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Abstract

2. OFFSHORE WIND ENERGY

This paper provides an overview of the offshore wind
energy market as it relates to the growing interest in
deepwater wind energy technology.
It presents the prototype launched by Blue H in 2007
while discussing the production and installation of the
world’s first commercial floating wind energy units
(Deepwater Innovative Wind Energy Turbines –
Diwets). The text details why these systems, which
include a novel two blade turbine optimum for
offshore applications, will be competitive with
traditional shallow water offshore units and,
ultimately, with onshore installations.
Finally, the document asserts that the resulting
availability of new clean energy will have a significant
impact not only for the wind industry, but also on the
overall energy market. Project scalability, controlled
costs, state of the art technology, underlying trends,
and future changes are expected to alter the current
model of energy production and distribution.

2.1. The evolution of the wind energy market
Wind energy is emerging as a centerpiece of the new
energy economy; it is abundant, inexpensive,
inexhaustible, widely distributed, clean, climate-benign
and can revitalize rural and coastal communities.
The market for wind has already grown dramatically: in
1986 only a few hundred MW were installed worldwide;
by 1996 worldwide installed capacity was about
7,000 MW; and, by mid 2008, this figure had grown to
over 100,000 MW with the market currently growing at
28% per year. At present 98+% of the wind energy
market is onshore with the balance, about 1,200 MW,
coming from offshore installations in shallow waters,
mostly in the North Sea.
In the future, most experts predict the offshore market
will grow at a faster pace than the onshore market. The
European Wind Energy Association forecasts that by
2030, 300,000 MW will be installed in Europe of which
150,000 MW will be offshore. Worldwide the numbers
are projected at 900,000 MW by 2030, of which 360,000
from offshore. In the United States, where there are
currently no offshore wind sites permitted, there is a huge
potential for offshore wind, at least 900,000 MW of
latent wind energy according to NREL’s National Wind
Technology Center, (NREL is short for National
Renewable Energy Laboratory, a facility of the US
Department of Energy), which happens to be the size of
the entire US grid. Some experts predict that the offshore
potential may even be 2.5 times that much.
Offshore wind farms benefit from stronger and less
turbulent winds and can avoid logistic constraints due to
problems of transportation of large turbines and their
blades, as well as address to a large degree the concerns
of negative visual impact of onshore wind farms.
However, with the commercially available technology
today, which requires wind turbine foundations to be
installed into the seabed on mono-piles, jackets or
tripods, the cost of installation grows dramatically as the
depth of water increases, limiting potential offshore sites
to areas typically less than 30 meters in depth, something
which restricts greatly the potential available areas to
construct wind farms.
In contrast there is an increasingly large body of thinking
that predicts that the enormous potential for offshore
wind harvesting will only be realized fully by positioning
wind turbines on floating foundations in waters far
deeper than 30 meters. NREL estimate that 90% of the
US offshore wind resource is in waters of 30 meters or
more.
On NREL’s website they show how they see wind
turbine farms evolving as turbines get bigger from

1. INTRODUCTION
The wind energy industry today is dramatically different
from what it was at the end of the last century, growing
from a few small and risky ventures into a significant
contributor to the energy sector.
Wind turbines are now a common feature of the
landscape in developed countries and elsewhere.
Picturesque visions of wind farms in the oceans are used
to symbolize a new way of creating energy in harmony
with our planet.
As wind turbines become larger and suitable land areas
diminish, increasing attention is given to offshore sites.
Several high profile projects are making headlines
around the world, suggesting that tremendous amounts of
energy may soon be extracted from the oceans.
However, constraints applicable to conventional shallow
water technologies will not allow us to tap the full energy
potential that lies at sea. Large wind farms will indeed be
built in shallow waters but only in select locations and at
a daunting cost.
The powerful and steady winds that blow over deep
offshore waters will be harvested by new turbines,
specifically designed to overcome the technical
challenges of an offshore environment.
The first prototype of these deepwater wind energy units
has been launched in 2007 by Blue H and will soon be
followed by the installation of commercial machines. In
the near future, this technology could open a completely
new field for the wind industry, providing so much
energy that we may have to rethink the way we are using
it.
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onshore, through to shallow water offshore, to ultimately
deep water floating platforms.

However, there is very little expansion expected in this
field, simply because opportunities have already been
exploited with this basic technology. Only a general
increase in energy price will lead to some capacity
building, and the adverse effect on the environment
(artificial lakes) will make these new projects
problematic.
At the other end of the spectrum, a number of ideas will
require years, sometimes decades, of technological
development just to become feasible. Converting wave
energy, use the temperature or saline differences in ocean
waters, or building large-scale geothermal units will
require considerable funding not to mention a lot of time,
even though the potential is promising.
Wind energy remains the most feasible renewable energy
option. Years of onshore development have demonstrated
that wind can rapidly provide a sizable production
capacity that has now reached a fifth of the national
output in Denmark. Wind turbines today are reliable,
efficient and can provide energy at a competitive cost.

Fig. 1 – Wind turbine evolution

2.2.3. Inevitably offshore
2.2. The context

Onshore development has proven that wind energy is one
of the few current answers to our energy quandary
(another answer being a better use of energy). But adding
capacity inland is not the solution for the future.
In many places, most of the best sites for wind turbines
have been used already. As the technology improves and
the price of energy is going up, it will be profitable to use
less favorable places, but this will not address the huge
challenge that shifting from fossil fuels represents.
Moreover, new wind turbines are very different from the
initial installations. Small units with an output measured
in kW have given way to industrial 5 MW towers with
60+ m blades. Such machines can only be located in
particular places, where not only the wind is good but
access is easy and neighbors can accept the units.
In this view, offshore siting looks to be much less
contentious.

2.2.1. A growing demand
When considering how offshore wind industry is driven
to deeper waters, it is useful to look at the context.
The impressive growth figures of the wind energy market
are based on incentives which allow the operators to sell
electricity at a fixed price (though decreasing over the
years), thus guaranteeing their return on investment. This
is basically why the field is so healthy and self-confident
in our troubled times.
The incentives themselves have been set up because the
population and governments have realized that a different
production structure was necessary for the energy
industry in the wake of large fluctuations in the price of
fossil fuels and the increasing impact of greenhouse
gases on the climate.
In many cases, forecasts of fuels scarcity, reliance on too
few supply sources and public opinion pressure have led
countries to launch ambitious plans and review their
energy production options.
Renewable energies are extremely attractive in this
respect. A significant share of renewables in a country's
energy portfolio is a hedge against fossil fuels price
increases. Greenhouse gas emissions are minimal.
Production capacity is installed on the national soil,
contributing to energy security.

2.3. The existing technology
2.3.1. Where it comes from
If offshore offers better options than onshore for the
current generation of turbines, then why is it still a small
share of the installed capacity?
The technology itself gives part of the answer. Most
offshore wind farms have been developed in the North
Sea simply because onshore sites were no longer
available. Since there is abundance of shallow waters in
the area, constructors have simply used the traditional
techniques to install their units in a few meters of water.
The procedure thus far has been to build concrete
foundations under water and alter the design so that the
units could withstand the marine environment. This
approach did not go without a few difficulties, and
maintenance as one example has been considerably over
budget in some sites.

2.2.2. Wind as a real solution
Unfortunately, increasing renewable energy production is
a challenging task. Although there are many promising
ways to accomplish this objective, only a few methods
are viable to build industrial capacity.
Solar energy remains an expensive solution. Its
development is essentially based on small-scale
equipment sold to individuals or small groups. Revenues
are dependent upon the amount of light that can be
collected, and many locations are unsuitable.
A well known solution is the hydraulic dams on rivers,
which have been providing significant amounts of
reliable energy at a reasonable cost for decades.

2.3.2. Hard facts
Building offshore capacity with (adapted) conventional
onshore techniques presents a few major drawbacks.
First, the price is high. In addition, handling huge parts of
equipment in the ocean is a technological challenge.
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Operators currently bring the machine piece by piece on
site for assembly, which requires fair weather conditions
and special ships. These ships are mainly used by the oil
industry, which mainly controls the dispatching of these
vessels.. This imbalance leads to frequent and costly
delays in the construction of shallow water wind farms.
Some wind industry operators plan to build their own
ships, but this is unlikely to bridge the gap in the next
coming years.
Building concrete foundations is also a very expensive
part of the installation. And last but not least,
decommissioning of these units will require significant
cost and may likely create an adverse impact on the
environment.
As if these challenges were not enough, using
conventional technologies is only possible in shallow
waters because erecting towers on the seabed quickly
becomes cost prohibitive as water depth increases.
Deployment opportunities for shallow water wind
applications are limited in coastal waters. Furthermore,
many of the viable areas present user group conflicts
with fishermen, sailors, aviators, as well as shipping and
ferry operators. Tourists and property developers are
among those who frequently object to wind turbines
being installed within sight of the shore. The view would
be ruined, leisure navigation endangered, the best fishing
spots forbidden.
Even from a technical standpoint, some of these areas are
not optimal because being so close to the land, the wind
is not as strong and steady as farther offshore.
It is easy to understand that the strength of the wind
matters, since it is directly proportional to the energy
extracted, but experience has also shown that turbulence
is an important factor, for yield as well as durability of
the equipment.
All these facts point to the same direction. To get access
to large wind resources in an industrial and sustainable
manner, a technological breakthrough is essential.
Turbines must be installed in deep waters, at a reasonable
cost. This will enable us to access offshore wind energy
where it is most prevalent. The limitations will then only
be subject to the investment decision, in a supplydemand market.
Stakeholders in coastal areas can maximize the benefits,
such as economic growth, diversification of their
industry, revenues from the operations, while minimizing
impacts on the environment and with user groups
including fishermen, tourists, shipping, airline, and ferry
operators.

units to operate in deepwaters: the oil industry had rigs in
place all over the world. Thus proven technologies were
available for adaptation to wind applications.
The Tension Leg Platform (TLP) was selected as the
most suitable concept.
A TLP system consists of a floating platform attached
with chains to a counterweight resting on the seabed. It is
designed so that the buoyancy of the platform far exceeds
its weight and its load (here, the wind turbine).
The chains are therefore always in tension, which ensures
the stability of the unit. Since the platform is anchored to
the seabed by the counterweight, there is no need for
ground preparation. Foundations are irrelevant.
Fig. 2 – TLP based offshore wind turbine

Adaptation of the TLP concept was a key step for Blue H
since hundreds of TLP platforms have been proven in
operation far offshore in extremely deepwater for years.
From an economic standpoint, the TLP concept is also
advantageous. With such a system, depth does not have a
significant impact on the weight of the structure, which is
strongly correlated to its cost. The length of the chains
becomes the only parameter. Engineers can then focus on
reducing the overall weight of the platform and the
turbine to maximize efficiency.
Interestingly, some of this weight loss is made possible
because the wind turbine is sited far offshore. In the
absence of land around and since the surface of the sea is
roughly flat, the wind speed remains high and steady at a
relatively low altitude. Therefore the rotor does not need
to be very high, and the tower is thus smaller.
It seems that even with a much lighter and simpler
structure, a floating turbine will always be more
expensive than an onshore one, but the economics do not
work this way. Ultimately, what matters is the amount of
energy generated, and here again the strong and steady
winds of the high seas change the picture. For a given
size, the far offshore turbine can bring much more
revenues yearly than its land equivalent.

3. THE FLOATING WIND TURBINES
In the search for a solution, Blue H has proposed a new
concept and developed it into a machine truly dedicated
to a far offshore environment.
The Deepwater Innovative Wind Energy Technology
(Diwet) has been designed specifically for the purpose of
harvesting the best wind over deep waters, all over the
world.

3.1. The concept
When Blue H specialists started working on a new wind
turbine, systems already existed that allowed industrial
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developed several innovations to make it possible to use
high speed two-blades rotors. This two blade
configuration also simplifies handling of the blades.

3.2. The machine
3.2.1. The TLP prototype
To confirm the technical and financial performance of
the concept, Blue H has launched a prototype at sea
offshore Brindisi, Italy, at the end of 2007. Fully
installed in the summer of 2008, this unit is the first deep
water offshore wind turbine. It has been installed 10.2
nautical miles off the coast, where the depth is 111 m.

3.2.3. Installation made easy
Installing a Diwet is very different from the conventional
procedure.
For instance, a traditional system requires a sizable area
in the docks to store all the parts of the units. As the
weather and the availability of special ships allow, these
parts are shipped to the site at sea and assembled with
heavy cranes and expensive offshore equipment. Since
good installation conditions are unpredictable and long
periods of time are needed for assembly on site, large
stocks of parts must be prepared so that they are ready
for use when works are possible.
In contrast, a Diwet unit is fully assembled at the dock.
Conventional yard equipment only is required. The
finished units can be stored in the harbor or even at sea.
This means that production can be a streaming process
like in big, mature industries such as vehicle
manufacturing. Parts can be delivered continuously at the
shipyard, units assembled and stored, and works at the
site done regularly.
The erection of a floating turbine essentially requires a
dock with adequate depth, and cranes. The machine can
be assembled with standard equipment, in all kinds of
weather. It can even be tested.
Once it is ready, standard tug boats can tow the unit to
the site. The work of installing the turbine is reduced
since the counterweight is just lowered to the seabed to
anchor the platform. In turn, the cable is connected and
the turbine is commissioned. The short installation
period ,is a considerable advantage and no shortage of
vessels is to be feared since only standard models are
required.
For these reasons, again no large storage areas are
required. Since no delays prevent assembled Diwets to be
installed, buffer storages are not necessary.

Fig. 3 – TLP prototype in construction

The purpose of this demonstrator was to show that it was
indeed possible to install a wind turbine far offshore with
reliable and economically viable technologies and
procedures.
Full size units are now under development and
construction with several MW outputs.

Fig. 4 – TLP prototype towed at sea

3.2.2. Innovations
Blue H also wanted to learn from this first experiment
and add first hand facts to all the studies and data already
collected. Some of the innovations that will be included
in the commercial units are also being tested with the
prototype.
For instance, Blue H has opted for a two-blade turbine,
whereas the vast majority of units worldwide have a
three-blade design. This is because a two-blade design
entails a higher speed and is lighter, leading to a higher
efficiency. The three-blade option has been chosen
traditionally because it is less noisy, being slower. Threeblade turbines are also less subject to the stroboscopic
effect of the shadows cast by rotating blades.
The stroboscopic effect and the noise are important
parameters in the impact study of an onshore system. Far
offshore, they are irrelevant. Blue H has therefore
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3.2.4. The cheaper way

Fig. 5 – TLP technology for oil or wind

This procedure has a dramatic impact on costs. When a
suitable site is selected, manufacturing can be carried out
in close proximity or in a remote but more adequate
place. A manufacturing process requiring standard
shipyard equipment and moderate storage areas can take
place in more locations, limiting parts and units
transportation.
Less dependence on weather conditions and special
equipment also translate into a smoother process, where
building teams can work continuously. Manpower is
easier to manage, use of heavy machines and boats is
planned at the most favorable cost and operations can be
automated.
With the bulk of the work being carried out on land,
working conditions are more predictable. Normal work
schedules apply, risks are lower, no rare skills are to be
sought. With proper training, local workers can do most
of the job. There is no need to bring boats from
elsewhere for towing, and the boat for the marine crew
does not require special, expensive features.
Since the turbines are built and installed faster, using
standard equipment and procedures, the offshore wind
industry becomes less capital-intensive. Each Diwet,
once installed and connected to the grid, can start
generating electricity and profits.

Since the development of such an innovative industrial
project in a globalized world requires speed, expertise
and performance, Blue H has chosen to rely on strong
partnerships with specialized companies and laboratories.
Key projects are in progress in several countries to build
the knowledge required in the various fields. This will
provide the versatility and the resilience needed to
succeed.
As the need for clean energy grows, with global warming
and uncertainties about fossil fuel prices looming, and
since the TLP prototype shows that a workable solution
is indeed possible, other projects are likely to bloom or to
accelerate.
Areas where offshore wind development was deemed
impossible for lack of shallow waters will become
valuable. Shipyard missing the specific features required
for the production of conventional offshore projects will
be potential players.

4. CHANGES TO COME
The availability of Diwets is projected to bring changes
not only to the wind industry, but also to the energy
market. To understand why, it is important to know how
the machines were created and what the market is
becoming.

4.1. The business
Blue H is a start-up founded in 2004 with the help of
private investors. The founders recognized that the
current offshore wind turbine designs were not going to
address the key challenges ahead and came up with an
original concept aiming at solving all the issues and
revolutionize this part of the market.
Blue H has quickly developed a state of the art
technology and the success of its prototype has
confirmed that its vision was well founded.
Other companies have also shown some interest in
offshore wind turbines for deep waters. Wind turbine
manufacturers who built their success onshore have not
significantly invested in the area yet, and no doubt their
difficulties in meeting the huge demand in their current
market has something to do with this. But big oil
companies, who already use offshore platforms in deep
water, have a keen interest in using their know-how to
make inroads into a growing industrial market, especially
since it could prove to be a safeguard for their revenues
in the long run. Utilities companies also see such
ventures as a legitimate part of their energy business.

4.2. A new market
Business plans can be created to take this new market
into account, and all of a sudden lofty global goals set by
governments and agencies will become fairly
manageable targets. Companies with expertise in
offshore operations and wind energy can make plans to
take foot in this new field.
Operators will pay heed not only because a new market is
created in wind energy, but also because its potential size
is enormous. Decision makers should not fail to notice
that the power generated by large scale offshore wind
farms is comparable to fossil fuel-fired power plants.
The sheer size of the farms is tantalizing, because
conventional systems can only be installed in a few
suitable areas, and not all of them are located close to
populated areas where power is needed. Connection to
the grid can be difficult.
Deepwater offshore wind offers more opportunities for
development. Diwets can supply ample power to coastal
cities because they can be deployed in a large depth
range. Even with all the constraints on siting (shipping
roads, military areas, environmental protections...), vast
areas are suitable for this technology.
Not only can more projects can be considered, but the
demand can could be transformed: instead of developers
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pushing for projects here and there, local authorities can
make inquiries and have their systems built just like they
add a new road or water plant. At some point, coastal
communities may be able to transform from
conventional energy sources to offshore wind energy in
their portfolio.

Some tasks require energy without a strict timetable.
Automated equipment can run when power is available
and use wind energy to produce goods regardless of
intermittency. The size and structure of the wind farms
make it possible to consider direct connections with
industrial units, separate from the grid.
In addition to batteries, other energy carriers than can be
considered. For instance, if a clean hydrogen economy
emerges, deepwater offshore wind turbines can a be
solution for the source of clean hydrogen production.
The traditional approach is a rigid model of huge power
plants feeding a grid to which all users are connected.
Now more and more alternative ways to produce energy
are emerging, and the grid is not the only way to convey
energy to the consumers. As we shift from the old model
to a new one, there will certainly be many opportunities
to use the huge amounts of energy that deep water
offshore wind farms can generate.

4.3. Any limits?
Offshore wind energy is not an immediate answer to the
needs of our economies. This is because the grid can only
absorb a limited share of wind energy. Ultimately,
electricity is only produced when the wind blows, and
power plants are needed to accommodate the resulting
variations.
Thus Denmark, the country with the highest share of
wind energy, has seen very little growth in its capacity
recently. Even if more Danish wind farms can be built,
the grid could not use the extra electricity produced.
If we open deepwater areas for wind energy production,
these limits will soon be reached in many places.
However, as the cost of the electricity generated is ever
more competitive, and the adverse environmental effects
of other energy sources become more and more
unacceptable, we will wish to build more wind farms and
find ways to use this electricity.
The latest trends in the energy market suggest that these
opportunities will develop in time. Nomadic uses of
energy for laptops and cell phones have spurred the
evolution of batteries, and the latest models are now
considered for use in cars and other vehicles. If energy
storage becomes a large scale business, there could be
times when loading batteries with wind electricity makes
economic sense.

5. CONCLUSION
The concept of deepwater offshore wind turbine
demonstrated by Blue H with the launching and
installation of its TLP prototype in Italy in 2007 and
2008, demonstrates that the technology is ready for the
first commercial units (Diwets) to be built.
Based on a proven technology (TLP) and key
innovations, the Diwets can be produced and installed
industrially with standard equipment, with only few
operations subject to good weather conditions.
Using this solution for far offshore wind farms will not
only multiply the number of sites available, but can
actually make them more competitive than traditional
offshore systems and eventually lead to figures
comparable to onshore units.
The resulting new capacity will create such a huge
supply of intermittent clean energy that the grid will not
be able to use it in its current state.
The inescapable realities of global warming and fossil
fuel costs, as well as the versatility of the new systems,
will create opportunities for other ways to use or carry
energy outside the grid, triggering deep changes in the
traditional model.
This could in turn have a tremendous impact on the
current projections for offshore wind capacity, and help
us achieve our goals for a more environmentally friendly
world sooner than expected.

Fig. 6 – Diwet in operation
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