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target that 20% of the UK’s electricity supply should
come from renewable sources by 2020 (Energy
Review, 2006). It is now likely that this target will
increase in order to help the UK meet its obligations
under the EU Renewable Energy Directive.

Abstract
Iberdrola Renovables (IBR) is the world’s leading
operator of wind power with over 11,000MW
operating globally, and over 50,000MW under
development. This includes ambitious plans to grow
a leading offshore wind business. In the case of
marine renewables (wave and tidal) IBR is also
pressing ahead with a clear strategy for growth.

UK Government targets for renewable energy will
help the UK to meet its international obligations, but
also obtain greater security of energy supply through
the promotion of indigenous electricity generation.

Hammerfest Strøm (HS) tidal technology is one of
the leading concepts in the sector, with over 4 years’
operating experience accumulated at 300kW scale,
and advanced plans to prove an upgraded 1MW
device at EMEC next year. As with all tidal
technology, however, much work remains to be
done to establish full commercial viability.

The Scottish Government has more ambitious targets
than Westminster and is keen to achieve a target of
50% of energy from renewable sources by 2020. Plans
are developing to ensure that the marine renewable
energy sources wave, tidal and offshore wind will make
a full contribution to meeting this target, and the
Scottish Government has introduced strong funding
incentives to help stimulate the sector and to maximise
the economic benefits for the country.

Iberdrola Renovables have teamed up with HS to
accelerate the path to commercialisation through a
number of innovative projects, including the Sound
of Islay Tidal Demonstration Tidal Array. This
paper provides details of that project, the
commercialisation work, and the nature of the
partnership between IBR and HS.
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1.

It is clear that the global tidal power resource is
extremely large, potentially 180TWh1 (roughly
60,000MW), with the prospect of a whole new industry
emerging to design, manufacture, install and service
tidal projects around the world. Many of the countries
which are blessed with substantial resource are also
areas where IBR are currently active, and the company
has decided to take an early lead in promoting the
sector and to develop a commercial business over the
long-term.

development

Introduction

A key area of focus is in relation to the technology
itself. Numerous devices have been proposed, and a
number of these are at or close to prototype
deployment, however none as yet can be considered to
be fully proven or commercial. IBR has therefore taken
the decision to work closely with leading technology
developer Hammerfest Strøm to gain information on
the technology and its potential, whilst helping to
accelerate the commercialisation of the technology.

The central aim of UK Government energy policy is
to establish a supply of energy that is diverse,
sustainable, secure and is offered at competitive prices.
Key to this goal is an 80% reduction of carbon dioxide
(CO2) emissions by 2050. The development of
renewable energy plays a primary role in UK
Government strategy for carbon reduction and has set a
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2.

The blades are fully pitchable, this ensures operation
at maximum efficiency, and also allows peak output to
be controlled at higher water velocities. When the tide
reverses the blades simply pitch by approximately 180
degrees and the rotor rotates in the opposite direction.

Technology Selection

Our decision to work closely with HS was
influenced by a number of factors which can be
summarised as follows:
• Industry-leading track record with 4 years’ of
operation
without
requiring
removal
for
maintenance
• Two successful installations
• Seabed-mounted
configuration
allowing
deployment in a wide range of depths, and
maximum access to the tidal resource
• Minimal interference with shipping
• Open rotor, avoiding the complexities of a shroud
• Simple drive-train concept (similar to wind
turbines)
• Very strong design focus on reliability
• Strong partners with substantial marine engineering
expertise (eg. Statoil)
• Willingness to set up a UK base with aim to
maximise UK manufacture

The substructure has been carefully designed for
ease of installation and placement on the seabed. It is
important to minimise turbulence effects when the rotor
is downstream of the substructure, and the geometry
has been carefully designed with this in mind. Ballast is
used to anchor the device to the seabed.
As a first stage of deployment of the technology in
the UK, HS will install a 1MW pre-commercial device
at the EMEC test facility in 2011. The turbine has been
designed using the same successful principles applied
to the 300kW, with the benefit of its operating
experience, and accounting for UK/Scottish conditions
which are more rigorous. Dimensions are similar to
those of the 300kW machine, with faster flow
velocities facilitating the increased 1MW rating.

These factors add up to a compelling case and, as a
result, IBR selected HS for collaboration in tidal power.

3.

The IBR/HS Partnership

The relationship between IBR and HS is
strengthened by the fact that it operates on a number of
levels. At the highest level IBR have invested a
considerable sum in the company, several €m, as part
of a total spend/commitment in marine renewables of
over €10m to date. Having an involvement at Board
level allows the IBR to steer HS’ company strategy in
the right direction and to prepare for large-scale
deployment in future.

More recently, Andritz Hydro has made a substantial
investment in HS. Andritz are a leading supplier of
hydro-electric plant and their expertise in design and
manufacturing will be particularly valuable for the
ongoing development of HS.
The machine itself consists of a three-bladed rotor of
23m diameter, mounted to a hub and low-speed shaft
which then drives a gearbox. The high-speed output
shaft from the gearbox then drives a generator (via a
torque-limiting coupling) which generates power at
6.6kV for transmission ashore.

At the technical level IBR are also involved in the
Technical Advisory Board. This Board consists of a
number of individuals, from shareholders and external
companies with relevant expertise, and acts to
scrutinise and guide technology development.
At a working level the companies work together on
project development issues, supporting activities at the
Sound of Islay and also at IBR’s longer-term projects
such as Duncansby (95MW) in the Pentland Firth.
This type of relationship is considered optimal in
that it provides both parties with the information and
advice that they require, whilst leaving room for
innovation and pushing forward technology and project
development as quickly as possible.

4.

Sound of Islay Tidal Array

The Sound of Islay project is a 10MW tidal array
which will be located near to the island of Islay which
is located off the west coast of Scotland.
Figure 1: HS1000 Tidal Turbine
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interconnector comes ashore.
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Figure 2: Sound of Islay Project Location

The project has a strategic role to play in IBR’s tidal
development programme, and is the essential
intermediate step ahead of large-scale deployment in
the Pentland Firth and elsewhere. This step by step
approach has been carefully designed to allow learning
to be captured at each stage, and at the same time
controlling commercial exposure to acceptable levels.

Figure 4: Turbine Layout

An Environmental Impact Assessment (EIA) has
been completed to support a consent application which
has now been submitted to the Scottish Government.
The site has been selected to avoid International and
National designations. The potential area of interest is
not subject to any existing nature conservation
designations. The EIA has fully considered the
designations in the vicinity of the area of interest as
required under Regulation 48 of The Conservation
(Natural Habitats, & c.) Regulations 1994.
The stretch of water known as the Sound of Islay lies
between the islands of Jura and Islay and is a deepwater U-shaped channel. The bathymetry of this
channel constitutes a relatively flat and deep seabed
(depths of up to 62m) with very steeply sloped sides.
The steepest slope is on the Islay side with the Jura side
of the channel having a slightly gentler gradient. The
Sound is generally sheltered from the wave action
which affects the west coast of the island. At the
northern end of the Sound the bathymetry shallows to
only 11-12m, whereas to the south it remains at up to
20m in depth.

Figure 3: Staged Approach to Development

The project will see ten 1MW devices installed in
deep water (>48m) on an area of the seabed within the
Sound of Islay, just south of Port Askaig. These will
then be linked by seabed cable (indicated on Figure 4)
to the neighbouring island of Jura, to connect to the
grid.
The array is to be located within the figure of eight
created by the 48m contour line and below the route of
the Islay - Jura ferry boundary line (allowing for at
least 200m clearance to the nearest turbine location).
Depth and tidal conditions are all suitable for
deployment of the tidal devices within the proposed
area.

The benthic environment consists of various
sediment types ranging from sandy areas to areas
dominated by pebbles, cobbles and boulders. The
biological environment is typical of that found in
highly tidal areas along the west coast of Scotland. In
shallow water, kelp is a major constituent of the
biological environment with areas of maerl also
identified within the Sound.

In addition to the Tidal Array there will also be an
export power cable route from the Tidal Array as well
as onshore infrastructure components such as a grid
connection point, control building and substation. The
location for these components is proposed for the island
of Jura, as this connection gives the most favourable
subsea cable routing as well as the least likely onshore
effects of the proposed works. The grid connection

IBR has completed flow modelling of the Sound of
Islay and this has been used to inform the design of the
turbine layout. The ten turbines will be arranged so
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that they are spread out in four rows, the split being
2/2/3/3 from north to south of the Sound. The flow
modelling work has determined the optimum spacing
for the turbines at this location and provided an
estimate of energy yield. Data from ADCP
deployments has been fed into the process. This
information has confirmed the excellent flow
characteristics of the site.

to ensure that spacings are optimised for maximum
energy yield, whilst ensuring acceptable turbulence
levels and mimising infrastructure costs for items such
as cabling. At Islay this has determined the spacings of
1.5 diameters cross-row and 15 to 20 diameters
downstream. At other locations however the optimum
spacings may be different as there will be elements
which are site-specific.
All of the above factors involve trade-offs off some
form which can only be optimised as information is
gathered and confidence builds. This will take time.
However the step-wise approach adopted in the
development programme will ensure that this process
runs as quickly and smoothly as possible.

6.

Tidal power shows considerable promise as a new
source of renewable energy, and in the UK and
Scotland in particular, strong measures are in place to
stimulate the growth of this sector. Iberdrola
Renewables recognises this opportunity and is working
closely with leading tidal technology developer
Hammerfest Strøm to promote the commercialisation
of tidal technology.

Figure 5: ADCP Deployment at Islay

5.

A close working relationship is operating on a
number of levels, with IBR providing funding and
guidance in key areas, and HS developing the
technology and assisting in project development work.
A staged approach is being adopted to allow learning to
be captured at each stage and commercial risk to be
controlled. This will also accelerate commercialisation.

Commercial Considerations

As with all technologies at an early stage of
development, the cost of tidal technology is high and
convergence is required to ensure long-term viability.
Costs need to be considered on a full-life basis, per
MWh produced, and this means that there are a wide
range of factors which should be targeted in order to
promote commercialisation. The key variables which
determine the economics of the project can be distilled
down to: production, capex, opex and risk. The
following table summarises some key priorities.

The Sound of Islay tidal demonstration array is a key
element of IBR’s development programme. The project
is well-advanced with an Environmental Impact
Assessment completed and consent application
submitted. The project will use ten HS devices to
provide vital learning of performance and installation
issues ahead of large-scale deployment in the Pentland
Firth an elsewhere. Installation is planned for 2013.

Increased Reduced Reduced Reduced
Production Capex
Opex
Risk
Optimised hydrodynamic design

Y

Increased rotor diameter

Y

Optimised array layout

Y

Optimised drive-train
Maximised redundancy & diagnostics
Improved installation techniques

The integrated approach to the development
programme has worked well for both IBR and HS and
is a good model for the industry at large. All parties
need to work closely together to bring the exciting
opportunity of tidal power to fruition.

Y
Y

Y

Summary and Conclusions

Y
Y

Y

Y

Y

Table 1: Commercialisation Priorities
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