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Floating Solar panels

COMPETING FOR OCEAN SPACE

A

lthough the North Sea offers the potential for different energy sources and aquaculture, most of the
North Sea is already in use. Shipping lanes, nature
reserves, military zones, fisheries, wind farms, leisure sailing, they all require space in the North Sea. To accommodate all these users, efficient spatial planning and possible
multi-use of space will be key in the future.

Offshore solar energy is another promising new field of offshore technology. Using photovoltaic solar panels for the
conversion of solar energy to electric energy are common on
land. However, applying this technology offshore is much
harder. Historically offshore structures have always been
designed to support large and heavy equipment, requiring
large drafts and rigid structures. Solar panels are lightweight
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Floating pavilion in Rotterdam: a first step towards floating urbanization

and require lots of deck area. This could lead to enormous
flexible, lightweight structures, which is an entirely new
design challenge in the field of offshore technology.
Many wind farms are planned to harvest wind energy in the
North Sea. New wind farms consist of bottom-fixed wind
turbines placed several hundred meters apart. The space
between the turbines could be used for other energy
sources or food production. Operational synergies could
arise from these combinations. Maintenance vessels and
personnel could support both the wind turbines and the
new user.
As offshore activities like offshore wind farms tend to move
further offshore, people may live for longer periods at sea to
maintain and operate these new offshore developments in
future.

FLOATING CITIES

A

s world population is growing and cities are expanding rapidly, more space is required for food and energy, increasing the pressure on available land. Every
week, a whopping three million new people are moving to
cities and, by 2030, 60% of the world’s population will live in
urban areas. The largest proportion of these new city dwellers will live in areas threatened by sea level rise and extreme
conditions such as heavy rains, strong winds and long dry
periods. Moreover, due population growth and increasing
resource consumption, it is predicted in 2050 there will not
be enough land to produce the food required to sustain the
growing population. What will we do then? Where will we
find the space to produce food and to expand our cities?
Floating development as solution to current global
challenges
To cope with the future challenges of the growing world
population and land scarcity, new solutions to build cities
and grow food should be developed. Building floating structures on water could be a solution to gain the space we
need for urbanization and food production. Floating development is based on floating foundations and can adapt to
changes in the water level autonomously. Floating neighbor-

hoods could be first created in old harbors, in bays or nearby
lakes. This is already happening in cities like Rotterdam and
Amsterdam. Other cities where the first floating neighborhoods could be developed are Singapore, Hong Kong, and
Tokyo. A step-by-step approach will make sure that floating
structures will be first applied in calm wave conditions
(harbors or bays), to gain the experience and the technical
knowledge that is required for dealing with harsher environments at sea.
What will a floating city look like?
Floating city expansions will combine different functions on
water. Small islands with buildings, roads, wetlands, etc. will
be connected to form floating neighborhoods. Such functions can be built with knowledge and technology that is
already available today. Since floating structures can be
moved, floating cities will be more dynamic compared to
existing cities on land. Functions could be shuffled around as
cities grow, or even exchanged between different cities. In
this way, cities could accommodate new needs without having to demolish the existing structures. Floating islands will
be made of materials such as concrete and steel. When located in sheltered areas, mooring systems and flexible connections with the land will ensure that floating neighborhoods will not drift away.
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Artist impression of a first Seastead

serving water quality, and decreasing their dependency on
external energy sources and the global system of food production. The creation of floating (infra)structures will not
only enable human habitation and food production at sea
but will also provide opportunities to create new habitats
for local ecosystems, attracting fish, birds and other species.
Future of floating developments
The first large floating developments will most likely be extensions of existing coastal cities or islands communities.
Many cities, such as Hong Kong and Singapore, currently
lack space to grow. Island communities are also facing land
scarcity due to sea-level rise and growing populations, and
they could benefit from floating technologies.

Bird eye’s view of a floating island in French Polynesia

Floating island communities
Many island communities such as the ones in French Polynesia are concerned that a large part of their land will be taken
by sea-level rise. Currently, French Polynesia consists of 118
islands in the Pacific Ocean, but the country may lose a third
of its islands by the end of this century. For island communi-

BLUE21

Floating urban development will be combined with energy
harvesting and resource production. It will not only add new
urban space, but it will also provide the opportunity to grow
food, harvest renewable energy, and to create new habitat
for ecosystems. Water-based development will grow from
current developments on land and will be integrated with
land-based systems: nutrients and CO₂ from cities and agricultural land could be used to grow algae, producing food
and biofuel on floating systems. By doing so, delta and
coastal cities could recycle the nutrients they produce, pre-

Floating systems will also be increasingly applied in the open
sea, due to the growing demand for resources and energy
production offshore. Next to floating wind turbines, logistic
hubs and algae farms, floating platforms will be required to
accommodate workers temporarily. By 2050, such offshore
working environments could grow into larger communities,
forming new independent cities at sea.

ties, floating development could provide space to live and an
opportunity to create new businesses. French Polynesia is
famous for their overwater bungalows. What if such structures would float instead? What if they would be filled with
marine scientists and permanent residents?
Together with the government of French Polynesia, Blue
Frontiers and Blue21 took the first steps towards the sea by
developing plans for a floating island. The floating island is
designed to host about 200 residents and to be ecologically
integrated with the environment. The project resembles an
island at a distance, blending in with the Polynesian landscape; the green roof integrates rain harvesting area and
solar collectors. Local materials such as coconut fiber and
bamboo are planned to be used during the construction.
The project aims at closing all the resource cycles, becoming
100% renewable and 100% self-sufficient.

Impression of a coastal floating urban expansion
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Floating expansion of existing coastal cities
Due to the limited availability for urban expansion,
fast-growing coastal cities will eventually have no other
choice than to extend towards the sea. In areas with mild
and moderate sea conditions, this will be fairly easy. Examples are Mediterranean cities such as Monaco, Barcelona,
and Gibraltar. At these locations, cities could be expanded
by modular floating islands.
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In areas where large waves are present, a breakwater will be
required to protect the floating islands. Without a breakwater, the wave loads on the floating islands will be high and
require more material to strengthen the structures. Complicated and expensive mechanical connections will be needed
to secure the floating islands to each other in heavy seas.
The most cost-effective solution will be to install a break
water to protect the floating city against large waves. In
shallow water, the breakwater can be made from sand and
rock. In deeper water, a floating breakwater could protect
the floating city.
Integration with offshore developments
Many countries such as the Netherlands are committed to
achieving the targets of the Paris Agreement. At the same
time, limited natural resources are shared with an increasing
number of people. With more activities taking place at sea,
working and living space offshore will be required in the
next decades.
In the North Sea, for example, many uses are envisioned,
including the production of renewable energy (mostly wind
energy), food and raw materials for the transition to a biobased economy. Offshore space can be created by installing
floating platforms. Floating energy hubs will convert harvested wind/solar energy into hydrogen that is stored for local
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CLEANING THE OCEANS

S

ituated in the Pacific Ocean, approximately halfway
between California (USA) and Hawaii, is the North
Pacific Gyre, otherwise known as the Great Pacific
Garbage Patch (GPGP). A gyre is a system of circulating
ocean currents that create a vortex where they converge in
the ocean. As evidenced by its name, the GPGP is massive;
it’s the largest of all five ocean gyres, measuring three times
the size of France. It also contains an immense amount of
accumulated floating plastic debris - 1.8 trillion pieces of
plastic, or 80,000 tons, are estimated to be circulating in this
distant location in the ocean.
If left alone, this plastic will persist, circulating for decades
as they slowly degrade into microplastics. These miniscule
plastic pieces are often mistaken for food by marine animals. Animals consume the plastics, which can either lead
to malnutrition or death, or they make their way up the
food chain – possibly even onto the plates of humans.
How do we solve this? The use of vessels and nets would be
arduous and time prohibitive when cleaning up the garbage
patches. To effectively clean this vast area, the plastic must
be concentrated and then removed. In 2013, The Ocean
Cleanup presented an idea to address this: a passive cleanup technology that relies on the natural forces of the ocean
to collect the plastic.

Spatial concept for a multifunctional, self-sufficient floating expansion near the Dutch coast

use or transported to the shore. Multiuse wind farms will
integrate functions such as floating solar, seaweed, and fish
farms. Efficient spatial planning of the North Sea will create
opportunities for energy and food production, but also for
ecosystem regeneration.
Floating nations at sea
By 2050, floating nations may arise from the first settlements
at sea. Seasteads will be built outside the territory claimed
by any government. These floating sovereign states will have
their flag, laws, and justice system. In the open sea, floating
cities will be protected by a (floating) wave breaker. The
cities will be 100% renewable and self-sufficient.
Mega-Float, a 1,000 meters long floating airport in Tokyo Bay, Japan.

People will leave or arrive in the city by boat or by plane.
Floating (air)ports could combine the transport of people
and goods by air and over water. These floating ports will
serve as transshipment terminals where people and goods
will be transferred between different types of autonomous
vehicles. Goods arriving by air or over water will be transferred to autonomous vehicles like airplanes, ships, hyperloops, and cars and sent to their destination.

The Ocean Cleanup follows an iterative design path, hence
the varying forms the cleanup technology has seen over the
years. Although, all designs have relied on the same fundamental principle: using the ocean forces (wind, waves, and
currents) to go after the plastic - or, better maybe, to let the
plastic come to us. The present version of the design con-

sists of a long, U-shaped floating barrier with a skirt attached. The floater provides buoyancy to the entire system
and the skirt that runs across the inside of the U-shape, prevents plastic from flowing under the system. Situated in the
same water layer as the system, a sea anchor creates a drag
and slows the system enough that it maintains a consistent
speed, allowing the plastic to move into and collect within
the boundaries of the system.
The plan is to scale up to a full fleet of cleanup systems
(approximately 60), and when this occurs, projections show
that this fleet could cleanup 50% of the GPGP every five
years. Once cleanup systems are deployed in all five ocean
gyres, in combination with source reduction, The Ocean
Cleanup plans to remove 90% of the world’s ocean plastic by
the year 2040.
But, the path of innovation has not been linear. After deploying the first cleanup system, 600-meter–long System 001,
into the GPGP, many key features of the design were confirmed; but the system was not retaining plastic, due to its
inability to maintain a consistent speed difference with the
plastic it was chasing, and a stress concentration caused a
fatigue fracture, leaving an 18-meter section detached. The
Ocean Cleanup returned System 001 to shore and
immediately commenced a thorough root cause analysis.
After four months of design, procurement, and assembly,
The Ocean Cleanup launched System 001/B into the GPGP.
By making this system smaller and modular, the team was
able to easily adapt and trial various modifications aimed at
addressing these initial challenges faced with System 001.
Designing technology for one of the harshest and most
far-reaching places on Earth is indeed challenging. And

Main challenges for floating cities
Research performed on large floating structures, and floating
cities showed that it is possible to construct floating islands
with current knowledge and technology. This was also
demonstrated by the Mega-Float project constructed in
Japan in the '90s. The Mega-Float structure was a 1 km long
floating runway built in Tokyo Bay to test the feasibility of a
floating airport. Take-off and landing operations were performed with airplanes to demonstrate the feasibility and
show opportunities offered by large floating structures.

It will take time before people will get used to living on the
water again. Around 530 million years ago, the first organisms
left the sea and started living on land. By 2050 the first humans will leave the land and start living at sea permanently.
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Although more research and development are required to
solve technical issues related to large floating developments,
many challenges of floating projects are non-technical. Such
challenges are related to the definition and legal framework
of floating islands, which are currently unclear. Changes in
regulations generally take time. Governance structures for
floating cities will need to be created, and policymakers will
need to develop plans for floating cities.
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Step by step approach towards floating expansion at sea
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