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Ensuring resilience in ocean energy power
plants: a review on cybersecurity

Thalita Nazaré, Lucas Nardo, Janier Arias-Garcia, and Erivelton Nepomuceno

Abstract—The present review delves into the escalating
significance of cybersecurity within the domain of Ocean
Renewable Energy (ORE), with emphasis on wave energy
power plants. The susceptibility of crucial infrastructure
to cyber threats has been amplified by the escalation
in interconnectivity and digitalization of energy systems.
The absence of a thorough academic investigation into
cybersecurity remedies for ocean energy systems has been
recognized, despite the pressing demand. This research
conforms to the systematic literature review standards
established by Kitchenham and Charters. The study in-
vestigates three principal areas of interest: smart ocean,
cybersecurity for renewable energy systems, and marine data
security. The results highlight the necessity of improving
the ability of power plants to withstand cyber attacks and
emphasize the potential of various technologies, including
the Internet of Things, blockchain, artificial intelligence,
and cloud computing in achieving this objective. The afore-
mentioned analysis emphasizes the importance of ongoing
exploration and advancement in cybersecurity protocols.
It recommends that forthcoming efforts concentrate on
quantum computing and policy frameworks that facilitate
the establishment of robust, all-encompassing, and just
cybersecurity resolutions in the domain of ocean energy.

Index Terms—Ocean Energy, Cybersecurity, Marine Data,
Smart Ocean.

I. INTRODUCTION

THERE is a massive surge in renewable energy
sources, predominantly solar and offshore wind,

contributing to increased diversity in energy gener-
ation [1]. Other forms of energy such as wave and
tidal power are not to be overlooked as they are also
important and consistently evolving [2–4]. Evidence of
the sustained interest in these topics was observed at
the recent IEEE OCEANS 2023 conference held in June
2023 in Limerick, Ireland, where offshore renewable
energy themes were notably highlighted. This contem-
porary shift in the energy landscape is largely driven
by increasing concerns over climate change, the urgent
need to transition towards energy sources with lower
carbon emissions, and the depletion of conventional
fossil fuel reserves.
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Among Offshore Renewable Energy (ORE) sources,
wave power stands as a prominent solution to the
issues of energy security and environmental sustain-
ability. They are deemed practical and environmentally
friendly, with vast potential to alleviate these concerns.
Wave energy serves as a notable example of ORE
sources [5, 6]. Once ORE facilities, like wave power
plants, are established, they inherently become signifi-
cant assets, playing a crucial role as critical infrastruc-
tures within a country. These infrastructures are not
only pivotal in producing sustainable energy, thereby
addressing issues of environmental sustainability and
energy security, but also in maintaining the function-
ality of the society and the economy.

However, the reality of the modern era is that these
critical infrastructures are largely controlled and man-
aged by computerized systems. In this way, govern-
ments are currently facing the challenge of address-
ing cybersecurity as a critical issue that is gaining
significance [7, 8]. The plausibility of cyberattacks on
energy infrastructure is progressively materializing as
the interconnectivity of energy systems expands and
digital technologies proliferate. The concern is partic-
ularly pronounced about critical infrastructure, which
encompasses indispensable services for both society
and the economy, such as the energy sector [9]. Given
this circumstance, international entities such as the Eu-
ropean Commission have underscored the significance
of enhancing the resilience of critical infrastructure and
mitigating its vulnerability to cyber assaults.

Despite the growing recognition of the importance
of cybersecurity in energy systems, academic inves-
tigations and research that focus exclusively on this
domain are comparatively incipient. It is evident that
a thorough evaluation of cybersecurity measures, par-
ticularly concerning ocean energy, has not been con-
ducted thus far. However, recent technical reports
developed between 2020 and 2021 have addressed
methodologies for cybersecurity in ocean energy, as
shown in Section III. Hence, given the importance of
the topic and its status as a nascent field of inquiry,
it is imperative to verify the bibliographic references.
To date, there is a dearth of literature reviews that are
specifically focused on the subject of ocean energy.

Consequently, this study aims to address the knowl-
edge gap by conducting a comprehensive assessment
of the cybersecurity measures currently implemented
in the field of ocean energy. The present review is being
conducted to fulfill the research objectives. Following
the guidelines established in Kitchenham and Charters’
criteria for conducting systematic literature reviews
[10], a comprehensive examination of several scientific
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papers was conducted. Our study has focused on three
key domains, namely the “smart ocean”, “cyberse-
curity for renewable energy systems”, and “marine
data security”. The interconnectivity of these concepts
implies that acquiring knowledge of any one of them
enhances one’s understanding of the rest.

The smart ocean concept, for instance, encapsulates an
integrated marine environment augmented by sensors,
communication capabilities, and computing power,
connecting various objects both on the surface and
underwater [11]. As this ecosystem evolves, Wave
Energy Converters (WECs) become crucial nodes that
require robust safety systems. This need was succinctly
articulated in the first report on cybersecurity guidance
for Marine Renewable Energy (MRE) systems by the
Pacific Northwest National Laboratory (PNNL) [12],
where various threats and vulnerabilities to informa-
tion technology (IT) and operational technology (OT)
equipment used in WECs were thoroughly assessed.

By analyzing these interrelated themes, we offer an
expansive overview of the application of cybersecurity
measures in the context of ocean energy. Our findings
underscore the urgency of enhancing the resilience
of power plants against cyber threats and serve as a
valuable resource for future research aiming to fortify
the security of renewable energy systems. This en-
deavor contributes substantially to the ongoing efforts
to secure our energy future in the face of ever-evolving
cyber threats and a rapidly changing energy landscape.

II. METHODOLOGY

In this study, a comprehensive literature review was
conducted between 2012 and the present day to ex-
amine the resilience of ocean energy power plants.
The primary objective of the literature review was to
identify existing research on the topic and synthesize
the findings to provide a comprehensive overview of
the current state of research in this field. The process for
conducting the literature review was established after
careful consideration of the research questions and
objectives. As shown in Figure 1, the steps involved
in the review process included identifying relevant
databases, selecting appropriate search terms, screen-
ing relevant articles, and synthesizing the findings.
These steps were carefully followed to ensure that the
review process was rigorous and comprehensive, and
that the resulting findings were valid and reliable. The
authors searched four main sources, namely SCOPUS,
WEB OF SCIENCE, IEEE XPLORE, and PUBLISH OR
PERISH using specific search queries that were tai-
lored to each source. The first advanced search key
used was: ((”Document Title”:Cybersecurity) AND (”Ab-
stract”:Energy) OR (”Abstract”:Marine Energy) OR (”Ab-
stract”:Renewable Energy)), and among the documents
found, using a combination of the terms “cybersecu-
rity” and “marine energy”, articles that are part of this
work were filtered.

Following this initial screening, the authors con-
ducted a thorough evaluation of the abstracts of the
selected papers to assess their relevance and suitability
for inclusion in the review. Duplicate articles were

Planning

Identification of the need for a review
Commissioning a review
Specifying the research question
Developing a review protocol
Evaluating the review protocol

Conducting

Identification of research
Selection of primary studies
Study quality assessment
Data extraction and monitoring
Data synthesis

Reporting

Specifying dissemination mechanisms
Formatting the main report
Evaluating the report

Fig. 1. Three stages of the proposed methodology for the biblio-
graphic review. The first stage is the selection of the databases used
for the search, followed by the second stage of the application of the
inclusion and exclusion criteria to the articles found. The third and
final stage is the analysis of the selected articles and the extraction
of relevant information, such as the areas and keywords addressed
in the articles.

excluded, and some papers were included based on the
authors’ expertise in the field. To gain a comprehensive
understanding of the applications and to comprehend
state-of-the-art, a full-text examination was conducted
on the selected articles.

III. TECHNICAL REPORTS

Once the WECs are installed, it is also essential to
develop safety systems for these devices, as demon-
strated in the first report on cybersecurity guidance for
MRE systems [12] prepared by the Pacific Northwest
National Laboratory. In preparation for this report,
researchers reviewed the cyber threats and vulnera-
bilities of information technology (IT) and operational
technology (OT) equipment used in various WEC mod-
els. Figure 2 presents an example of the possible threats
and attacks on WEC devices.

Fig. 2. PNNL’s report incorporates cybersecurity guidance on how to
protect an MRE device from potential threats to a system through a
satellite, Wi-Fi, or cloud computing and threats to the actual physical
device itself. (Illustration by Stephanie King | Pacific Northwest
National Laboratory.) Source: Pacific Northwest National Laboratory.
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A. Framework for Identifying Cybersecurity Vulnerability
and Determining Risk for Marine Renewable Energy Sys-
tems [13]

In this technical report, the authors present a method
for assessing cybersecurity threats to the MRE sector.
The study, conducted by the Pacific Northwest Na-
tional Laboratory, emphasizes the importance of iden-
tifying vulnerabilities and quantifying risk levels to
address and prevent potential cybersecurity breaches.

Given the increasing reliance on renewable energy
sources in the maritime industry, the safety and secu-
rity of these MRE systems are crucial. Cybersecurity
vulnerabilities could significantly impact the opera-
tion of these energy systems, potentially disrupting
the energy supply and posing broader economic and
environmental threats. The framework proposed in the
report aims to support a comprehensive and systematic
approach to assess the cybersecurity landscape in the
MRE sector, providing a roadmap for managing and
mitigating potential risks.

Figures 3 and 4 are provided by the authors and
present network architectures as exemplars for two
distinct designs of MRE systems. The aforementioned
instances are grounded on data obtained from Requests
for Information and are in direct alignment with extant
systems created by practitioners in the field. The afore-
mentioned network architectures offer a more granular
understanding of potential hazards and avenues of
attack that may be encountered by MRE.

The paper does not furnish specifics regarding the
report’s substance; however, such a structure would
probably would encompass the identification of poten-
tial threats, assessment of vulnerabilities, quantification
of risks, and strategies for mitigating said risks. The
implementation of regulatory standards and industry
best practices could potentially serve as a solution to
address the cybersecurity needs in the MRE sector,
thereby enhancing its preparedness. The technical re-
port possesses significant value for professionals in
the industry, policymakers, and researchers. It serves
as a crucial resource for augmenting cybersecurity
measures in the marine renewable energy domain.

B. Cybersecurity Resiliency of Marine Renewable Energy
Systems-Part 1: Identifying Cybersecurity Vulnerabilities
and Determining Risk [14]

In the present report, Peralta et al. delve into the
crucial subject of cybersecurity as it pertains to marine
renewable energy systems. The 2020 publication in
the Marine Technology Society Journal explores the
detection of cybersecurity susceptibilities and the eval-
uation of correlated hazards within these structures.
This research aims to tackle the growing apprehensions
about the cybersecurity of marine-based renewable
energy systems. Renewable energy sources, including
wind, tidal, and wave power, are increasingly being
incorporated into the global energy landscape. Never-
theless, similar to any digitally linked infrastructure,
these systems are vulnerable to cybersecurity risks.
Consequently, comprehending the vulnerabilities and
hazards is imperative in guaranteeing the durability

and sustained feasibility of marine renewable energy
systems. The research conducted by the authors un-
derscores the significance of detecting probable sus-
ceptibilities in marine-based renewable energy sys-
tems. The study endeavors to identify vulnerabilities
in the cybersecurity framework of the systems through
a thorough analysis. The present analysis takes into
account diverse factors, including communication net-
works, control systems, data storage, and information
exchange protocols.

Additionally, the article underscores the importance
of identifying the potential risks that arise from these
vulnerabilities. Peralta et al. conduct an assessment of
the possible ramifications of cyber-attacks on marine
renewable energy systems, encompassing interference
with power generation, violation of data integrity, and
endangerment of personnel and infrastructure. The
research endeavors to enhance the resilience of marine
renewable energy systems against cyber threats by
quantifying and evaluating the associated risks. This
contributes to the advancement of cybersecurity strate-
gies that are capable of providing robust protection.
The article’s findings provide significant insights into
the distinct vulnerabilities and risks encountered by
marine renewable energy systems. The identification
of these vulnerabilities and the quantification of their
potential impacts establish a fundamental basis for
forthcoming investigations and the creation of specific
cybersecurity strategies. The identified risks can be
proactively addressed, and suitable security measures
can be implemented by stakeholders, such as engi-
neers, policymakers, and cybersecurity professionals.

The research holds a broader significance that tran-
scends the marine renewable energy sector in the short
term. The vulnerabilities and risks highlighted in this
study have broader implications for the protection of
critical infrastructure, given the growing dependence
on renewable energy sources worldwide. The analysis
of cybersecurity in marine renewable energy systems
can provide valuable insights for the creation of secure
and resilient infrastructure in various other sectors.

C. Cybersecurity Resiliency of Marine Renewable Energy
Systems Part 2: Cybersecurity Best Practices and Risk
Management [12]

In the subsequent segment of the document titled
Cybersecurity Resiliency of Marine Renewable Energy Sys-
tems, Peralta et al. expand upon their prior investiga-
tions and conduct a more comprehensive exploration
of the subject of cybersecurity in marine renewable
energy systems. The 2021 publication in the Marine
Technology Society Journal centers on the implemen-
tation of cybersecurity best practices and risk manage-
ment strategies as means of bolstering the resilience
of such systems. The primary aim of this study is to
furnish pragmatic directives and suggestions for the
implementation of efficacious cybersecurity measures
in marine renewable energy systems. The authors en-
deavor to devise a comprehensive framework that can
effectively mitigate potential cyber threats and ensure
the long-term security and reliability of these systems
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Fig. 3. An in-production MRE system powers the grid using a wave point absorber design. This concept sends sensor data to control servers
onshore via undersea cable for redundancy and processing. The buoy system talks to a satellite and back to the onshore control servers for
redundancy. Source: [13].

Fig. 4. Oscillating water column architecture for large-scale grid power. This technology feeds MRE device sensor data to onshore control
servers via an underwater cable. Linux servers have network intrusion detection software. Remote users may utilize a virtual private network
to access the information in a private cloud. Source: [13].

by scrutinizing the vulnerabilities and risks identified
in the first part of the study.

The article underscores the significance of imple-
menting cybersecurity measures that are optimized to
suit the distinct attributes and complexities of marine
renewable energy systems. The authors investigate
multiple facets, encompassing system architecture, net-
work security, access controls, encryption protocols, in-
trusion detection systems, incident response plans, and
employee training. The research endeavors to establish
a fundamental framework for organizations to enhance
their cybersecurity stance by delineating these optimal
methodologies.

The authors’ approach to cybersecurity resiliency
places significant emphasis on the pivotal role of risk
management. The proponents of risk management rec-
ommend a proactive and iterative approach to risk
assessment. This entails the identification and priori-
tization of risks, the implementation of risk mitigation
strategies, and the continuous monitoring and evalua-
tion of the efficacy of these measures. The article un-
derscores the importance of conducting routine secu-
rity audits, vulnerability assessments, and penetration
testing to detect and remediate potential vulnerabilities

in the system’s protective measures. Additionally, the
study recognizes the cooperative aspect of cybersecu-
rity within the marine renewable energy industry. The
significance of information sharing and collaboration
among stakeholders, such as industry professionals,
government agencies, and cybersecurity experts, is un-
derscored by the authors. The research endeavors to
promote the sharing of knowledge and experiences
by creating a collaborative environment, with the ul-
timate goal of enhancing cybersecurity practices and
standards.

The article’s findings offer pragmatic perspectives
and suggestions for augmenting the cybersecurity re-
silience of marine renewable energy systems. Organi-
zations within this sector can enhance their resilience
against cyber threats by adhering to established best
practices and executing risk management tactics. The
study provides direction to engineers, policymakers,
and cybersecurity experts in creating all-encompassing
security frameworks that safeguard vital infrastruc-
ture and guarantee the uninterrupted functioning of
marine renewable energy activities. Additionally, the
study recognizes the dynamic character of cybersecu-
rity hazards and emphasizes the necessity for contin-
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uous surveillance and adjustment. The authors advo-
cate for organizations to remain knowledgeable about
emerging threats, remain current with technological
advancements, and consistently reevaluate their cyber-
security measures to effectively tackle new challenges.

IV. SMART OCEAN

The present research papers provide an in-depth
exploration of the Internet of Things (IoT) and its
utilization in maritime ecosystems, commonly known
as the “Smart Ocean”. The authors underscore the
crucial significance of cybersecurity, underscoring the
pertinence of safeguarding data and privacy in inter-
connected expansive ecosystems. Figure 5 presents an
illustration of possible connections and systems present
in the Smart Ocean.

Fig. 5. A visual representation depicting a specific instance of the
numerous interconnections and systems that exist within the Smart
Ocean. Source: [15].

The authors in [16] initiate the discourse by exam-
ining the essential technical elements of the IoT, in-
cluding machine-to-machine communication, random
access, and relay protocols in the Smart Ocean frame-
work. The study highlights the fundamental cyberse-
curity factors that are involved in enabling dependable
and secure data transmission in oceanic settings. In
addition, Lin et al. [17] elucidate the vast potential that
the IoT offers for the advancement of Smart Ocean.
They also call attention to the critical function that
secures data transfer and integrity play in the effective
deployment of such technologies.

Shen et al. [18] provide a more comprehensive anal-
ysis of the topic of safeguarding data. They propose
a two-factor-based public data protection scheme for
Smart Ocean management, highlighting the crucial na-
ture of data security in preventing unauthorized access
and maintaining data integrity in these vast intercon-
nected systems. The present article offers preliminary
insights into the necessity of implementing strong cy-
bersecurity protocols to ensure the seamless function-
ing of Internet of Things applications in the context of
Smart Ocean. Building on this theme of data security,
Tian et al. [19] introduce an Ocean Oriented Blockchain
System (OOBS) for cross-organizational data sharing.
The authors’ methodology places significant emphasis
on the potential of blockchain technology to serve as a

secure, transparent, and tamper-resistant medium for
data sharing. This approach offers a novel perspective
on cybersecurity in Smart Ocean applications.

The role of artificial intelligence (AI) in marine gover-
nance is discussed by Bakker [20]. Dai et al. [11] under-
score the importance of integrating sensing, communi-
cation, and computing networks in the context of Smart
Oceans. The significance of safeguarding advanced
technologies from potential cyber threats is implicitly
emphasized in both articles. Han et al. [21] suggest
a data importance-based scheme that utilizes an Au-
tonomous Underwater Vehicle (AUV) to safeguard lo-
cation privacy in Smart Ocean. The authors emphasize
the significance of privacy in the realm of cybersecurity.
Yu et al. [22] propose a privacy preservation mechanism
utilizing Ciphertext-Policy Attribute-Based Encryption
(CP-ABE) within the context of crowdsourcing-IoT. The
aforementioned papers underscore the imperative to
safeguard personal and location data in IoT networks,
thereby underscoring an additional crucial aspect of
cybersecurity in the context of Smart Ocean. Hu et
al. [23] address the concerns pertaining to the secure
and efficient collection and storage of data in the
Smart Ocean Internet of Things domain. The authors’
research highlights the correlation between proficient
data management and successful cybersecurity by pri-
oritizing the principles of data integrity, confidentiality,
and accessibility.

The aforementioned articles collectively establish an
interrelated network of scholarly investigations that
highlight the intersection of IoT, Smart Ocean, and
cybersecurity. The authors shed light on the intricate
nature of safeguarding data and privacy in vast, inter-
linked marine environments, underscoring the signifi-
cance of strong cybersecurity protocols in the advance-
ment of Smart Ocean endeavors.

V. MARINE DATA

Marine big data, an exponentially growing dataset
produced from a multitude of marine data acquisition
techniques, has garnered significant attention in the
realm of marine sciences and technology. As pointed
out by [24], marine big data harbors immense potential
value for a wide array of marine-related fields, includ-
ing tsunami and red tide warnings, disaster prevention
and forecasting, as well as visualization modeling post-
disasters. Despite its prospective advantages, the man-
agement and utilization of this data present a myriad
of challenges, including difficulties in data capture,
storage, analysis, applications, data quality control, and
notably, data security.

As the volume of marine data grows, the challenges
for data storage and transmission become increasingly
pronounced. Traditional information security methods,
characterized by centralization, fail to provide com-
prehensive protection, sparking a need for new so-
lutions. The paper [25] proposes a shift from these
centralized methods towards a decentralized approach,
specifically highlighting the potential of blockchain
technology. Initially gaining popularity in the financial
sector, blockchain technology ensures data security
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and reliability through its decentralized design, which
could prove instrumental in resolving issues with data
storage and transmission in the marine big data land-
scape.

With the evolution of maritime operations and the
advent of autonomous ships, the urgency of addressing
maritime cybersecurity has heightened. Recent inci-
dents involving security breaches have not only led
to substantial financial losses for shipping companies
but have also posed serious risks to marine ecosystems
by disabling ship controls, thereby increasing the like-
lihood of collisions and hazmat spills. As McGillivary
[26] elucidates, maritime cybersecurity is not only a
valid area of scientific policy research but also piv-
otal for safe ocean science operations and improved
environmental security. In response to these grow-
ing concerns, innovative methods, including optical
communications and quantum encryption, are being
proposed to bolster maritime cybersecurity.

A critical application for secure data transmission
within the maritime sector is the Automatic Identi-
fication System (AIS). This system serves as a cru-
cial element for traffic control and collision avoidance
services. However, inherent security vulnerabilities in
AIS could lead to privacy invasions and potentially
facilitate intentional collision attacks. The article [27]
suggests the application of encryption methods like
Identity-Based Public Cryptography and Symmetric
Cryptography to enhance AIS’s security properties.

Data authenticated aggregation is a significant con-
cern in the context of Wireless Sensor Networks
(WSNs), including those found in marine environ-
ments. Marine sensors are typically deployed in remote
locations, making secure data aggregation a key issue
attracting the attention of researchers and engineers.
Wei et al. [28] provide a valuable contribution to this
field with their proposition of Provably Secure Data
Authenticated Aggregation Protocols (PSDAAP) uti-
lizing identity-based multi-signature in marine WSNs.
Their protocols leverage multi-signatures, a method
enabling data authentication of various signers through
a single signature, fitting for data authenticated ag-
gregation in marine WSNs. Notably, they provide two
efficient identity-based multi-signature schemes that
prove secure data authenticated aggregation protocols
under the cubic residue assumption, an aspect critical
for the secure transmission of data.

Simultaneously, in marine wireless sensor networks,
marine sensors collect multidimensional data - ranging
from temperature, salinity, and dissolved oxygen to
chlorophyll concentration - for further statistical anal-
ysis. To process this massive influx of data, computa-
tions are often outsourced to more capable systems like
satellites, vessels, or even cloud services. Given that the
outsourcing entities might not be fully trustworthy, the
Verifiable Computation (VC) technique, which allows
computationally weak parties to verify returned results
from outsourced data computations, becomes crucial in
the marine WSNs. Addressing this concern, the article
[29] proposes a secure publicly verifiable computation
protocol supporting both public delegation and public
verifiability properties. This protocol securely handles

outsourced functions and outsourced datasets together,
significantly enhancing the reliability of the computa-
tional results from marine WSNs.

Additionally, there is a need for secure data forward-
ing protocols in multi-hop marine sensor networks.
Marine sensors collect a variety of data, and these
data often need to be relayed to final destinations
such as satellites or vessels through multiple hops.
Traditional use of homomorphic encryption, which
allows arithmetic operations performed over encrypted
data to yield equivalent results as if conducted over
original plaintext, does not serve this multi-hop re-
quirement well. Addressing this issue, Wei et al. [30]
propose a secure data forwarding protocol leverag-
ing the Paillier homomorphic encryption and multi-
use proxy re-encryption. This protocol allows data to
remain encrypted throughout multi-hop transmission
until it reaches its final destination, thus ensuring data
confidentiality during transmission.

The maritime industry, while known for its im-
portance in global trade and transportation, also has
unique security concerns, particularly when it comes
to data integrity and access control. Addressing these
concerns, the paper [31] delves into systems of identi-
fication, authentication, and encoding within the mar-
itime industry. Their research focuses on the usage of
authentication systems for electronic data, primarily
employed to confirm the authenticity of the author’s
signature and the integrity of transmitted documents.
They examine the use of digital signatures, which
provide additional authenticating information trans-
ferred alongside the signed text. Besides, they explore
disk data encryption systems, applied when limiting
user access to information media is not feasible. These
encryption systems render data inaccessible to users
without the appropriate key, thereby securing the data
at the file or disk level. By evaluating these systems’
strengths and weaknesses, the authors shed light on
their reliability against external and internal attacks,
an important factor in the maritime industry’s cyber-
security efforts.

On a different yet equally significant note, the spa-
tial layout of the marine industry has been facing
challenges due to the continuous expansion of the
marine economy. These challenges include space inten-
sification, low space utilization, unreasonable indus-
trial structure, poor management system, inadequate
scientific research and innovation capabilities, subpar
ecological environment, imbalanced load, and high re-
source consumption. Responding to these issues, Wang
et al. [32] propose an optimization method for the
spatial layout of the marine industry, leveraging cloud
computing. This approach involves collecting Hilbert
values of all data and arranging nodes in construction
time order to improve the Hilbert R-tree structure.
Furthermore, they introduce clustering to prevent data
overlap and establish an access control model for
the marine industry spatial layout platform using the
spatial correlation coefficient. The proposed method
not only drastically reduces the time consumed in
handling ocean remote sensing images under the ocean
information cloud platform but also showcases im-
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pressive performance in the encryption and decryption
test process of the pairing method. This confirms its
feasibility and effectiveness in optimizing the marine
industry’s spatial layout, providing a sound theoretical
foundation for future improvements.

VI. DISCUSSION

The issue of ensuring resilience in ocean energy
power plants is a multifaceted and complex one,
with cybersecurity assuming an increasingly pivotal
role. The previous sections have presented compre-
hensive research that underscores the convergence of
secure data handling, information transmission, and
advanced technological solutions in safeguarding and
augmenting the integrity of ocean energy systems.

The concept of Smart Ocean is an approach based
on the IoT that aims to manage marine ecosystems.
This concept provides a framework for discussing the
integration of advanced technologies in oceanic envi-
ronments. This scenario presents various challenges,
particularly in guaranteeing the secure and dependable
transmission of data within these expansive ecosys-
tems. The technical components that are fundamental
to the IoT, including machine-to-machine communica-
tion and relay protocols, are of significant importance
in the domain of ocean energy power plants. These
elements may serve as the fundamental infrastructure
for data transmission, which is crucial for monitoring
and managing these facilities. The inclusion of data
integrity, confidentiality, and accessibility principles
from the initial stages of system development has the
potential to significantly bolster system resilience.

The potential advantages of utilizing blockchain
technology in the management of marine data have
been extensively discussed, particularly for ocean en-
ergy power plants. The implementation of a secure and
transparent system has the potential to facilitate data
logging, transmission, and sharing among multiple
entities involved in the operation and maintenance of a
plant. Furthermore, it is imperative to conduct further
exploration of sophisticated techniques, such as quan-
tum encryption, to ensure the security of data transmis-
sion within these systems. In addition, the utilization of
machine learning and artificial intelligence methodolo-
gies scrutinizing and projecting system behaviors, as
referenced in the “Smart Ocean” segment, is expected
to play a crucial role in achieving genuinely robust
oceanic energy facilities. Given appropriate precau-
tions, these technologies have the potential to facilitate
instantaneous monitoring, anticipatory maintenance,
and adaptable reactions to fluctuating ecological cir-
cumstances, thereby enhancing system efficiency while
reducing potential hazards.

Security in data transmission is of utmost impor-
tance, especially considering the automatic identifica-
tion systems used for traffic control and collision avoid-
ance. Any breach could potentially lead to catastrophic
incidents, underlining the need for robust encryption
methods to protect sensitive data. Techniques such
as Identity-Based Public Cryptography and Symmetric
Cryptography, as suggested by [27], could be partic-

ularly relevant in this regard. Furthermore, the im-
portance of secure data aggregation protocols cannot
be overstated, considering the vast amounts of data
collected by marine sensors and processed in ocean
energy systems. Proposals such as Provably Secure
Data Authenticated Aggregation Protocols (PSDAAP)
utilizing identity-based multi-signature, as put forward
by [28], provide promising avenues for ensuring data
integrity in such scenarios.

The discourse of optimization techniques for spatial
arrangement within the marine sector may have impli-
cations for the effective configuration and management
of oceanic energy production facilities. The use of cloud
computing for managing large-scale spatial data, as
proposed by [32], could contribute to optimizing plant
layout, improving maintenance routines, and poten-
tially enhancing overall system performance.

VII. CONCLUSION

The present review underscores the pivotal signif-
icance of cybersecurity in the realm of ocean energy
power plants. The utilization of cutting-edge tech-
nologies, such as the Internet of Things, blockchain,
artificial intelligence, and cloud computing, is crucial
in improving the security and efficiency of marine
data management and transfer. The text highlights the
noteworthy potential of blockchain technology as a
reliable medium for sharing data and emphasizes the
role of artificial intelligence in integrating networks
that involve sensing, communication, and computing.
Furthermore, the emergence of resilient data encryp-
tion techniques and the utilization of cloud computing
for spatial arrangement optimization highlight the on-
going progressions in the field.

The aforementioned technological advancements ex-
hibit potential, however, the review highlights the ne-
cessity for continuous research and development in
cybersecurity measures to mitigate the possible cyber
threats that may arise from these innovations. The
marine industry’s resilience strategies are contingent
upon proactive measures to anticipate and mitigate
cyber threats as the industry progresses.

To address the increasingly intricate nature of marine
environments, it is recommended that future perspec-
tives focus on the development of more comprehen-
sive and integrated cybersecurity systems. Moreover, a
deeper investigation into the possibilities of promising
technologies such as quantum computing and their
implementation in the field of cybersecurity may yield
revolutionary resolutions within the field of ocean en-
ergy. A comprehensive analysis of policy frameworks
and standards is imperative to direct the implemen-
tation of these technologies in a way that guarantees
resilient, comprehensive, and fair cybersecurity in the
ocean energy domain.
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