of how a third party obtains
permission is discussed in section III-3). Notably, since
blockchains cannot store large CT scan images, such
image data is uploaded to a secure or decentralized
storage system [14] using API functions.

• Secure lightweight solutions for IoMT systems with
Blockchain. Both public and permissioned blockchains
require powerful servers for storage, consensus, and cal-
culations. Lightweight solutions, such as a lightweight
consensus protocol running on smart medical devices,
aim to make all devices smarter by facilitating consensus
overhead between them. This is a research direction to
reduce resources and costs because there might not be a
need to set up many decentralized servers. In other words,
a novel blockchain system designed specifically for IoT
devices could be developed. Sambhav et al. [4] proposed
a new blockchain that runs a consensus module and data
storage module separately (e.g., running consensus on
IoT devices and storing data on regular servers), allowing
smart devices to become a node in the blockchain system.
While some lightweight cryptographic primitives can
be used to simplify installation steps and ensure IoT
data privacy, given that many devices have a limited
configuration unsuitable for installing a full version of
the cryptographic library, new consensus protocols still
need to be developed for IoMT. This would account for
limitations from medical devices (e.g., limited memory
and storage) when thousands or millions of IoMT devices
connect in the future.

• Novel access control algorithms for blockchain-enabled
IoMT. The downsides of contemporary access control in
IoT still suffer from complicated use and severe attacks.
A blockchain and smart contract-based access control
reduce cumbersome processes (e.g., how to choose a
reasonable access control algorithm and deploy it). Per-
missioned blockchain, in particular, Hyperledger fabric
blockchain, has its own attributed-based access rule for
user identity management, and its channels can efficiently
set the access control policy for all the participants.

• Permissioned blockchains with Electronic Health Record
(EHR). Centralized clinical trial systems, though com-
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monly used, are often insecure and inefficient, especially
when managing and sharing data across various disparate
organizations. Ensuring patient and data privacy in such
a centralized system presents challenges. Constructing
a permissioned blockchain-based EHR application can
effectively address concerns about data confidentiality,
privacy, traceability, and integrity. We present a detailed
patient clinical trial use case and its workflow to provide
a clearer understanding of the innovative clinical trial
architecture, as depicted in Fig 3.

Workflow Overview. In this example, Institutional Re-
view Boards (IRBs) approve clinical trials; investigators over-
see them, while researchers monitor subjects and evaluate
changes. HFB refers to the Hyperledger Fabric Permissioned
Blockchain, and all its members (owner of blockchain nodes)
are authorized participants. Patients first register on the
blockchain network. They grant consent using web interfaces
(Step 8). Their sensitive data is stored and registered in an
AWS cloud database or AWS S3 bucket (Step 6&7), with
only authorized users able to access it (Step 9). Specifically,
third-party users need to send requests to ask for permission
from patients. After obtaining patient consent (Step 1&4), the
smart contract provides a data endpoint link to the researchers
(Step 5). Once they have the necessary approvals, they can
download patient data for study. The complete implementation
and evaluations are detailed in [15]. Another example, when
a clinician wants to conduct a clinical trial, he/she needs to
submit a request to IRB, and IRB members approve a trial
(Step 2&3).

IV. CHALLENGES

While a public blockchain operates as an open ledger
accessible to all, the advent of permissioned blockchains has
addressed some significant challenges, particularly in terms
of privacy and efficiency. However, permissioned blockchains
still confront several issues. We delve into the primary chal-
lenges for both permissioned and public blockchains below.

A. Energy Efficiency

When integrating public blockchains with IoT applications,
a primary concern is energy efficiency. This concern spans
beyond the energy demands of the IoT applications and data

transmissions themselves and extends to the energy used
in node competition stemming from consensus protocols. In
many IoT systems, edge devices operate on limited energy
resources, which can preclude them from serving as full con-
sensus nodes or from handling intensive computational tasks.
Additionally, certain public blockchain consensus protocols,
like Proof of Work (PoW), require all participating miners (or
devices) to constantly compete in solving complex mathemati-
cal puzzles, a process that markedly elevates energy consump-
tion. Given these considerations, permissioned blockchains
could play a pivotal role in enhancing data communication
efficiency in IoT settings.

B. Scalability in Blockchains

Blockchains must be scalable to handle rising transactions
and more network nodes. Scalability in blockchain technolo-
gies is significantly influenced by factors such as network
size, consensus mechanism, block size and frequency, degree
of decentralization, and the level of trust among participants.
Public blockchains face scalability challenges due to the
extensive validation processes required by a large number of
nodes, using computationally intensive consensus mechanisms
like PoW. In contrast, permissioned and private blockchains
can achieve higher scalability through more efficient consen-
sus protocols and smaller, more trusted networks that allow
for quicker validation processes. Adjustments in block size
and intervals can enhance throughput, but they must balance
against potential security risks and the impact on decentraliza-
tion. Thus, each blockchain type makes specific trade-offs to
optimize scalability while considering security and operational
needs.

C. Pruning in Permissioned Blockchains

The size of the blockchain continuously grows as new
blocks are added. Over time, this can lead to significant
storage requirements, which can be especially challenging for
nodes that need to store the entire blockchain. The larger the
blockchain, the longer it may take to validate, synchronize,
and back up the data. This can affect the performance and
speed of the entire network. In order to solve the problem,
implementing garbage collection mechanisms to identify and
remove data that is no longer required. This is especially
applicable in permissioned blockchains where certain data
might have a defined "active period" or "active duration".

D. Integration with Existing IoT Systems

Integrating public or permissioned blockchains with current
IoT infrastructure presents challenges. For instance, different
blockchains have different protocols, consensus mechanisms,
and data structures. Integrating multiple blockchains or con-
necting a blockchain with a legacy system might require
complex bridging solutions. However, there are emerging
solutions to address these challenges, including novel mid-
dleware for blockchain integration, Blockchain as a Service
(BaaS) offerings, and standardized APIs for interacting with
legacy systems. Crucially, ensuring that the entire system is
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reliable and free from defects requires extensive debugging
and testing. Even when deploying on cloud platforms like
AWS blockchain, there’s a learning curve involved due to the
platform’s complexity.

E. Interoperability for Private Blockchains

How do private blockchains communicate and interact with
other private blockchains or even public blockchains? The
challenge of ensuring seamless communication between dis-
parate blockchain systems is often referred to as "interoperabil-
ity". Several solutions have been proposed, such as cross-chain
communication protocols, atomic swaps between different
blockchain systems, and standardized APIs. However, trust
issues, security concerns, or data and protocol mismatches still
are the most significant barriers.

F. Incentivization Mechanisms in Permissioned Blockchains
for Data Owners

In public blockchains, network participants (like miners or
validators) are incentivized through monetary rewards (like
mining or staking rewards) to validate and add transactions to
the blockchain. However, permissioned blockchains generally
lack this direct financial incentive, as they are typically used by
consortiums or groups of known entities for specific purposes
and do not rely on native tokens or cryptocurrencies for
operation. There are still ways to motivate participation, such
as adding reputation. The key is to identify what’s valuable
for the participants and structure the incentives around that.

V. CONCLUSION

In this paper, we presented a thorough review of vari-
ous blockchain applications for IoT. Initially, we provided
an overview of three distinct blockchain systems, outlining
their strengths, weaknesses, and implementation needs. We
also summarize the security issues associated with differ-
ent blockchains. Subsequently, we delved into three primary
blockchain applications: edge AI, IoT communications, and
IoT healthcare, illustrating their function across different
blockchain platforms. In conclusion, we discussed the chal-
lenges and future research directions for blockchain’s integra-
tion within IoT contexts.
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