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Summary
Technological advances in floating offshore wind have opened up opportunities to exploit the abundant
wind resource in deep water sites where it is currently not possible to deploy bottom-fixed wind
turbines. However, as a relatively nascent technology, there are still many challenges to be overcome
before floating offshore wind can be deployed in full-scale commercial arrays. From a wider set of risks
identified using a new risk assessment methodology developed specifically for floating wind, this Analysis
Paper highlights the key risks facing the developers of novel floating turbine systems, both technical and
non-technical, and sets out how to mitigate them.

Headlines
• Floating wind is closing in on full-scale commercialisation: an increasing number of countries are
ready to support the technology and are including it in their future (in France’s case, near future)
electricity generation mix.
• The key markets for floating wind in the near future are: countries with deep waters close to shore,
countries with isolated island communities with high electricity prices, and in the electrification of oil
and gas platforms – that is, using floating wind to power these platforms, as opposed to gas.
• Some of the reasons for floating wind’s relatively high levelised cost of energy (LCoE) are clear: it is a
technology in the pre-commercialisation stage, it is not in serial production, and it uses only a small
number of units per site. But there are other key obstacles that need to be overcome: there is a lack
of available operational performance data (which makes floating wind a high-risk investment), and
limited collaboration between substructure developers and wind turbine OEMs (in part because there
are not enough OEMs to partner with each substructure concept developer).
• Technical risks in floating wind need to be solved to show that the technology is viable. However, it is
mitigation of commercial risks that will have a greater impact on bringing floating wind technology to
market.
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Introduction

Figure 1: The last turbine for the Hywind Scotland project sets sail from Stord, Norway.
Photo: Øyvind Gravås / Statoil

Floating wind has come a long way in the last 10 years. Then, the technology was mainly limited to
the development of the original Hywind and WindFloat prototypes, and to projects in Japan and
academic research. The award of four pre-commercial arrays to four very different substructures in
France, and the more recent launch of Hywind Scotland (the first pre-commercial floating wind farm)
and Ideol’s FLOATGEN prototype (the first offshore wind turbine in France) brings floating wind
a step closer to full commercialisation. Through first reviewing the market and technologies, this
paper examines the key health and safety, commercialisation, technology, and manufacturing risks in
floating wind and how these could be mitigated.
Scotland was the first country to recognise and harness the potential of floating wind by offering
long-term support in the form of a power purchase at a highly preferential price. France has also
recognised the potential of floating wind, offering power purchase contracts to four pre-commercial
arrays and launching the first ever commercial tender for floating wind in early 2018. [1]
While the UK, France and Japan are leading the way in the development of floating wind, other
countries are in close pursuit. The Danish government’s grant award to TetraSpar, the US Department of Energy’s $50m support for the Aqua Ventus project, and South Korea’s aim to develop the
100MW Dongbu wind farm using GustoMSC’s tri-floater, put these countries at the head of the
chasing pack.
While floating wind has had a number of successes, there remain many challenges, over and above a
continuous reduction in the levelised cost of energy (LCoE), that will have to be overcome to establish a thriving sector.
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Market and Technology Overview
Floating wind is still a relatively nascent technology, and as is often the case it is hard for governments to endorse and commit to such a technology using taxpayer’s money. However, in some
extraordinary cases – such as for meeting binding renewable targets (e.g. the Paris Agreement), for
isolated communities (e.g. Hawaii and the Canary Islands) or due to geographical limitations (no
shallow water and highly mountainous land) and the will to reform the current generation capacity
(Japan’s retiring of non-renewable power generation assets) – floating wind makes a lot of sense.
It is a common misconception that floating wind turbines have to be far from shore. There are a
sufficient number of locations around the world (e.g. the west coast of the US, Japan and Norway)
where waters are more than 60m deep just a few kilometres offshore. In some cases shallow draftfloating wind solutions can be installed at water depths as low as 30 meters. These are particularly
attractive in countries where shallow water areas coincide with poor seabed conditions (eg hard rock
seabed), making bottom-fixed wind unfeasible.
The markets for floating wind in the near term are:
• Countries with deep waters close to large load centres, such as cities.
• Isolated islands with high electricity generation costs.
• In the electrification of oil and gas platforms.
In its “Floating Offshore Wind Vision Statement,” WindEurope highlights that the theoretical floating
wind potential in Europe (4,000GW), the US (2,450GW) and Japan (500GW) is almost 7,000GW. [2]
While it is unrealistic to expect, even in the long run, that large portions of this will be developed, it
does highlight the potential for floating wind in these regions.
ORE Catapult has performed a market review and has identified the most probable markets for floating wind, and deployment rates in these markets, up to 2050.
In Europe, France is expected to lead the way in floating wind deployment in the short term (on average 250MW installed yearly from around 2025 onwards). The UK is predicted to become the core
market in Europe from around 2030 with an average annual deployment of 500MW. Other countries with the potential to develop floating wind include Portugal, Norway and Spain. Norway has an
opportunity to use floating wind for oil and gas platform electrification, while Spain has the Canary
Islands, which has one of the highest electricity prices in Europe (a limited market due to low population on the islands).
In Asia, Japan is predicted to lead the way with a ramping increase in the annual deployment reaching around 700MW per year from 2030 onwards. China is expected to start deploying large scale
floating wind from 2030 onwards (around 500MW per year). Taiwan and South Korea are the other,
more prominent, markets with an average deployment of around 400MW per year from 2030 onwards.
For the purpose of this analysis, the USA can be split into three distinct regions – the east coast, the
west coast, and Hawaii. The west coast has the highest potential deployment: an average 300MW
per year in the late 2020s, ramping up to 600MW per year from 2030 onwards.
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The east coast is expected to have a similar trend, but at reduced average annual capacities of
200MW and 400MW per year, respectively (the reduced capacities are mainly driven by the competition from bottom-fixed wind). Hawaii, though a relatively small market, has set some very aggressive targets for renewable energy. ORE Catapult expects an average annual deployment rate of
100MW between 2025 and 2030, raising to 200MW between 2030 and 2035, at which point the
cap for the currently set targets for electricity generation from wind would be met.
The most developed projects – those that have been or are being scale tested or are developing
prototypes and pre-commercial arrays – are WindFloat (developing a pre-commercial array), Hywind
(operating a pre-commercial array), and Ideol (operating a prototype and developing pre-commercial
arrays). However, there are more than 40 different concepts, with around 20 in active development
(in scale testing, prototype or pre-commercial array development). As shown in Table 1, these are of
different typologies and have originated in different countries.

Semi-Submersible/Barge

Tension Leg Platform (TLP)

Spar

Windfloat (USA)
Fukushima Mirai (Japan)
Fukushima Shimpuu (Japan)

Gicon*/PelaStar (Germany/USA)
SBM Offshore (Netherlands)
TLPWIND (Spain)

Hywind (Norway)
TetraSpar (Denmark)
Fukushima Advanced
Spar (Japan)
Toda Spar (Japan)

Ideol* (France)
DCNS* (France)
NAUTILUS (Spain)
VolturnUS* (USA)
Tri-Floater (Netherlands)
OO-Star* (Norway)
Cobra* (Spain)

Table 1: Some of the more developed floating wind turbine systems (* uses concrete).

It can be observed that the majority of designs are semi-submersible (Ideol’s is the only barge) and
that the most popular material is steel. The majority of designs come from one of the three regions
already highlighted – Europe, Japan and the USA – with Europe having the most designs. These correlate well against the near team future markets identified.
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Introduction to Risk Identification

Figure 2: Floating wind typologies (left to right: barge, spar, tension leg platform (TLP), semi-submersible)

While floating wind has had a number of successes of late and is slowly pushing toward becoming a
mainstream technology for electricity generation, there still exist multiple challenges, both technical
and non-technical, that need to be overcome.
ORE Catapult, as part of the LIFES50+ project (a Horizon2020 project looking at progressing two
floating wind designs for 10MW wind turbines to technology readiness level 5), has developed a
risk assessment methodology for floating wind. This methodology looks at different aspects of risk,
including:
• Technology risks.
• Health, safety and environmental risk (a separate assessment was carried out which focused on
the operations and maintenance (O&M) phase).
• Manufacturing risks (split into processes, facilities and workforce aspects).
• Commercialisation risks (split into environmental, substructure and wind turbine compatibility,
and commercial aspects).
Together with industry interviews, which included a broad range of different stakeholders in floating wind (a classification society, a wind turbine Original Equipment Manufacturer (OEM), a project
developer, insurers, supply chain, substructure designers, governmental and other public bodies),
the methodology was applied to various floating wind concepts to identify the key risks in floating
wind.*1
*Some risks are less applicable to specific typologies and designs. For example, wind turbine control for tension leg platforms
(TLPs) is expected to be similar to bottom-fixed turbines.
Additionally, there are location-specific risks, such as the underdeveloped supply chain in the USA, and a lack of experience in
the offshore project consenting process in Japan, France and the USA.
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Floating Wind: the Key Risks
Health and Safety
Access and egress of personnel to and from floating turbines due to their inherent dynamics.
The motion associated with floating wind turbines will potentially make access and egress by
personnel more challenging. This will have to be performed in a floating-to-floating configuration (as
opposed to floating-to-fixed in bottom-fixed wind) as neither the turbine nor the vessel will be fixed
to the seabed.
Some modifications might be required to make the currently-used techniques of “bump-and-jump”
with crew transfer vessels and “walk-to-work” with service operations vessels appropriate for floating wind. These might include incorporating techniques that use straps around the turbine’s boat
landing and the service operations vessel, to track the floating turbine’s movement.
Difficulty of performing on-site inspections and repairs due to the inherent dynamics of floating
wind turbines (e.g. reduced efficiency and motion sickness of personnel).
Anyone who has tried to work in a moving car, or on a train or ferry knows how hard it can be to do
even the most trivial things if exposed to continuous vibrations. The relatively benign environmental
conditions associated with the maintenance work can still transfer into large accelerations and displacements at the nacelle of a floating turbine. Inevitably, these will have an effect on the personnel
performing work on the turbine. The effects could be anything from reduced efficiency (tasks taking
longer to perform) to severe motion sickness.
In the short-term, the maximum significant wave height for maintenance operations might have to
be lowered for floating wind compared to bottom-fixed wind. In the longer-term, further optimised
floating wind designs that are less sensitive to waves and are more self-maintaining (e.g. using autonomous underwater vehicles for cable inspections and repairs), or wind turbines with reduced
maintenance requirements (e.g. using of filters to increase the longevity of lubricants leading to fewer offshore trips by the maintenance crew), could be the solution.

Commercialisation
Lack of government support for floating wind in the key markets, leading to no clear pathway to
commercialisation (e.g. no Contracts for Difference for floating wind in the UK).
The Hywind Scotland pre-commercial array has cost Statoil approximately € 7m/MW.[3] This is approximately twice as much than for the bottom-fixed wind farms currently being developed in the
UK. Being a nascent technology, floating wind requires government support to de-risk and lower the
levelised cost of energy (LCoE) of the technology, making it more attractive to investors and more
able to compete with other technologies for electricity generation. This support could be in the form
6

of grants, cheap loans, or favourable long-term electricity purchase contracts. The ability to guarantee large local content can help to gain support from the government; this can clearly be seen by the
projects awarded in Japan and France, which have a very high number of local partners.
High LCoE (in the short-term) and competition with bottom-fixed wind
(only applicable to countries with access to shallow waters).
There is no doubt that the current LCoE for floating wind is significantly higher compared to bottom-fixed wind. However, one should be careful when comparing both technologies as these are at
different stages of the technology lifecycle.

Figure 3: Median LCoE Cost Reduction Scenario [2]

In the near future, floating wind is expected to experience a significant LCoE reduction, as predicted
by WindEurope and Floating Wind Expert Group in Figure 3. This is in line with ORE Catapult’s study
of TLPWIND® (a tension-leg platform by Iberdrola Engineering and Construction) performed in
2015/16. The study estimated a median LCoE for a fully-commercial array at £102/MWh by 2025,
and an LCoE between £64/MWh and £84/MWh by 2050, depending on the turbine rating evolution and market deployment scenarios.[4]
In the near future, floating wind should target niche markets such as island communities, oil and gas
platform electrification, and countries with no shallow waters. Design optimisation and mass production of floating wind in these markets, together with learnings transferred from bottom-fixed wind
and oil and gas, will lower the LCoE in the long run: making floating wind a feasible solution for the
markets currently dominated by bottom-fixed wind.
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Lack of wind turbine OEMs and project developers to partner with for new entrants.
As highlighted in the introduction and shown in Table 1 there are many floating wind concepts,
which shows that the industry is not mature. For the number of floating wind concepts, there are
simply an insufficient number of wind turbine OEMs and project developers to partner with. Furthermore, some OEMs and project developers have already committed all their available resources
to bottom-fixed projects (i.e. they have no available resources to spend on looking into and developing floating wind). To date, very few substructures have been designed in a collaboration with wind
turbine OEMs or utilities. This means that the designs are suboptimal, lacking the knowledge of wind
turbine OEMs on the wind turbine side (e.g. loads and control) and the project developer expertise
and financial muscle to develop pre-commercial and fully-commercial arrays.
As the industry develops there will be a natural consolidation in the number of floating wind concepts. However, in the short-term, government support can help to fund single prototypes and
pre-commercial arrays, which will lower the LCoE and make floating wind more attractive to the
project developers.
Unwillingness of wind turbine OEMs to offer warranties available in bottom-fixed wind.
Lack of experience in floating wind (i.e. the low number of designs which have been operational for
multiple years) makes wind turbine OEMs risk-averse; offering reduced warranties in floating wind
is the norm. Because the majority of substructures for floating wind turbines have been designed
either with no or very little wind turbine OEM interaction, challenges still exist in the interface between the substructure and the wind turbine. These challenges – which include, but are not limited
to: control modifications, heeling and accelerations of floating wind turbines and their effect on the
O&M activities and component failure rates – are yet to be fully understood, reducing turbine OEM
confidence in floating wind. This uncertainty translates into the offering of reduced turbine warranties , which consequently leads to increased overall project insurance that damages the potential
investor confidence in the technology.
Good compatibility between substructures and turbines (i.e. substructures designed to the wind turbine OEM requirements) is key to unlocking wind turbine OEM confidence, and consequently more
comprehensive warranties. Engagement with the OEMs and certification bodies can help to reduce
this risk. As more floating wind turbines are installed and more operational experience is gained, the
risk will reduce.
Negative influence on project timelines by stakeholder groups (e.g. fishing community, military,
aviation, environmental groups).
Similar to bottom-fixed, which has suffered from project delays (e.g. Neart Na Gaoithe due to the
Royal Society for the Protection of Birds’ (RSPB) objections[5]) and cancellations (e.g. Kintyre due
to its proximity to an airport and recreational sailing[6]), floating wind farm developers will have to
engage and negotiate with various stakeholders. If anything, floating wind might receive additional
opposition from fishermen if spread mooring systems are used, from aviation and defence, due to
the floating turbine motion and its potential interference with radars, and the public, if turbines are
assembled and repaired in or near large population centres or tourist attractions. PelaStar’s 6MW
demonstrator off the coast of south-west England was cancelled due to objections from the Ministry
of Defence. Early engagement with stakeholders will be key to project success.
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Technology
Risks associated with electrical connection and disconnection of floating wind turbines for O&M.
The ability to perform major repairs at port is seen as one of the key advantages of floating wind that
can reduce cost (lost production costs are similar, but operational expenditure is reduced by 20-30%
[7]
) and risk (via reduced operations offshore) when compared to bottom-fixed wind. The ability to do
so is dependent on the capacity to perform multiple connections and disconnections of the mooring
and power transmission (cables) systems during the lifetime of the turbine. While the mooring system
connection and disconnection is well understood, the electrical connections used for dynamic cables
are often bespoke to each floating wind project.
Industry-wide standardisation of connection means (e.g. splicing, dry- or wet-mate connectors) for
dynamic cables is needed in order to reduce the cost and risk associated with these.
Risks associated with cabling.
Cable damages account for around 90% of insurance claims and 70% of the actual pay-outs in offshore wind [8]. These can be attributed to damages sustained during cable installation, thermodynamics, impact (e.g. by an anchor), etc. Designed for static applications, offshore cables are exposed
to various subsea challenges, such as seabed alterations, that can lead to cable exposure, and vortex-induced vibrations of the free spanning cable sections due to seabed scour. In floating wind the
situation is further complicated by the necessity for dynamic cables (also known as umbilicals). These
are exposed to additional loads (e.g. wave loads, impact loads from drifting objects, and most importantly additional fatigue due to substructure motion), as they have to be flexible enough to absorb
the motion of the floating wind turbine and installed in the water column (e.g. they cannot be buried
or covered by rocks), hence the higher probability of cable damage.
For static cables, floating wind will benefit from innovations in bottom-fixed wind (e.g. improved
real-time performance monitoring and increased power flow). However, for dynamic cables floating
wind will have to use transferred knowledge from the oil and gas industry to develop cost-effective
cables with the right material properties. Innovation is expected to be led by the supply chain. However, it will require a large number of orders, or at least guarantees (e.g. long-term government support for floating wind), that floating wind will be part of the future generation mix to invest in R&D.
Inapplicability of bottom-fixed wind control to floating wind.
Floating wind turbines, due to the additional degrees of freedom, are exposed to larger motions
compared to bottom-fixed wind turbines. This motion can be damaging to the wind turbine.
Bottom-fixed wind uses one control algorithm per turbine model, with some tweaks for different
environmental conditions. But in floating wind, concept-specific control algorithm modifications are
required to reduce the loading by reducing motions, accelerations and heel angles. Depending on
the size of the modifications to the original algorithm, the warranty provided by the wind turbine
manufacturer can be invalidated, raising the project insurance costs and putting off turbine OEMs and
project developers.
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While turbine manufactures have been reluctant to engage in floating wind, partially due to a large
backlog of bottom-fixed orders and the small number of floating projects deployed to date, recently
there has been a shift in how the sector is perceived. This has been mainly driven by the increasing
maturity of the technology and the interest expressed by some governments in using the technology
in the future power generation.
Increased collaboration between floating wind designers and turbine OEMs will be essential to guarantee optimised floating wind concepts, where turbine design specifications have been considered
from the early stages of the design process.

Manufacturing

Figure 4: Ideol’s FLOATGEN under construction.
Photo: Ideol / Bouygues TP / Centrale Nantes

Inability to mass produce substructures for floating wind due to time and space restrictions.
To date, only a few prototypes and a single pre-commercial wind farm (five units made by Navantia
for the Hywind Scotland project) have been made in floating wind. To make floating wind commercially attractive, large, fully-commercial arrays will have to be built, resulting in cost reduction through
mass production. Large number of units will have to be assembled in a relatively short time, and most
likely in one place to reduce port development and transportation costs. This means that multiple
units will have to be manufactured simultaneously, in a conveyer belt-type operation.
Multiple challenges – such as space limitations for construction and storage of parts (onshore) and
fully assembled units (onshore or offshore), and time limitations for manufacture – will have to be
solved.
Modular designs that can be pre-manufactured away from the assembly port will be preferable when
floating wind moves into full commercialisation. Investment in the port facilities (e.g. soil reinforcement, port extension, crane upgrade) will, most likely, be required to meet the specific requirements
for different floating wind turbines (typology, design and primary material used).
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Conclusions
The majority of key risks in floating wind are not technical but rather commercial, and are expected to
reduce as floating wind accumulates operational experience and consolidates its number of concepts.
With government support in the short-term for prototype and pre-commercial array demonstration,
this will lead to increased warranty cover offered by wind turbine OEMs and a reduced perceived risk
profile by the project developers, resulting in a lowering of the LCoE.
The key markets, by the potential size of deployment, are Europe (the UK and France), Asia (China
and Japan) and the US (the west and east coasts), which correlate well with the countries of origin of
the concepts. The majority of concepts for floating wind are semi-submersibles, with steel the current
preferred choice of material.
The key health and safety risk for floating wind turbines is associated with the motion of substructures. In addition to a more complicated access and egress by the personnel, motion will have a negative effect of the personnel’s ability to perform work (e.g. reduced efficiency, motion sickness).
The cost reduction in floating wind is predicted to take advantage of the cost reduction in bottom-fixed wind. Large cost reductions are expected from mass production, with additional gains coming from design optimisation. In the short term, by concentrating on the niche markets, floating wind
can continue to lower costs, making it financially feasible in the long run for the markets currently
dominated by bottom-fixed wind.
Innovation and standardisation of power transmission (both equipment and processes) is key to lowering the cost and risk of floating wind, as is the ability to perform major repairs at port. While some
learning will be transferable from bottom-fixed, there are unique challenges in floating wind associated with dynamic cables and connectors.
The key manufacturing risk is the ability to produce large number of floating wind substructures in a
short time using the available ports. It is highly likely that some investment in the port facilities will
be required. At the same time, there are no manufacturing health and safety risks that are unique to
floating wind, as the sector borrows well-developed practices from other industries (e.g. shipbuilding,
construction, and oil and gas).
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of the information contained herein nor shall be liable for any loss or damage resultant from reliance
on same.
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