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Each WEC Developer will connect to the Wave Hub
system by means of a subsea (developer installed) cable
from the lead device of each WEC array. This in turn is
connected to one of four cable tails that run from the
hub. The connections to the tails will be made above
water. The details and layout of the WEC arrays will be
determined by the WEC developers.
The hub will be located on the seabed and protected
by rock dump. The purpose of the hub is to provide a
watertight connection between the cable tails and the
main Subsea Power Cable (SPC). Within the hub, the
main subsea power cable (which consists of twin
300mm2 33kV power triads and fibre optic cables) will
be terminated onto two isolated sections allowing
operation as two individual power circuits. Each circuit
will service two WEC deployment areas. Figure 1
shows an artist’s representation of the project layout.

Abstract
Wave Hub is a groundbreaking renewable energy
project to create the UK's first offshore facility for
the operation of wave energy converter arrays.
Wave Hub provides an area of sea with grid
connection and planning consent where arrays of
devices can be operated. The project poses a
number of unique engineering challenges in the
design of the offshore facilities and subsea power
cable, in part due to the nature of the devices that
will connect to the Wave Hub, but also due to the
high energy
environment in which the
infrastructure will be placed. This paper provides a
brief overview of the project along with a
description of the design and engineering activities
undertaken by Wood Group Kenny .
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1.

Introduction

The South West of England Regional Development
Agency (SWRDA) is undertaking the development of
Wave Hub, a novel system which will provide the
electrical infrastructure necessary to support developers
of Wave Energy Converter devices (WECs). Once
installed, Wave Hub will allow developers the
opportunity to test WEC arrays over several years in a
realistic and fully monitored marine environment that
also has a simplified route to permitting and
consenting. The Wave Hub development will be
located approximately 16 kilometers off the coast of
Cornwall in the South West of England.
Wood Group Kenny are responsible for the
engineering and design of the project, including all of
the onshore and offshore aspects, as well as
procurement activities and project management of the
construction works.

Figure 1: Wave Hub Overview Schematic

The fibre optic cables will be split out from the SPC
within the hub and joined to those running to each
WEC via the cable tails and WEC cables.
The SPC runs for 18km on a rocky seabed and then
runs 7km on a partially covered sand seabed until the
shoreline is reached. The SPC will have continuous
rock dump for protection, stabilisation and span
correction along the rock seabed section of the route.
The cable will be trenched and buried where possible
along the sandy section of the route. The SPC will be
trenched and buried across the beach area, and will then

1.1 Project Overview
The Wave Hub system comprises of four WEC
developer berths within a 4km x 2km area in
approximately 50 meters water depth. The seabed in
this region is predominately rock.
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be jointed to a pair of 400mm2 33kV onshore cables on
the beach.

2.

Possible Future Developments (Future Proof
Asset) - Wave energy converters are still a relatively
recent technology. It is expected that as the technology
matures the output from the WECs will increase. In the
wind energy sector, turbine ratings have grown from
around 0.5MW in the 1980’s to ~5MW today. It is
expected that improvements in WEC technology will
also result in the deployment of higher output devices
over the design life of the project.
Capital and Operating Costs - As with any project,
minimisation of both CAPEX and OPEX is preferred.
Schedule (Project Delivery by late 2010) - to remain
within the current consent agreements, it is necessary to
install the Wave Hub Project during 2010

Conceptual Design

Possibly the most critical phase of the project was
the establishment of the overall concept for a system
that could safely accommodate four arrays of disparate
generators with the lowest cost and schedule risk. A
number of options were considered for the
configuration of the subsea cable and related
infrastructure as part of the overall conceptual design
process. The main criteria employed for conceptual
evaluation and assessment (in no particular order)
were:
• Reliability and availability;
• Level of built-in redundancy;
• Technical and commercial risk;
• Maintenance requirements;
• Practicality of WEC connection;
• Capability of multiple voltage throughput;
• Level of proven technology;
• Possible future developments (future proof asset);
• Capital and operating costs;
• Schedule (project delivery by late 2010).

Other project constraints included the route corridor
and berthing area location which had been agreed, and
permits had been granted, prior to Wood Group Kenny
involvement. The status of subsea technology
particularly subsea transformers, switch gear and dry
mate connectors was a prime driver during the
conceptual design.
The outcome of the conceptual design process was a
robust system design which is further expanded upon in
the following sections of this paper.

Reliability and Availability - The reliability of the
system is a function of the number and type of the
components in the system. Higher levels of reliability
are associated with proven components which utilise
fewer moving parts Availability of the system is the
amount of time that the system is expected to be
operating; this can be enhanced with redundancy within
the system and the use of simple, low maintenance
proven technology
Levels of Built-in Redundancy - Redundancy
within a system will increase the availability of the
system, resulting in less down time and thus
maximising revenue to the WECs.
Technical and Commercial Risk - to minimise
both the technical and commercial risk the design of a
simple system employing proven technology is
preferred.
Maintenance Requirements - to minimise the
operating cost of the project and ensure maximum
reliability and availability, low maintenance
components are preferred.
Practicality of WEC Connection - In order for the
Wave Hub Project to be successful, the system must be
economic for the WEC operators to connect to and the
connection must be possible without any significant
technical challenges.
Capability of Multiple Voltage Throughput - to
accommodate more WEC operators the ability to
operate at more than one voltage level is desirable.
Level of Proven Technology - As mentioned above,
the use of proven technology is considered critical to
the success of the project. Employing proven
technology has benefits in terms of reliability, technical
risk, schedule risk (development and testing time),
commercial risk and maintenance requirements.

3. Cable Design
The design of the cable is integral to the overall
conceptual design. For electrical engineering purposes
the ideal solution would be to have individual cables
running to each berth. However, due to the length of
the cable route (approximately 25km) and the
complexities of protecting cables in a high energy
environment (see later sections) the cost of a four cable
solution was prohibitive. Therefore, a single cable
incorporating twin triads was chosen. This has the
advantage of being relatively quick to install and
protect as well as providing some level of redundancy
due to the twin triad configuration.
A schematic of the cable cross section is shown in
Figure 2. The cable consists of 6 No. 300mm2
conductors arranged around a central core along with
48 optical fibres split into 2 sets of 24. The cable has
twin armour layers and an outer plastic sheath to
provide protection from the abrasive rocky seabed and
possible third party interference (such as fishing).
Although it will be initially operated at 11kV, giving a
capacity of 16MW, the cable is capable of 33kV
operation, resulting in an overall capacity of 50MW.
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Figure 4: Photograph of Hub during Construction

5. Rock Protection Design
Figure 2: Cable Cross Section Schematic

As may be expected, the Wave Hub system is located
in a region with particularly high levels of wave
energy. Whilst this is beneficial for the power
generated by the WECs it presents some engineering
challenges.
The initial challenge is the on-bottom stability of the
subsea cable and hub. As can be seen from Figure 5,
the majority of the cable route lies between
approximately 20m and 30m depth. The seabed is
predominantly rock as any sediments have been
scoured away by the wave action over time. The depth
decreases significantly as the hub location is reached,
thus significantly reducing the effect of the wave
induced velocity at the hub location.

4. Hub Design
The hub is effectively a subsea junction box, where
the twin triads of the main power cable are split out.
These two triads then each serve two WEC berths via 4
No. 300m long ‘Tails’ (or Jumpers). Therefore, two
berths are connected to a single triad via the hub. The
fibre optic cables are also split out with 12 fibres for
each Tail.
In order to minimise cost, the hub structure is not
piled to the (rocky) seabed. Piling in a rocky seabed is
likely to require pre-drilling and grouting to secure the
pile, both of which require expensive vessels for what
would be a one off operation to secure a relatively
small structure. Therefore the hub is designed to be a
gravity based structure that will be further protected by
rock dumping. The hub has been designed to be
maintenance free for the 25 year design life of the
project. The cable joints are all held within sealed
boxes, which are resin filled. All the control functions
are performed above water, therefore there is no subsea
switch gear or other electrical equipment within the hub
structure, thus removing the requirement for regular
maintenance.
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Figure 5: Depth Profile

Even with the twin armour layers, the SPC is not
stable on the seabed. A variety of options were
considered to increase the cable weight, including
heavy cable inserts and additional armour layers.
However, due to the length of the cable, the increase in
weight required to render the cable fully stable on the
seabed would both significantly increase the cost of the
cable, as well as the manufacturing time, severely
limiting the number of vessels that would have the
capacity to install such a heavy cable. Figure 6 shows a
graphical representation of the results of a finite
element simulation showing the drag forces generated
on a section of the cable as it traverses the undulating
seabed.

Figure 3: Artists Impression of hub
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Figure 8: Boundary Layer Profiles

Figure 6: Drag load on cable

As there is only limited information regarding the
formation of boundary layers over very rough seabeds,
Wood Group Kenny have instigated a research
programme with PRIMaRE (a joint venture between
Plymouth and Exeter universities to provide research
into marine renewable energy) in order to take physical
measurements of the boundary layer formation over
both rough and smooth seabeds.
The impact energy of the rock falling onto the cable
must also be assessed to avoid damage to the cable
during construction of the rock berm. Thus the cable
impact energy becomes the upper bound for sizing
rocks.
It is possible to further optimize the rock size, by
employing in-house software where the actual seabed
profile may be imported along with the site specific
metocean data and the cable route. Calculations are
then performed to calculate the possible variation in
rock size (and hence potential berm size) at every point
along the route.

The rocky nature of the seabed results in the
possibility for several hundred freespans (unsupported
lengths of cable) which may lead to cable damage by
strumming and/or chafing on the seabed as well as
being a potential hazard for fishing vessels. Figure 6
shows a screen shot of the seabed with the cable route
superimposed upon it. From this it can be seen that
even though the route has been optimised, the
roughness of the seabed makes it impossible to avoid
freespans.

6. Control System Design

Figure 7: Seabed Screen Shot

As stated earlier, Wave Hub will provide facilities for
up to four different WEC developers to test single
devices or arrays. The number of devices in an array
will depend on the nature and size of the WEC.
However, it is possible that an array at the Wave Hub
site may consist of up to 30 devices. Thus the design of
the control system has to be able to cope with the
control and co-mingling of power from a large number
of largely unspecified devices with potentially a wide
range of operating and control parameters.
A decision was taken early on in the project to move
the WEC interface from each individual device and
instead create an interface at what is termed the ‘lead
device’ of an array. This lead device will contain an
export breaker over which SWRDA has control and
thus it is possible to isolate an entire array from the
system by opening a single breaker. The metering will
be performed both on this lead device for each array as
well as onshore. On a day to day basis, the system will
be operated remotely via an internet connection,
however during installation and commissioning of the
WEC devices access to the onshore facilities and
control system interface will be required.

Therefore, due to the roughness of the seabed and the
installation difficulties surrounding a heavy cable, rock
dump was selected as the best method to achieve both
cable protection and on-bottom stability.
Wood Group Kenny have extensive experience in
designing rock protection for high energy
environments, including cyclone areas, shore
approaches and high flow regions such as the Straits of
Gibraltar. Therefore a number of methods were
reviewed to determine the rock dump design
methodology.
At the time of writing there is limited public domain
knowledge of how the fluid boundary layer develops
over a very rough rock seabed such as the one
encountered on this project. Therefore, a series of
Computational Fluid Dynamics (CFD) analyses were
undertaken to establish a suitable flow profile over the
seabed. Figure 8 shows the design profile employed
(black) and the actual modelled profiles for a number
of locations on the seabed. The use of CFD allowed
Wood Group Kenny to ensure a realistic, yet
conservative flow profile was employed in the design
of the rock berms, thus minimising the size and hence
the cost of the rock.
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All communication to the array will be via the fibre
optic cables within the SPC. With 12 fibres to each
array, there is a good level of redundancy in the fibre
system. However, in the event of a WEC mooring
failure (when the dry mate connector which is designed
as a breakaway coupling, will part) communications via
the fibre optics will be lost. The WEC devices will be
designed to fail-safe and shut down upon loss of fibre
optic communications. However, a secondary wireless
system is needed to ascertain the location of the untethered device as well as to ensure its system status.
Figure 9 shows an outline schematic of the control
system.

Figure 10: Beach Joint

The substation is a relatively standard design,
comprising an outdoor 11kV-33kV transformer (which
may be removed in the future once the WECs are
operating at 33kV) and a small building which houses
the switchgear, controls equipment and metering.
Connection to the grid is made via an adjacent
existing Western Power Distribution substation.

8.

Summary

The Wave Hub project is a ground breaking
development which creates a number of technical
challenges. These challenges have been overcome by
employing state of the art subsea engineering
techniques in order to reduce risk and ensure a high
level of reliability in the system.
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Figure 9: Control System Schematic

7.

Note: Wave Hub is being funded with £12.5 million
from the South West RDA, £20 million from the
European Regional Development Fund Convergence
Programme* and £9.5 million from the UK
government.
*In Cornwall and the Isles of Scilly the Convergence
Programmes are made up of European Regional
Development Fund (£347 million) and European Social
Fund (£153 million). Convergence Programmes will
run until 2013 and follow the successful Objective One
Programme and prior to that Objective 5b.

Onshore facilities

When the SPC reaches the shoreline it is jointed on
the beach using a specialist joint to join the six core
marine cable to two onshore cables. These have a larger
conductor cross section of 400mm2 to ensure sufficient
capacity as they pass inside two horizontally
directionally drilled conduits through a series of sand
dunes to the substation location. Once inside the
substation compound, the onshore cables are trenched
until they enter the substation. Figure 10 shows an
outline schematic of the beach joint.
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