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Abstract
Marine energy technologies are still at an early
stage of development. There isn´t yet sufficient
certainty regarding capital investment costs and
future performance trends due to the lack of
experience in commercial projects. Compared to
other renewable technologies, marine energy is
still some way from being cost competitive and
therefore returns are not yet proportionate to
risk. However the marine energy resource is very
significant worldwide and marine energy could
become a major new energy sector in the long
term. There are many signals that show the sector
is gaining momentum: technology under test; 2
GW of projects under development; political will
and policy support; big investors making
considerable investment. There is a clear path
towards cost reduction and commercialization
and utilities have a specific role to play in that
process.

-

Project Development:
-

Technology Development:

-

Evaluating the marine resource and key
constraints
Promoting and funding demonstration
projects
Securing development sites at key locations
Developing large-scale projects
Helping shape marine energy policy across
financial, environmental and Health & Safety
forums.

To succeed in these objectives, other players need
to play their part to underpin Marine Energy
commercialisation, policy support needs to
strengthen and Marine Energy test sites offering
high quality professional services at a reasonable
price are required.

Iberdrola has a clear roadmap to grow a leading
and cost-effective marine energy business, based
on two key aspects:

-

Building internal expertise
Taking advantages of synergies between
Marine Energy and Offshore wind
Taking part in global research initiatives such
as Ocean Lider, Offshore Wind Accelerator,
Offshore Renewable Energy Catapult Centre,
Technology Innovation Centre, amongst
others.

This paper will explore these points in some detail
and will confirm Iberdrola perspective of what is
needed to take the sector all the way to
commercialisation and large-scale deployment.

Working with leading Technology Developers
o Andritz Hydro Hammerfest – tidal
o Pelamis Wave Power – wave
Investment through Iberdrola Venture
Capital Company, PERSEO. (Hammerfest &
Oceantec)
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which envisages 10 MW of tidal capacity, continues
on schedule.

1. Introduction

2.1. Working
Developers

Iberdrola (IB) has implemented an innovative
management and technology strategy over the last
decade, which has led to it becoming a world leader
and benchmark in R&D. This is based on the
successful implementation of a common model in all
business units, collaboration with its technology
providers and the promotion of an innovation culture.

Andritz Hydro Hammerfest (AHH) – Tidal
Energy

with

leading

Technology

AHH‟s device is one of the leading concepts in the
sector, with over 4 years‟ operating experience
accumulated from a 300 kW device. This device was
installed in northern Norway and became the world‟s
first tidal current turbine to be connected to a public
grid in 2004.

This commitment to innovation has led to
significantly increased investments made in the last
years. In 2011, the R&D activities of the Group have
grown to €140 million, a 5% increase over the
previous year.

A 1000 kW turbine prototype, named HS1000, was
successfully installed at EMEC in December 2011
during extremely harsh winter conditions. This
demonstrates the challenging conditions the
technology and the team is capable of handling.
HS1000 was already exporting energy to the grid in
February 2012.

Iberdrola portfolio of more than 150 R&D projects,
distributed in different business units and Group
companies, covers all business areas - conventional
and renewable generation, energy distribution,
electrical engineering and construction, control
systems and telecommunications (Smart Grids) - and
extends to other areas less technological and focused
on
new
developments,
business
models,
management, etc.
As a world leader in wind energy, Iberdrola is
focusing its R&D efforts on two important areas:
improvement of assets‟ efficiency and development
of new generating technologies.
In the case of marine renewables (wave and tidal),
Iberdrola is also pressing ahead with a clear strategy
of technical validation and cost reduction.

Tests are undergoing in preparation for larger-scale
production and deployment. The next step is for
ScottishPower Renewables (SPR) intends to use the
design for a planned 10 MW tidal array in the Sound
of Islay, located on the west coast of Scotland.

2. Technology Development
Iberdrola and its subsidiary Scottish Power
Renewables (SPR) are committed to on-going
development of marine technologies; after having
installed the “Pelamis P-2” prototype in 2011 for the
exploitation of wave energy in the European Marine
Energy Centre (EMEC) in Orkney, the company
continues to work on the development of Andritz
Hydro Hammerfest´s prototype tidal turbine which
has generating capacity of 1 MW. In this context, the
Sound of Islay Demonstration Tidal Array project,

Earlier this year, the Austrian group Andritz Hydro
increased its shareholding in Hammerfest Strøm AS
and became the major shareholder in the company,
renaming it as Andritz Hydro Hammerfest (AHH).
Iberdrola´s Perseo Venture Capital fund also has a
stake in the company. Andritz Hydro, a strong
industrial player, will ensure the future technical,
industrial and commercial development of the
HS1000.
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Pelamis Wave Power – Wave Energy

PERSEO is Iberdrola´s venture capital programme to
invest in innovative and disruptive renewable energy
generation technologies, and other technologies that
reduce the environmental impact of existing
generation systems.

Pelamis Wave Power is widely recognized as the
world‟s most advanced wave power developer.
Pelamis has a track record
achievements and „world firsts‟:

of

significant

With these initiatives, Iberdrola´s fosters the
development of an innovative business network in
new renewable generation technologies.

The world‟s first export of electricity from
an offshore wave energy converter to an
onshore grid network
Supply and commissioning of the
world‟s first multiple machine wave farm.

Perseo has an initial annual budget of €6 million to
ensure the presence of Iberdrola in the technologies
of the future. Among Perseo‟s technological lines
are:
Marine energy
Solar
energy
(both
photovoltaic
and
thermoelectric)
Energy efficiency
CO2 capture
Other technologies aimed at the production and
distribution of clean electrical energy.

Iberdrola, through its subsidiary SPR is taking part in
the Orcadian project - a collaborative project with
E.ON. Iberdrola purchased a Wave Energy Converter
(the “P2-002”) from the Pelamis Wave Power (PWP)
company in 2010. This machine has been at the
European Marine Energy Centre (EMEC) test centre
since November 2011. One of the key deliverables
from this pre-commercial demonstrator is validating
the power output of the machine in all representative
sea states, in preparation for future commercial-scale
deployments of Pelamis Wave Energy Converters
(WECs).

2.3. Building internal expertise
Iberdrola´s Prospective and Technology Direction
and SPR Marine team are working to build internal
expertise through the demonstration projects; IB
Technology Direction mainly in technology
development and SPR in the area of project
development to cope with the main challenges for
wave and tidal technologies.

E.ON Climate & Renewables installed their “P2001” in October 2010. SPR and E.ON have been
sharing experience and learning from these very
similar machines.
The Pelamis P2 device has generated 270 kW
sustained over 30-minute periods, showing peaks of
more than 400 kW. The tests prove the P2‟s yield is
increasing as it is exposed to more aggressive wave
conditions.

The main areas of improvement identified for wave
technologies are:
-

Power performance in varied sea conditions
Survivability
Maintainability
Health and safety in all weather conditions
Cost reduction
Efficient power export from several devices
Optimised array design through understanding
of wake interactions..

And main challenges for tidal:
-

2.2. Investment through Iberdrola Venture
Capital Company, PERSEO: Andritz Hydro
Hammerfest & Oceantec)
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Resource assessment
Installation risks and costs
Reliability
Maintainability
Health and safety in all weather conditions
Cost reduction
Efficient power export from several devices
Environmental impacts
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Working closely with technology developers,
collaborating with other operators, utilising test sites,
local engagement and policy support are all key to
accelerate the development of these not yet mature
technologies and to build the internal expertise
required by Owners / Operators.

innovative businesses to Glasgow to sit alongside the
University.
Developed with the industry, its first partners include
ScottishPower, Scottish and Southern Energy, and
the Weir Group. At £89 million, the project is the
University‟s single biggest investment in research
capacity and has attracted financial backing from
Scottish Enterprise and the Scottish Funding Council.

2.4. Taking advantages of synergies between
Marine Energy and Offshore Wind
Iberdrola is a leader in offshore development with
more than 8,000 MW under development in the UK
and Germany, a 500 MW license recently awarded in
France, and 3,000 MW planned in Spain.

In Spain, a very important initiative is Ocean Lider,
the world‟s largest R&D project to date in marine
renewable energy. Ocean Lider boasts a budget of
€30 million. Iberdrola Engineering & Construction
business unit is leading a consortium in which a total
of 19 companies and 25 research centres are taking
part. The aim of this three-year project is to develop
the necessary technologies to set up integrated
installations that can harness marine renewable
energies, such as waves and tidal currents.

There are many synergies not just directly related to
the power production but also covering:
- Meteocean conditions analysis
- Installation methods- O&M cycles and joint
use of resources
- Safety and transfer of operatives
- Environmental impacts and monitoring.

Ocean Lider has received a €15 million grant from
the Spanish Centre for the Development of Industrial
Technology (CDTI) and the Spanish government‟s
State Fund for Local Investment (the so-called PlanE), along with the backing of the Ministry of Science
and Innovation.

On a commercial level, the experience gained in
project management, installation and financing for
the high risk profile of the offshore wind industry,
should be rapidly transferred to the marine business.
In the future, a combination of different sustainable
energy sources such as offshore wind and wave
could have the following advantages:
-

-

3. Project Development

3.1. Evaluating the marine resource and key
constraints

These installations will be more effective in
terms of energy output per km2 and will ensure a
more stable energy output independent of both
the seasonal and weather changes, therefore an
improved overall power profile.
Cost savings through a common use of the
supply chain and installation vessels.
Potential for common interarray cabling.
Reduced environmental footprint.

There is significant global resource potential for both
tidal energy (800 Twh/y) and wave energy (80,000
Twh/y).

2.5. Taking part in global research initiatives
One of the key initiatives is the Technology and
Innovation Centre (TIC) at the University of
Strathclyde, which will bring together 850
academics, researchers and project managers from
the University and its leading industrial partners to
work side-by-side in Glasgow. The Centre will
become the cornerstone of Scottish Enterprise‟s new
International Technology and Renewable Energy
Zone (ITREZ), a global economic hub to bring
4
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Marine energy resource assessments may be
conducted to various levels of detail depending upon
the stage of a project.

2012

2013

2014

2015

2016

2017

2018

2019

2020

EMEC 1 MW
Islay 10 MW
Fase 1 Duncansby 30 MW
Fase 2 Duncansby 30 MW
Fase 3 Duncansby 35 MW

In a first phase, assessments may be conducted to
identify suitable
geographic
locations
for
deployment. The aim of this phase would be to
ascertain the potential resource for energy production
with an explicitly stated degree of uncertainty and to
identify constraints on resource harvesting. During
site selection it is important to avoid international
and national designations wherever possible.

Fig.2. Iberdrola Development Program for tidal
projects
After demonstration projects for both tidal and wave
energy, a clear roadmap has been defined.
The Sound of Islay project is a 10 MW tidal array
which will be located near to the island of Islay
which is located off the west coast of Scotland.

Once suitable areas have been identified, a detailed
assessment will be necessary to characterize a
particular site, with the following objectives:
- To assess the energy production throughout
the life of the project.
- To describe metocean conditions.
- To characterize the bathymetry of the site to
an explicitly specified and appropriate
resolution.
- To establish the geological characteristics of
the site including the subsurface properties for
foundation and mooring design.
- To establish extreme (survivability) conditions
with a defined return period.
- To identify potential interference between
multiple devices at the site.
- To ascertain the spatial and temporal variation
of the resource with an explicitly stated degree
of uncertainty. [2]
- To establish the capacity of the local grid to
accept power output from the project, and
prospects for grid reinforcement if necessary.

The project has a strategic role to play in Iberdrola ´s
tidal development programme and is the essential
intermediate step ahead of large scale deployment in
the Pentland Firth and elsewhere.
Development work for this project is well advanced,
having secured the world‟s first consent for a tidal
array in March 2011. It is planned that construction
work will commence in 2013, subject to successful
completion of HS1000 tests a EMEC, and securing
required grant funding.

3.2. Promoting and funding demonstration
projects
A 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.
2012

2013

2014

2015

2016

2017

2018

2019

3.3. Securing development sites at key
locations

2020

0,75 MW EMEC
Fase 1 Marwick Head 9 MW
Fase 2 Marwick Head 13,5 MW
Fase 3 Marwick Head 27 MW

As owner of the UK´s seabed out to 12 nautical
miles, The Crown Estate plays a central role in the
leasing of seabed for marine energy extraction.

Fig. 1. Iberdrola Development Program for wave
projects.

Two leasing rounds in Scotland have taken place to
date. A rolling programme of leasing rounds is now
in effect with opportunities opening every six
5
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months. In March 2010 Iberdrola has secured two
sites at the Pentland Firth: Ness of Duncansby (Tidal,
95 MW) and Marwick Head (Wave, 50 MW).

sheltered from the most extreme Atlantic swells.
Accessible local ports are in the process of
consultation and development. This tidal array will
also be developed in three phases. This project has
been entered for the Saltire Prize.

Ecological, seabed and meteocean surveys and
wave/flow modeling are underway at both sites.

3.4. Developing large-scale projects
3.5. Helping shape marine policy
Marwick Head wave project has a strategic location
on the west coast of Orkney, close to the European
Marine Energy Center and to a possible maintenance
area (Lyness). The site benefits from a very energetic
resource which is outwith shipping lanes, and is not
subject to environmental designations. Up to 66
Pelamis‟ P2 wave machines could be deployed in a
staged approach (during three phases). The first 9
MW phase is planned for 2016. Iberdrola has
submitted a bid for NER support for the first phase
working along with EON and Aquamarine who have
adjacent projects.

Most of the EU countries (and other countries
worldwide) are forming their energy policies with the
aim to establish a supply of energy which is diverse,
sustainable, secured and offered at competitive
prices. Many countries have stated targets for
renewable energy with strong funding incentives to
help stimulate the sector. Many of the countries
blessed with tidal and wave resource, where
Iberdrola is currently active, also envisage
renewables technologies in their plans in order to
meet their targets.

Figure 1: Worldwide marine policies and roadmaps.
In June 2011 Greg Barker, Minister of State for
Energy and Climate Change, announced funding of
up to £20m to support innovation in marine energy
technologies, subject to value for money

The tidal site – Ness of Duncansby- has strong tidal
flows, acceptable seabed conditions, and it is
6
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assessments. That budget will be used to fund the
Marine Energy Array Demonstrator (MEAD)
Scheme. The MEAD will support up to 2 precommercial projects to demonstrate the operation of
wave and/or tidal devices in array formation for an
extended period of time.
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The Scottish Government is demonstrating very
strong support for this sector through marine grant
support and other initiatives, such as awarding 5
ROCS for wave & tidal projects. This is why the
UK, and Scotland in particular, is seen to be leading
the world in marine renewables.

4. Summary and Conclusions
Iberdrola has gained unparalleled experience in
technology
development,
site
assessment,
environmental
impact
analysis,
financial
appreciation, risk management and policy formation
in recent years.

This has been made possible through early stage
investment in device development companies,
commercial site leasing rounds and comprehensive
engagement with government and industry forums.
Through all of these endeavors, Iberdrola has been
able to build the expertise and knowledge in order to
maximize the opportunity for Iberdrola in the marine
sector.

Some of the remaining tasks that require significant
effort as the sector moves to the next stage are:
(i)

Improved technology performance, reliability,
and integration into array developments
(ii) Development of electrical infrastructure that
considers the unique challenges of the marine
energy sector
(iii) Ensure long-term policy and financial support
mechanisms that provide stability for largescale deployments
(iv) Coordination of technological and supply chain
developments that benefit both marine energy
as well as offshore wind
7

