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Fig 24

The Port of Los Angeles from a
satellite. Container ships wait-
ing to be unloaded.

The concept of Novel Ecosystem provides insight into the relationship be-
tween human-made structures and natural ecosystems. The maritime in-
dustry is increasingly focused on sustainable development through the re-
use of existing production facilities. The reuse of industrial structures is a
significant contribution to environmental conservation, as it preserves their
historical and cultural value while maintaining social connectedness. This
practice demonstrates how sustainable development and environmental
conservation can coexist harmoniously.

The pursuit of sustainable development has led to new perspectives on
resource efficiency and minimal environmental impact. One of the strate-
gies is to reuse existing production facilities instead of demolishing them.
This reflects the broader social changes towards environmental conserva-
tion and cost-effectiveness. Recycling structures that symbolise industrial-
isation era and economic revival is an important step towards integrating
environmental conservation and sustainability into maritime activities.

The transformation of production organisations can facilitate sustainable
development on several fronts. By reusing existing structures, costs can be
reduced by decreasing raw material consumption and increasing efficien-
cy. Recycling structures can alleviate waste disposal burdens and minimise
environmental pollution, resulting in a positive impact on both the environ-
ment and the economy. This approach described here aligns with the values
of sustainable development, echoing the principles of Novel Ecosystems,
which recognise the potential ecological impact of modified environments.

However, it is important to note that not all infrastructure is suitable for
recycling. The decision to partially use, or demolish and restore offshore
platforms should be made judiciously, considering a multitude of factors
specific to the regional, and environmental context. This approach aims to
explore the various possibilities that offshore platforms offer, rather than
advocating for a unique solution. It acknowledges the distinctive conditions
and limitations of each structure and aims to identify the most sustainable
and advantageous outcome for both the environment and society.
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OFFSHORE HUB

Reusing offshore infrastructure into energy hubs is a forward-thinking ap-
proach to renewable energy production. It addresses the critical need for
sustainable development and climate change mitigation. These hubs serve
as physical nodes, incorporating three distinct yet interconnected clusters:
Energy, Ecosystem, and Environment. Each cluster plays a vital role in har-
nessing and managing renewable energy sources. The use of renewable
sources and advanced technologies can improve the sustainability and re-
silience of our energy future. This multifaceted approach to energy produc-
tion, ecological conservation, and technological innovation can contribute
significantly to a more sustainable and resilient energy future.

ENERGY CLUSTER: SUSTAINABLE ENERGY INFRASTRUCTURE

Energy cluster focuses on the direct production and management of re-
newable energy. It includes repurposing offshore oil and gas platforms in
strategic locations to use the natural energy of the ocean, such as wind,
solar, and wave energy. The Energy Cluster facilitates the integration of
renewable energy sources, such as offshore wind farms, solar parks, and
wave turbines, into a cohesive system that feeds the larger energy grid. This
maximises the use of renewable energy sources and plays a critical role in
reducing reliance on fossil fuels, decreasing greenhouse gas emissions, and
ensuring a stable supply of clean energy.

RENEWABLE ENERGY FROM THE OCEAN

Offshore wind farms are clusters of wind turbines placed in the ocean to
take advantage of stronger, and more consistent winds available at sea.
Floating solar panels are mounted on buoyant structures in bodies of water
and can generate electricity more efficiently than onshore turbines, making
a significant contribution to the renewable energy mix. The untapped water
surface is used for energy generation, and the cooling effect of the water

improves efficiency.”?
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Environmentalists warn that
the high-noise blasting of
sonar cannons underwater
for seismic testing is a threat
to whales, dolphins, fish and
other marine life.

Efforts are being made to use the ocean’s renewable resources for sustain-
able energy production. These resources include wave power generation,
floating solar panels, and geothermal energy production. Although offshore
wind power is currently the most developed and has high production and
large scale, other renewable energy sources can be considered depending
on geographical and environmental characteristics. For instance, in the
Adriatic Sea, where wind energy availability is limited, offshore solar water
parks are the most suitable. Conversely, in the North Sea, where solar irra-
diation is low, wind-generated energy scenarios are the most economically
feasible.”

GREEN HYDROGEN(RELIife Project)

The RELife project is an innovative approach to sustainable energy solu-
tions that repurposes offshore oil and gas platforms for green hydrogen pro-
duction. This project utilises existing structures and the process of electrol-
ysis to harness the vast potential of sea-based renewable energy sources.
This method utilizes electricity generated from renewable sources such as
wind, solar, or tidal energy to split water into hydrogen and oxygen, produc-
ing hydrogen as a clean fuel.
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This project aims to create a sustainable future by reducing dependence on
fossil fuels and minimizing environmental impact. The production and sup-
ply of green hydrogen through this method can be used in various energy
sectors, such as powering vehicles and medical fields.”* The project aims
to foster a more environmentally friendly and efficient energy landscape by
focusing on sustainable production and supply of green hydrogen.

SUBSTATION

Moreover, offshore platforms can function as power substations to collect
and distribute electricity from renewable sources onshore or to maintain
other energy production on the platform. Utilising its proximity to existing
power grids and transmission lines can significantly reduce the environ-
mental and financial costs associated with bringing renewable energy on-
shore. 7®

These applications are all energy-related and can contribute to better cou-
pling and energy system integration offshore, as envisioned in a series of
projects. To address their energy-intensive nature, it is recommended to use
local offshore renewable energy resources, such as solar, wave, and wind
energy. The proposed hybrid system aims to provide a reliable and sustaina-
ble energy supply. The scenario recognises the importance of using marine
renewable energy to power maritime activities and establish a sustainable
system. Delaying the decommissioning of oil and gas infrastructure, such
as platforms and pipelines, is expected to bring significant financial benefits
from an economic perspective.
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ECOSYSTEM CLUSTER:

Recognising the integral relationship between energy infrastructure
and the marine environment, the Ecosystem Cluster aims to harmo-
nise offshore activities with ecological sustainability. The cluster as en-
ergy hubs improves local biodiversity, support sustainable aquaculture,
and provide infrastructure for fishing communities. Furthermore, the
underwater data centre addresses latency and service delivery issues as-
sociated with centralised urban data centres. Underwater data centres
can efficiently and sustainably meet decentralisation. Additionally, artifi-
cial reefs provide ecological benefits by enhancing marine biodiversity.

DATA CENTRE: SUPPORTING THE LOCAL COMMUNITY

The Infrastructure for data, often referred to as the new oil of the digital
age, is becoming increasingly important. Researchers are actively working
to locate data centres that process this data in the ocean. Over the past
decade, the power consumption of existing land-based data centres has
doubled every four years due to increasing demand. According to data, U.S.
data centres spend $13 billion on electricity and emit nearly 150 million
tonnes of greenhouse gases. A Efforts are being made to find solutions to re-

duce energy consumption as the demand for energy increases worldwide.”®

Microsoft’s Project Natick has been tried to decentralised, and efficient data
and energy infrastructure, specifically targeting the significant proportion
of the world’s population residing in coastal regions. This initiative is a re-
sponse to the predominantly urbanised location of current data centres and
aims to bring data storage and processing closer to coastal users, thereby
enhancing service delivery and reducing latency.”’

The deployment of underwater data centres is a central component of Pro-
ject Natick. It provides a sustainable and operationally efficient alternative
to traditional, land-based facilities. These underwater servers are reported
to be eight times more reliable than their terrestrial counterparts, signif-
icantly increasing operational reliability and reducing data flow interrup-

OFFSHORE CLUSTERS
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Fig. 26

According to Sean James
research paper, the future of
cloud computing is the un-
derwater data center.

tions. Furthermore these submerged data centre utilise the natural cooling
properties of seawater, which significantly reduce their ecological footprints

and eliminates the need for energy-intensive artificial cooling systems.”®

Project Natick, located in the Orkney Islands, is powered entirely by renew-
able energy sources, including wind and solar power.”” These connections
to renewable energy sources demonstrate the potential for linking to vari-
ous forms of renewable energy clusters, such as wind, solar, and tidal.

DATA CENTRE AS ARTIFICIAL REEFS

Moreover, Project Natick’s contribution to marine biodiversity by creating
an artificial reef ecosystem around the submerged servers, aligns with the
broader goals of ecological integration inherent in the concept of energy
hubs. The bio-attachment process used by the servers enhances local bio-
diversity and provides habitat for marine life. Additionally, the energy hubs
contribute to a sustainable and resilient energy future by using advanced
technologies and renewable energy sources.®
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The integration of underwater data centres with offshore energy hubs is
a comprehensive approach to addressing the challenges of sustainable
energy and data management. This strategy promises to enhance service
delivery, decentralise data centres, and contribute significantly to global ef-
forts to combat climate change while also leaving a smaller environmental
footprint.

Supporting Fishing Activities through Aquaculture

Offshore infrastructure, such as oil platforms and wind turbines, can be
converted into sustainable marine aquaculture facilities to support fishing
activities. The offshore location of these structures creates ideal conditions
for cultivating marine life due to their high durability. They can be converted
into multi-level fish or shellfish farms to support the growing demand for

seafood while reducing the pressure on natural fish stocks.®!

Convenient maintenance can help create a controlled environment that min-
imises the effects of disease and predation, resulting in healthier and more
productive fish population. Furthermore, it reduces environmental damage
caused by traditional fishing methods and minimises carbon emissions as-
sociated with long-distance seafood transport. Multi-level fish or shellfish
farms can significantly increase seafood production, reduce reliance on wild
fisheries, and create more controlled environments that mitigate disease
and predation. Programmes like RIG TO REEFS in the US Gulf of Mexico
have illustrated improvements in fish habitat, increased marine biodiversity,
and provided economic benefits through enhanced recreational and com-
mercial fishing opportunities.®

Advancements in Offshore Aquaculture

The North Sea in the Netherlands, which historically had oyster reefs cov-
ering 20% of its area, has experienced a significant decline in these natural
beds over the past two centuries. To address this issue, initiatives such as
the Rich North Sea programme have been established to investigate and
implement restoration and conservation strategies, recognising the crucial
role that these reefs play in marine ecosystems. This programme focuses
on integrating oyster farming within offshore wind turbines. The structures
are utilized to create artificial reefs that aim to replicate the ecological func-

tions of their natural ¥
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Fig 27

The process of acting as an
artificial reef is consistent
with the jacket structure. Al-
gae capture carbon dioxide
through photosynthesis, and
oysters and algae provide
ecological, economic, and
recreational benefits to ma-
rine ecosystem.
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The introduction of oyster reefs under the offshore wind turbines has shown
promising results for biodiversity enhancement. These artificial reefs pro-
vide a structured habitat for various marine species including crabs, mus-
sels, anemones, starfish, hake, and squid, effectively creating a thriving
ecosystem around the otherwise barren sea floor. In addition to promoting
biodiversity, these oyster reefs contribute to shoreline protection by reduc-
ing erosion and improving water quality through their natural filtration ca-

pabilities.3

The Ecosystem Cluster presents a strategy for offshore infrastructure with
marine environmental conservation. It focuses on enhancing biodiversity
through artificial reefs, supporting sustainable aquaculture, integrating in-
novative data centre solutions, and advancing marine research. This multi-
faceted approach aims to ensure that offshore energy development aligns
with ecological sustainability and community support, promoting economic
development.
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Fig. 28

Plans for a marine science
base in Korea (redrawn
from =ECHLZAL)

ENVIRONMENTAL RESEARCH CLUSTER

This cluster converts energy hubs into centres of innovation and research
centres, with a focus on environmental monitoring, climate change re-
search, and the development of green technologies. The facilities include
carbon capture and storage, underwater data centres, and ocean science
stations, which transform the hubs into living laboratories for studying and
mitigating environmental impacts. The integration of research and con-
servation efforts within the energy production infrastructure exemplifies a
holistic approach to sustainable development. This ensures that advance-
ments in energy technology are aligned with ecological preservation and
scientific discovery.

MARINE SCIENCE STATION

Marine science stations are a sustainable approach to reusing offshore plat-
forms, particularly those previously used for oil and gas extraction. These
transformed structures serve as dedicated bases for marine research. They
contribute significantly to the overall study and conservation of ocean obser-
vations, fisheries resources, and marine ecosystems.

The station has been designed with care to ensure a pollution-free environ-
ment, with efforts made to minimise noise and other disturbances. This
enables accurate scientific research while significantly reducing the human
ecological footprint in sensitive areas. The platforms are located in econom-
ically important fishing grounds and provide critical data essential to un-
derstanding tidal patterns, weather conditions, and environmental changes.
These stations are important for enhancing the safety and sustainability of
the neighbouring fishing grounds and promoting wider conservation efforts
in the marine environment. These stations are essential for further scientif-
ic knowledge of ocean dynamics, marine biology, and ecosystem changes.

The structure of the jacket can be reused as a marine science base. The
superstructure can be redesigned and equipped with laboratories, accom-
modation, research equipment, and other facilities necessary for marine re-
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search and monitoring activities. This may include installations for oceano-
graphic data collection, weather stations, and research facilities for marine
biology and ecology.

The shallow water location facilitates maintenance, modification, and ac-
cessibility for researchers and educators. Furthermore, it can be connected
to land, enabling educational purposes. This is crucial for continuous mon-
itoring and study of the marine environment.

CO, CAPTURE AND STORE(CCS)

In response to the pressing need to address global warming and achieve
carbon neutrality, the Research Cluster has incorporated Carbon Cap-
ture and Storage (CCS) technologies. This approach utilises the ocean’s
natural capacity to sequester carbon by using sub-sea formations as
storage sites for captured CO,. By repurposing existing infrastructure,
such as decommissioned oil wells, for CO, injection, this method of-
fers a promising avenue for significantly reducing greenhouse gas emis-
sions. The transportation of carbon dioxide (CO,) through pipelines and
its injection into existing wells can be facilitated by utilizing the current
infrastructure.®> The Carbon capture and storage (CCS) technology in
the marine environment not only aids in achieving carbon peak goals
but also contributes to the long-term stability of carbon storage, there-
by playing a crucial role in global climate change mitigation strategies.

The Research Cluster represents a vision of offshore platforms as liv-
ing laboratories for developing and testing innovative solutions for
environmental protection and sustainable energy production. It inte-
grates marine science stations with CCS technology, harnessing sci-
entific knowledge and technological innovation for the betterment
of the environment and society. It emphasizes the importance of ad-
vanced research in comprehending and mitigating the effects of climate
change, promoting sustainable practices, and contributing to the broad-
er objectives of ecological preservation and sustainable development.
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The repurposing of offshore platforms for sustainable development and en-
vironmental conservation is a narrative of change. These offshore oil and
gas platforms, once symbols of hydrocarbon exploitation, now have the po-
tential to contribute to a sustainable future. They demonstrate that even
the most industrial infrastructure has the potential to protect and enhance
marine ecosystems.

ADAPTABILITY OF CLUSTERS

The main advantage of a cluster is its ability to adapt and respond to the
unique characteristics of its surroundings. Whether the focus is on renew-
able energy, biodiversity conservation, or scientific research, each cluster
must be tailored to the specific ecological, cultural, and social nuances of
its location. This customisation is essential for several reasons. Firstly, it
ensures that the solutions implemented are effective in addressing local en-
vironmental challenges and opportunities. For instance, an energy cluster
located in a region with ample solar radiation will give priority to the use of
solar energy, while a region with abundant wind will prioritise wind energy.

LOCAL INTEGRATION AND COMMUNITY ENGAEMENT

Secondly, adapting these clusters to local conditions can foster strengthen
connections with the surrounding communities. This can be further im-
proved by considering linkages to the land, such as promoting fisheries,
tourism, or research clusters that are tailored to the local characteristics.
This approach not only enhances social acceptance of the project but also
encourages community participation and ownership, leading to more sus-
tainable outcomes.

They should not operate in isolation but rather as integrated components
of a larger environmental and economic system. To effectively contribute
to sustainable development goals, such as reducing carbon emissions, pre-
serving biodiversity, and promoting inclusive and environmentally responsi-
ble economic growth, it is crucial to integrate these clusters into the wider
urban and industrial ecosystem.

OFFSHORE CLUSTERS

Fig. 29

Repurposing offshore oil and
gas platforms into sustaina-
ble clusters, tailored to local
ecological, cultural, and so-
cial contexts, can transform
them from symbols of hy-
drocarbon exploitation into
integrated components of
environmental conservation
and sustainable develop-
ment, fostering community
engagement and addressing

local challenges.

ENERGY CLUSTER

ECOSYSTEM CLUSTER

ENVIRONMENT CLUSTER

VISION FOR FUTURE SUSTAINABLE DEVELOPMENT

Developing a sustainable cluster in the maritime industry is an ongoing
process of learning, adaptation, and evolution. It requires a thorough un-
derstanding of the local context, a commitment to community engagement,
and a willingness to embrace change and innovation. By adopting this
adaptive approach, sustainable clusters can become catalysts for a more
resilient, ecologically balanced, and prosperous future.

A vision of sustainable development based on flexibility, respect for local
conditions, and continuous improvement can facilitate future initiatives that
aim to integrate industrial development with environmental and social con-
siderations.
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The global shift towards low-carbon and renewable energy policies is an
important step in combating climate change and moving towards a post-oil
era. The offshore oil and gas industry is undergoing a transformation as the
world acknowledges the pressing need to reduce greenhouse gas emissions
and shift towards cleaner energy sources. The impact of this transition on
the industry has been significant. The offshore industry has left thousands
of platforms and infrastructure in the world’s oceans.

CHALLENGES OF DECOMMISSIONING

At the end of their operational life, offshore structures need to be completely
removed. This process involves physically decommissioning the platform
and removing its solid bottom, as well as the rich marine ecosystem that has
flourished around it for 30 to 40 years. Offshore drilling and human-made
structures are often perceived negatively, which can overshadow their poten-
tial environmental benefits. Despite this, decommissioning these structures
overthenext20to 30yearswillcome atasignificantfinancialand environmen-
tal cost, running into tens of billions of dollars. The upcoming economic bur-
den is accompanied by the environmental impact of dismantling thousands
of structures, each of which serves as a hub for marine life and biodiversity.

The marine ecosystem surrounding decommissioned structures holds sig-
nificant value and contributes to fisheries, tourism, and conservation efforts.
Therefore, it is necessary to re-evaluate the conventional approach to de-
commissioning, which often results in the destruction of established ecosys-
tems. It is important to reconsider the consequences of decommissioning in
terms of ecosystem destruction, rather than assuming it is the only option.

NOVEL ECOSYSTEMS

This research found and recognises the inherent value of marine life that
thrives around man-made structures. These ecosystems can significant con-
tribute to fisheries, tourism, and conservation efforts. The conventional ap-
proach to disposal, which often results in the destruction of these developed
ecosystems, needs to be re-evaluated. It is time to move beyond the simplistic
view of human-made structures as strictly artificial and harmful and recon-
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sider the implications of disposal. The term ‘novel ecosystems’ is significant
in this context as it helps us understand the potential value of a modified
environment and promotes the repurposing of offshore infrastructure. This
perspective urges us to reconsider our approach to the ecological value of the
marine environment and human-made structures. By recognising the inter-
section of human behaviour and marine biodiversity conservation, it is rec-
ognised that human intervention can result in the emergence of ecosystems
that differ from their original state, but may hold significant ecological value.

OFFSHORE CLUSTERS

However, it is also crucial to acknowledge that not all infrastructure is ap-
propriate for recycling or repurposing. The decision to reuse, partially use,
demolish, or restore an offshore platform should be based on a comprehen-
sive evaluation of factors such as environmental impact, technical feasibil-
ity, economic viability, and social impact. It is essential to adopt a flexible,
site-specific approach to determine the most sustainable and beneficial out-
come for each offshore structure.

The proposed energy, ecosystems, and research clusters offer a framework
for considering disposal options that are tailored to the local, environmen-
tal, and cultural characteristics of each site. Each cluster provides opportu-
nities to customize strategies to the specific conditions of the site, contribut-
ing to a comprehensive and sustainable approach to decommissioning. By
implementing intelligent, context-specific strategies, we can ensure that the
transition to renewable energy and pursuit of sustainable development are
both environmentally sound and socially and economically beneficial.

INTEGRATION WITH URBAN DEVELOPMENT

An exploration of ocean development offers insights into the impact of hu-
mans on natural ecosystems, transcending the conventional land-centred
perspective. It is important to understand the relationship between offshore
development and cities, especially considering the development of the oil in-
dustry and its effects on coastal cities. The symbiotic relationship between
offshore development and cities must be recognised. Exploring offshore de-
velopment involves more than just installing structures in the marine space.
It requires an understanding of how these interventions affect and are af-
fected by the surrounding environment and the city.

Conclusion

This emphasises the need to consider the wider ecological context, high-
lighting the complex symbiosis between the utilisation of marine space and
the resulting evolution of urban. When considering ecosystems in architec-
ture, it is crucial to acknowledge their complexity and diversity instead of
categorising them as either man-made or natural. This approach creates op-
portunities for sustainable development and environmental management,
ensuring that human interventions are responsive to and respectful of the
diverse ecological contexts in which they exist.

In conclusion, this paper explains for a balanced approach to marine de-
velopment that explores the delicate balance between human and machine
encroachment into marine space and the preservation of natural life. Addi-
tionally, for sustainable development, structures in marine areas should be
recognized as a multidimensional issue, including environmental, econom-
ic, social, and cultural aspects. It is important to consider the relationship
between surrounding communities.
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