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The ORECCA Project

The ORECCA (Offshore Renewable Energy Conversion Platform Coordination Action) Project is an
EU FP7 funded collaborative project in the offshore renewable energy sector. The project’s principal
aim is to overcome the fragmentation of know how available in Europe and its transfer amongst
research organisations, industry stakeholders and policy makers stimulating these communities to take
the necessary steps to foster the development of the offshore renewable energy sector in an
environmentally sustainable way. The project brings together a combination of world class experts from
a wide variety of multinational companies, research institutions, consultancies, utilities and project
developers. The project’s focus is pan European and pen technology, with a specific focus on revealing
the opportunities that exist across Europe when the three offshore renewable energy sectors within
the project’s scope are considered together. Within the ORECCA Project, the scope of the offshore
renewable energy sector ("offshore renewables”) was confined to:

* Offshore wind;
» Wave energy; and
e Tidal stream.

These energy sectors have been identified as those that are currently expected to make significant
contributions to the energy system in the medium to long term. As a result, other sectors, such as
tidal barrage and ocean thermal energy conversion (OTEC) were not covered in the scope of the
project.
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the ORECCA Project.
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European Offshore Renewable Energy Roadmap

EXECUTIVE SUMMARY & RECOMMENDATIONS

This document represents for the first time a combined
roadmap developed for the offshore wind, wave and tidal
stream energy sectors, focussed on the synergies,

opportunities and barriers to development that are revealed
when the sectors are investigated together in pan-technology
and pan-European context.

The principal target audiences of the recommendations set
out are policy makers at the EU and Member State level.

However, the recommendations and the way forwards set
out are also of high importance for other stakeholders to the

offshore renewable energy sector.

The roadmap’s vision is to guide policy makers to
support the accelerated development of the offshore
renewable energy sector (offshore wind, wave and
tidal energy) in Europe:
To identify synergies;
To overcome barriers to the development of the sector;
To realise the large opportunities presented by the
sector;
To facilitate significant, cost effective commercial scale
deployments by 2030;

To do all of this in an environmentally sustainable way.

The roadmap is structured around five key streams which
are essential to the development of the offshore
renewable energy sector. Each of these streams has a
dedicated chapter in the main roadmap document:

Resource;
Finance;
Technology;
Infrastructure;

Environment, Regulation & Legislation.

Europe has a large amount of natural resource across the
three offshore renewable energy sectors. Technically
offshore wind, wave and tidal together could supply
100% of Europe’s future electricity demand. These
resources present significant opportunities with respect to
increased energy security, emissions reductions, and
economic benefits including job creation.

Before looking forward to where the offshore renewable
energy sectors are heading in the future, it is important to
consider where the sectors are now. For the offshore wind
sector, there is currently approximately 4GW installed
capacity in Europe, and over 100GW in the planning
pipeline for 2020. In comparison, for the ocean energy
sector (wave and tidal stream), no commercial farm scale
deployments currently exist, and the amount of capacity
in the pipeline for Europe by 2020 is approximately
2GW. It is clear that the ocean energy sector is at an
earlier stage of development than the offshore wind
sector and a deployment timeline for the two sectors is
shown in Figure A below.
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2050 Target
Europe10r1 460 GW
Offshore oree!
wind International 1150 GW
target 2
European
Europe 188 GW
Ocean
energy International
Interna 748 GW

The ORECCA project does not set out deployment targets
for the offshore renewable energy sectors, but aligns it-
self with existing targets and aims to facilitate their
achievement by identifying synergies and addressing
barriers to the development of the sectors. Both
European and International targets exist for the sectors,
as illustrated in Figure B. All of these targets present an
opportunity for the realisation of large economic benefits
in the European Union (EU). The EU OEA envisage that
the realisation of the European target of 188GW
installed capacity of ocean energy by 2050 alone could
result in the creation of over 450,000 jobs.

The offshore wind targets are higher than the ocean en-
ergy targets at both the international and European level,
due to the fact that the ocean energy sectors are
currently at an earlier stage of development and it will
take longer to achieve large scale commercial
deployments. A large portion of the global targets will
have to be met by deployments outside Europe. This
represents an important market and opportunity for the
sectors, which are currently heavily concentrated in
Europe, to export technology and expertise worldwide.

Combined Platforms & Co-location

In the short term, due to the relative immaturity of off-
shore renewable energy technologies (particularly wave
and tidal technologies), it is generally seen as too early
to deploy combined platforms. However, co-location of
devices can realise large benefits with respect to

infrastructure and represents an important opportunity
over the short term with benefits from joint utilisation of
electrical infrastructure and potentially of O&M teams,
vessels and infrastructure. In the longer term, combined
platforms should not be ignored (they present a large
opportunity for the sector once significant further
research and modelling is completed*), but the
immediate opportunities for the sector remain focussed
on co-location.

*Projects such as the European Commission funded
MARINA Platform Project are already working in this regard.

Figure B: Some deployment targets which have been
set out in the offshore renewable energy

sector. ['"EWEA (European Wind Energy

Association), 2IEA (International Energy Agency), 2
EU-OEA (EU Ocean Energy Association),
4Greenpeace Advanced Energy [R]evolution]

RESOURCE

The level of natural resource which exists in a particular
country or region is of critical importance when considering
the potential impact which a particular sector or technology
can have.

- The roadmap reports where offshore wind, wave and tidal
stream resources exist across Europe, but importantly, also
reveals the potential for combined resources. To provide
context, a high level breakdown of Europe’s resource is
shown in figure C below, before the combined resource
‘hotspots’ identified across Europe are illustrated in

Figures D and E below.

Offshore Wind
Wave Energy
Tidal Stream

E0OmE

North and Baltic Sea Area
Atlantic Ocean Area

@

Mediterranean and Black Sea Area

Figure C: Breakdown of Europe’s offshore renewable
energy resources across the three technologies and
the three regions which the seas surrounding Europe
were divided into.
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Figure D: Combined resource map showing the combined wind and wave resource across é scenarios with the fidal
stream resources overlaid and highlighted with the black panes.

The roadmap identified two principal ‘hotspots’
where a large amount of high intensity
combined resource (across offshore wind, wave
and tidal energy) exists in Europe:

. The Western facing Atlantic coastline,
off the coasts of Scotland, the UK,
Ireland, Spain and Portugal.

. The Northern North Sea, off the coasts
of Norway and the UK.

Figure E: Map of Europe
showing the resource
‘hotspots’ identified.

In the short to medium term, all of the recommendations in
the roadmap are focussed on these two

principal ‘hotspot’ areas as they present the largest and
most immediate opportunity. Whilst acknowledging that
combined resource does exist in other areas, these areas
are not an immediate priority. However, as the sectors
develop, costs are reduced, and experiences gained, areas
of less intense combined resource will form important
secondary markets, and they should not be ignored over
the longer term.

The areas where exploitable tidal resources exist are
relatively limited in number but show high energy densi-
ties. Analysis revealed that tidal stream resources make
the smallest contribution to the total offshore natural re-
source in Europe (as shown in figure C above).

Therefore, focussing on areas of wind and wave combined
resource is the most important overlap between the three
technologies in terms of exploiting combined resources.
Exploiting combined wind and tidal resources is limited by
the fact that 100% of the tidal sites identified are less than
20km from shore, a significant constraint for large wind
turbines. However, this is not to say that there are not
significant technology transfer and other synergies with the
tidal stream sector. - It is also important to highlight that
the data which underpins the tidal stream resource in the
combined resource maps is different in nature to the data
for the wind and wave resources. For the wind and wave
resources, Europe wide grids of data are available.
However, there is far less data available for tidal stream,
and the data utilised is based upon measurements made
at sites which have been identified as potential locations
based on their geographic conditions.

N
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Water depth and distance from shore

The water depth and distance from shore of the areas where resources exist are an important consideration.
Analysis revealed the information in Figure F below.

Distance from Shore Water Depth
% of combined resource further than | % of combined resource in water depths
100km from shore of greater than 60m
North and Baltic Sea Area 40 % 70 %
Atlantic Ocean Area 60 % 97 %
Mediterranean & Black Sea o o
Area 30 % 94 %

Figure F: Breakdown of the resource in the three areas by distance from shore and water depth.
N.B. Current constraints for fixed foundation wind turbines are limited to 60m water depth.
It is envisaged that floating devices will be required to exploit resources in water depths of greater than 60m.

Across Europe approximately 80% of the combined resource is in water depths of greater than 60m and
approximately 50% of the resource is further than 100km from shore. It is therefore clear that, to exploit a large
proportion of the available natural resource in Europe, it will be necessary to develop technologies to facilitate
deployments in deeper water and further offshore. This is particularly applicable to the Atlantic Ocean and
Mediterranean and Black Sea areas, where only a very small proportion of the combined resource lies in water depths
where current constraints for fixed foundation offshore wind turbines facilitate exploitation.

FINANCE

Without government support, the offshore renewable
energy sectors are not currently cost competitive in terms
of cost of energy alone. However, the sectors promise
emissions reductions, increased energy security and
economic benefits and there is therefore significant
governmental interest in the sector and a large number
of financial support mechanisms available across Europe.

Analysis revealed large variations in the financing
landscape across Europe, with it being much more
developed in some countries than in others. Figure H
reveals gaps in terms of which countries have the funding
and policies in place to make investment in the sector
attractive.

Figure G: Photograph of Hywind floating wind turbine
under testing (designed for use in water depths of
120-700m), an example of the type of innovative
technology which will need to be developed to facilitate
exploitation of the extensive combined resource in deep
waters. (Photo: Trude Refsahl / Statoil)

N 4
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Figure H: Charts showing the Production Based Incentives (PBls) in countries across Europe for both the

offshore wind and ocean energy sectors respectively.

N.B. where appropriate, the data includes an assumed Europe wide wholesale electricity price of 0.07 €/kWh.
Where there is no production incentive available above the wholesale price, the graphs report zero.

Offshore wind

The analysis revealed that all countries with the exception
of Norway have a PBI in place for

offshore wind. However, within this, there is large varia-
tion from 0.07 to 0.19 €/kWh. Spain, Portugal and
Denmark all have attractive natural resources, but have
lower PBls than other countries with comparable
resources. However, the largest discrepancy illustrated in
the graph is in Norway which has an attractive resource
but no PBI in place to support the sector. This large,
currently unexploited resource in Norway represents a
large opportunity if the necessary finance policies and
technologies can be developed.

Ocean energy

Only 7 of the 12 countries analysed have a PBI in place
for ocean energy. Of these seven, only four countries
(Scotland, ltaly, Portugal and Ireland) have a PBI in place
which is significantly higher than the PBI for offshore wind
in the same country, taking account of the high costs and
emerging status of the ocean energy sector.

These four countries are setting a strong market signal for
the sector which will help to attract investment and to
accelerate development. The UK has one of the most
aftractive resources in Europe, but presently has only the
5" best PBI in place to support the sector, and Norway
has no PBI for the ocean energy sector despite having a
large ocean energy resource. The large amount of
available resource across both the offshore wind and
ocean energy sectors presents a major opportunity,

particularly in the UK, Ireland, Norway, France, Portugal
and Spain. However, the funding landscape will have to
be advanced in all countries to increase the attractiveness
of the sector as an investment target and to realize the

opportunity presented.

Establishing the level the PBI should be set at in order to
be effective is not something which can be done in this
roadmap. The PBI needs to be high enough to give a

positive return on investment for projects and to allow the
correct technologies to be developed. Further research is
required to determine the level of PBI required to be

effective in each country, taking into account factors such
as resource intensity, distance from shore and water

depths.

Challenges to investment exist in the offshore

renewable energy sector and a number of the finance
recommendations are actions to address these. The most
critical challenge to investment identified concerns
difficulties associated with securing finance, especially to
develop the first deployments of new technologies (when
reliable data on investment returns and device
performance is limited) and to complete the construction
phases of projects (when investors are exposed to higher
risks). Measures to mitigate this barrier are important and
include soft loan programmes and government
underwriting of project risk.

N 4
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Figure |: Photograph of a tidal stream device
currently being tested in Northern Ireland.
(Source: Marine Current turbines)

Finance Recommendations

The ORECCA roadmap recommends that EU and member state administrations:

. Maintain a careful balance between market-pull and technology push support measures for the sector to
ensure that both large scale deployments and research into technologies which could realise large cost

reductions for the sector are supported.

. Maintain technology-push capital support measures to ensure step change cost reductions and performance
improvements.

. Ensure a long term market signal in relevant countries to increase investor certainty.

. Develop funding opportunities (particularly production incentives) in line with countries which are current

leaders, in countries which have a less developed funding landscape, but where a large resource exists.

3 Set up specific grant schemes for offshore renewable energy investments.

. Recognise within funding programmes the emerging stage of development that the wave and tidal stream
energy sectors are at, and provide targeted funding to accelerate their development.

. Develop new risk sharing mechanisms to facilitate investment in the sector, particularly in the construction
phases, such as government underwritten guarantees and using public funds as a guarantee for private

financial bodies.

. Continue to encourage cross border collaboration on projects in the sector to drive costs down and promote
knowledge transfer.

. Increase funding for demonstration projects to accelerate the development of the sector by ‘learning by
experience’.
. Provide targeted financing fo support the development of the necessary technologies (such as floating wind

turbines and HVYDC transmission) to facilitate deployments in deeper waters and further from shore.

(O_REQGA/



European Offshore Renewable Energy Roadmap

Figure J: Photograph of Pelamis Wave Power device
(Source: Pelamis Wave Power)

TECHNOLOGY

Technology poses a number of challenges and
opportunities for the offshore renewable energy sectors.
Many factors such as the affordability and reliability of the
technologies and devices will have a critical impact on its
development.

The emerging status of offshore wind and ocean energy
technologies creates considerable challenges for their
development. There is a need to strike a balance between
trials and deployments of advanced full scale devices
whilst also developing emerging designs and sub
components to ensure efficient and effective long term
cost reduction as well as achieving high levels of
reliability and survivability. This is true across offshore
wind, wave and tidal technologies and across

European member state countries.

Summary of the technology challenges

. At present, offshore renewable energy
development activity is spread over a wide variety
of platform and foundation concepts and
components, and at the highest level, offshore
wind, wave and tidal current have distinctive
development needs. Across the three sectors, there
is a need to strike a balance between design
variety and consensus, and the development of
supply chain commonality.

. A number of generic technology areas and
components — such as foundations, moorings,
power take off (PTO), marine operations and
resource assessment — offer important
opportunities for collaborative development,
although the transfer of generic knowledge and
components within the developer community may
be limited by commercial competition.

. There is a need for more performance data and
operating experience to feed into the overall
development cycle, particularly for the wave and
tidal stream sectors which have relatively limited
full scale experience in open sea operating
conditions.

o There are significant opportunities for knowledge
transfer from other sectors, such as offshore
engineering. Enabling this transfer will involve a
better understanding of the ‘adaptation costs’ of
transferring components and methods to the
marine environment, and identifying opportunities
for collaboration with other industries and supply
chain partners to ensure the availability of cost
effective solutions.

At the highest level, offshore renewable energy
technology development and deployment will require
measures to address the underpinning generic technical
challenges of predictability, manufacturability,
install-ability, operability, survivability, reliability, and
affordability.

Figure K: Photograph of the Oyster 1 wave energy
device under testing at EMEC
(Source: Aquamarine Power)

Figure L: Artist's impression of an array of

Hammerfest Strom tidal stream devices.
(Source: Hammerfest Strom)

N
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Highest priority technology

development activities:

The technology challenges and associated technology
development activities within the offshore wind and ocean
energy sectors were prioritised according to the assessed
level of industry need. Nine technology development
activities within the offshore wind sector and sixteen within
the ocean energy sector were identified as the highest
priority for the sectors, and these are outlined in Figure M
below.

Figure M: Table outlining the technology development
activities for the offshore wind and ocean energy sectors
respectively that have been prioritised as the highest
priority for the sectors.

OFFSHORE WIND SECTOR:

OCEAN ENERGY SECTOR:

. Offshore dedicated turbine system

demonstration;

o Ultra reliable turbine demonstration;

o Large blade rotors (>150m);

. Deep water jacket foundations;

. Deep water gravity foundations;

. Design standards (structural, mechanical,

electrical, control etc);

1* generation device and array trials;
Performance data collection;
Installation methods;

Recovery methods;

Cost effective O&M techniques;

2" generation device development;
Control systems;

Energy conversion systems (PTO);

. Testing and installation standards; . .
Foundations and mooring systems;

. Health and safety standards; and

Y Wet HV connectors;

o Advanced drive train research for lighter - P

Performance guidelines/specifications;
designs. . . .
g Design of installation tools;

Device modelling tools;
Array design and modelling tools;
Resource analysis tools; and
Reliability modelling tools.

Offshore wind installation, O&M and recovery techniques, and

These activities will ensure the development of highly
reliable, large rotor, specifically dedicated offshore
turbines with cost effective foundations suitable for deeper
waters and are extremely important to facilitating large
deployments in the coming years. The three sets of
standards set out in Figure M (design, testing, health and
safety) are important to build upon the existing IEC TC88
standards and will help to ensure that international best
practice prevails. The advanced drive train research
activity is also important and will facilitate step change
improvements in turbine design and structure.

Ocean energy

The first ten of the technology development activities
identified in Figure M above reiterate the importance of
testing devices, developing efficient and low cost

10

developing sub-components critical to these devices

The high priority of these activities is necessary due to the
fact that no significant deployments beyond full scale
prototype testing currently exist, and there is relatively
little design consensus around the leading technologies
to move the sector forwards. The development of
performance specifications will allow international best
practice to be established in terms of device performance
in the sector. Designing tools to make installation of
devices more efficient has the potential to have a large
impact on installation and O&M costs. A number of the
activities relate to developing tools for modelling devices,
arrays, resource and reliability. Modelling these four
aspects will be crucial to further increase the
understanding of the complex interactions involved and
then incorporate this knowledge into future device and

system designs.
N s
( ORECCA
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Synergies and Commonalities

Five principal areas have been identified where immediate technical synergy opportunities exist between the
offshore wind, wave and tidal energy sectors:

. Foundations: common foundation types to be used.
. Array layout: sharing of lessons learnt for effective array design.
. Mooring/fixed connection points: common
mooring/fixed connection points to be used.
. Grid connection and integration.
. Power take off: common power take off technologies to be used.
. O&M : sharing of lessons learnt for effective design and technology development to reduce

the need (and associated cost) for O&M (remote monitoring is a good example of this).

Technology Recommendations

The ORECCA roadmap recommends that EU and member state administrations:

o Create policies to develop design consensus within the ocean energy sector.

o Design policies which ensure that all possible subcomponent development activities are developed in a
way so as to provide common solutions across the three offshore renewable energy sectors.

. Ensure that policies are in place to provide guidelines for funding bodies to ensure that allocation of
development funding is in line with the technical timelines and priorities set out in this roadmap.

. Ensure that, for the offshore wind sector, policies and support are put in place to concentrate technology
development activities on the nine high priority areas in figure M above.

o Ensure that, for the ocean energy sector, policies and support are put in place to concentrate technology
development activities on the sixteen high priority areas in figure M above.

o Ensure that a mature, coherent and adaptive approach to policy is taken with regard to technology
developments internationally, to provide an appropriate combination of support mechanisms, and ensure
effective distribution of investments as the sector matures.

INFRASTRUCTURE

For the full commercialisation of the offshore renewable There is an opportunity for infrastructure developments to
energy sector, a wide range of facilitating infrastructure is be clustered in the ‘hotspot’ regions identified in the
necessary. resource section where a large amount of high intensity
combined resource exists. - Mobilising the necessary
This roadmap focuses on: facilitating infrastructure surrounding these areas of
intense resource presents an immediate opportunity for
1. Poris & Offshore Supply Chain combined wind, wave and tidal infrastructure

. development and this should be acted on accordingly.
infrastructure;

Vessels infrastructure; and
3. Grid infrastructure.

N

N s
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Figure N: Picture of an offshore wind construction
port at Belfast, Harland and Wolff.
(Source: UK Offshore Wind Ports Prospectus).

Ports

A number of ports, primarily in the Southern North Sea
and the Irish Sea, have already been used for offshore
wind and ocean energy. The port requirements (in
terms of draft, length of quayside, gantry cranes,
overhead clearance etc.) are highly dependent on
factors such as the size and weight of the devices, and
the type of foundations used. Despite the fact that it is
too early to define some of the detailed port
requirements (especially for the wave and tidal sectors
where design consensus has not been fully achieved),
the development of ports represents an immediate
opportunity. These developments require further
research to consider where ports need to be developed
to support the exploitation of the ‘hotspot’ areas in the
most efficient possible way. For example, the most cost
effective development path for the Northern North Sea
resource 'hotspot’ is likely to be to further develop
existing manufacturing facilities in the Southern North
Sea, and to develop clusters of assembly and O&M
port facilities around the Northern part of the North
Seaq, closer to the ‘hotspot’ natural resource.

Irrespective of whether combined platforms or
co-location of devices, combined infrastructure
represents an immediate opportunity. - This approach
to thinking about port infrastructure in a coordinated
way, aiming to develop clusters of port infrastructure to
facilitate the exploitation of ‘hotspots’ of resource
identified, is new. This is an important approach to
ensure that the necessary infrastructure is developed in
the most cost effective and efficient way possible.

The concept of offshore service hubs represents a
significant opportunity as a large proportion of
Europe’s offshore renewable resource exists far from
shore (50% > 100km from shore). To exploit this
resource, cost reductions could be achieved if different
functions such as O&M accommodation, housing of
equipment and spare components, and even some
elements of construction could be housed as part of an
offshore service hub.

12

Vessels

Important synergies between the offshore wind, wave
and tidal sectors exist in the area of cable installation
vessels, foundation installation vessels, and O&M
vessels. Cable installation vessels represent an
immediately exploitable synergy and similarly,
synergies exist where similar foundation types are used
across the three sectors (these synergies will increase as
the sectors progress into deeper water and the mooring
technologies become increasingly common).
Depending on design, O&M vessels (typically very
versatile and able to adapt to roles across a number of
sectors) will also have significant synergies across the
sectors.

A further synergy exists with regard to device transport
and installation vessels. Multipurpose vessels continue
to lead the market. Vessels such as jack up barges and
heavy lift vessels are flexible and can be used by a
number of sectors as well as having geographic
flexibility to travel. Installation vessel synergies are
specific fo two distinct categories:

1. Shallow water installation vessels.
Fixed structure offshore wind turbines, tidal
devices, and shallow water wave deployments
all have similar requirements, and can therefore
utilise common installation vessels.

2. Deep water installation vessels. Floating
offshore wind, deep water wave and floating
tidal devices will have similar installation vessel
requirements (dealing with anchors and mooring
deployments etc.) and therefore can utilise
common installation vessels.

It is important to highlight that, in contrast to the
installation vessel synergies identified above, for a
range of offshore wind and ocean energy technologies,
specialised installation techniques and vessels are
under development. Such solutions are very efficient for
the designated purpose but cannot be used to install
other technologies and consequently, there is a higher
commercial and technological risk involved in using
such specialised equipment.

Whilst the vessel synergies identified above mean that
vessels can be shared across sectors and across
countries, they also mean that there will be
competition. It is important to ensure that useful
synergies do not manifest themselves as detrimental
competition. For example, the sectors will have to
compete with the offshore oil and gas industry, not only
for vessels, but also for the expert crew required to
operate these vessels. This may have time and cost
implications, and it requires careful

N s
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consideration to ensure that it does not present a
significant barrier to development. Factoring installation
requirements into device designs is an important way to
reduce the need for large installation vessels and
therefore manage the competition (and associated cost
implications).

Grid

Figure O: Photograph of a heavy lift barge installing
an offshore wind turbine.
(Source: Saldis Salvage and Marine Contractors)
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Grid developments to facilitate the exploitation of the
‘hotspot’ areas where large amounts of resource have been
identified are twofold:

1. European level grid developments, to develop a
more advanced and interconnected grid
between countries and  European level
planning to ensure that offshore grid
developments are optimised to support the sector,
particularly in areas such as the North Sea which
is bordered by a large number of countries.

2. Nation state level grid developments, to
increase the grid capacity in regions where
‘hotspots’ of resource have been identified, but
the current grid infrastructure is inadequate.
The four priority areas in this regard are
located in Ireland, Scotland, the UK, and
Norway.

Figure P: Map of Europe showing the high voltage transmission grid across

Europe, with the Resource ‘hotspots’ highlighted.

13
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Infrastructure Recommendations

The ORECCA roadmap recommends that EU and member state administrations

Develop clustered port and offshore supply chain infrastructure to facilitate the exploitation of the two key resource
'hotspots’ identified.

Prioritise further detailed studies to plan the finer details of how the clustering of ports and offshore supply chain
infrastructure should be optimised.

Prioritise important National level grid reinforcements (particularly in Norway, Ireland,
Scotland and the UK) to facilitate large scale deployments of offshore renewable energy in
the ‘hotspot’ regions identified.

Prioritise important European level grid developments to optimise the exploitation of the
resource 'hotspots’ identified. European level planning is required to ensure that offshore
grid developments are optimised to support the sector.

Take a coordinated approach, at the European level, when considering the development of grid, ports and offshore
supply chain infrastructure.

Provide the necessary infrastructure to facilitate the progression to deployments further from centres of population,
further offshore, and in deeper waters. - This is vital to ensuring that a large portion of Europe’s resource is poten-

tially exploitable.

connections to floating platforms and HVDC systems).

7. Focus on co-location of technologies to exploit areas of combined resource in the most
efficient way (joint utilisation of grid and O&M infrastructure).

8. Encourage the development of ‘offshore service hubs’ to realise synergies from co-location and
reduce the costs associated with deployments far from shore.

9. Focus on developing important infrastructure subcomponents common to all three offshore

renewable energy sectors (such as offshore substations, submarine cables, technologies for electrical

ENVIRONMENT, REGULATION & LEGISLATION

Legal and regulatory issues surrounding

environmental protection will have a large impact on
the rate of development and sustainability of offshore
renewable energy.

Each Member State is responsible for transposing EU
level legislation into their respective legal system, as
well as implementing their own licensing processes for
the consenting of projects. Therefore, the regulatory
and legislative landscape varies largely across
countries. The National legislative frameworks reflect
the EU Directives which apply to offshore wind, wave
and tidal energy, but often there is variation between
how countries administer such legislative requirements
and many associated policies are at different stages of
development in different countries.

Three principal factors are identified in Figure Q next

page which are illustrative of how developed the
regulatory/legislative frameworks are in each country:

14

1. Is a Strategic Environmental Assessment (SEA)
in place (for wind, wave and tidal)?

2. Is a Maritime Spatial Plan (MSP) in place?
Does the country have a streamlined or one-

stop-shop system for marine consenting?

Some countries (such as Scotland and Ireland) are at further
stages of putting an MSP in place, implementing a ‘one stop
shop’ for marine consenting, and putting SEAs in place for
each of the offshore wind, wave and tidal sectors. These are
important factors for facilitating the development of the
offshore renewable energy sector, and other countries,
especially the UK, France, Norway, Portugal and Spain (which
have been identified in the Resource chapter as having a
large amount of combined resource) need to continue to
progress in this regard to realise the large opportunities

presented by the sector.
\ P
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Figure Q: National policy landscape across Europe: matrix showing three important factors for supporting the
development of the offshore renewable energy sector analysed across Europe.

Is there an SEA in place:

Country For offshore

1 2
wind? For tidal?

For wave?

Belgium
France

Germany
Ireland

[taly
Netherlands

Spain

UK

Portugal

Norway

Denmark

Scotland

[Green: Yes. Orange: Partially/pending. Red: No].
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Differences across countries and
across offshore wind, wave and tidal

Some issues are entirely transferable across countries
and across the three sectors, whilst others, such as
public perception are very different across countries
and sectors and experiences cannot be easily
transferred. Some important differences between
offshore wind, wave and tidal stream devices (which
mean that many issues are not transferable between
the sectors) are displayed in Figure R below:

Wave

Tidal stream

Rotating parts subsurface:

X

v

Moving parts above surface:

Remove hydrokinetic energy
from the oceans:

Remove kinetic energy from the
atmosphere:

AN RaIINES

X
v
X

X
v
X

Figure R: Differences between the offshore wind, wave and tidal stream sectors which have a significant impact on

their environmental impacts and the applicable legislation and regulation.

There is nevertheless transferable knowledge on
environmental impacts. While species, devices and sites
vary, it has been identified that issues surrounding
piling, EMF effects of cables, the effects of flow
alteration, and the way in which large organisms
behave near devices, as well as surveying and
monitoring techniques will be highly transferable across
technologies and countries. Co-location of devices
could also allow cost reductions, reducing the need for
completing multiple ElAs for separate sites.

16
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Time Evolution of Priorities

It is important to prioritise issues according to how
critical they are to the development of the industry.
These issues will change as the industry develops, and
are different across the offshore wind and the ocean
energy sectors, largely due their different stages of
development. The wave and tidal energy sectors are
currently in the relatively early stages of development
where the only deployments are prototypes undergoing
testing, whereas the offshore wind sector is at a later
stage of development, with some very large (> 100
MW) wind farms already in existence. As the sectors
develop, changing technologies and methods, the
move to new

development sites (such as deeper waters and sites
further from shore), and the increasing importance of
cumulative effects will govern how the priority of
environmental issues will evolve. In the initial stages of
development, the environmental effects will be
principally related to individual devices. However as
the sectors reach the later stages of development (and
the energy extracted becomes a significant fraction of
the energy in the winds and the oceans), cumulative
impacts will become progressively more significant,
particularly for the wave and tidal stream sectors which
will have significant cumulative impacts in terms of flow
alteration, sedimentation etc.

Environment, Regulation & Legislation Recommendations

The ORECCA roadmap recommends that EU and member state administrations

—

development.

Harmonise legislation and regulation across Europe, as far as practical.

2. Focus research into the environmental impacts of offshore renewable energy devices into seven priority areas
set out in this roadmap, including cumulative effects, EMF effects of sub-sea cables, flow alteration,
sedimentation and habitat change near devices and mitigating actions for the effects of piling.

3. Implement streamlined one-stop-shop marine consenting systems for countries which
haven't already implemented these.
4, Develop Maritime spatial plans in countries where these are not already in place.
5.  Conduct an SEA in each country, for each of the three technologies, preceding commercial-scale

6. Ensure that appropriate national authorities issue guidance necessary to ensure

compliance with current legislation and regulation. This includes ensuring that EIA requirements are clearly
defined and communicated to developers.

7. Encourage and facilitate developers and authorities to share experiences on ElAs and develop mechanisms to
avoid commercial issues over information sharing.

8. Promote and encourage an “adaptive management” or “deploy and monitor” approach and ensure that this
is facilitated within legislation and regulation. This approach allows valuable learning by implementing.

9. Ensure that legislation and regulation evolve and anticipate the growth and trends of the industry, such that

the industry has foreknowledge of the requirements facing them. This includes ensuring that there is
recognition that scientific understanding is incomplete and therefore protocols may require alteration as
understanding improves.

10. Consider competing pressures (such as climate change, fishing and marine transport) when assessing
environmental impacts of developments. There should be recognition that the positive impacts of
developments might outweigh some localised environmental impacts.

11. Encourage the use of test sites for demonstration and development as an important opportunity to investigate
potential environmental impacts and further increase understanding of environmental issues. Test centres
should have a comprehensive environmental baseline and EIA in place to allow them to become not only
R&D centres for devices, but also for environmental effects.

(O‘REQGA/
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Key to the ORECCA Roadmap:

To aid visual clarity, a consistent colour schenas been utilised throughout the roadmap,
with three distinct types of coloured boxes:

A purple colour scheme is used where important figies are included.

A red colour scheme is used where key points aredtilighted.

A grey colour scheme is used where key policy reconendations are made.
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2 Introduction

2.1 Introduction to the ORECCA project and scope of trmadmap

The ORECCA (Offshore Renewable Energy Conversioatfétm Coordination Action)
Project is an EU FP7 funded collaborative projadhie offshore renewable energy sector. The
project’s principal aim is to overcome the fragnadioin of know how available in Europe and
its transfer amongst research organisations, ingustakeholders and policy makers
stimulating these communities to take the necesstaps to foster the development of the
offshore renewable energy sector in an environnligrgastainable way. The project’s focus is
pan-European and pan-technology, with a speciftzigoon revealing the opportunities that
exist across Europe when the three offshore renewatergy sectors within the project’s
scope are considered together. Within the ORECC#jeBt, the scope of the offshore
renewable energy sector (‘offshore renewables’) eaained to:

+ Offshore wind;
« Wave energy; and
+ Tidal stream.

- These energy sectors have been identified a<% thwast are currently expected to make
significant contributions to the energy systemha tmedium to long term. As a result, other
sectors, such as tidal barrage and ocean therreayegonversion (OTEC) were not covered
in the scope of the project.

Whilst significant other research has been doneénoffshore wind energy sector and in the
ocean energy sector (defined as wave energy aad dickam), the ORECCA project adds

value to these by its unique focus on the oppaigasiand barriers to development that are
revealed when the sectors are investigated togethar pan-technology and pan-European
context. Whilst roadmaps have been developed ftr e offshore wind sector, and for the

ocean energy sector (as illustrated in Appendixthi, roadmap represents the first time that a
combined roadmap has been developed.

The ORECCA Project brings together a combinationwofld class experts from a wide
variety of multinational companies, research instins, consultancies, utilities and project
developers. The project also draws upon interastioith other important offshore renewable
energy programmes such as the EU funded MARINAegtoand the UK Supergen Marine
programme. The project is divided into 6 principalrk packages, as set out in figure 1 below.

Six work packages (WPs) of the ORECCA project:

m Work package 1: Project management;

W2 resourcss 8 Work package 2: Resources and policies;
&//) Work package 3: Technologies state of the art;
R:rngzrinﬂy Work package 4: Synergies and future concepts;

m— Work package 5: R&D strategy and roadmap;
‘ fuursconceprs Work package 6: Knowledge management and
| olesemination & immestion Hanagement | dissemination.

Figure 1: Diagram showing the 6 work packages of the ORE@&hect and how they are interlinked.
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As illustrated in figure 1 above, each of the wpdckages (especially work packages 2,3 and
4) feed directly into this roadmap for the devel@miof the sector. Each of the individual
work packages produced comprehensive and detadpdrts on their subject areas. The
information in these reports provided the foundatior the production of this roadmap. The
work package reports are referenced throughout,chut all be found (along with other
information on the project) on the ORECCA website/w.orecca.eu

The roadmap will provide a high level route forwéod the offshore renewable energy sector,
and it will be a useful tool to identify opportues and synergies and help make strategic
decisions. The Roadmap is written by the offshoe@ewable sector for all relevant
stakeholders. As the principal decision makersnfi@any of the actions identified to progress
the sector, the principal target audience of tlkemamendations and actions are policy makers
at the EU and Member State level. However, themegendations and the way forwards for
the sector are also of high importance for othakettolders to the offshore renewable energy
sector, including researchers, consultants, @sljtproject developers, technology developers,
investors, and the supply chain.

What will the roadmap cover?

The roadmap is divided into 10 sections. The #rsthapters serve an introductory capacity.
The vision of the roadmap will be set out, followbkg an introduction to the offshore
renewable energy sector to set the roadmap in xrtiee current state of the sector in 2011 in
terms of installed capacity and capacity in theele will be presented, followed by the
targets that have been set out for 2050 at a Earoped International level. This introduction
will be concluded by presenting a deployment timelfor both ocean energy and offshore
wind, to illustrate the stage of development offesector and which stages they need to move
through to reach their targets.

These preliminary sections lay a firm foundation fiee core of the roadmap (chapters 5-9)
where the opportunities and barriers for the secoe identified and key recommendations are
made. The opportunities and the barriers to deveéop are clustered around five principal

themes which are illustrated in figure 2 below aadh have a dedicated chapter.

Five principal streams of the ORECCA roadmap:

1. Resource

2. Finance

3. Technology

4. Infrastructure

5. Environment, Regulation and Legislation

Figure 2: The roadmap’s 5 principal streams.

Each of the roadmap's core chapters, each focussede of the principal streams in figure 2,
sets out key recommendations and actions neededsist the strategic development of an
integrated EU offshore renewable energy sector.s@hactions and recommendations are
brought together in the final chapter of the roagrf@apter 10) which forms the conclusion to
the roadmap.
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2.2 Vision and Opportunity

The vision of the ORECCA Roadmap is t guide policy makers to support the
accelerated development of the offshore renewategy sector (offshore wind, wave
and tidal energy) in Europe:

- toidentify synergies;
- to overcome barriers to development;

- to realise the large opportunities presented (itambrbenefits include increased
energy security, carbon savings, and economic lisrsefch as job creation);

- to facilitate significant, cost effective commetaaale deployments by 2030; and
- to do all of this in an environmentally sustainalvksy.

Figure 3: Vision statement of the ORECCA Roadmap.
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3 Introduction to Offshore Renewable Energy Sector

The offshore renewable energy sector as discussékis roadmap includes offshore wind,
wave energy and tidal stream. These technologiesaarvarious stages of maturity with
offshore wind more advanced than wave or tidal gnefhere are commercial developments
of offshore wind in many European locations withragasing levels of installed capacity each
year. Ocean energy is at an earlier stage of dpnedat with prototypes being tested and
demonstration projects underway across Europe.

EU member states play critical international rotethe development and deployment of these
offshore renewable energy technologies. With highels of offshore resources, strong
research and development capabilities as welldssiny and investment opportunities, the EU
is well placed to continue its strategic involvermand importance in the offshore renewable
energy sector.

3.1 European resource in the offshore renewable enesggtor

Europe is blessed with a large amount of natusduece across the offshore wind, wave and
tidal stream sectors. This will be considered itadléater in the roadmap, but it is important to
consider how much resource exists in the sectoorder to provide context for why the
roadmap, and ultimately accelerating the developméthe sectors, is important. The large
amount of resource which exists is displayed inrég4 below, and these graphs are illustrative
of the large opportunity which the sectors preseturope.

European offshore renewable energy resources:

Wind resource
distribution

A v.agquaret.co
Key Map showing the offshore wind resource which exjists

@) nigh
o | across Europe.

J low
J very low

Wave resource
distribution
wquaret.com

g
B9 -k

ey Map showing the wave energy resource which exists

@) high
o man | ACross Europe.
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Tidal Stream

resource distribution ™.

WS .| Map showing the tidal stream energy resource which
®o | gum | existsacross Europe.
‘: . = ,) medium
: A&ee .\’ _)Iow
L
AL

Figure 4: Resource maps showing the offshore wind, wavetidatistream resources which exist
across Europe. Source: AQUARET Project; Availalhievavw.aquaret.com

From figure 4 above, it is clear that a large amafnoffshore renewable energy resources
exist in the seas surrounding Europe. The disiobubf resource across offshore wind, wave
and tidal energy is however, very different. Foamyple, off the West coasts of Scotland and
Ireland, both the offshore wind resource and thevewaesource are high, but in the
Mediterranean Sea, there is a very low wave regsodespite the fact that some areas have
medium and even high wind resources.

These intricate differences between the distributd offshore wind, wave and tidal stream
resources across Europe are the fundamental reasloimd the approach taken in this
Roadmap, which is principally focussed on assessiadhree sectors together to reveal where
opportunities exist.

3.2 Technologies in the offshore renewable energy secto

For all three of the sectors considered in thislnoap, there are a number of different designs
and devices which currently exist or are being ted:

- In theoffshore wind sector, there is a large amount of design consesarsusd large
horizontal axis turbines with fixed foundations. Wwiyver, devices with fixed
foundations are not suitable for the deep watetogepents where a large amount of
Europe’s offshore resource exists, and therefosggds such as floating wind turbines
will have to be further developed over the comiegng.

- For thetidal stream energy sector a reasonable amount of design censesxists
around horizontal axis turbines. However, there sdilé a large number of different
devices under various stages of development witltensector and these have a variety
of different blade types, foundations etc.

- Finally, thewave energysector exhibits the least design consensus. Tdrera large
number of different devices at various stages ekbigpment, based around a number
of different principles. Types of device includen@ngst others, those based on
overtopping, point absorbers, attenuators, andlatieg water columns.

Despite the large number of different devices apes of devices which currently exist in the
offshore renewable energy sectors, in the followsegtion, the roadmap will present one
example device from each of the three sectors.etiese example technologies are presented
in figures 5, 6 and 7 below.
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Offshore wind energy sector:

s » Company: Statoil
' » Technology: Floating wind turbine.

 Nameplate Capacity:2.3 MW

| * Stage of Development:Full scale prototypé
under testing.

The device extracts energy from moving airflows
the same way as a fixed foundation onshore or ofés
wind turbine. However, the wind turbine is basedag
floating platform. The floating structure consistsa
steel cylinder filled with a ballast of water aratks. It
extends 100 metres beneath the sea’s surface g
attached to the seabed by a three-point moorirepsp
The device is 65m high with a rotor diameter of 8’
and is designed for use in water depths of betvi@en
and 700m.

D

n

nd is

’m

Figure 5: Example of an offshore wind energy device; the Hhhilevice, developed by Statoil (Photo:

Trude Refsahl Statoil; lllustration: Still shot from animatiohlywind assemblyyvww.statoil.com

Wave energy sector:

» Company: Pelamis Wave Power Ltd.

» Technology: Attenuating wave energ
converter.

* Nameplate Capacity: 0.75 MW (Pelamis P
device).

» Stage of Development: Multiple full scale
devices under testing.

Tube f The device sits on the surface of the water, casimi
a number of cylindrical sections joined together
hinged joints. As waves pass down the length of
machine these sections flex relative to one anathd
hydraulic cylinders at each joint convert this gye

Tube 2

Accumulator

Generator

water depths greater than 50m, usually 2-10km f
the coast.

Cylinder
Module

End cap

into electricity. The device is designed to operate

NJ

by
the

rom

Figure 6: Example of a wave energy conversion device; tHanfe device, developed by Pelamis

Wave Power Ltd. (Photo & Diagran: Pelamis Wave Rdvig.). www.pelamiswave.com
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Tidal stream energy sector:

e Company: Marine Current Turbines.
» Technology: Horizontal axis tidal turbine.

* Nameplate Capacity: 1.2 MW (Strangford
Lough device)

&N

» Stage of DevelopmentCommercial scale, gri
connected % generation device.

The turbines are deployed in areas with a higmasitg
tidal stream resource. The device has two submerged
horizontal axis turbines which extract energy frtira
water which flows past it. The rotor blades can| be
pitched through 180 degrees so that the rotor wan r
efficiently in a bi-directional flow (on both théole and
the flood tides)The device is designed for open ocean
deployment in the harshest environments.

Figure 7: Examle of a tidal stream energy conversion deutoe Marine Current Turbines SeaGen
device. (Source: Marine Current Turbines). www.metirbines.com

Combined Platforms:

In the short term, due to the relative immaturifyoffshore renewable energy technologies
(particularly wave and tidal technologies), it sngrally seen as too early to deploy combined
platforms, with a single structure exploiting naturesource from multiple sources (eg. a wind-
wave device). However, combined platforms preselatrge opportunity for the sector in the
medium term, once significant amounts of researzhraodelling to understand the complex
interactions for combined platforms is completedspite the current immaturity of combined
platforms, co-location of devices could realisensfigant benefits, particularly with respect to
infrastructure, and contribute to reducing coststhe sector. Therefore, throughout the
roadmap, when investigating the synergies whiclstexetween the offshore wind, wave and
tidal stream sectors, and when investigating tleasawhere combined natural resource exists,
the focus of the roadmap will be on the benefite@iocation. In the longer term, combined
platforms should not be ignored, but the immedaiportunities for the sector, for example
synergies with respect to shared infrastructummare focussed on co-location. Co-location,
particularly with respect to the benefits of shameflastructure, is discussed further in the
Infrastructure chapter.

3.3 Timescales for accelerating the deployment of th#slkore renewable
energy sector

When considering the timeline over which it is pbkesto accelerate the deployment of the
offshore renewable energy sectors, it is importambnsider two principal aspects:

1. Where is the sector now? - The current level diiled capacity and the
amount of capacity currently in the pipeline (pladror under construction but
not currently operational); and
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2. Where is the sector going? - Existing deploymergets for the sector, set out
by different stakeholders;

These aspects are considered in the following@estnd are then used to construct a
deployment timeline for the sectors to illustrateatvstage of development the sector is
currently at, and which stages it needs to mowveutlin as its deployment is accelerated.

Current installed and pipeline capacity in Europe:

It is important to note that the installed capactyOcean energy in Europe is negligible. The
sector is currently at an early stage of develogmamd no commercial farm scale
deployments currently exist. The amount of capaaitye pipeline for the ocean energy sector
is also small. There is approximately 1800 MW cépan the pipeline by 2020 in the UK, but
for the rest of Europe combined, the capacity eglpeline is less than 50 MW. However, it is
possible and useful to consider the current andlipigp installed capacity for the offshore wind
sector, and this is illustrated in figure 8 below.

Current and pipeline offshore wind installed capacity in Europe:

Cumulated capacity of offshore wind farms in European countries
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Figure 8: Cumulated capacity of all current and pipelinesbffre wind installed capacity in Europe.
(Source: Fraunhofer IWES).

Current deployment targets/aspirations:

The ORECCA project doesn’t set out deployment tarder the offshore renewable energy
sectorper se, rather, it works within the forecasted targetseirms of future installed capacity
that have been developed by other organisationayMeganisations have set out deployment
targets for the sectors at national, regional, iaternational levels. The ORECCA roadmap
aims to align itself with existing targets and atdr barriers to achieving these targets.
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Deployment targets at the European level:

The European Wind Energy Association (EWEA) hasaattargets for the offshore wind
sector to achieve an installed capacity in Eurdpé0oGW by 2020 and 460 GW by 2050
Similarly, the European Ocean Energy Associatiod (BEA) have set targets for the ocean
energy sector to achieve 3.6 GW in Europe by 2020188 GW by 2056,

It is estimated that these targets could restthencreation of 450,000 jobs by 2050 to meet the
ocean energy targétand approximately 300,000 jobs to meet the offsiwind targets

Deployment targets at the Global level:

The IEA have set out targets for the offshore wsadtor to reach a global installed capacity of
approximately 1150 GW by 2080The IEA have also set out targets for the ocamergy
sector to achieve an installed capacity internafignof 180 GW by 2030 and 748 GW by
2050, IEA also estimate that, internationally, to mée¢ 180 GW 2030 target alone will
require the creation of 160,000 jobs.

The international and European level 2050 targetsobth the offshore wind and the ocean
energy sectors are illustrated in figure 9 belo. Ror the ocean energy targets, the EU OEA
and the IEA define the scope of the ocean energipiséifferently. However, the principal

contributors to these targets are wave and tidehst, therefore it is justified to compare them.

2050 Targets for the offshore wind and ocean eneregectors:

International offshore |
wind {[EA)

European offshore wind |
(EVWEA)

@ Offshore Wind

fedrival = Oeeen Enerdy
energy (IEA)

European ocean energy
(ELI OEA) _

0 200 400 600 200 1000 1200

Target Installed Capacity by 2050 (GW])

Figure 9: Graph showing the different European and Inteonali level targets set out for the offshore
wind and ocean energy sectors, by the IEA, EWEAtaerdEU OEA.

There are two important points to highlight frongure 9 above, which presents the
International and European level 2050 targetsHeraffshore wind and ocean energy sectors:

- The offshore wind targets are higher than the oceaergy targets at both the
international and European level. This is due o ftct that the ocean energy sectors

! EWEA (2011) Pure Power lIl: Wind Energy Targets 2020 and 2030

2 EU OEA (2010) Oceans of Energy: European OceanggriRoadmap 2010-2050.
¥ BLUE Map high scenario in IEA (2010) World Ener@ytlook.

* Greenpeace Advanced Energy [R]evolution scenasioeferenced by the IEA.
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are currently at an earlier stage of developmean tihe offshore wind sector, and it
will take longer to achieve large scale commerdegloyments.

- A large portion of the global targets will have ile met by deployments outside of
Europe. This represents an important market andropputy for the sectors, which are
currently heavily concentrated in Europe, to exptethnology and expertise
worldwide.

Deployment timeline for the offshore renewable eggrsector

It is important to consider a deployment timelioe the two sectors (offshore wind and ocean
energy), based on the current state of the indastdythe deployment targets outlined above.
Graphically, the projected deployment timeline thoe offshore wind and ocean energy sectors
is displayed in figure 10 below. It is clear frohetfigure that the ocean energy sector (wave
and tidal) is at a lower level of maturity than there mature offshore wind sector.

Projected offshore renewable energy deployment tiniaee:

2010 2015 2020 2025 2030

QOCEAN ENERGY

[ FULL-SCALEDEMO |
@ =
[ SMALL ARRAYS (2 - 10MW) |
—
[ LARGE ARRAYS (10 - 100MW) |

| UPSCALING OF PROJECTS

il

OFFSHORE WIND — Fixed Foundations

[ LARGE ARRAYS (100+ MW) |

| UPSCALING OF PROJECTS |

OFFSHORE WIND — Floating Turbines

| FULL-5CALE DEMO |
- =
SMALL ARRAYS (2 - 100MW) |
B e
[ LARGE ARRAYS (10 - 1000V |

.

| UPSCALING OF PROJECTS

-
-

Figure 10: Projected deployment timelines for the ocean enéngywe and tidal stream) and offshore
wind sectors. (Source: adapted from the UK Depanrtnfier Energy and Climate Change (DECC)
Marine Energy Action Plan 20T).

*http://www.decc.gov.uk/assets/decc/What%20we%20esP0energy%20supply/Energy%20mix/Re
newable%20energy/explained/wave tidal/l 20100313482 @@ MarineActionPlan.pdf
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4 Roadmap Structure & Methodology

This roadmap was developed through three sectokshiops and a comprehensive review
process to ensure that input was obtained fromde wange of European stakeholders to the
sector. The stakeholders included in the developmithe roadmap encompass a wide range
of experts in fields which span all of the roadnsafive key themes, illustrated in Figure 11
below. A broad investigation of the future potehiad current status of implementation of
offshore renewable energy solutions and their aataut policy and regulatory frameworks
was undertaken in the other work packages andotmnmap integrates these together.

The roadmap is structured around five key elementlustrated in figure 11 below — which
are essential to the development of the offshanewable energy sector. The main challenges
faced by the sector are clustered around theséhkeayes, each of which is briefly described in
the following section.

Five principal aspects of the roadmap:

Resource
Finance

Offshore

Renewable Technology

Energy

Environment,
Regulation &
Legislation

Figure 11: Diagram showing the structure of the ORECCA roadmath five principal streams.

It is useful to briefly outline what will be incled in each of the roadmap’s five key chapters:

* Resource:this section of the roadmap contains an illustratb where the natural
resources exist in Europe across offshore wind eveand tidal, and where the areas
of combined resource exist. Identifying areas wheseurce exists and areas where
synergies exist between offshore wind, wave andl tidsources is important to
reveal where the opportunities for the sector Tieis section firmly underpins all
the other sections of the roadmap.

* Finance: this analysis is focussed on revealing where gagke current funding
landscape for the offshore renewable energy sestet, and therefore where
opportunities for the sector lie. The section cadek with key actions required to
move development plans into action by reducing rfona risk to investors to
support the successful commercialisation and depéoy of the sectors.

* Technology: the current state of the art for offshore windyvevand tidal energy
technologies is identified. Exploring not only ddished technologies but also
innovative concepts and synergies, such as comipretbrms, this section will
also prioritise the sector needs in order to ideitie critical actions required.

e Infrastructure: this section of the roadmap focuses on identif{gygergies in the
infrastructure requirements of offshore wind, wawvel tidal. The section presents
key actions required for the sector to capitalise tbe ‘hotspots’ of offshore
resource identified in the resource section.
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* Environment, Regulation and Legislation: this section presents the current
situation with regards to environmental impact assents, consents and licensing
processes across Europe. Key gaps, needs andegkquirons for the development
of these areas are identified and presented.

Inter-linkages between the different key sectioristtee roadmap are important and are
highlighted throughout the roadmap. It is essernbateiterate the importance of examining

each of the roadmap’s five key streams whilst nag@mmg the context provided by the other

four, ensuring a whole system approach, addredsangers to the sector across all five key
streams. For example, when analysing the fundiqgppnities or the infrastructure in a given

country, it is important to maintain the contexbyided by considering how much natural

resource is available in the same country. If tlegeecountries or regions with a large amount
of natural resource, but without the necessaryifgydegal or regulatory policies in place to

facilitate its development and extraction, theradiethis presents a large opportunity for the
sector.

This highlights how the resource chapter is pivatalmuch of the rest of the roadmap.

However, there are also important inter-linkagesvben the other sections of the roadmap.
For example, any developments in technology whighraquired are also likely to require

targeted funding and financing.
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5 Resource

An important driver of any renewable energy develepts is the underpinning natural
resource availability. The level of resource wheslists in a particular country or region is
critical when considering the potential impact whiaparticular sector or technology can have.
In this vein, this section of the roadmap will repehere offshore wind, wave and tidal stream
resources exist across Europe. An important faickteoORECCA Project is that it will reveal
not only the potential for individual resourcestire target areas, but also the potential for
combined resources, and key areas to explore fobowd/co-located resources.

A high level understanding of the available researacross Europe has allowed the roadmap
to highlight where opportunities for the offshoemewable energy sector exist. In line with the
focus of the roadmap, these opportunities are iiikshtacross countries and across offshore
wind, wave and tidal energy technologies. It is ami@nt to highlight that, as identified in the
previous section, the resource analysis underpiasynof the recommendations made and
opportunities highlighted throughout the other imas of the roadmap. It is important to
analyse the other aspects of the sector (finantfeastructure, environmental concerns,
legislation, and regulation) in the context of htve available resource is distributed across
Europe and across the three technologies.

How much resource exists? Where does this resoexc#? How far from shore is the
resource? What water depth is the resource in?0Athese questions are considered and
reported in this section of the roadmap.

Europe’s available resources divided between thislobre wind, wave and tidal
sectors

The breakdown of Europe’s offshore resources achesthree offshore renewable energy
sectors is illustrated in figure 12 below.

Europe’s available resource divided across the thee offshore renewable energy
sectors:

= Offshore Wind
= Wave

Tidal

[Data from ORECCA WP2 Report: ‘Investment and Gr@pportunities for Offshore Renewable Energy
Projects in Europe’.]

Figure 12: Breakdown of the estimated available resourceurofe across
offshore wind, wave and tidal.

For the analysis of the offshore renewable resoaccess Europe, the seas surrounding Europe
were broken down into three broad regions, whiehdisplayed in Figure 13 below:

« AREA 1: North and Baltic Sea;

« AREA 2: Atlantic Ocean; and

* AREA 3: Mediterranean and Black Sea.
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Three broad regions the seas around Europe were dded into:
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[Source: ORECCA WP2 Report: ‘GIS Project & Calcidas’]

Figure 13: Maps showing the three areas which the seas ateurape were divided into.

Europe’s available resources divided between theeéhgeographical regions

To maintain context before investigating each @& three geographical regions in turn, it is
important to understand how the resource availabl®ss Europe is split across the three
regions, and this is illustrated in Figure 14 beldWis information is based on a large number
of assumptions, but it is nevertheless important eeveals that a large proportion of the
available resource exists in the North Sea and®Baitd Atlantic Ocean regions, with only a

limited amount of resource available in the Meddaaean and Black Sea area.

(ORECCA.

33



How is Europe’s available natural resource dividedacross the 3 regions?

O Mediterranean area

B North Sea and Baltic area

O Atlantic Ocean area

[Data calculated from the ORECCA GIS data presem&@RECCA WP2 Report: ‘GIS Project & Calculatiohs’

NB. For the purposes of this high level breakdowross the three geographic areas, a number of atisms have been
made. Tidal resource was excluded from the analysish is solely calculated on wind and wave reseuft was assumed
that 2.5% of the marine area suitable for resoepqgeloitation could be occupied, and that a densftt5 MW installed
capacity/km could be achieved. These assumptions were thdieap all sea areas which satisfied the followamigeria:

- Greater than 6m/s mean annual wind speed at 10ve aea level;

- Greater than 5 kW/m mean annual wave power.

- Between 25km and 200km from shore.

- Water depth of less than 500m.

Figure 14: Breakdown of the estimated available natural resoin Europe across the three
defined regions.

Structure of this Resource section of the roadmap

Each of the three geographical regions is analys&dn. For each region, this analysis is
structured around four principal aspects:
1. A combined resource map for the region, showingatieas where wind wave and
tidal stream resources exist;
2. Analysis of the combined resource map, identifyangas where ‘*hotspots’ of high
intensity combined resource exist;
3. A bathymetry map of the geographical area showow the sea depth varies over
the regions where the resource exists;
4. Analysis of the resource identified by sea depih @istance from shoteThese
two important factors are not displayed visuallytb@ combined resource maps but
have an extremely important impact and a clear-imikage with the other chapters
of the roadmap.

Construction of the combined resource maps

The combined resource maps for each of the thggene (Figures 16, 18 and 20 below) show
the tidal stream resources overlaid on combinedi\aimd wave resource maps which are
constructed using the six scenarios outlined inrBgl5 belov: It is important to note that

the resource maps show the resources that exist ass Europe constrained by 500m
maximum water depth and between 25km and 200km frorshore.These resource maps do
not therefore represent the available resourcedoh country, which would include resources
within 25km of shore as well as much further framor® and in greater water depths than

® The sea depth and distance from shore analybisisd on the outputs of the ORECCA GIS tool.
"It is important to highlight that there are mampbrtant factors (such as ports, offshore renewable
plants currently operating or under constructidipging lanes, marine protected areas, and ceotres
population) that have been omitted from the thmelined offshore wind, wave and tidal stream
resource graphs displayed in Figures 16,18, arttbR@v. This is necessary to obtain a clear and
informative visualisation of where combined reseuegists.
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500m. However, these constraints have been chasehare consistent across all regions and
countries analysed. The data underpinning the coealiesource maps is also consistent
across Europe and therefore the resource datagedaund displayed in the resource maps is
consistent and directly comparable across regindsauntries.

Six scenarios used to construct the combined windd wave resource maps:
Mean annual wind speed Annual mean wave
10m above sea level (m/s power (kW/m)
Scenario 1 6-8 £ _ 15
[Medium wind — low wave]
Scenario 2 6_8 15 . o5
[Medium wind — medium wave]
Scenario 3 6.8 Greater than 25
. : . - reater than
[Medium wind — high wave]
Scenario 4
: ) Greater than 8 5-15
[High wind — low wave]
Scenario 5
. . ) Greater than 8 15 -25
[High wind — medium wave]
Scenario 6
. . . Greater than 8 Greater than 25
[High wind — high wave]

Figure 15: The six scenarios used to construct the combined and wave resource maps upon which
the tidal resources are overlaid to produce Figlifed.8, and 20 below.

The areas where exploitable tidal resources ergstedatively limited in number but show
high energy densities. Analysis revealed that tti@am resources make the smallest
contribution to the total offshore natural resourc&urope (as shown in figure 12 above).
Therefore, focussing on areas of wind and wave @oekresource is the most important
overlap between the three technologies in ternexploiting combined resources.

Exploiting combined wind and tidal resources isitéd by the fact that 100% of the tidal
sites identified are less than 20km from shorégifscant constraint for large wind
turbines. Similarly, exploiting combined wave ardht resources is limited by the fact
that the geographic conditions necessary to proditee with high intensity tidal stream
resources are not conducive to wave developmetiswever, this is not to say that there
are not significant technology transfer and otlyaesgies with the tidal stream sector.

N.B. Tidal data in the combined resource maps:

It is important to highlight that the data whichdempins the tidal stream resource in the
combined resource maps is different in nature eadtita for the wind and wave resources.
For the wind and wave resources, Europe wide gfidsita are available. However, there ig
far less data available for tidal stream, and @@ dtilised is based upon measurements made
at sites which have been identified as potent@dtions based on their geographic conditi

® The 500m water depth and 200km from shore have tleesen as sensible limits to the resource
which is potentially extractable in the mediumdaad term, and 25km from shore minimum constraint
was chosen due to the resolution of the underpindata.
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5.1 AREA 1: North and Baltic Sea

The North and Baltic Sea area is bound by the cofatte Baltic Sea in the East, and by the
Eastern and Southern coasts of the UK in the VWas$gnding to the West end of the English
Channel. The combined wind, wave and tidal resouneg for the region is displayed in
Figure 16 below.

Combined wind, wave and tidal resource map for thé&lorth and Baltic Sea area:

Z

LEGEND

| — EEZ LEVEL 1 LEVEL 4

(| 2777 eu-2r LEVEL 2 LEVEL5 ||

"] EFTA I rcveL s [ LEVEL6
I TIDAL SITES 1

[Source:ORECCA WP2 ReportGIS Project & Calculations’

Figure 16: Resource map showing the combination of wind aadewesource, overlaid with the tidal
resource, for the North and Baltic Sea area. NE. Black panes highlight where the tidal streanssite
are located, as it is difficult to see them at Huale.

It is clear from figure 16 above that there is ghhiresource in the North Sea and Baltic area.
The region has a large amount of tidal stream mesowalmost entirely located in the Orkney
and Pentland Firth regions in the North of Scotlafssl well as this large tidal resource, it is
evident from the figure that a large amount of coratd wind and wave resource exists in the
region. The combined wind and wave resource igrtbst intense in the Northern part of the
region, as can be seen from the large concentrafisnenario 5 and 6 classified areas, around
the North East coast of the UK (particularly Scatlpand the North West coast of Norway. A
large amount of less intense resource exists isththern part of the region. Overall, the area
is extremely well endowed with combined wind andvevaesource, and this presents a
significant opportunity to the sector. The NorthaSe already home to a large number of
offshore wind farms, in various stages of developtnand a large opportunity exists for
further exploitation of the offshore wind resouras,well as high wave resources in the region.
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The sea depth varies greatly within the North aatli® Sea area. As can be seen in Figure 17
below, a large part of the Southern North Sea ipredominantly shallow water (less than
50m) due to the existence of a continental shedfvéler, this is stark contrast to areas such as
the North East part of the North Sea, off the caddtlorway, where there is no continental
shelf, and the water is very deep, even withintietty close distances from shore.

Sea depth in the North and Baltic Sea area:

| LEGEND
5 A e~ | EEZ SEADEPTH
G255 S 6476 | EU-27 (M)
[ lerma [ Jo-25
s 5 [ 125-60
< [ e0-200 |
25 [ 200-500
e et N
WGS 84 WORLD REFERENCE SYSTEM | i N - >l

[Source: ORECCA WP2 Report: ‘CIS Project & Calcidas’]
Figure 17: Bathymetry map showing sea depth throughout thehN®&ea and Baltic area.

The combined wind and wave resource (illustrateftbure 16 above) which has been
identified in the North and Baltic Sea region islgsed with respect to distance from shore
and sea depth in the table on the following page.
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SEA DEPTH AND DISTANCE FROM SHORE ANALYSIS — NORTH SEA AND
BALTIC AREA

In the North and Baltic Sea area, there is nedy,®0 kni of sea surface area which
was classified as one of the six scenarios devdlbgeahe project. To become classified
as one of the six scenarios, an area must satisffotlowing thresholds:

- Greater than 6m/s mean annual wind speed at 10ve aaa level;

- Greater than 5 kW/m mean annual wave power.

- Between 25km and 200km from shore.

- Water depth of less than 500m.

The nearly 600,000kmof area in the North and Baltic Sea area which these
thresholds is analysed by distance from shore eadlspth in the two figures below.

Area VS Distance From Shore Area VS Sea Depth

250 4 300 -

200 250 ]

150 200

150

100 4 —

100

Sea Area 1000 km2

a0 4 —

Sea Area /1000 km 2

a0 —

25.50 50-100 1004150 150-200 0 T T T 1
. _ 0-25 25-60 E0-200  200-500
Distance from shore /km

Sea Depth /m

As illustrated in the two figures above, approxieiatd0% of the resource area is furthe
than100km from shore, and ové0% is in water depths of greater th&@m

In the North Sea and Baltic area, it is therefargesible to extract energy from a
proportion of the resources in the area utilisingent technologies in terms of the
feasible distances from shore and water depths.ederyto exploit the large amounts o
combined resource which exists in the area, itaardhat it will be necessary to develogq
technologies to facilitate deeper water and furtifeshore. Developing technologies to
facilitate deployment in water depths of over 601t Wwcrease the resource area which
potentially extractable by more than three-fold.

[Source: ORECCA WP2 Report: ‘GIS Project & Calcidas’]
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Important points to highlight for the North and Bal tic Sea resource:

» Large amount of resource across offshore wind, veanetidal, particularly
concentrated in the Northern part of the North $&ahe coasts of the UK and
Norway.

* Approximately 40% of the resource area in the neggdurther than 100km from
shore and approximately 60% lies in water depthgredter than 60m.

(ORECCA.
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5.2 AREA 2: Atlantic Ocean

The Atlantic region extends from Iceland in the tHoand includes the Azores and Canary
Islands in the South. The Irish Sea is also indudehe region, but the English Channel (East
of the Western tips of Southern England and Nortlkgance) is not.

Combined wind, wave and tidal resource map for thé\tlantic Ocean area:
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[Source: ORECCA WP2 Report: ‘GIS Project & Calcidas’]

Figure 18: Resource map showing the combination of wind aadewesource, overlaid with the tidal
resource, for the Atlantic area. NB. The black amighlight where the tidal stream sites are lat,zae
it is difficult to see them at this scale.

It is clear from figure 18 above that there is ghhresource in the Atlantic Ocean area. The
region has a large amount of tidal stream reso(cwecentrated off the coasts of Ireland, the
UK and in particular, Scotland), as well as a lasggaount of combined wind and wave

resource. The areas of the most intense combined amnd wave resource are in the North
West of the region, as illustrated on the map lyhigh concentration of scenario 6 classified
areas off the North and West coasts of Ireland Scatland. A large amount of less intense
resource exists in the Southern part of the regéfrthe West coasts of Southern UK, France,
Spain and Portugal. Overall, a large amount ofhaife wind, wave and tidal stream resource
exists in the area and this presents a signifioppbrtunity to the sector. There are multiple
existing and planned test sites in wave (notabl$dotland, Ireland, Portugal, Spain, France,
and England) and tidal energy (notably in Scotland Northern Ireland) all along the Atlantic

N
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Coast reflecting the resource in this region. Hosvedespite the high wind resource there are
few offshore wind farms, with the exception of thieh Sea, due in part to the extreme wave
climate in the Atlantic and water depth greatenthi® fixed structures design depths. A large
opportunity for further exploitation of all threesources exists in the region, particularly in the
Northern part of the area.

Figure 19 below illustrates the sea depth acras#ttantic Ocean region.

Sea depth in the Atlantic Ocean region:
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[Source: ORECCA WP2 Report: ‘GIS Project & Calcidas’]
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Figure 19: Bathymetry map showing the sea depth through@uAttantic Ocean area.

As can be seen in Figure 19 above, most of thenAtlaDcean region is in relatively deep
water. There is only a small amount of the regidmctv is in water depths of less than 60m. In
the Northern part of the region, off the coastslrefand, the UK and France, there is a
continental shelf and therefore a reasonably cahstater depth with the majority of the sea
area in medium water depths of between 60m and 2Bi@wwever, as illustrated by the graph,
the majority of the sea area in the South Atlariit,the coasts of Spain and Portugal is in
deep water of greater than 500m water depth, eviamwelatively close distances from shore.
The areas with water depth suitable for fixed adfehstructures i.e. less than 60m, is limited in
this region with the exception of the French ceaxt the Irish Sea.

- The combined wind and wave resource (illustratedigure 18 above) which has been
identified in the Atlantic Ocean region is analyseith respect to distance from shore and sea
depth in the table on the following page.

N4
(ORECCA 40



SEA DEPTH AND DISTANCE FROM SHORE ANALYSIS — ATLANT IC OCEAN
AREA

In the Atlantic Ocean area, there is nearly 6000 (similar to the amount in the Nort
and Baltic Sea area) of sea surface area whichcilaasified as one of the six scenar
developed by the project. This nearly 600,000ksh area which met the previous
defined thresholds is analysed by distance fromeslhod sea depth in the two figur
below.

Area VS Distance From Shore Area Vs Sea Depth
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Approximately60% of the resource area is further tHEIOkm from shore. Therefore
deploying technologies to increase the possibladie from shore from 100km to
200km will more than double the area of resourcelwls potentially exploitable.

Approximately97% of resource area lies in water depths of greaar@0m. Therefore
to exploit the vast majority of the resources i@ &tlantic region, technologies to

facilitate deeper water deployments will be reqaiidacreasing the maximum sea depth
for which it is possible to deploy devices so th& possible to deploy devices in any
water depths will increase the resource area wikipotentially exploitable by more thar
thirty-fold.

[Source: ORECCA WP2 Report: ‘GIS Project & Calcidas’]
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Important points to highlight for the Atlantic Ocean resource:

» Large amount of high intensity resource, acrosshaife wind, wave and tidal,
particularly concentrated in the Northern partref Atlantic region, off the coastg
of Ireland, Scotland, the UK and France.

* Approximately 60% of the resource area in the negsdfurther than 100km from
shore and approximately 97% lies in water deptrgrediter than 60m. Therefore)
developing devices which can be deployed in watgthts of greater than 60m
will increase the potentially exploitable resouacea by more than thirty-fold.




5.3 AREA 3: Mediterranean and Black Sea

The Mediterranean and Black Sea region extends fraStraits of Gibraltar in the East, to
the Eastern edges of the Black Sea and Meditemapeesins in the East.

Combined wind, wave and tidal resource map for théd/lediterranean and Black Sea
area:
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[Source: ORECCA WP2 Report: ‘GIS Project & Calcidas’]

Figure 20: Resource map showing the combination of wind aadewesource, overlaid with the tidal
resource, for the Mediterranean area. NB. The harles highlight where the tidal stream sites are
located, as it is difficult to see them at thisleca

As can be seen from figure 20 above, the amoungswiurce in the Mediterranean and Black
Sea area is lower than for the other two regiomsstigated. Unlike the other two regions, the
Mediterranean and Black Sea region has seen dimgtgd amount of development across the
three sectors, and there is virtually zero curdeyployment of offshore wind, wave or tidal
stream devices. The area has a very low wave emesgyrce with the highest average wave
power in the region of approximately 6kW/m. Despitemoderate wind resource there is
relatively little measured data for offshore wind the Mediterranean and Black Seas,
especially in the south of the Mediterranean.

Tidal stream resources exist in the area, butiarged primarily to the Straits of Messina,
Bosphorous and Gibraltar. The combined wind andewagources in the area are of a lower
intensity than for the Atlantic and North Sea regioThere is no resource classified as the two
highest intensity scenarios, 5 and 6. However etieia reasonable amount of lower intensity
combined wind and wave resource concentrated imitetl number of areas shown in Figure
20 above. Opportunities still exist for the develgmt of the sector in the Mediterranean and
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Black Sea area, however, it is important to notat tthe levels of resource (whilst still
potentially exploitable) are not as high as inadkiger regions investigated.

There are however, two potential factors in the ¥Mechnean and Black Sea area which
should not be ignored:

1. A moderate wind resource exists in the region, ilesipe fact that the wave
resource is very low. Therefore, despite the faat bpportunities for combined
resource are limited, the wave loading in the ardebe much lower than for other
areas analysed and this might mean that the aveallisuited for test sites for
developing new offshore wind technologies.

2. Although the resource in the area is of lower isign this is coupled with the fact
that the environment is correspondingly less harghextreme. Therefore, devices
(specifically designed for the characteristicshaf &irea) could be designed to be
smaller and lighter, and therefore cheaper.

Figure 21 below illustrates the water depths actiosdVediterranean and Black Sea region.

Sea depth in the Mediterranean and Black Sea area:
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Figure 21: Bathymetry map showing sea depth throughout thditeleanean and Black Sea area.

As can be seen in Figure 21 above, a large pateoMediterranean and Black Sea area is in
very deep water of greater than 500m water dep#m aithin relatively close distances from
shore. Both Seas have very deep water with limstedlow water regions close to shore. There
are notable areas of shallower water, particuliarthe Adriatic Sea, in the Northern part of the
Black Sea, and off the coasts of Algeria and Wastebya. However, there is only a very
limited amount of the region with sea depths ofsléisan 60m. This creates issues with

\ P 43
(O_REGA



visibility of offshore structures from shore (anydd offshore structures would have to be
deployed very close to shore to obtain feasibleewdepths). Visibility is an issue in every
region, but is prominent in the Mediterranean amacB Sea region due to the fact that any
fixed structures are limited to areas very closshore. The region also has a protected sea-
grass which inhabits water depths of less than Z0nther limiting locations available for
fixed offshore structures.

- The combined wind and wave resource (illustratedigure 20 above) which has been
identified in the Mediterranean and Black Sea neggoanalysed with respect to distance from
shore and sea depth in the following table.

SEA DEPTH AND DISTANCE FROM SHORE ANALYSIS — MEDITE RRANEAN
AREA

In the Mediterranean and Black Sea area, therepsoaimately 200,000 kMm(this is
approximately one third of the amount which existseach of the other two regions
investigated) of sea surface area which was cladsids one of the six scenarips
developed by the project. It is important to highti that this 200,000 Khonly has the
lowest level of wave energy, (there are no aredls wave resource with greater than {15
kW/m of wave resource). Therefore, the opportusit@@ combined resource in the regipn
are limited.

The 200,000kr of area in the region which met the previouslyirkd thresholds is
analysed by distance from shore and sea deptle itwih figures below.

Area VS Distance From Shore Area VS Sea Depth
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Approximately33% of the resource area classified is further tha@dkm from shore.
Therefore, a large portion of the resources irréiggon are potentially extractable with
current technologies in terms of possible distdrnm® shore, and deploying technologigs
to increase the possible distance from shore fro@kih to 200km will only increase the
area of resource which is potentially extractalyl@pproximately 50%.

Approximately94% of resource area lies in water depths of grear@0m. Therefore
to exploit the vast majority of the resources ia hediterranean, technologies to
facilitate deeper water deployments will be reqaiidacreasing the maximum sea depth
for which it is possible to deploy devices so tih& possible to deploy devices in any
water depths will increase the area classifiedn@sad the six scenarios which is
potentially exploitable by more than twenty-fold.

[Source: ORECCA WP2 Report: ‘GIS Project & Calcidas’]
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Important points to highlight from the Resource Chater:

Approximately 50% of the available
offshore renewable resource in Europe is —Wave
wind, 46% wave, and 4% tidal stream. Tidal

Offshore Wind

There are 2 principal ‘hotspots’ where a
large amount of combined wind and wave
resource exists: | the Northern North Sea;
and Il the Western facing Atlantic
coastline.

From a project developer’'s perspective, these fladtsareas may not be the
most attractive for development in the short teBespite the high intensity
resources in these areas, in many parts the gddpart infrastructure are not
sufficiently developed, the water depths are higt the conditions (eg. wave
loading) are extreme. However, in the longer teand from a policy maker’s
perspective, there are large benefits to facititatthe exploitation of these
‘hotspot’ areas, and this is the major focus of tiliadmap.

Combined resource exists in other areas, sucheaSahnthern North Sea and
Baltic Sea, but the resource in this area is le@nse than in the other regions
identified.

Most of Europe’s resource across the three techiedois clustered in six
countries: Ireland, the UK, France, Norway, Portage Spain.

As a result of the relatively limited number ofesitwhere tidal stream resources
exist and the relatively low percentage of the lt&aropean resource which
tidal stream is responsible for, focussing on afasind and wave combined
resource is the most important overlap between three technologies—
However, it is alsomportant to highlight that the data which underghnes tidal
stream resource in the combined resource map#easetit in nature to the data
for the wind and wave resources for which Europeewgrids of data are
available. There is far less data available faaltgtream, and the data utilised is
based upon measurements made at sites which hamadstified as potential
locations based on their geographic conditions.

A large proportion of the resources in Europe areleep water and far from
shore. Whilst the amount of resource which is famf shore and in deep water
varies across the three regions analysed, acrasp&@approximately 80% of
the resource area classified as one of the sixasosnis in water depths of
greater than 60m and approximately 50% of the megoarea is further than
100km from shore.

(ORECCA.
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6 Finance

Finance is a critical consideration, especially &odeveloping industry such as the offshore
wind, wave and tidal energy sectors. Without goregntal support systems in place, offshore
renewables are not currently competitive in terrhsast of energy. However, they promise
large benefits in terms of carbon savings, eneegysty concerns, and economic benefits in
terms of jobs and supply chain creation. This mehast there is large governmental interest
across Europe in developing the sector. Theretotarge number of finance opportunities are
available, broadly divided into two distinct types:

1. Capital support/technology-push funding opportesitr such as grants or loans to
support activities within the sector.

2. Revenue support/market-pull funding opportunitiessuch as production based
incentives (PBIs) for electricity generated fronfisbbre renewable energy sources.

It is important to maintain a careful balance betwehese two types of financial support.
Whilst market-pull support is important to incerdir large scale deployment and achieve the
benefits derived from economies of scale, technefagsh support is equally important to
ensure the research and development of new tedjieslavhich could realise large cost
reductions and performance improvements for theosec

This finance chapter of the roadmap is split ii@e key sections:
1. Analysis of the current development funding langsctr offshore renewables
across Europe;
2. Analysis of the current challenges to attractingestment in the sector;
3. Analysis of the funding landscape in different coi@s across Europe to identify
funding gaps and opportunities.

6.1 Analysis of the current development funding landgsaand challenges to
attracting investment in the sector

When analysed across countries, the large vargmtammoss Europe are evident, and this is
illustrated in figure 22 below. In Figure 22, thenfling opportunities in each country were
analysed against three criteria which were idesdifdy industry as the most important factors
for any development funding programme:

1. High contribution of R&D and investment grants as apercentage of costs;
2. Grants specific to offshore renewable energy projes; and
3. Agreements with banks and private financial instituions to facilitate

increased access to finance.
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Funding opportunities for the offshore renewable eargy sector across Europe:
Total No. of | Average RD&D | No. of offshore No. of
funding grant contribution | specific funding agreements with
schemes | (% of project costs schemes banks
Belgium 4 41.50 1 0
France 7 28.75 0 0
Germany 5 50.00 2 0
Ireland 5 36.25 4 0
Italy 8 36.28 0 0
Netherlands 7 40.63 0 1
Poland 4 43.75 0 0
Romania 5 50.37 0 0
Spain 12 80.00 2 0
UK 11 58.75 7 1
[Data from ORECCA WP2 Report: ‘Investment and Gr@pportunities for Offshore Renewable Energy Ptsjét Europe’.]

Figure 22: Analysis of funding opportunities for the offshaemewable energy sector across Europe.

It is clear that the funding landscape for resedrctoffshore renewable energy in some
countries is more developed than in other countidé$erent countries emerged as leaders in
different factors. For example, the UK had the bgthnumber of funding opportunities

specific to offshore technologies, but Spain emengéh the most favourable average grant
contribution, as a percentage of the project costs.

This analysis is important to establish which coesthave the funding opportunities in place
which best fit with the industry needs to investtins sector. Identifying the gaps in the
funding landscape will reveal opportunities in Heetor.

Key Messages on development funding in Europe:

Some countries — such as the UK - already havétattve funding landscape for R&

in the offshore renewable energy sectors. Howelkecountries have areas which can |pe
improved on. Very few countries have funding oppoities specific to the offshor
renewable energy sector and even fewer countries Agreements in place with banks
and private financial institutions to facilitatecneased access to finance, two measyres
which have been identified as important to incasiing investment in the sector.

6.2 Challenges to attracting investment in the sector

A number of challenges to investment exist in tifshmre renewable energy sector and it is
important that these barriers are both understoodaaldressed. Currently, high risk profiles,
high costs and lack of reliable data on investnreturns and timescales inhibit risk averse
investors from investing in the sector, and thewefobtaining private sector financing is
difficult. To date, only offshore wind projects lebeen financed through project finance.
Because wave and tidal are still at project phgsescommercialisation, they are mainly
forced to finance through the developer’'s balarwets This presents a significant challenge
and endangers the sector’'s development. Actionshwtan be taken to reduce both risks and
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costs and make financing easier to obtain, wilhbeessary to facilitate the large investments
which are required. Three high priority actionsfaoilitate the required levels of investment
are outlined in figure 23 below.

Three high priority actions to facilitate the required levels of investment in the sector:

1. Ensure a long term market signal to increase invest confidence in investing
in the sector. Many policy actions can contribute to ensurings tfong term
confidence in investing in the sector. For exampbhereasing the amount of
specific funding allocated for offshore renewabitergy projects (this will also
avoid competition with other investments and allpelicy makers to steer the
sector in a specific direction);

2. Reducing costs in the sector to increase attractimess to investorsPrioritising
finance to reduce costs in the sector is importamd, the technology priorities fof
the sector are set out in the Technology chaptest (@duction potential was an
important criteria in this analysis). For exampleave and tidal technology
improvements have been identified as an area wigih Ipotential for cost
reductions in the sector;

-

3. Increasing access to capitalDifficulties associated with securing finance are
especially prominent for developing the first dgmhents of new technologies
(when reliable data on investment returns and @eperformance is limited) ang
for completing the construction phases of proj@etsen investors are exposed {o
higher risks). Securing finance, especially for sthehigher risk stages of
developmentremains challenging, and currently many developeesforced to
utilise primarily balance sheet financing, leaviteaygge companies with solid
balance sheets, or high risk investors as the uhawelopers in the sector. There
is a large need to create the financial condititmsttract financial investors
willing to support the developers all the way frgoject start-up, through tg
production. This could be supported by measurel asgcsoft loan programmes
and government underwriting of project risk. Comesidg that the majority of
governmental support schemes are targeting R&B, rdpresents a gap between
the funding available and the actual need in thekata

=0

Figure 23: Three high priority actions that have been idestifio facilitate the required levels of
investment in the sector.

Important messages on challenges to investment:

Removing barriers to investment in the sector igied to facilitate the development of
the sector. Lack of access to capital, especialling high risk stages of development hias
been identified as a critical financing gap for seetor; a gap between the funding
available and the actual need in the market. Meadior mitigate this barrier to the
development of the sector are important and incgalernment underwriting of project
risk to de-risk these high-risk development stages attract financial investors in to
support the sector.
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6.3 Analysis of the funding landscape which exists iaah country to identify
funding gaps and opportunities for the sector acsoSurope

Figure 24 reveals existing financing gaps, needsk @pportunities across Europe. The table
presents the production based incentives (PBIsMuch offshore wind and ocean energy
technologies are eligible for in different coungri@ very important factor when investigating
the opportunities for the sector which exist inxaeg country.

Analysis of the funding opportunities across Europ@nd across offshore wind, wave
and tidal:

Maximum Production Based Incentives (€/kWh) - available for
next 10 years

Country
Offshore wind Ocean Energy (wave/tidal)
Belgium 0.11 NI
France 0.13 0.15
Germany 0.15 NI
Ireland 0.14 0.22
Italy 0.18 0.34
The Netherlands 0.19 NI
Spain 0.10 NI
UK (excluding Scotland) 0.14 0.18
Portugal 0.07 0.26
Norway NI NI
Denmark 0.11 0.12
Scotland 0.14 0.28

NI: No Incentive available above the wholesale teieity price.

It is important to highlight that, where appropeathe data includes an assumed Europe
wide wholesale electricity price of 0.07 €/kWh.

[Data from ORECCA WP2 Report: ‘Investment and Gi@pportunities for Offshore Renewable Energy
Projects in Europe’.]

Figure 24: Analysis of the funding opportunities across Eg;agmd across the 3 technologies.

It is important to consider the funding opportugstpresented in figure 24 in the context of the
results provided by the resource chapter, andittid®e done in the following analysis. To
decide where attention should be focussed, it poimant to answer the question: where is
there resource availability but poor funding systemplace?

The table in Figure 24 reveals that all countriéh ihe exception of Norway have a PBI in
place for offshore wind. However, having a PBI lage is not sufficient in itself; the incentive
must be at a high enough level to promote investnmethe sector. Across the countries in the
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figure, the level of the PBI applicable for offsearind varies from 0.07 €/kWh in Portugal up
to 0.19 €/kWh in the Netherlands.

For ocean energy, only 7 of the 12 countries intéide have a production incentive in place.
The level of these incentives is also variablemf@.12 €/kWh in Denmark up to 0.34 €/kWh
in Italy. It is important to note that, of the sewveountries with a PBI in place for ocean energy;
for Denmark, the UK and France, the ocean energyi®Bomparable in magnitude to the
offshore wind PBI in the same country. Howevers tisi not the case in the Scotland, Italy,
Portugal and Ireland which have a PBI in placedoean energy which is significantly higher
than the PBI for offshore wind in the same countaking account of the high costs and
emerging status of the ocean energy sector. Tlgksehilevel of PBI for the ocean energy
sector in the countries identified is the result aofconscious decision by the respective
governments to support and encourage the develdprhére sector.

Establishing the level the PBI should be set atlieroffshore wind and ocean energy sectors
in order to be effective is not something which bandone in this roadmap. The PBI needs to
be high enough to give a positive return on investirfor projects and needs to be high
enough to allow the correct technologies to be ldgesl. Further research is required to
determine the level of PBI required to be effectiveach country, taking into account factors
such as resource intensity, distance from shorenaer depth.

As described in the Resource chapter of the roadthape are two broad principal ‘hotspots’
where a large amount of combined natural resouxcgsein Europe. The resource chapter
identified France, Ireland, the UK, Norway, Portugad Spain as the countries with the
largest available natural resource. However, timelifvg landscape will have to be in place to
ensure that the large opportunities presented &éyoffshore resources in these countries are
realized. In Norway in particular, despite having aitractive resource, there are no PBIs in
place to provide revenue support to the sectaothdnother countries identified, this may mean
that, the PBI needs to be increased, based orefurdsearch to identify the level required to be
effective in each country.

The influence of water depths and distance fromrestan the exploitation of available
resources represents an important inter-linkagdn Wibth the Technology and Resource
chapters of the roadmap. As identified in the Resoghapter, a large amount of the available
natural resource is at high distances from shoteiardeep water, particularly for countries
such as Norway which has a large resource, witmta@rity lying in deep water. Therefore,
to facilitate the exploitation of these large reses far from shore and/or in deep water, not
only will the necessary funding incentives haveb® in place to incentivise the required
investments, but funding will also have to be feamiso develop new technologies (such as
floating wind turbines or HVDC transmission) that¢ @apable of operating in the deeper water
or far from shore conditions.

The production based incentives in each countrnaanenportant determinant of how attractive
the sector is in each country to investment. Thei®B useful proxy for the finance landscape
and attractiveness of the sector in each countmviestors. This analysis is highly interlinked
with the Resource chapter of the roadmap andntp®rtant to ask the question:

Where is there a high concentration of natural resorce, but without the funding
and policies in place to make investment in the six attractive?
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Figures 25 and 26 below present the PBIs in eaahtopto reveal where any important gaps
exist.

Offshore wind: Production incentives across Europe:
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Figure 25: Offshore wind available production based incemti{feBIs) across Europe.

N.B. where appropriate, théata includes an assumed Europe wide wholesaltieiigcprice of
0.07 €/kwh. Where there is no production incengvailable, above the wholesale price, there

Is no bar visible on the graph.

Figure 25 highlights the PBIs of each country flisloore wind in further detail than the table
in Figure 24 above. Spain, Portugal and Denmarhkalk attractive natural resources but have
lower applicable production incentives. However flargest discrepancy illustrated in the
graph is for Norway which has an attractive rese\es identified in the Resource chapter) but
has no PBI in place to support the sector. Theelacgrrently unexploited natural resource off
the coasts of Norway represents a large opportuhitile necessary finance policies and
technologies can be developed. As discussed ifRR#@s®urce chapter, as well as putting the
necessary finance policies in place to supports#wtor, the exploitation of the large offshore
wind resource in Norway and other regions will rieguhe development of new technologies
to facilitate deployments in very deep waters aadffom shore. This therefore represents an
important linkage with the Resource and Technolduppters of the roadmap.

Offshore wind - production incentives - Key Message

Spain, Portugal, Denmark, and especially NorwayeHaw production incentives in
place compared to other European countries delspitieg attractive (or in the case of
Norway, very large) amounts of estimated availaessurce.
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Ocean energy: Production incentives across Europe:
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Figure 26: Ocean energy available production based incen{RB$s) across Europe.

N.B. where appropriate, théata includes an assumed Europe wide wholesaltrieiigcprice of
0.07 €/kwh. Where there is no production incenéivailable, above the wholesale price, there

is no bar visible on the graph.

Figure 26 above highlights in greater detail thigmre 24 the PBIs in place for ocean energy
across Europe. It is clear that Ireland, Italy,tgal and Scotland have the strongest PBIs in
place for the sector. This sets a strong marketasifpr the sector in these countries and will
help to attract investment in the sector and teelecate development. The figure highlights
two important discrepancies. The UK has one oftlost attractive natural resources for ocean
energy (as identified in the resource chapter)hastonly the 8 best PBI in place to support
the sector. Similarly to offshore wind, as hightegh in Figure 24, there is no PBI in place for
the ocean energy sector in Norway. Norway hasgelacean energy resource (as identified in
the Resource chapter), and addressing the finadieigs necessary to incentivise its
exploitation represents a large opportunity forghbetor.

Ocean Energy — production incentives - Key Messages

Many countries have little or no estimated avadattean energy resource (wave and
tidal) and therefore have a low or no producticzemtive in place for the sector.
However, several countries, particularly the UKarkge and Denmark have an attractiv
resource but a low PBI in place to encourage thksaion of the opportunity presented,

\1%4
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6.4 Key recommendations from this Finance chapter

The ORECCA roadmap recommends that EU and member ate administrations:

Maintain a careful balance between market-pull andechnology pushsupport
for the sectorto ensure that both large scale deployments a®areh into
technologies which could realise large cost redustifor the sector are supported

Maintain technology-push capital support measure$o ensure step change cost
reductions and performance improvements.

Ensure a long term market signal in all countries ¢ increase investor certainty in
the sector.

Develop funding opportunities (particularly production incentives) in line with
countries which are current leaders, in countries Wich have a less developed
funding landscape, but where a large resource exsst

Set up specific grant schemes for offshore RES instenents
- Clearly allocates funds to the sector and allgesernment to steer investments.

Specifically recognise within funding programmes tle emerging stage of
development that the wave and tidal stream energyestors are at.If significant
benefits from synergies between the sectors ave tealised in the medium term, the
development of the wave and tidal sectors will nieelde accelerated, and this will
require targeted funding.

Develop new risk sharing mechanisms to facilitatenvestment in the sector

- Government underwritten guarantees and utibsatif public funds as a form of
guarantee for private financial bodies can helmitigate risks, particularly in the
construction phases, and attract investors intGéoéor.

Continue to encourage cross border collaboration oRTD projects in the sector
to drive costs down and promote knowledge transfer.

Increase funding for demonstration projectsto accelerate the development of the
sector by ‘learning by experience’.

Provide targeted financing to support the developma of the necessary
technologies to facilitate deeper water and far frm shore deploymentgo
realise the large potential resource in these ¢immgdi identified in the Resource
section.

(ORECCA.
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7 Technology

Technology poses a number of challenges and oppteti for the offshore renewable energy
sectors. Many factors such as the affordability eeidbility of the technologies and devices

utilised by the sectors, will have a critical impaa its development.

The emerging status of offshore wind and oceanggnerchnologies creates considerable
challenges for its development. There is a needsttike a balance between trials and
deployments of advanced full scale devices whisb a@eveloping emerging designs and sub
components to ensure efficient and effective largtcost reduction as well as achieving high
levels of reliability and survivability. This is ue across offshore wind, wave and tidal

technologies and across European member staterigsunt

This technology chapter of the roadmap will setwee functions:

1.
2.

A representative, but by no means exhaustive, sugnmmfthe generic, cross technology

It will present a summary of the technology challes for the sector;
It will present technology development timelines limth the offshore wind sector and
the ocean energy sector. These technology develdptimelines will be focussed

around: device and system demonstrators; sub-coempginguidelines and standards;
and research and tool development.
It will provide technology recommendations to fdatle solutions to technical barriers
and ensure the successful development and deplayhtre sector in the future.

challenges for the sector is provided in figureb2iow.

Summary of the technology challenges for the sector

At present offshore renewable energy developmetivitgcis spread over a wid¢

variety of concepts and components, and at theebigbvel, offshore wind, wave arn
tidal current have distinctive development needihdugh this variety of device
design and experimentation is important, it mayat¥eroblems in terms of focussir
development and deployment investment and, herespgbed of commercialisatio

Across the sector as a whole, there is a needike st balance between design vari¢

and consensus, and the development of supply cbaimonality.

A number of generic technology areas and componentich as foundations

moorings, power take off (PTO), marine operationd eesource assessment — of
important opportunities for collaborative developiealthough the transfer g
knowledge and components within the developer conityiumay be limited due tq
commercial competition.

There is a need for more performance data and tpgexperience to feed back in
the overall development cycle, particularly for thave and tidal stream sectors whi
have relatively limited full scale experience ireasea operating conditions.

There are significant opportunities for knowledgensfer from other sectors, such

offshore engineering. Enabling this transfer wiNalve a better understanding of the
‘adaptation costs’ of transferring components ardhods to the marine environmennt,

and identifying opportunities for collaboration Wwibther industries and supply chg
partners to ensure the availability of cost effexgolutions.

Figure 27: Summary of challenges to the development of tfghofe renewable energy sectors.
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At the highest level, offshore renewable energhnetogy development and deployment will
require measures to address the underpinning geteehnical challenges as highlighted in the
figure 28 below.

Underpinning technical challenges the offshore remeable
energy sectors need to address:

Affordability
-
o

Figure 28: Diagram showing generic challenges involved indeeelopment of
the offshore renewable energy sectors. (SourceEb& gy Research Centre)

7.1 Deployment timeline

Every section of the roadmap is interconnectedhéodeployment timeline presented in figure
29. However, this technology section is particylatbsely linked and these inter-linkages will
be set out and investigated further in the follayections. The projected deployment timeline
for the ocean energy and offshore wind sectorseiterated in Figure 29 below, which
illustrates a pathway to achieve significant tasget offshore renewable energy installed
capacity by 2030. In the following sections thehtacal priorities for the sector map directly
onto this deployment timeline presented.
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Projected offshore renewable energy deployment tiniee:

2010 2015 2020 2025 2030

*

OCEAN ENERGY

FULL-SCALE DEMO
Ap—
SMALL ARRAYS (2 - 100W)
p—

LARGE ARRAYS (10 - 100MW)
B ————
UPSCALING OF PROJECTS

OFFSHORE WIND - Fixed Foundations

| LARGE ARRAYS (100+ MW) |

[ UPSCALING OF PROJECTS |

OFFSHORE WIND — Floating Turbines

—

SMALL ARRAYS (2 - 100

—

LARGE ARRAYS (10 - 100MW)

—— .

UPSCALING OF PROJECTS

-+

Figure 29: Projected deployment timelines for the ocean enéesgye
and tidal stream) and offshore wind sectors. (Sauadapted from the
UK Department for Energy and Climate Change (DE®@jine
Energy Action Plan 2010).

It must be highlighted that the offshore renewadergy targets set out in section 3.3
above will only be achieved through structured dedeployment, as illustrated in figufe
29 above, culminating in the deployment of sigmifit device arrays. In order to ensyre
effective development, deployment must be a pregresprocess, which is reflected |n
the Plan’s timeline. It must be emphasised thasdhdeployments are based ugon
favourable and continuous economic and politicahates being in place for marine
energy throughout the deployment period, as welltles addressing of technical
challenges highlighted in the remainder of thisptea

7.2 Technology Development Priorities

Although influenced by the resource, finance, istinacture and environmental elements within
this roadmap, the underpinning technology requirdgsare the main focus of this chapter.
This technology chapter of the roadmap is divideiw 4 main themes, which represent the
main technology development areas for Ocean ErendyOffshore Wind:

. Device and system demonstrators;
. Sub-components;
. Guidelines and standards; and
. Research and tool development.
N 57
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The activities within these four broad technologgvelopment areas are presented in figures
32, 33, 34, and 35 below; two technology developgntiemelines for the offshore wind sector
and two for the ocean energy sector. The four te@lclyy development timelines build and
expand upon two ETI (Energy Technologies Institutepdmaps which are focussed
specifically on the UK. However the prioritisatioaad the timelines have been adapted and
adjusted (based on review by the ORECCA partnarsyder to add a European context and a
cross technology focus. This approach is justifigdthe fact that in general, technology
challenges cross borders well. For example, ahiétiachallenge for offshore wind turbines in
Denmark will be identical to the same reliabilityatlenge faced in the UK or elsewhere.

In each of the four timelines, the technology depeient activities are illustrated, having been
prioritised into three different priority categmielepending on the assessed level of industry
need. This prioritisation was done with respedhsix criteria outlined in figure 30 below.

Prioritisation criteria:

Level of priority

Sector urgency Will failure to fund the activity stop immediate
deployments in the sector?

CAPEX cost reduction potential | What is the CAPEX cost reduction potential of
the activity?

OPEX cost reduction potential | What is the OPEX cost reduction potential of the

activity?

Unigqueness to the sector Is the technology unique to the sector or generic
across a number of sectors?

Existing funding level To what degree is funding already available for
the activity?

Impact on technical risk and How much would development contribute to

survivability overall system risk reduction and survivability?)

Figure 30: prioritisation criteria utilised to categorise thetivities in figures 32, 33, 34, and 35 below
according to their level of priority.

The three resulting prioritisation categories aispldyed in figure 31 below. If an activity is
classified as Priority 3, this doesn’t necessanlgan it is not an important industry issue, just
that it is not an immediate priority based on thecient utilisation of limited financial
resources to facilitate the development of theaseantthe most efficient way.

Underpinning technical challenges the offshore reweable energy sectors need to
address:

Bl Priority 1: High priority based on the assessnueitéria
| Priority 2: Medium priority
] Priority 3: Low priority

Figure 31: Key for figures 32, 33, 34, and 35 below, showtimg three prioritisation categories used to
prioritise the activities according to the assesdmsteria outlined.

In the following two sections, the technology pities are presented and then analysed; first
for the offshore wind sector, and then for the oceaergy sector. It is important to highlight
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that, for the subcomponents sections, the timelvik®nly represent the subcomponent
developments for thelgeneration of devices. Some of these subcompoekated activities
will have to be repeated for further generationdeifices.

7.3 Offshore wind

Individual activities within the offshore wind sectare mapped and prioritised against the
overall deployment plan whilst still grouped inteetoverall themes, and this is displayed in
figures 32 and 33 below.

Device & system demonstrators and sub-componentgrieline for the offshore wind
sector:

v

Device & System Demons trators

—

3" generation systéms optimisation

v

Sub-components

[ Vertical axis rotor ]

Super conducting

[ Permanent magnet ]

2010 2020 2030 2040 2050

Figure 32: Device & system demonstrators and sub-componangdine for the offshore wind sector.
(Source: adapted from ETI Offshore Wind TechnolBpadmap)
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Offshore Wind — device & system demonstrators andubcomponents - Key points:

It is clear from the figure above that five actie#t have been selected as priority 1, fhe
highest priority for the sector, based on the mstoutlined earlier:
- Offshore dedicated turbine system demonstration;
- Ultra reliable turbine demonstration;
- Large blade rotors (>150m);
- Jacket foundations; and
- Concrete foundations.

These activities will, between them ensure the gweent of highly reliable, large rotor
specifically dedicated offshore turbines with cefective foundations suitable for deep
waters. These developments are extremely impadactilitating large deployments in

the immediate to medium term.

D
—_

Guidelines & standards, research and tool developnmmé timeline for the offshore
wind sector:

v

Guidelines & Standards

v

Research & Tool Development

—_—

Novel energy storage research ]

—

Advanced material research ]

—

Advanced manufacturing research ]

-
| I I ] I | | I | (I
2010 2020 2020 2040 2050

Figure 33: Guidelines and standards and research & tool dpuwent timeline for the offshore wind
sector. (Source: adapted from ETI Offshore Windhhetogy Roadmap)
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Offshore Wind — quidelines & standards and researck& tool development - Key
points:

Four key activities have been selected as pridrjtyhe highest priority for the sectdr,
based on the metrics outlined earlier:
- Design standards (structural, mechanical, eled¢tiecatrol etc);
- Testing and installation standards;
- Health and safety standards; and
- Advanced drive train research.

The three sets of standards are important foreébtsg to build upon the existing IEC
TC88 standards and move the sector forwards. Stasmdathese areas will help to ensyre
that international best practice prevails. The aded drive train research activity is

important and will facilitate step change improvensean turbine design and structure.

7.4 Ocean Energy

Similarly to the analysis above for the offshorenavisector, individual activities within the
ocean energy sector are mapped and prioritisedisighie overall deployment plan whilst still
grouped into the overall themes, and this is disgaan figures 34 and 35 below.

Device & system demonstrators and sub-componentsrteline for the ocean energy sector:

2010 2015 2020 2025 2030

»
|

Device & System Demonstrators

Sub-Components

—

Power electronics ]

[ Generators (conventional) ]

»
»

Figure 34: Device & system demonstrators and sub-compongngditie for the ocean energy sector.
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(Source: adapted from ETI & UKERC (2010) Marine EyyeTechnology Roadmap).
www.energytechnologies.co.uk/Libraries/Related _Doents/ETI_UKERC_Roadmap.sflb.ashx)




Guidelines & standards, research and tool developnm¢ timeline for the ocean
energy sector (wave and tidal enerqy):

2010 2015 2020 2025 2030

v

Guidelines & Standards

—_—

H&S auidelines ]

—

Certification rules ]

[ Environmental auidelines / standards ]

Research & Tool Development

—

EIA tools ]

D

[ Site assessment tools

»
|

Figure 35: Guidelines & standards and research & tool devety timeline for the ocean energy
sector (wave and tidal energy). (Source: AdapteahfETI & UKERC (2010) Marine Energy
Technology Roadmap).
www.energytechnologies.co.uk/Libraries/Related_Doents/ETI_UKERC_Roadmap.sflb.ashx)
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Ocean Energy — quidelines & standards and researc& tool development - Key
points:

Six activities have been selected as priority &,highest priority for the sector, based on
metrics outlined earlier:

- Performance guidelines/specifications;

- Design of installation tools;

- Device modelling tools;

- Array design and modelling tools;

- Resource analysis tools; and

- Reliability modelling tools.

The development of performance specifications alibw international best practice to be
established in terms of device performance in gwtos. Designing tools to make installatio
of devices more efficient has the potential to hala&rge impact on installation and O&M
costs. The remaining four activities relate to depieg tools for modelling devices, arrays,
resource and reliability. Modelling these four agpevill be crucial to further increase the
understanding of the complex interactions involaed then incorporate this knowledge int

he

J

future device and system designs.

7.5 Synergies and Commonalities

Important technical synergies exist where technpldgvelopment activities can benefit all
three sectors. These areas of commonality are tanutoand could realise cost reductions and

accelerated development of the sectors. Some kegrgigs across the offshore wind,
and tidal sectors are outlined in Figure 36 below.

Technical synergies and commonalities in the offsi® renewable enerqy sectors:

Foundations: Wind and tidal stream energy use the same offsliosadation
structures, namely monopile and concrete caissdhfléating devices for offshore
renewable energy propose the use of the same stmaering technologies for offshor
structures developed by the maritime and oil argigdustries.

Array layout: The spacing of wind turbines in a wind farm mayde@ducive to
wave clusters located at each wind turbine in thenf Likewise the large spacin
between wind turbines may allow for the installatmf a wave energy array between t
wind turbine towers.

Mooring/Fixed Connection Point: Two renewable energy technologies col
potentially share a connection point and a fixedakee.g. wind turbine, could be used
a mooring or connection point for a floating teclugy such as a wave energy device.

Access: A wave energy device may provide increased actesbe wind turbine
either by reducing the wave climate at the offshawad turbine or by providing &
physical structure around the turbine through wisiater access could be achieved.

Reduced wave loadingA wave energy device may reduce the wave climatbea
offshore wind turbine which can provide increasezhtlier windows for access if place
in front of the wind turbine structure and couldaleduce wave loading on the structur

ad

wave

D

Figure 36: Technical synergies and commonalities which ex&tveen the offshore wind, wave and

tidal sectors.
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Key points to highlight from this Technology Chapte:

The major high-level technical challenges facing tifshore renewable energ

sectors relate directly to the deployment plan aath be summarized ag:

predictability, —manufacturability, installability, operability, survivability,
reliability and affordability.

This technology chapter of the roadmap is based&dhtechnology roadmap
then expanded by evidence gathered from ORECCAntdofy sub groups tq
give a European context.

Technical timelines have been developed for thehoife wind and ocean ener

vJ

y

y

sectors, and activities have been prioritised witihiese to meet the deploymgnt

plan set out.

7.6 Key Recommendations from this Technology chapter

The ORECCA roadmap recommends that:

Policies should be created to develop design ceosewithin the ocean ener
sector.

Policies should be designed which ensure that aksiple subcomponer
development activities are developed in a way stogwovide common solution
across the three offshore renewable energy sectors.

Policies should be put in place to provide guidssirior funding bodies to ensu
that allocation of development funding is in linéhwthe technical timelines an
priorities set out in the technology chapter o$ tliadmap.

For the offshore wind sector, policies and supmitould be put in place t
concentrate technology development activities tig priority areas:

- Offshore dedicated turbine system - Design standards (structural, mechanical,
demonstration; electrical, control etc);

Ultra reliable turbine demonstration; Testing and installation standards;
Large blade rotors (>150m); Health and safety standards; and
Jacket foundations; Advanced drive train research.

- Concrete foundations;

For the ocean energy sector, policies and supportild be put in place to
concentrate technology development activities ohig priority areas:

- 1% generation device and array trials; - Foundations and mooring systems;

- Performance data collection; - Wet HV connectors;

- Installation methods; - Performance guidelines/specifications;
- Recovery methods; - Design of installation tools;

- Cost effective O&M techniques; - Device modelling tools;

- 2" generation device development; - Array design and modelling tools;

- Control systems; - Resource analysis tools; and

- Energy conversion systems; - Reliability modelling tools.

Jy
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* A coherent and adaptive approach to policy witlarddo technology developmer
is ensured, across international energy arenas,prtivide an appropriat
combination of support mechanisms, and ensure teféecdistribution of
investments as the sector matures.
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8 Infrastructure

For the full commercialisation of the offshore remdle energy sector, a wide range of
facilitating infrastructure is necessary. It is ionfant to note that this infrastructure includes a
wide ranging offshore supply chain for the seckdowever, the entire supply chain will not

be considered in this roadmap which will focus be tffshore part of the supply chain and
infrastructure. From manufacturing infrastructurel @ssembly ports to grid connections and
vessels for installation as well as operation andintenance (O&M), the necessary
facilitating infrastructure can be broken down itiioee distinct categories which will be the
focus of this roadmap:

- PORTS & OFFSHORE SUPPLY CHAIN infrastructure;
- VESSELS infrastructure; and
- GRID infrastructure.

Critical infrastructure requirements will be iddid across countries, across regions and
across technologies along with key actions requioeduild on infrastructure opportunities.
The Resource section of the roadmap has highligtited‘hotspot’ areas where natural
resource exists. It is clear that infrastructuresetigpments across the three categories
identified above will all be necessary to faciktathe development of the sector in these
‘hotspots’. Mobilising the necessary facilitatingfrastructure surrounding these areas of
intense resource presents an immediate opportdoitycombined wind, wave and tidal
infrastructure development, and this should beges®d and acted on accordingly.

8.1 Port and Offshore Supply Chain Infrastructure

Ports are a critical part of the infrastructuredeskto facilitate large scale deployment of the
offshore renewable energy sector in the comingsyd?ort facilities are primarily required for
three functions:

» Manufacturing hubs;

= Assembly and load-out hubsand

= O&M and service hubs.

These different port functions within the offshorenewable energy supply chain have
different requirements. For example, the spatia mfrastructural requirements for ports to
undertake O&M work are lower than for the otheriainés and the main factors for port

choice are location and flexibility. The port reguments for an offshore wind assembly port
and an offshore wind-single site manufacturing assembly facility are described in Figure
37 below.
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Offshore wind port requirements for different functionalities:

Offshore wind assembly port Offshore wind single site manufacture and
requirements: assembly facility requirements:

« At least 8 hectares suitable for lay dowh | It is advantageous in terms of flexibility ang
and pre-assembly of product. logistical costs to locate the sector’s
manufacturing facilities coastally. Also,
technological developments (such as high
speed jack-up vessels and transfer-at-sea
technologies) could mean that single site

« At least 200m length of quayside with
high load bearing capacity (up to 20
tons/nf) and adjacent access.

« Gantry cranes with high lifting manufacturing and assembly facilities
capacities. become increasingly advantageous.

« Water access to accommodate vesselg d ¢ Up to 500 hectares of flat area for factory
up to 140m length, 45m beam, and 6m and product storage.

draft, with no tidal or other access

D * Direct access to a minimum length of
restrictions.

500m of dedicated high load bearing deep
« Overhead clearance to sea of 100m water quayside.
minimum (to allow vertical shipment of

« Ease of landside logistics and access to
large components such as towers).

skilled workforce.

[Source: DECC (2009) UK Ports for the Offshore Windustry: Time to Act]

Figure 37: Offshore wind sector requirements for port faigttof different functionalities.

It is important to note that these requirementsewsaveloped from interviews with offshore
wind stakeholde’s The manufacturing and port requirements are @eviglated, and
therefore the needs are different for fixed offeharind structures, floating offshore wind
structures, wave energy devices and tidal streawcee Due to the lack of technology
consensus around a specific type of device in tieevand tidal energy sectors, it is too early
to define the exact requirements for port and mectufing facilities for the sector. The port
requirements are highly dependent on the size (@eight) of the devices, the type of
foundations used, and how much draft the deviced e be towed to site (or the draft of the
vessels required). Therefore drafts in excess af,16ad out capacities in excess of 1500
tons over a wide span, and a range of other regemés over and above those set out above,
the current requirements of the offshore wind seetdl be required. As novel devices such
as semi-submersible floating wind turbines, or Itidavices with gravity foundations, are
utilised in the future, the port requirements weNolve with the weight, size and installation
requirements of the devices.

However, despite the fact that it is too early &dirne the exact details for port requirements
for the wave and tidal energy sectors (and for temhinologies such as floating offshore wind
devices), it is clear that the development of poefgesents an immediate major opportunity.
The Resource section of the roadmap has identiggions where ‘hotspots’ of natural
resource exist, and whilst avoiding details of gjpeport requirements it is clear that clusters
of port developments (across the three types dffpoility identified above) will be required
in these ‘hotspots’ areas to facilitate the deveeept of the sector.

® DECC (2009) UK Ports for the Offshore Wind Industry: Time to Act
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Where should ports for the offshore renewable engggctor be developed?

Due to the large geographical spread of likely comdb future developments, the
geographical spread of ports will have to be laigemany cases, ports and facilities will be
needed in locations not yet used for offshore gneeyelopments. The question of where
ports should be developed is usefully split intotw

1. In which areas or regions does opportunity exist talevelop ports and supply
chain infrastructure to support the sector?

2. Which individual ports within this area/region aree best suited to hosting the
necessary port and supply chain developments?

This roadmap will concentrate on answering thd bfghese questions, and analyse the port
requirements at the highest level, revealing wittegeopportunities exist across Europe.

The second question, deciding exactly which partdgl@velop, will require a more detailed
analysis, similar to the DECC (2009) study of UKtpdor the offshore wind sectSr At this
level of detall, it will be important to focus onree areas of opportunity:
- Developments focussed on where capacity for thehofe renewable sector
already exists;
- Developments focussed on ports which have high aigpaevoted to other
industries, such as container shipping; and
- Developments focussed on currently undeveloped sitech are suitable for new
developments to support the sector.

In the following sections, each of the three progeas will be analysed to reveal where the
opportunities for port development exist.

Port developments in the North and Baltic Sea area:

Many ports have already been used for offshore veind ocean energy and several ports,
particularly in Denmark and Germany (where thereaidigh concentration of industry
players), are already well established as manufagtiand assembly facilities for offshore
wind. Figure 38 overleaf shows that there are gelamumber of existing ports right across the
area.

9 DECC (2009) UK Offshore Wind Ports Prospectus
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Existing ports in the North and Baltic Sea area wi the resource ‘hotspot’ in the
region highlighted:
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Figure 38: Existing ports in the North Sea and Baltic ardze fatural resource ‘hotspot’ of combined
resource in the region, identified in the Resowegion of the roadmap, is highlighted in Red.

As identified in the Resource section of the roagnaalarge amount of combined resource,
particularly wind and wave, exists in the North Seal Baltic area. As shown in Figure 39
overleaf, the North Sea and Baltic area is alrdamiyie to a large number of both operational
and planned offshore renewable energy plants. Hekyévis important to note that these are
concentrated in the Southern part of the regionidéstified in the Resource section of the
roadmap, the highest intensity combined wind andema@source in the area exists in the
Northern part of the area, primarily off the coastshe UK and Norway. This represents a
large opportunity to the sector, to mobilise paoftastructure surrounding the Northern part
of the North Sea to facilitate deployments in thi®a of intense natural resource. The
reasonably close proximity of the ‘hotspot’ areathe large manufacturing and assembly
facilities clustered around the Southern North Bemns that the largest opportunity in the
area is for the development of assembly and O&Mt pacilities clustered around the
Northern part of the North Sea, closer to the ‘potsnatural resource. It is important to
reiterate that these developments must be madeiodntext of further research to consider
where ports need to be developed to support thiieeqon of offshore renewables in the
‘hotspot’ area in the most efficient possible way.
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Offshore renewable energy plants in the North Seanal Baltic area:
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Figure 39: Existing and planned offshore renewable energytpla the North Sea and Balltic area.

Important points to highlight reqarding port developments in the North and Baltic
Sea area:

» Large number of offshore renewable energy plantsr{iy offshore wind farms)
already deployed in the region particularly concaed in the Southern North Sea|

* The resource chapter identifies that a large amoucdmbined resource exists in
the Northern part of the North Sea. This represamésge opportunity for the
sector, developing clusters of port infrastructoréacilitate the exploitation of the
large amounts of resource in this area.

* Need further research to identify the most effici@ay to develop the port
infrastructure around the North Sea to exploit'timéspot’ resource.

Port developments in the Atlantic Ocean area:

As highlighted in the Resource section of the roagnthe Atlantic Ocean region contains a
large amount of high intensity natural resourceis fhimarily exists in the Northern part of

the area, off the West Coasts of the UK, Ireland &nance, with less intense but still

significant combined resource off the coasts ofispad Portugal in the South of the area. As
can be seen from Figure 40 overleaf, there arege laumber of ports in this region, with the
exception of the North and West coasts of Ireland.
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Existing ports in the Atlantic Ocean area with theresource ‘hotspot’ in the region
highlighted:
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Figure 40: Existing ports in the Atlantic Ocean area. Thetspot’ of combined natural resource in
the region, identified in the Resource sectiorhefrpadmap, is highlighted in Red.

Figure 41 overleaf shows currently operational plachned offshore renewable energy plants
in the region. It is clear that there are a largmber of planned deployments, particularly in
the Northern parts of the region. However, all entty operational deployments are limited
to the Irish Sea area. Therefore, a number of portee area, particularly in the Irish Sea,
have already been utilised for offshore wind deplepts. A large opportunity for the
development of ports exists in the area, partitplarthe North of the region, off the coasts
of Scotland and Ireland where the most intenseralatesource exists. The high level of
resource in this area, coupled with the relativegh distance to the large manufacturing and
assembly facilities clustered around the SoutheomttiNSea mean that there is a large
opportunity for the development of manufacturingilfaes as well as assembly and O&M
facilities.
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Offsh

ore renewable enerqy plants in the Atlantic Oean area:
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Figure 41: Existing and planned offshore renewable energgtpla the Atlantic Ocean area.

Impo

rtant points to highlight regarding port developments in the Atlantic Ocean

area.

A limited number of offshore renewable energy pdgmainly offshore wind) are
already deployed in the region primarily concemtan the Irish Sea.

The resource chapter identifies that a large amoucombined resource exists in
the Atlantic region, particularly off the Westerrcing coasts of Scotland, Ireland,
the UK, Portugal and Spain. This represents a lapg@rtunity for the sector,
developing clusters of port infrastructure to faaie the exploitation of the large
amounts of resource in this area.

Need further research to identify the most effiti@ay to develop the port
infrastructure to exploit the ‘*hotspot’ resourcdlie region.

Port d

As shown in Figure 42 overleaf, there are a langmlver of existing ports, along all coasts of
the Mediterranean and Black Sea area. However important to highlight that, as identified
Resource chapter of the roadmap, there iandedl natural resources in the
Mediterranean and Black Sea area. Tidal resourdss ia a number of locations, however,
the intensity of the wind and wave resources inrfggon are in general, much lower than for

in the

evelopments in the Mediterranean and BlackaSeea:

the other two regions analysed.
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Existing ports in the Mediterranean and Black Sea gea:
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Figure 42: Existing ports in the Mediterranean and Black Be@a. As identified by the Resource
section of the roadmap, there are no ‘hotspotsbafibined natural resource in the region.

It is important to highlight that there are curtgmnio operational offshore renewable energy
installations in the region, and this is illustichie figure 43 overleaf. However, despite this,
the figure shows that there are a number of siteleiuconsideration, particularly for offshore
wind. A moderate wind resource exists in the reglespite the fact that the wave resource is
very low, so the opportunities for combined researare limited. However, this less harsh
environment and reduced wave loading may meartlieadrea is well suited for test sites for
developing new offshore wind technologies.

As described above, the natural resources whickt @xithe Mediterranean and Black Sea
area are of lower intensity than in the ‘hotspoé&as identified, and they are therefore are not
a priority for the sector over the short to meditemm. However, as the sector becomes more
mature and costs fall, the area may present opubési for the sector as a secondary market.

Despite being a lower priority for the sector, gmdsenting a more limited opportunity, ports
will still need to be developed in the area tolftate offshore renewable energy deployments.
These deployments will not be on the same scala #se other regions identified, as the
amount of natural resource available and the intied this resource is much lower. The
development of ports in the region is also likeyoe constrained by the complex terrains and
high population density surrounding a large numbérthe ports to the North or the
Mediterranean basin.
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Offshore renewable energy plants in the Mediterranan and Black Sea area:

LEGEND
————— EEZ WIND FARM
EU-27 & under consideration
EFTA CURRENT PLANT
a ® non operational

WGS 84 WORLD REFERENCE SYSTEM

[Source: ORECCA WP2 Report: ‘GIS Project & Calcigas’]

Figure 43: Existing and planned offshore renewable energytplim the Mediterranean and Black Sea
Area. There are no currently operational planthéarea.

Important points to highlight reqarding port developments in the Mediterranean
and Black Sea area:

» There are currently no operational commercial affstrenewable energy plants in
the region.

* No ‘hotspots’ of combined resource have been ifledtin the region. The area
however, whilst not being the principal priorityeas of opportunity for the sector,
still has resource which can be exploited. In thertsand medium term, limited
resources in the sector should be focussed orhtiisgot’ areas where the highest
intensity combined resources have been identifisdhe sectors develop, costs afe
reduced, and experiences gained, areas of lesset®mbined resource will form
important secondary markets for the sector. Theedftey are not immediate
priorities for the sector, as the largest oppottesiexist elsewhere, but they still
harbour an opportunity which should not be ignaveer the longer term.

* Opportunities for developing clusters of port istraicture to facilitate the
exploitation of combined resource ‘hotspots’ idBeti are much more limited than
for the other two regions.
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Offshore Service Hubs:

The concept of offshore service hubs representarge |l opportunity for the sector. As
identified in the Resource section of the roadnaafarge proportion of the available natural
resource in Europe exists far from shore. To exglos resource, cost reductions could be
achieved if different functions could be housedbag of an offshore service hub. This hub
could take various roles, including:
1. Solely accommodation focussed hub housing O&M caend their vessels and a
helipad for efficient transport of crew and smajugpment;
2. A more developed service hub with workshops, s®rapace for spare
components and equipment and docking areas totdeildeliveries of large
components;

This concept could also be expanded to allow thethuake on a more developed role in the
construction phase of nearby deployments whichrigsponsible for servicing.

Key messages — PORTS

Port infrastructure developments should be focussednd the two key resource
‘hotspots’ identified where large amounts of higtensity resource exist:
1. The Atlantic Ocean region, off the Western faciogsts of Scotland, the UK
Ireland, Portugal and Spain; and
2. The Northern part of the North Sea, off the coaéScotland, the UK and
Norway.
-Clustered port infrastructure should be develapddcilitate the exploitation of the
large amount of combined resource which existbése areas.

The four countries with the largest resource endemtniNorway, Ireland, the UK and
Scotland) should prioritise further detailed stsdiguch as the DECC (2009) UK
Offshore Wind Ports Prospectus) to plan the fireais of how these clusters of port
infrastructure should be developed.

It is important to note that this approach to timigkabout port infrastructure in a
coordinated way, aiming to develop clusters of padrastructure to facilitate the
exploitation of ‘hotspots’ of resource identified,new and has not yet been utilised. T
is an important approach for the sector to enwakthe necessary facilitating
infrastructure is developed in the most cost eiffecand efficient way possible.

S

8.2 Vessels Infrastructure

There are four distinct types of vessels are dlitic the sector:
= Transport vessels;
» Installation vessels;
= Cable installation vessels; and
= O&M vessels.
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The currently most popular model of offshore enepignt construction utilises separate
manufacturing and assembly ports. Therefore trahspessels are utilised to transport
components to the assembly ports, and the installaessels then shuttle the devices to the
nearby development site and finish the constructidowever, it is important to note that
other potential models could be facilitated by tembgical developments such as high speed
jack-up vessels and technologies for transfer-at-3énese developments could alter the
requirements for different types of vessels forgbetor.

Transport and installation vessels:

There is a large synergy between the three offstearewable energy technologies and also
with the offshore oil and gas sector with regard ttansport and installation vessels.
Multipurpose vessels continue to lead the markesséls such as jack up barges and heavy
lift vessels are flexible and can be used by a remuf sectors. Vessels also have a
geographic flexibility to travel to different areas work. For example, they could be
developed for the offshore renewable energy sectBurope, but, they are flexible enough to
move around the globe to work in different sectqarticularly the offshore oil and gas
sector, as the market dictates.

Despite the large usage of multipurpose vesselscdra be used across sectors, specialised
vessels for the installation of offshore wind tmds have also been developed. The high
deployment rates and long term investor certaintythe offshore wind sector has been
necessary to achieve this. In offshore wind, tloemétrend in terms of vessels has also been
away from having separate vessels for the instaflabf towers, turbines, foundations and
cables, towards large scale vessels which aretabtarry out all of these functions. This
trend favours the largest vessels which are evém tabcarry multiple pre-assembled wind
turbines.

As the offshore wind, wave and tidal energy sectomress to deeper waters and further
from shore, the installation vessel requirements eliange. Therefore, it is useful to break
down the synergies between the three sectors wegpect to installation vessels in terms of
synergies for shallow water installations and sgies for deep water installations:

1. Shallow water installation vessels. Fixed structofishore wind turbines, fixed
structure tidal devices, and shallow water wavelaepents all have similar
requirements, and these deployments in shallow ravatean utilise common
installation vessels.

2. Deep water installation vessels. As we progressatdsvfloating offshore wind
structures, and wave and tidal devices deployedesp waters, the installation
vessel requirements will be different to those $tiallow water deployments.
However the requirements (such as dealing with aischension leg platforms,
mooring deployments etc.) will be similar acrose three sectors, and therefore
synergies will exist with respect to installatioesgels for these deep water
deployments.

It is important to highlight that, in contrast tbet installation vessel synergies identified
above, for a range of deep water offshore wind @rebn energy technologies, specialised
installation techniques and vessels are under dprednt. These include, amongst others,
catamaran type transport and installation vessgispped with heavy lift winches and
transport and installation equipment for spar tffpating wind turbines. Such solutions have
the advantage of being very efficient for the deatgd purpose but cannot be used to install

77



other technologies. The balance of risk is affecteg the decision to use
specialised/dedicated, technology specific indialta vessels, in contrast to the generic
solutions as described above. Some risks are rddsaeh as risks of detrimental competition
for installation vessels with other technologiesl ather sectors, while other risks, such as
those associated with making a large vessel invadtitinat is tied to the fate of a particular
technology, will be increased.

Foundation installation vessels:

Synergies exist between the offshore wind, wavetatad sectors, where similar foundation
types, such as gravity foundations or monopilesused. These synergies are projected to
increase further as the sectors progress into deeger and further from shore. The mooring
technologies and solutions, and consequently thedation installation techniques will
become increasingly common across the three seatotkey progress to deeper water and
novel devices such as floating offshore wind tuekietc.

Cable installation vessels:

There is large synergy across the sectors. Cabtallation vessels are the same for each
technology, and more related to the seabed conditiman the type of technology.

O&M vessels:

O&M vessels is an area where large synergies cexilst across the sectors, depending on
design. The small type of vessels often utilisezl\ary versatile and able to adapt to a range
of roles across a number of sectors. This aregradrgy is highly dependent on the design of
devices. If wave energy and tidal stream devicedasigned to be accessed at sea, similarly
to offshore wind turbines, the synergies could lgmiScant. However, if wave and tidal
devices are designed to be towed to port for maartee requirements, the O&M synergies
with offshore wind will be significantly reduced.

Synergies or competition?

Synergies have been identified for all four typéseassels. However , it is important to note
that, while this means that the sector can takamtdge of vessels developed primarily for
use in a different sector, and can share vesseissasectors and across regions, it also means
that there will be competition. For example, thetsewill have to compete with the offshore
oil and gas sector, not only for vessels, but &sdhe expert crew required to operate these
vessels. This may have time and cost implicatianrstifie sector, and it requires careful
consideration.
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Key messages — VESSELS

* Synergies exist for shallow water and deep watgallation vessels. However,
these vessels are primarily multipurpose (suclaesyp barges and heavy lift
vessels) which can be used by a variety of secitwsefore it is important to
ensure that useful synergies in terms of instalhatiessels do not manifest
themselves as detrimental competition to the sgctor

* Cable installation vessels represent an immediabghjoitable synergy between
the sectors.

» Vessels suitable for deployments in more extremathex conditions will need to
be developed. By focussing developments in are@aserdombined resources
exist, conditions such as wave loading will be mgaater than for the locations
of many current offshore wind deployments. Vestmigonstruction and O&M
will have to be developed to take account of threeee extreme conditions.
Increasing the weather window for which it is pb#sito operate construction or
O&M vessels is also likely to reduce costs.

8.3 Grid Infrastructure

The grid connection requirements are a significamallenge for the three sectors. As
identified in the Resource section of the roadntap, principal hotspots with a large amount
of high intensity combined natural resource exigEurope:
- The Northern part of the Atlantic Ocean Region,tb# coasts of the UK, Ireland
and France.
- The Northern part of the North Sea, off the coaéftdorway and the UK.

It is important to answer the question: what aeerttain grid challenges which will have to be
overcome to realise the potential in the ‘hotspoéas indicated, and which areas have high
combined resource level but limited grid capacity® take advantage of the opportunities
presented by developing the offshore renewable ggneector to exploit these natural
resources, significant grid infrastructure will te®uired. As shown in Figure 44 overleaf, the
grid infrastructure across Europe is centred arotived centres of population, and at its
weakest in the areas where some of the ‘*hotspat£dmbined resource have been identified,
particularly off the North and West coasts of IrelaScotland and Norway.

79



Electrical transmission grid and combined resourcéhotspots’ across Europe:
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Figure 44: Map of the high voltage electrical transmissioid gaicross Europe, with the ‘hotspots’
highlighted in red where are large amount of higtemsity combined natural resource (across wind
wave and tidal) exists. (Source: Adapted from Gl&reergy Network Institute, www.geni.org)

The integration of significant penetrations of eyemgeneration from ocean energy and
offshore wind into the European electricity gridllwvhave large implications beyond the

physical capacity of the grid infrastructure. Agarcontributing factor to this is the variability

of power production, which varies according to Wlaeability of the primary resources and is

therefore very different across the offshore windyve and tidal sectors. Integrating these
energy sources into the grid whilst ensuring séguaf supply, especially as large

penetrations are reached, is likely to require &mental changes in the way the electricity
system is managed.

Developing smart grids to predict and respond ® libhaviour of all electric power users
connected to it — suppliers and consumers alike wall as increasing the role which storage
providers and demand response play in managingdrielgc systems, will be of the utmost
importance. To complement this, it is also highmhportant to improve the accuracy of short-
term predictions of the availability of offshorenesvable energy sources and their energy
production.

A number of important studies are focussed on &irthvestigating issues surrounding grid
infrastructure developments. These include the GFFSE GRID project* which focuses
on the issues surrounding the development of amofé grid in Northern Europe.

M www.offshoregrid.eu
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Key messages — GRID INFRASTRUCTURE

Grid developments to facilitate and support thgdascale deployments necessary to
exploit the ‘hotspot’ areas where large amountesburce have been identified are
twofold:

1. European level grid developments. The main priontshis regard is to
develop a more advanced and interconnected gndeleet countries to
facilitate the developments. In areas such as théN6ea which is bordered
by a large number of countries, European levelmptanwill be required to
ensure that offshore grid developments are optohisesupport the sector.

2. Nation state level grid developments. The mainrggyian this regard is
increasing the grid capacity in regions where ‘pots’ of resource have beer
identified, but the current grid infrastructura@nadequate. The four priority
areas in this regard are:

i. The North and West coasts of Ireland;

ii. The North, West and East coasts of Scotland,;
iii. The North and West coasts of Norway; and
iv. The East and West coasts of the UK.

[Some of the coastline in the ‘hotspot’ areas idiext, such as the Western facing
coastline of Portugal, already has grid infrastriteein place to facilitate
significant deployments.]

Co-location and grid infrastructure synergies:

Currently, offshore wind, wave and tidal energyhteaogies are relatively immature. In the
short term, it is therefore generally seen as tydo deploy combined platforms, with a
single structure exploiting natural resource fromltiple sources (eg. a wind-wave device),
until significant amounts of research and modeltmgnderstand the complex interactions for
combined platforms is completed. However, combipkdforms present a large opportunity
for the sector in the longer term and this shoultlhe overlooked.

Despite the current immaturity of combined platferas a concept, co-location of devices can
realise significant benefits with respect to infrasture. As identified in the Resource section
of the roadmap, the most attractive combined nhktgsource in existence in Europe is
combined wind and wave resource, and this presaritgge opportunity. There are two
principal benefits of co-locating devices (so, éxample, an array of wind devices and an
array of wave devices either exist in the same area closely adjacent areas):
1. Joint utilisation of a single electrical infrasttue (which will allow cost
reductions and smoothing of power output from thialsined farm).
2. Potential joint utilisation of O&M teams, vesselsdainfrastructure (this relates
closely to the ‘offshore service hub’ concept métl above).

As well as co-location, there are other grid ininasture synergies between the three
technologies; offshore wind, wave and tidal. Thelseuld be prioritised as areas which will

have a large impact on accelerating not just onealbthree of the offshore renewable energy
sectors. Important synergies include:
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- Submarine cables;

- Marinisation of technologies;

- Development of HVDC allowing power transmission iohkagge distances;
- Technologies for electrical connections to floatpgtforms; and

- Offshore substations.

Key messages — CO-LOCATION & GRID SYNERGIES

» Co-location of technologies represents an impoapbrtunity for the sectors
over the short term. The principal benefits arenfishared electrical infrastructur,
and shared O&M teams, vessels and infrastructumes. dould help to reduce
costs.

D

* There are important components of grid infrastrrectievelopments which are
common to all three offshore renewable energy secidhese should be
prioritised as any efficiencies achieved will havkrge impact across the sectofs.
— Offshore floating or sub-sea substations aremgoitant example, and will be
extremely important for all three offshore reneveadshergy sectors (and have
large cost implications).

8.4 Key recommendations from this Infrastructure chapter

The ORECCA roadmap recommends that:

* Port developments should be clustered to expleait th
two broad regions where ‘hotspots’ of combined
resource exist.

» Further research should be conducted to conside
where ports need to be developed to support the
exploitation of offshore renewables in the ‘hotspot
areas as efficiently as possible.

e Countries around the resource ‘hotspot’ areas iiieshtshould conduct further
detailed port infrastructure studies (such as tE€D (2009) UK Offshore Wind
Ports Prospectus) to determine how their infratinec clustering should be
optimised.

» Countries - particularly Norway, Ireland and the UKeed to prioritise important
grid reinforcements to facilitate large scale dgpients of offshore renewable
energy in the ‘hotspot’ regions where large amownhtsigh intensity resource has
been identified.

e The European Commission need to prioritise grid etpments and
reinforcements to improve interconnections acrosgsofe to optimise the
exploitation of the resource ‘hotspots’ identified.
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The necessary infrastructure is prioritised to lfeate the progression to
deployments further from centres of populationtHer offshore, and in deeper
waters. This infrastructure will be across griditp@nd vessels. As outlined in the
Resource section of the roadmap, this progressiaital to ensuring that a large
portion of Europe’s theoretically available resaurdecomes potentially
exploitable.

Efforts should be focussed on the co-location chmelogies to exploit areas of
combined resource in the most efficient way (jaittisation of grid and O&M
infrastructure).

The development of the ‘offshore service hub’ is@maged as a concept to realis
synergies from co-location of technologies and cedthe costs associated with
deployments far from shore.

D
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9 Environment, Regulation and Legislation

Legal and regulatory issues surrounding environaigmbtection will have a large impact on
the rate of development and sustainability of affsirenewable energy. This roadmap’s
principal focus is pan-Technology and pan-Europaad,therefore, in this section, particular
attention is paid to how knowledge can be transtefrom countries which are at a more
advanced stage of development with respect to aftstenewable energy technologies, and
how knowledge can be transferred between the nbg@e and tidal stream sectors and the
more mature offshore wind sector.

This chapter of the roadmap will focus on threaqpal aspects:

- The current regulatory and legislative frameworlEurope (a detailed analysis
of the national regulatory and legislative framekgoacross Europe will not be
conducted, rather a high level approach will beetato highlight where gaps
exist across countries).

- Key current and projected environmental impacts.

- Important environmental and regulatory/legislati'geommendations.

Key gaps, needs and required actions are identdi@dss regions, across countries, and
across the three technologies: wind, wave and sttabm. For example, the issues faced in
the Mediterranean area with predominantly deep nvate significant existing deployments
and limited research data on environmental impadtsbe very different to the issues and,
therefore, priorities in other regions. Prioritysearch areas are highlighted, and the time
evolution of requirements is reported. As the indugprogresses (for example, further
offshore and into deeper waters) the environmeassales of most concern will change, and
cumulative impacts are expected to become incrglgsimportant.

9.1 Existing legislation at the European level

European legislation that applies to offshore wimdyve and tidal energy is principally
constituted by four closely related Directives:

» Strategic Environmental Assessment (SEA) Directive- applies to strategic
programmes and plans, such as national plans ér type of offshore renewable
energy and requires that environmental impactadaetified and integrated into
the programme and the plan at the planning stagprofpriate national authorities
will have to complete SEAs ahead of any significdevelopments. An SEA
focuses on identifying the ‘likely’ significance ¢gbotential’ effects and should
therefore be useful to any developer in selectisgeaand preparing for an EIA.

* Environmental Impact Assessment (EIA) Directive Offshore wind projects fall
into Annex | of the Directive, and therefore an B¥compulsory. For wave and
tidal energy projects, the requirement for an EB\ dependent on whether
significant environmental impacts may occur.

« The Habitats Directive and the Wild Birds Directive (which require the
conservation of natural habitats and wild birdpeesively) are both referred to in
the EIA Directive. This provides that the enviromts sensitivity of sites
designated under the Birds and Habitats Directivieich are likely to be affected
by development projects must be explicitly covearedn EIA.
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As well as these four Directives, there are othasre recent legislation that will also affect
offshore energy. These include:

 The Water Framework Directive — aims to achieve good ecological and chemical
status of freshwater, transitional and coastal matln order to comply with this
directive, offshore renewable energy projects gthowmlot contribute to the
classification of the water body falling below ttegegory ‘good'.

* The Marine Strategy Framework Directive (MSFD) — aims to achieve ‘good
environmental status’ of the EU’s marine waters26¢0. This is determined on the
basis of qualitative descriptors contained in Annkxof the Directive. These
descriptors include maintenance of biological duwgr concentrations of
contaminants at levels not giving rise to polluteffects; and introduction of energy,
including underwater noise, at levels that do ndveasely affect the marine
environment and consequently will have implicatidois offshore renewable energy
devices.

» Offshore wind is also affected layrspace legal requirements

It is important to note that, given the importangke EIAs and SEAs, identifying key
environmental issues is not sufficient in itselfamdging impacts by identifying measures to
avoid, minimise, reduce or compensate for adveffeete and environmental monitoring are
also integral parts.

9.2 Regulation and legislation at the national level

Each country within the EU is responsible for tigssng EU legislation into their respective
legal system, as well as implementing their owrerlging processes for the consenting of
projects. National legislative frameworks refldot £U Directives, but often there is variation
between how countries administer such legislategiirements and many associated policies
are at different stages of development in diffeanntries.

Adaptive Management:

Adaptive management is an iterative process ofnggtidecision making in the face of
uncertainty, aiming to reduce uncertainty over tifRegulators and legislators are presented
with uncertainty with regard to the offshore winddaocean energy sectors due to their
relatively early stages of development and the tfsat not all impacts are yet known and well
understood. However, the offshore renewable enesggtor lends itself well adaptive
management or a ‘deploy and monitor’ approach whata obtained from early deployments
— particularly demonstration projects — provides thput which is used as a basis for
legislation and regulation decisions. The principsdson the sector is well suited to this
approach is the fact that deployments in the ses®incremental. As the sector moves from
prototype devices, to small arrays, and eventualddium sized and large arrays, there is
much opportunity for learning and the gatheringrdbrmation. Regulators and legislators
should be able to take large comfort from thisthis vein, demonstration projects should be
encouraged to obtain reliable data to inform fupwkcy, regulation and legislation.

Maritime Spatial Planning (MSP):

The principal purpose of Maritime Spatial Planniago optimise the use of maritime space
to benefit both economic development and the magimaronment. Comprehensive spatial
planning is a necessary and an important step tsmaonsidering all environmental issues,
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and Maritime Spatial Plans, based on a common apprare urgently required in all EU
Member States. In this context the European Comoms$eveloped a roadmap for MSP in
2008 to facilitate the development of MSP by Mem®tes. This contains key principles for
MSP and seeks to encourage the development of moarapproach among Member States.
In December 2010 the Commission adopted the Convation ‘Maritime Spatial Planning

in the EU — Achievements and future developmerttisToncludes that action is now needed
at EU level and in this regard an impact assessimEnbeen launched to explore a range of
options to promote and develop MSP and Integratems@l Zone Management (ICZM). The
outcome of this work will be presented in late 2011

Maritime Spatial Plans are an important tool fociabcohesion, industrial development and

environmental protection and are important to ¢ifety manage the interaction between

offshore renewable energy systems and other usdtesea. MSPs also need to consider
cumulative effect€ and far field effectS, which are both extremely important for the sector
In some countries, plans exist, or are in an ad¥istage of development. If it is not possible
to complete a national or regional statutory MSHEnre ahead of significant developments in

the sector, non-statutory national or local guidgamay suffice. Figure 45 overleaf outlines a
best practice example from Scotland in this circiamse.

“One stop shops™

In all countries many laws will apply to offshorenewable developments (laws on

environmental protection, electricity, coastal pation etc.). Currently, in many countries,

the planning and consenting processes are not igptinfor offshore renewable energy, with

different requirements (such as submitting an BlBtaining planning permission, obtaining a

licence to generate, obtaining a grid connecti@ence, etc.) implemented by different

organisations such as government departments atategs. Streamlined planning processes
are important to accelerate developments in thtoiseand are already at various stages of
implementation in some countries. Some countries ledready developed ‘one-stop-shops’
for offshore renewable energy projects, with a lgirgrganisation responsible for providing

guidance through the administrative process. Anmgta of best practice in this regard is

described in figure 45 overleaf. There are two ingott principal aspects of a ‘one-stop-shop’
being placed at the centre of a marine consenyisigsh:

1. Guidance should be readily available on the applectaws and processes to
provide current information necessary to comply hwikegislation and
regulation; and

2. A single organisation is responsible for providitigs advice and guiding
project developers through the planning and comsgprocess.

2 A cumulative effect can be defined as one resyléither from different activities at the same gitaulti-
activity), or a similar activity at more than ongegmulti-site), such that the effect could notdaculated by
considering each activity in isolation.

3 Far field effects are effects of an activity fesrh the location of the activity.
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Example of best practice for MSP and ‘One stop sha&:

Scotland’s'Pentland Firth and Orkney Waters Marine Spatial Plan Framework and

Regional Locational Guidance for Marine Renewable BEergy” is a non-statutory
guidance document which was drafted in 2009 to@wdve and tidal developments
Scotland, in the absence of a statutory nationaP M&hat time.

- This is a good example of comprehensive guidéssiged where a statutory plan coy
not be completed ahead of significant development.

[Available at:http://www.scotland.gov.uk/Publications/2009/06/28%19/Q

In Scotland, advice on the applicable laws and ggses for offshore renewable enel
projects is readily available through a single atitlh, Marine Scotland. This advic
includes three principal documents:

* “Marine Renewables Licensing in Scotland” (Marineoand Topic Sheet no. 11

(http://www.scotland.gov.uk/Resource/Doc/295194/@BPpd);

* “The one stop shop for marine licensing in Scotlaimroduction of the Maring
License, April 2011 (Marine Scotland Topic  Sheet 0. n 80)
(http://www.scotland.gov.uk/Resource/Doc/295194/0BBpd); and

e “Scotland's Marine Atlas — ‘Information for the MNatal Marine Plan”
(http://www.scotland.gov.uk/Publications/2011/03/88005/0. This document

outlines some important environmental impacts amdaiuseful example of an

informal statement of priorities that underlies tikely requirements of an EIA fo
offshore renewable developments in Scotland. -@mguidance would be usefl
throughout the EU.
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Figure 45: Scotland as an example of best practice with igpeMaritime Spatial Planning

and issuing guidance on applicable laws, procems@sequirements for offshore renewable

energy projects in a ‘one stop shop’ fashion.

Key points to highlight:

» The offshore renewable energy sector is well suitie to the incremental nature
of deployments in the sector) to an adaptive mamagé approach where the
information gained from early deployments is useduide future regulation and

legislation.
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» Maritime spatial plans and Strategic EnvironmeAtsdessment at a large scale &

broad perspective, together with Environmental loapessessments at site scale
can positively promote the sustainable developroétite offshore renewable

energy sector.

» One stop shops for marine consenting will reabisge efficiencies over current,

often fragmented consenting processes. This caniaté barriers to development

associated with a slow and complicated consentioggss.

\nd

9.3 The national planning and consenting policy landgea across Europe

Countries across Europe are at different stagegwéloping and implementing the necessary
regulatory and legislative frameworks to facilitéte development of the offshore renewable
energy sector. Three principal factors are ideadifin Figure 46 below which are illustrative

of how developed the regulatory/legislative framekgaare in each country:

1. Does the country have a Strategic Environmental Asssment (SEA) in

place (broken down by wind, wave and tidal)?;

Does the country have a Maritime Spatial Plan (MSP)n place?; and

Does the country have a streamlined or one-stop-spanarine consenting

process?

National policy landscape across Europe:

. Yes Preparatory

Is there an SEA in place: s (e e Issic:gesrﬁo%’ ?Tr:aerin

Country Fpr DS For wave? For tidal? MSP in consenting

wind? place?

process?

Belgium Yes
France Yes
Germany Yes

(provisionally) | (provisionally) (provisionally) steps
Ital
Netherlands | Yes

UK Partially, Pending Pending Partially and | Partially
Pending pending

Portugal Under Partial Under

Development Development
Norway Yes
Denmark Yes Partially
Scotland Yes Yes Yes Partially Yes

Figure 46: Matrix showing three important factors for suppartthe development of the offshore
renewable energy sector, analysed across Europmrge ORECCA WP2 — Environment,
Regulation and Legislation; Full repo&f.[Green: Yes. Orange: Partially/pending. Red: NQJ.

14 N.B. The table is completed as accurately and ¢etely as possible with information available JAGA1.
Much greater detail including notes for each ofdbantries included in the table is included infinéreport.
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It is clear from figure 46 above that different otries are at different stages of implementing
MSPs, SEAs for each of the three sectors and @pessiop marine consenting systems. Some
countries (such as Scotland and Ireland) are #hdurstages of implementing these three
important national policies, with important proggemade on all three aspects. Other
countries, especially the UK, France, Norway, Rgatand Spain (which have been identified
in the Resource chapter as having a large amouttirobined offshore wind, wave and tidal
resource) need to continue to progress in thisrdega realise the large opportunities
presented by the sector.

The variation and uncertainty in the applicationlegjislation and associated policies across
Europe is perceived as a barrier to developmenh®fsector and there is a clear case for
harmonisation across countries. Most national mditiave moved, or are in the process of
moving, towards ‘one-stop-shop’ administration arime consenting. Further legislation will
be enacted as marine energy enters national maaketswill be updated in the light of
experience. Developers will need to keep abreashahges in legislation, emerging policy
areas and also the evolving requirements of EIAs.

Key points to highlight from the analysis of the néional policy landscapes across
Europe:

« Different countries are at different stages of ipgttan MSP in place
implementing a ‘one stop shop’ for marine conseaptand putting SEAS in plac
for each of the offshore wind, wave and tidal sexto

* These have been identified as important factorsafatitating the development df
the offshore renewable energy sector.

e Some countries (such as Scotland and Ireland) ardurgher stages o
implementing these three important national padici®ther countries, especially
the UK, France, Norway, Portugal and Spain (whiekienbeen identified in the
Resource chapter as having a large amount of cadhffshore wind, wave anfl
tidal resource) need to continue to progress is tegard to realise the larde
opportunities presented by the sector.

D

9.4 Key Challenges

Environmental Issues:

A wide breadth of environmental issues must be idensd by offshore energy developers,
and many authors (such as EquiMphave discussed potential impacts. All informatiaiti

not be repeated here, but rather key issues anéfidd, and illustrated in Figure 47 overleaf.

While there are clear environmental principles aeguirements set out by EU Directives,

these don’t immediately translate into simple gowa for a prospective developer. The
appropriate national authority (or authorities) @Wdobe able to provide guidance, but
particularly in the case of wave and tidal enetbis guidance is not yet comprehensive. It is
possible to predict many of the likely effects frohe experiences of other offshore sectors,
and some key issues follow directly from the amgille EU Directives. However, there are
some more broadly based, strategic requirementshwiollow much less obviously from

5 http://www.equimar.org/
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other legislation (under legislation such as thetdW&ramework Directive and the MSFD
which are potentially very significant, especiafty wave and tidal stream developments
which are likely to alter water flow and wave exp@s and introduce noise to the marine
environment).

Important considerations when investigating the enwonmental impacts of offshore
renewable energy developments:

- Direct impacts on species;

- Indirect impacts on species (via habitat impacts);

- Public perception;

- Impacts on the fishing and shipping industries thatill have knock on
consequences for the environment;

- Impacts on the historic environment
- Cumulative impacts;
- Impacts of necessary additional activities such asibsea cables;

- Impacts of activities during all stages of developent (survey,
construction, operation, maintenance and decomomisg]);

Figure 47: Important considerations when investigating tharenmental impacts of offshore
renewable energy developments.

Cumulative impacts:

While individual developments might be insignifitaor benign, numerous developments
together might have different and greater effeCtamulative impacts are necessarily difficult
to assess. More predictions, measurement and miogitf the inherently complex
cumulative impacts will be required as the level d#ployment increases, and these
cumulative impacts may be one factor which setsractgal limit for the scale of
development of the sector. While these cumulatweaicts are a distant and common interest
rather than the concern of any individual develppgey cannot be ignored in the near future.
Since offshore wind has developed to a much largsale than wave or tidal, the
consideration of cumulative impacts has also deeslofurther, particularly with respect to
birds. However, some progress has been made alswfe@ and tidal. The Habitats Directive
requires an assessment of “in-combination effeatsd thus cumulative impacts should be
considered as an integral part of any EIAs and Séohslucted.

Public Perception:

Public perception and acceptance is important ftshore renewable energy developments,
and depends on many factors, including factors reavey the EU directives and related to
the environment:

1. Concern for the environment and especially someispge

2. Perceived or actual visual and noise impacts an ¢leen environment; and

3. Socio-economic factors including conflict with ecomc or social activity.

- Relatively little significant research exists aspects of public perception of the offshore
renewable energy sector. Therefore, addressingubkc perception and factors affecting the
public acceptability of offshore energy is bothimmmediate and an ongoing priority.
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9.5 Commonalities Across Sectors and Across Countries

Different sectors and regions are at different esagf development. For example, some
regions (e.g. North and Baltic Seas for offshoradyiand nations are at a further stage of
development than others (e.g. Mediterranean regibm@ offshore wind sector is also at a
higher level of maturity than the relatively nascevave and tidal energy sectors. It is
important to highlight that some factors are ehtiteansferable across countries and across
the three sectors, whilst others, such as publicgpdion are very different across countries
and sectors and experiences cannot be easilye¢raesf European Directives that determine a
large part of the national policy landscape inwitlial countries are pan-European but there
is a limited amount of scope for the Directivesdotapplied differently in different countries
in the national legislation and the associatedonati policies that ultimately govern the
requirements in a given country.

Differences across countries and across offshoremwd, wave and tidal:

Some factors are entirely transferable across cesrand across the three sectors, whilst others,
such as public perception are very different acomstries and sectors and experiences cannot
be easily transferred. Some important differencsvéen offshore wind, wave and tidal stream
devices (which mean that many issues are not geaige between the sectors) are displayed in
figure 48 below:

C))féshore Wind V)\/zve '?I stream
otating parts subsurface:

Moving parts above surface: ‘/ X X
Remove hydrokinetic energy x ‘/ \/

from the oceans:
Remove kinetic energy from
the atmosphere: \/ x x

Figure 48: Differences between the offshore wind, wave awidltstream sectors which have a
significant impact on their environmental impaatsl &he applicable legislation and regulation.

There is nevertheless transferable knowledge om@maental impacts. Experimental design,
data management, surveying and monitoring techeiquay be broadly similar between

nations and sectors. The identification of piling & hazard (through acoustic trauma) by
national studies (especially UK; Huddleston, 204 likely to translate to all nations. EMF

effects (highly uncertain at present) mainly relateabling and are a common concern for all
of the industry. Generally while species, deviced sites will vary, there should be generic
lessons on the way in which large organisms behaae wave and tidal devices. Similarly,

once the effects of flow alteration can be effegliiymonitored in one region, those methods
should be successfully applied elsewhere (indeethfdield effects the modelling should not

be limited by national boundaries).

9.6 Time Evolution of Priorities

The relationship between progression of the ingumtid the priority of environmental issues
is related to the following:
1) Resolution of environmental issues:
a. Proof that issues are not significant, or
b. Issues are significant, but a suitable EIA protosagreed
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2) Changing technology and methods:Novel devices and industry methods may
interact differently and thus existing protocols ymiaave to be rethought. Issues
surrounding methods such as piling are a currdotity; but this will change if the
methods cease or effective mitigation is proven.e Tprinciples of ‘adaptive
management’ should therefore be central to anyiegipe governance regime.

3) New development sites:The progression to deeper water and further oftshor
particularly for offshore wind and wave energy, pgeedictable. However this is
unlikely to raise many genuinely new issues, rathainly involving similar
environmental issues further offshore and in deefzer.

4) Increasing cumulative effects: Cumulative effects are an immediate issue for
offshore wind, and will become progressively mamgortant. For wave and tidal,
cumulative effects are relatively unimportant whileere are only a few small
developments (though an assessment of cumulatipaats is required in an EIA).

The projected progression of impacts for the o@seergy sector (wave and tidal energy) is
shown in Figure 49 below, as it develops from uitgent, nascent stage of development
where the only deployments are prototypes undegg@isting, through to large scale
commercial deployments.

Progression of impacts and priorities as the sectatevelops:

1. Demonstration and small arrays: (<10MW) - Environmental effects mainly
related to individual devices. Limited cumulativifeets. Allaying fears with
respect to the direct interaction with marine specand understanding local
alterations in habitat will be the principal priyri

2. Locally high exploitation: Some large arrays (10-100MW) - Interactipn
between nearby developments resulting in significaumulative impacts ir
terms of migration, flow, sedimentation etc. Moregictions and measuremept
of flow alteration (including far field alteratiopsvill be required, particularly
for tidal stream deployments. The greater phydizatier of large arrays may
have significant impacts such as on migration, geton and fishing.
Interactions significant for individual devices ditesly to become progressively
more significant, and could impact upon populaterels of species.

3. Major power generation capacity: (>10GW) - Energy extracted becomeg a
significant fraction of the energy responsible &tirring the sea, potentiall
requiring a transboundary assessment of cumulatipacts. This alteration in
the state of the seas is a very complicated inieracNote however that othe
pressures, such as climate change, are alreadygaoti the seas, therefore
predicting the effect of energy extraction is ordypart of predicting the
changing seas and there is not an option simpbydserve thetatus quo.

~

=

Figure 49: Description of how the impacts and priorities tioe ocean (wave and tidal) energy sector
progress as the sector develops through threeifisddevels of deployment.

It is important to note that the progression of &g and priorities will be very different for
the offshore wind sector as capacity grows. Vergdaoffshore wind farms (> 100 MW)
already exist. The effect of removing large amouwftsvind energy (> 100 GW) from the
environment may be significant, but further reskaro this regard is required. The
cumulative effect on bird migration of very manyda offshore wind farms also requires
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further research and investigation. Due to the llarel scale of current offshore wind
deployments, cumulative impacts should be a pyidoit future research.

PRIORITY RESEARCH AREAS

In light of the key environmental impacts which Baeen identified and the important
progression of the environmental priorities of seetors as they develop, outlined aboye,
the following should be prioritised as priority e@sch areas in the sector:

Cumulative effects of offshore wind, wave andkd
EMF effects of sub-sea power cables;
Behaviour of species near wave and tidal deiésiss need to be established)

Flow alteration, sedimentation and habitat changar devices, particularl
wave and tidal stream devices;

Mitigating actions for the detrimental effectspiling.

The effectiveness and desirability of offshoneengable energy developments to
act agde facto Marine Protected Areas (MPAS);

Optimising design (with respect to technologygalon, timing and scale) t
maximise beneficial effects of developments andimmise damage.

T~

7/

9.7 Key recommendations from this Environment, Regulation &
Legislation chapter

The ORECCA Roadmap recommends that:

Legislation and regulation should be harmonisedsscEurope, as far as practical.

Implementation of streamlined one-stop-shop mapila@ning systems should be
encouraged for countries which haven'’t already em@nted these.

Maritime spatial plans should be developed in coestvhere these are not already
in place.

Developers and authorities should share experiemt&dAs and EIA requirements
should be clearly defined and communicated to agesk by the responsible
regulatory authority.

An SEA should be conducted in each country, foheaicthe three technologie
preceding commercial-scale development

Appropriate national authorities should issue gnodanecessary to ensure
compliance with current legislation and regulation.

Legislation and regulation should anticipate thengh and trends of the industry,
such that the industry has foreknowledge of theireqents facing them

Y

Since anticipating all impacts ahead of developngemhpossible, an “adaptive
management” or “deploy and monitor” approach shaaddopted that is

facilitated within legislation and regulation. Ttapproach allows valuable learning
by implementing.
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There should be recognition of broader issues ¢@mpeting pressures of climatg
change, fishing and marine transport). The positiyeacts of developments migh
outweigh some localised environmental impacts.

There must be recognition that scientific undeditagnis incomplete and thereforg
protocols may require alteration (including thegbke removal of some EIA
requirements if they prove unnecessary) as undawlisigimproves.

Test sites for demonstration and development shoellehcouraged, as an
important opportunity to investigate potential eowmental impacts and further
increase understanding of environmental issueg.CBedres should have a
comprehensive environmental baseline and EIA ingta allow them to become
not only R&D centres for devices, but also for eammental effects.

—

Policies should be put in place to ensure thatarebes focussed on the priority
areas outlined above, including cumulative effe€tdf effects of sub-sea power
cables, behaviour of species near devices, flonsaddnentation alteration by
devices, and mitigating actions for the detrimentglacts of piling.
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10 Key Actions and Recommendations

Each of the roadmap’s five principal streams (ResguFinance, Technology, Infrastructure,
and Environment, Regulation & legislation) has udgd key messages and important
recommendations for the development of the sectut the realisation of the large

opportunities presented by the sector which haven hbéentified. —This section of the

roadmap will draw together the key actions and meoendations from across the other
sections of the roadmap and present a way forwardhe sector.

Key points to highlight and key recommendationsehbgen highlighted in red and grey text
boxes throughout the roadmap. However, they willalobe repeated in this section. Rather,
the key and priority actions will be drawn out grdsented.

It is important to reiterate the target audiencetled roadmap’s recommendations. The
principal target audience of the recommendatiomksaations are policy makers at the EU and
Member State level. Policy makers at EU and Men$iate level are the principal decision
makers for many of the principal actions identified progress the sector, and they have
therefore been chosen as the primary audience « tbhadmap. However, the
recommendations and the way forwards for the sem®ralso of high importance for other
stakeholders to the offshore renewable energy iseet® identified in the roadmap’s
introduction.

Two principal hotspots of large amounts of highendity natural resource have been
identified in Europe. These are located:

1. Inthe Northern North Sea; and

2. In the Western facing Atlantic coastline.
In the short to medium term, all of the recommeiatiat should be focussed on facilitating
developments in these two areas which presenatiedt opportunity for the sector.

A less intense, but still significant combined matwesource also exists in other regions. This
resource presents a future opportunity for theosemtce floating wind and offshore wave
power are commercial. —This is an important exangplan area where a combined resource
exists, but not of the same intensity as the ‘rattsgegions identified in the Resource section
of the roadmap. These areas, whilst not being timeipal priority areas of opportunity for
the sector, still have a significant amount of natwmesource which can be exploited. In the
short and medium term, limited financial resourgeshe sector should be focussed on the
‘hotspot’ areas where the highest intensity comtbinatural resources have been identified.
As the sectors develop, costs are reduced, andierpes gained, areas of less intense but
still significant combined natural resource willrio important secondary markets for the
sector. Therefore they are not immediate prioriteesthe sector, as the largest opportunities
exist elsewhere, but they still harbour a signiiicapportunity which should not be ignored
over the longer term.
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The ORECCA roadmap recommends that EU and member ate administrations:

1. Develop more R&D funding opportunities specifically targeted at the offshore
renewable energy sector.This clearly allocates funds to the sector and wal
government to steer investments.

2. Maintain a careful balance between market-pull andtechnology pushsupport for

the sectorto ensure that both large scale deployments asehreh into technologies

which could realise large cost reductions for theter are supported.

3. Maintain technology-push capital support measuresto ensure step change cost

reductions and performance improvements.

4. Ensure a long term market signal in all countries ¢ increase investor certainty in the

sector.

5. Develop funding opportunities (particularly production incentives) in countries

where a large natural resource exists but no markemechanisms are in place to

support the development of the sector.
6. Develop new risk sharing mechanisms to facilitatenvestment in the sector

- Government underwritten guarantees and utibsatf public funds as a form of

guarantee for private financial bodies can helmiigate risks, especially to develop the
first deployments of new technologies (when rekallhta on investment returns and
device performance is limited) and to completedbestruction phases of projects (when

investors are exposed to higher risks).

7. Continue to encourage cross border collaboration omrojects in the sector to drive

costs down and promote knowledge transfer.

8. Continue funding for demonstration projects to accelerate the development of
sector by ‘learning by experience’.

9. Provide targeted financing to support the developme of the necessary technologie
to facilitate deeper water and far from shore deplgmentsto realise the large potenti
resource in these conditions identified in the Res® section.

10. Create policies to develop design consensus withie ocean energy sector.
11.Design policies which ensure that all possible submponent development activities

are developed in a way so as to provide common sbans across the three offshore

renewable energy sectors.

12.Put policies in place to provide guidelines for fuding bodiesto ensure that allocation
of development funding is in line with the techniteelines and priorities set out in the

technology chapter of this roadmap.

13.Put policies in place — for the offshore wind secto- to concentrate technology
development activities on 9 high priority areas:

- Offshore dedicated turbine syste - Design standards (structural, mechanical, eledtrica
demonstration; control etc);

- Ultra reliable turbine demonstrat - Testing and installation standards;

- Large blade rotors (>150m); - Health and safety standards; and

- Jacket foundations; - Advanced drive train research.

Concrete foundations;

D

the

[72)
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14.Put policies in place — for the ocean energy secter to concentrate technology

15.Ensure a mature coherent and adaptive approach to glicy with regard to

16.Develop clustered port and offshore supply chain inastructure to facilitate the

development activities on 16 high priority areas:

- 1% generation device and array - Foundations and mooring systems;
trials; - Wet HV connectors;

- Performance data collection; - Performance guidelines/specifications;

- Installation methods; - Design of installation tools;

- Recovery methods; - Device modelling tools;

- Cost effective O&M techniques; - Array design and modelling tools;

- 2" generation device - Resource analysis tools; and

development;
- Control systems;
- Energy conversion systems;

- Reliability modelling tools.

technology developments, across international energy ard¢ogsovide an appropriate
combination of support mechanisms, and ensuretafedistribution of investments as
the sector matures.

exploitation of the two key natural resource ‘hatspidentified. - This represents a large
opportunity for the sector.

17.Prioritise further detailed studies (such as the DECC (2009) UK Offshore Wind Ports

18. Prioritise important National level grid reinforcements (particularly in Norway,

19.Prioritise important European level grid developmens and reinforcements to

20.Take a coordinated approach, at the European levelwhen considering the

Prospectus}o plan the finer details of how their clustering & ports and offshore
supply chain infrastructure should be optimised

Ireland, and the UK). In these four countriesargé amount of natural resource has been
identified, but the current grid infrastructuranadequate to facilitate its exploitation
the full realisation of the opportunity presentedthe sector.

areas such as the North Sea which is borderedlémge number of countries, European
level planning will be required to ensure that béfee grid developments are optimised to
support the sector.

development of grid, ports and offshore supply chai infrastructure. The approac
outlined here, of taking a coordinated approach aedeloping clusters of port
infrastructure to facilitate the exploitation oftael resource ‘hotspots’ will need fir
commitment at the EU level if it is to achieve s&€ and ensure that the necessary
facilitating infrastructure is developed in the ma®pst effective and efficient way

possible.

21.Concentrate on providing the necessary infrastructte (across grid, ports, supply chain

and vesselsjo facilitate the progression to deployments furthe from centres of
population, further offshore, and in deeper waters.- This progression is vital t
ensuring that a large portion of Europe’s availaidéural resource becomes potentially
exploitable.
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22.Focus on co-location of technologies to exploit aas of combined natural resource i
the most efficient way(joint utilisation of grid and O&M infrastructureo-location o
technologies represents an important opportunitytifie sectors over the short term.
Benefits from shared electrical infrastructure astthred O&M teams, vessels
infrastructure will drive down costs for the sector

23.Encourage the development of the ‘offshore servicAub’ as a conceptto realise

deployments far from shore.
24.Focus efforts ondeveloping important infrastructure subcomponentarmon to all thre

performance improvements in these components dfigfrastructure will have a large
impact across the sectors.

25.Focus research into the environmental impacts of t&fhore renewable energy device
into seven priority areas cumulative effects, EMF effects of sub-sea powables,
behaviour of species near wave and tidal devidesy &lteration, sedimentation and
habitat change near devices, mitigating actionsterdetrimental effects of piling, the
effectiveness and desirability of offshore renewabhergy developments to act des
facto Marine Protected Areas, and optimising design hwiéspect to technolog
location, timing and scale) to maximise benefigtiécts of developments and minimise
damage.

26.Harmonise legislation and regulation across Europegs far as practical.

27.Implement streamlined one-stop-shop marine consemiy systems for countrie
which haven’t already implemented theseOne stop shops for marine consenting
realise large efficiencies over current, often fagted consenting processes. This [can
alleviate barriers to development associated witbloav and complicated consenting
process. Different countries are at different stagfeimplementing a ‘one stop shop’
marine consenting. Denmark, Scotland and Irelardtlae only countries which have
progressed towards a fully implemented one stop slgstem for marine consenting.

28.Develop Maritime spatial plans in countries whereliese are not already in place.

29.Conduct an SEA in each country, for each of the thee technologies precedin
commercial-scale development. Most countries hawv8BA in place for offshore windl.
However this is not the case for the ocean eneegipos and this should be an important
priority, especially for countries such as the grway, and France which have been
identified as having a large amount of natural vese, but do not yet have fully
implemented SEASs in place for the wave and tidargy sectors.

30.Ensure that appropriate national authorities issueguidance necessary to ensur
compliance with current legislation and regulation. This includes ensuring that El
requirements are clearly defined and communicatedevelopers by the responsible
national regulatory authorities.

31.Encourage and facilitate developers and authoritieso share experiences on EIAS.
Information sharing on EIAs would realise largeiaéincy savings, but mechanisms|to
allow this need to be developed to avoid commeissales.

32.Promote and encourage an “adaptive management” or deploy and monitor”
approach and ensure that this is facilitated within ledisla and regulation. - Singe
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anticipating all impacts ahead of development ipassible, this is a valuable approach,
allowing learning by implementing.

33.Ensure that legislation and regulation evolve andicipate the growth and trends of
the industry, such that the industry has foreknowlelge of the requirements facing
them. This includes ensuring that there is recognitibat tscientific understanding s
incomplete and therefore protocols may requiraaiten (including the possible removal
of some EIA requirements if they prove unnecessasy)nderstanding improves.

34.Consider competing pressuregsuch as climate change, fishing and marine tratispo
when assessing environmental impacts of developmentBhere should be recognition
that the positive impacts of developments on isssigsh as climate change might
outweigh some specific, localised environmentalantp.

35.Encourage the use of test sites for demonstratiome development as an important
opportunity to investigate potential environmental impacts and further increase
understanding of environmental issues. Test cergfesuld have a comprehensive
environmental baseline and EIA in place to alloenthto become not only R&D centres
for devices, but also for environmental effects.
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11 Appendix 1 — Existing Roadmaps in the offshore remeable
energy sector

Existing Wind Enerqgy Roadmaps:

« International Energy Agency (IEA): Wind Energy Teology Roadmap
http://www.ieawind.org/wnd_info/IEA_Paris/Wind_Raadp.pdf

« European Wind Energy Association (EWEA): Ocean®pjportunity Roadmap

http://www.ewea.org/fileadmin/ewea_documents/doausipublications/reports/Offshore_Report 2009.pdf

« TP Wind: Strategic Research Agenda Market DeployrSBérategy: From 2008 to 2030
(SRA/MDS)

http://www.windplatform.eu/fileadmin/ewetp docs/Bdgraphy/SRA MDS _July 2008.pdf

« European Wind Initiative
http://www.greenpeace.org.uk/MultimediaFiles/LivelReport/6204.pdf

« Greenpeace & Garrad Hassan: Sea Wind Europe
http://www.ewea.org/fileadmin/ewea_documents/doausipublications/EWI/EWI_2010_final.pdf

Tachnology Basdmuags
i

Figure 50: Existing roadmaps in the wind energy sector, amitby various authors.
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Existing Ocean Energy Roadmaps:

+ EU Ocean Energy Association (EU-OEA): Oceans ofrgyn&oadmap

http://www.eu-
oea.com/euoea/files/ccLibraryFiles/Filename/00000827/ocean%20vectorise%2010%20mai%202010.pdf

+ UK Energy Research Centre (UKERC): Marine (Wave &idél Current) Renewable
Energy Technology Roadmap
http://ukerc.rl.ac.uk/Roadmaps/Marine/Tech_roadmammsary%20HIJMWMM.pdf

+ UK Department of Energy and Climate Change (DEQ@@rine Energy Action Plan

http://www.decc.gov.uk/assets/decc/what%20we %20d6A0energy%20supply/energy%20mix/renewable%20enefgy
[explained/wave_tidal/l_20100317102353 e @@ _mariiogglan.pdf

« Forum for Renewable Energy Development in ScotlsiMbrine Energy Group (FREDS
MEG): Marine Energy Roadmap
http://www.scotland.gov.uk/Resource/Doc/281865/0@35adf

+ US Department of Energy: The United States Marigdrbkinetic Renewable Energy
Technology Roadmap

http://www.oceanrenewable.com/wp-content/uploadk)A0b/1st-draft-roadmap-rwt-8april10.pdf

e - _

Figure 51: Existing roadmaps in the ocean energy sectortanrlty various authors.
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