e — = e
CARBON
TRUST

00| A
OEAOA ) 306ii AOU 2ADPI

Key Findings from Electrical Systems, Mooring
Systems, and Infrastructure & Logistics studies

May 2018

©)

CARBON EnNBW eNncie @ L e-on IBERDROLA  __

TRUST nnogy

N —
ZJ 2 Orsted ;\3’ Statoil VATTENFALL @ WPd

The Scottish
Government



Acknowledgments

The Carbon Trust has produced this summary report based on studies delivered by the
following external technical contractors:

9 Electrical Systems: Petrofac and TNEI
1 Mooring Systems: Rambagll
f Infrastructure & Logistics: London Offshore Consultants (LOC) and WavEC

Study results are based on an impartial analysis of primary and secondary sources, including
expert interviews.

The Carbon Trust would like to thank everyone that has contributed their time and expertise
during the preparation and completion of these studies. Special thanks goes to the following
organisations:

[ N
A | €

< 3, [ MACGREGOR & d eo VICINAY FirstSubsea
E:"/ FLINTSTONE ABS VRVHOF ‘ l —_— .

CG Power Solutions

> @l

DR. TECHN. \ o —_— Ne i p
macartney M &i0osen WX HINREL oavar 4 Statoil N3UtIUSE

OFFSHORE

:n / A tfi-eee MOOREAST 2H cicon
Giraffe ‘”

o= offshore
@ Swiss Re ==.' l‘
q‘b &% MARSH . OFFSHORE =/ Strainstall ‘
INTERMOOR L) Glosten
A Boskalis
) i o A\ E HD
SIEMENS bPP HED subsesa 7 f\ﬁexans \nkt““"es Iy d [
Disclaimer

The key findings presented in this report represent general results and conclusions that are
not specific to individual floating wind concepts. Caution should therefore be taken in
generalising findings to specific technologies.

It should be noted that information and findings, including market projections, do not
necessarily reflect the views of the supporting industry partners, but are based on
independent analysis undertaken by the Carbon Trust and respective external technical
contractors.
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f\\ The Carbon Trust's mission is to accelerate the move to a

sustainable, low carbon economy. It is a world leading expert on

CARB (0] N carbon reduction and clean technology. As a not-for-dividend
group, it advises governments and leading companies around the
TRUST world, reinvesting profits into its low carbon mission.

The Carbon Trust has been at the forefront of the offshore wind
industry globally for the past decade, working closely with
governments, developers, suppliers, and innovators to reduce
the cost of offshore wind power by informing policy, supporting
government and corporate strategy, and commercialising
innovative technology.
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Executive Summary

Offshore wind power is on the cusp of global expansion, as the industry matures, prices fall, and
deployment increases across several international markets. Having been pioneered in shallow
European waters (<60m depth) using conventional fixed foundations, bathymetric constraints mean
that much of the future potential exists in deeper waters (>60m depth] where floating foundations will
be required. The added flexibility in the siting of floating offshore wind power will also facilitate
exploitation of areas with the strongest wind resource, boosting yields and delivering a consistent
supply of low carbon electricity to meet energy demand.

Market Growth

Despite only 50 MW of floating wind power being installed globally, a series of pilot wind farms are set
to demonstrate the technical and commercial viability of the technology, ahead of the large-scale
deployment expected within the next decade. Given the relative immaturity of this nascent technology,
the pace and scale of deployment will be contingent on policy support to bridge the gap between pilot
and commercial projects. Carbon Trust analysis of potential future deployment indicates a wide range
of projections to 2030, characterised by the level of political commitment in key lead markets. Without
support, floating wind power could be limited to niche applications, struggling to compete in
competitive auctions with more mature rival technologies. However, if a route to market can be
achieved, large-scale commercial deployment could potentially unlock a multi-gigawatt (GW] pipeline
of opportunities, with considerable value to be captured by local and regional economies.

Technology Challenges

In addition to political barriers, large-scale deployment of floating offshore wind presents several
technical challenges that will require innovation from suppliers and wider industry. Many of these
challenges are common to multiple floating wind concepts, making them suitable for collaborative
research and development efforts between industry players. The Floating Wind Joint Industry Project
((JIP) is a collaboration between the Carbon Trust, Scottish Government, and twelve leading
international offshore wind developers with a strategic interest in floating wind technology. The JIP
focusses on de-risking technology challenges and identifying innovations that can deliver cost
reduction in large-scale floating offshore wind farms. This report presents key findings from three
studies delivered in 2017, each addressing critical areas for future commercial projects. The report
aims to make the challenges faced more transparent to enable the supply chain and wider industry
to engage and develop the necessary solutions to de-risk the technology and accelerate cost
reduction.

Electrical Systems

Floating wind farms will introduce several novel elements, largely in relation to dynamic power cables
and floating substations. While no insurmountable issues are envisaged, a handful of potentially
critical bottlenecks were identified. Most significant is the current lack of high voltage dynamic cables
for export purposes, which require alternative designs compared to the static cables used in fixed-
bottom offshore wind farms. The export cable is vital for transmitting power back to shore efficiently
and represents a single point of failure in commercial wind farms. Given the potentially lengthy
timescales to develop and qualify suitable cable designs, this is an immediate priority for the sector.



In response to this challenge, the Floating Wind JIP has launched a new project to accelerate the
development of high voltage dynamic power cables.

An assessment of commercial-scale floating substations found that these would be feasible without
significant technology development, but testing and qualification of electrical equipment is a current
gap. Technology development is most relevant to auxiliary components that can limit cable fatigue,
particularly cable bend stiffeners, for which larger and stiffer modules may be required.

Mooring Systems

The moorini and anchoring system is a critical component of floating wind devices that represents a





























































































































































































