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Executive summary

The WINDSPEED project assesses the potential for further development of offshore wind energy (OWE)
in the Central and Southern North Sea. The overall objective of the project, which is funded under the
Intelligent Energy for Europe (IEE) programme, is to develop a 2020-2030 roadmap for the deployment
of OWE in this region of the North Sea as bounded by Belgium, Denmark, Germany, the Netherlands,
Norway and the United Kingdom. This report presents the results from the scenario analysis — carried
out under task 6.1 in Work Package 6 — which are a key input to the Roadmap.

In order to assess the potential for OWE deployment in the Central and Southern North Sea, a set of
four scenarios were developed reflecting, firstly, various spatial allocation priorities and interaction
regimes for OWE in relation to other sea uses and nature conservation and, secondly, considering
differing viewpoints on technology development and costs (Figure 5, p24).

For each of these scenarios a Decision Support System (DSS) —developed during previous stages of the
WINDSPEED project — was used to estimate the spatial potential of the Central and Southern North Sea
for incremental OWE. The DSS allows a number of input parameters to be changed depending on the
technology and spatial assumptions of the scenario. The spatial assumptions determine how the other
sea uses in the North Sea interact with and constrain the allowable areas for OWE. The considered sea
uses in the DSS comprise shipping, oil & gas extraction, fisheries, cables & pipelines, military activities,
sand extraction, existing/planned OWE, and nature conservation. The overall spatial potential for OWE
in the WINDSPEED study area was determined by combining the results of the DSS, which looks for
new areas for deployment, with knowledge of existing/proposed offshore wind parks (Figure 1).

140
120 - B Grand Design s
100 Binthe Deep
H Going Solo
80 - W Little Will Little Wind s gl

60

40
20

Spatial capacity (GW)

0

BE DE DK NL NO UK

Figure 1: Total potential spatial capacity in the WINDSPEED area for each of the countries in each of the 4 scenarios

The spatial analysis revealed a number of key observations:

e The five largest sea uses — fisheries, shipping, military areas, oil/gas extraction, and nature
conservation areas — are the most significant/key spatial drivers in regards to OWE. As well as
being the largest they are the most interesting for OWE due to either lower OWE costs or lower
levels of overlap with other spatial uses.

e There is limited potential for incremental OWE capacity across most of the southern portion of the
North Sea with a continued focus on relatively near-to-shore and radially connected wind parks
without prioritisation of space for OWE.

e Changes in the level of prioritisation given to new OWE — in the form of looking for co-use with
some existing sea uses or assuming some level of compromise on the extent of other certain uses —
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were found to make a large difference to the potential for incremental OWE; particularly for
generation at low to moderate delivered electricity costs.

e Relaxing the constraints on the permissible distance to the coast — in anticipation of connecting far
from shore areas via an offshore grid — significantly increases the spatial potential.

However, spatial considerations alone do not determine a viable economic capacity in 2030. Additional
modelling was undertaken to account for constraints related to policy support, supply-chain
restrictions, and transmission and electricity market integration. A key area of differentiation between
the scenarios was the assumption of an offshore grid developing in the In the Deep and Grand Design
scenarios (Huertas Hernando et al., 2011) compared to radial connection in the Little Will Little Wind
and Going Solo scenarios . Such an offshore grid would connect clusters of far from shore OWE in order
to improve balancing and export opportunities.

600

500
S 400 M 2nd economic (+)
2 2nd economic (-)
Z 300
§ B 1st economic
8 200 M Spatial >70 m

100 M Spatial
y -

LWLW Going Solo  Inthe Deep Grand Design

Figure 2: Overview of the different potentials [GW] for the six WINDSPEED countries in 2030 for all scenarios. The minimum
of the economic potential is indicated by (-), the maximum by (+) and consider depths of <70 m.

Across all scenarios, the economic potentials (1°* and 2" order economic potentials) show a constraint
on the viable level of OWE deployment in 2030; not all of the spatial potential would feasibly be
exploited (Figure 2). The estimated 2030 2™ order economic potentials, which take into account all the
above-mentioned constraints in the WINDSPEED study area, show that there are large differences in
the OWE capacity that could be economically deployed by 2030. This variation results from different
development perspectives.

A future that resembles the Grand Design scenario, with a large scale deployment of OWE in excess of
100 GW in the Central and Southern North Sea, will require cross-border cooperation on infrastructure
and integrated maritime spatial planning. This future will require designation of appropriate portions
of national EEZs for OWE closer to shore supported by the development of an offshore grid to allow
the large-scale deployment of further from shore OWE and its market integration. Only by taking on
both challenges of increased spatial prioritisation of OWE and offshore grid can the ambitious estimate
of 135 GW of OWE capacity in the Central and Southern North Sea be achieved. Should these
challenges be overcome, then the North Sea could deliver almost one third of the electricity
production of the 6 WINDSPEED countries.

The overall average levelised production costs of OWE for each of the four scenario in 2030 are given

in Figure 3. This shows both the cost impact of the necessary offshore grid investment (in the form of
higher average costs of delivered electricity without learning effects considered) but also the benefits
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of increased scale of deployment reflected in lower levelised production costs of electricity in those

scenarios that had the highest estimated installed capacities in 2030.

- 150% 160 c ity (GW)
% apacity
g 140% 140
S 130% g
= 120
S 120% s S
B LL0% ol 100 total capacity (GW)
o 100% 80
(%]
'é 0% e [ e [ 60 == 2average cost of OWE in
D 80% g [ e 20 2030 without learning
2 70% 4 R R — S (€2010/MWh)
® 60% ot il 20 =fl—average cost of OWE in
[J] . .
€ ooy 0 2030 with learning
C o . ' ' (€2010/MWh)
Little Will Going In the Grand
Little Wind Solo Deep Design

Figure 3: Relative average levelised production costs of OWE in 2030 for each of the four scenarios, with and without
learning effects, in 2010 monetary terms along with total estimated capacities in the WINDSPEED area.

A number of key assumptions within the progressively more ‘pro-OWE’ scenarios are premised on the
ideas of increased cooperation and coordination between Member States. The analysis shows that
such cooperation is required in three broad areas:

1. Balancing the spatial needs of existing cross-border sea uses, such as fishing and shipping,. An
optimum configuration of offshore wind parks — with corridors between them to regenerate wind
resource — is compatible with these sea uses. However, this requires high level planning.

2. Operationalising the three relatively untried cooperation mechanisms introduced in the Renewable
Energy Directive (2009/28/EC) in a manner that supports the development of large clusters of
interconnected OWE.

3. Cooperation on offshore grid infrastructure. A large degree of cooperation will be needed in order
to implement infrastructure development at this scale given the many cross-border aspects.

There are a number of strong incentives for cooperation on the development of North Sea OWE:
e Accommodating the co-use of OWE and cross-border sea uses such as fisheries and shipping while
optimising the yield from offshore wind parks
e Prevention of potential litigation issues stemming from wake effects at EEZ borders
e Addressing cumulative impacts on nature values in accordance with the ecosystem approach
e Create the enabling conditions for the development of an offshore grid to:
o improve reliability of power supply and allow more sophisticated power balancing options;
o make further offshore areas more accessible and potentially alleviate some aspects of
nearshore competition with other sea uses, most prominently shipping and ports;
o reduce the need for onshore transmission reinforcements between countries; and
o allow countries with lower cost OWE opportunities to export to neighbours
e Deliver lower overall average OWE costs through increased deployment and, as a result, improved
benefits of scale and learning

In order for countries to find themselves in a position where cross-border cooperation is desirable and
viable, they arguably need to be given ambitions beyond what they could cost effectively achieve in
isolation. This suggests that post 2020 renewable energy targets are needed so that member states will
be driven to look for enhanced solutions, be these finding more space for OWE or taking advantage of
a neighbour’s resources.

16
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1 Introduction

1.1 Project and task description

The WINDSPEED project assesses the potential for further development of offshore wind energy
(OWE) in the Central and Southern North Sea. The overall objective of the project, which is funded
under the Intelligent Energy for Europe (IEE) programme, is to develop a 2020-2030 roadmap for the
deployment of offshore wind energy (OWE) in this region of the North Sea as bounded by Belgium,
Denmark, Germany, the Netherlands, Norway and the United Kingdom. The Roadmap will identify
realistic but ambitious target(s), along with a set of coordinated policy recommendations for offshore
wind deployment. This report presents the results from the scenario analysis carried out under task
6.1 in Work Package 6 of the project. These results are a key input to the Roadmap.

Task 6.1 addresses the potential for OWE deployment in the Central and Southern North Sea in light of
competing non-wind sea use functions as well as techno-economic and grid integration constraints. A
set of four scenarios were developed reflecting various spatial allocation priorities and interaction
regimes for OWE in relation to other sea uses and nature conservation. In particular the variation of
spatial determinants and their impact on the scenario bandwidth — the OWE generation characteristics
of each scenario — has been studied to assess what are the most important spatial drivers and barriers
that determine the costs and potential deployment of OWE. Assumptions on innovation, technological
learning and growth constraints affecting cost were also taken into account.

The WINDSPEED scenario analysis has been designed along two key uncertainty dimensions; the cost
of OWE and the prioritisation of space (in particular near shore) for offshore wind deployment. The
analysis has applied the Decision Support System (DSS) developed in Work Package 4 of the project
that takes into account key inputs regarding the cost of OWE and available wind resource — developed
in Work Package 2 — and an overview of current and projected sea uses in the time frame to 2030 —
elaborated in Work Package 3.

Task 6.1 has been carried out in close collaboration with two additional tasks in Work Package 6 of the
project; task 6.2 on consequences for other sea users, and task 6.3 on grid scenarios. In particular, task
6.3 applied additional modelling tools to scrutinize the potential for OWE taking into account offshore
grid and market integration constraints. Results from this analysis are incorporated in this report.

1.2 Project background

The Central and Southern section of the North Sea, as shown in Figure 4, covers an area of
approximately 430,000 km?. At a first glance, one might expect this sea basin — with its excellent wind
conditions and, for the large part, fairly shallow waters — to offer an abundant potential for OWE.
However, there are a number of commercial and other interests present with important claims for
space in the North Sea.

18
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Figure 4: WINDSPEED study area and countries.

The Central and Southern North Sea basin is one of the busiest seas in the world. It is surrounded by a
number of densely populated and highly industrialised countries. Major activities in the North Sea
include shipping, fishing, sand and gravel extraction, military activities and offshore infrastructure
related activities such as the extraction of oil and gas reserves and the laying of cables and
pipelines. The North Sea has numerous ports and harbours situated on its coasts, including two of the
world's busiest ports - Rotterdam and Hamburg. It is also frequently traversed along several dense
shipping lanes, particularly in the south-west area. The level of pressure on marine space varies across
the sea basin and near shore areas are often strongly congested.

The sea basin is also known for its rich and complex environment with more than 200 species of fish
known to inhabit the area (Wildlife Trusts, 2009). Millions of seabirds are present, with important
nesting areas along the coastline. Many marine mammal species can also be found there, such as the
harbour porpoise, harbour seal, grey seal, hooded seal white-sided dolphin, common dolphin, and the
killer whale. Increasing awareness of human induced impacts on the sea have driven the designation
of protected areas to preserve birds and marine habitats, with further designations likely as pressures
on the North Sea increase.

The Renewable Energy (RES) Directive (Directive 2009/29/EC) sets an EU target of a 20 percent share
of renewable energy in total energy consumption by 2020, and as such is a key driver to further
deployment of OWE. OWE is expected to play an important role in meeting these targets and in
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additionally contributing to post-2020 decarbonisation of the electricity market in Europe. Member
States have recently published their National Renewable Energy Actions Plans (NREAPs) under the
umbrella of the RES Directive indicating the mix of RES technologies which they expect (and intend to
promote) to reach their national 2020 RES targets. The NREAPs for the six countries in the WINDSPEED
project indicate an installed OWE capacity of approximately 32 GW by 2020*. Based on observations of
planned and proposed offshore wind parks, it is likely that the majority of that capacity is deployed in
the North Sea.

The North Sea is a hotspot for development of offshore wind parks in Europe and currently hosts more
than 2 GW of operational wind parks, with another 1.3 GW currently under construction. Less than a
decade ago, the world’s first large scale offshore wind park was built at Horns Rev, in the eastern part
of the North Sea, about 15km off the westernmost point of Denmark. Today, there are currently over
140 GW of offshore wind energy projects in different stages of planning, mostly in the North Sea
region.

An early understanding of how different development perspectives influence the opportunities and
challenges for OWE can allow for better adaptation of policies and approaches for promoting a
significant deployment of capacity. This is particularly important at a time when offshore wind energy
is strongly driven by EU and national policy incentives and pressures on marine space are increasing.
This merits a more in-depth and detailed analysis of parameter variations relating to competing
demands for sea space and the resulting cost of OWE; a key motivation behind the WINDSPEED
project.

When looking for suitable areas for offshore wind parks a number of factors needs to be taken into
account. Firstly, there are important techno-economic issues. Sea depth and distance to shore are two
of most important cost drivers for OWE, but a number of other aspects such as wave regime, distance
to maintenance ports and soil conditions also have an impact. Furthermore, although wind resources
are generally good across the whole of the North Sea, some locations have better wind conditions
than others, impacting on the electricity yield of a wind park and thereby also the profitability of a
park and the desirability of that location for development. Secondly, as noted earlier, there are a
number of activities competing for space at sea. Some activities impose relatively ‘hard’ constraints on
offshore wind exploitation, such as the oil and gas sector, which is difficult to relocate due to large
investments in physical installations. Other activities impose arguably more flexible constraints, such
as fisheries and lower density shipping routes, which might be relocated or displaced at reasonable
social costs.

Key questions addressed in the scenario analysis and presented in this report can be summarised as
follows:

e What are the key spatial drivers for OWE deployment?

e What is the overall spatial potential for additional OWE deployment, and where?

e What are the positive and negative interactions, and potential trade-offs, between OWE and other
sea functions of the North Sea?

e Where are the additional suitable areas in the North Sea basin for OWE development, taking into
account policy, growth and grid integration constraints?

e How much OWE could be economically developed in 2030 under different development
perspectives?

! Includes the North Sea, Baltic Sea and Irish Sea
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1.3 Report structure

Following this introductory chapter, Chapter 2 describes the applied methodology for the scenario
analysis within the WINDSPEED project and introduces some key input assumptions and data sources.
Chapter 3 presents the spatial analysis of the Central and Southern North Sea including key spatial
drivers, sensitivity analysis of different non-wind sea uses, differentiated input assumptions for each of
the scenarios according to their development perspective and the resulting estimated spatial
potentials for OWE with costs. Subsequent constraints, such as policy, growth and grid and market
integration constraints, are dealt with in Chapter 4. Finally, Chapter 5 discusses the overall results for
each of the scenarios, in terms of estimated installed capacities in 2030, and concludes with key
findings from the analysis.
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2 Methodology

2.1 Introduction

Planning the deployment of new OWE in the North Sea is challenging, particularly when considering
medium-term timeframes, with few firm capacity targets to aim for. Cost and technological
considerations, as well as competition for space need to be taken into account and, moreover, these
aspects can all change over time. In order to assess the potential for offshore wind deployment in the
Central and Southern North Sea, a set of four scenarios was developed reflecting various spatial
allocation priorities and interaction regimes for OWE in relation to other sea uses and nature
conservation, as well as considering differing viewpoints on technology development.

The scenario analysis was carried out in a step-wise approach, building on the work that was
completed in earlier work packages within the WINDSPEED project. The first step in the scenario
development process was to define a conceptual framework, using a two-dimensional quadrant, that
could be used to broadly visualise four possible futures. The two dimensions represent two key
uncertainties in terms of future OWE deployment; firstly the advancement of OWE technology and its
resulting costs, and secondly, the prioritisation of space (near shore) for OWE (Figure 5). These
aspects are two of the main determinants of future OWE growth — apart from exogenous influences
such as overarching RES targets — in the sense that they define two major constraints on its uptake,
namely: how much space is available for new projects and at what cost?

More detail on the methodology and the tools used in answering these questions is provided in
Section 2.3 below, but broadly the following subsequent steps were undertaken based on the four
scenarios that emerge from the above described framework:

1. What limits the space available for OWE?
Key spatial drivers — in regards to spatially constraining OWE from a foregone potential and
cost perspective — for the WINDSPEED study region were determined

2. How do these spatial factors interact with OWE?
Sensitivity analysis of the 8 considered sea uses was conducted to investigate what
opportunities they might provide with regards to OWE

3. How might these spatial factors change for each scenario?
Spatial development perspectives/assumptions for each of the scenarios were developed that
determined how each of the sea uses might share the study area with future OWE

4. What spatial impact does this have on OWE?

The resulting OWE spatial potentials and costs for each country in each scenario were
calculated using a software tool designed specifically for the WINDSPEED project along with
knowledge of existing/planned offshore wind parks
5. What growth of OWE is feasible?

The resulting feasible growth of OWE was modelled for each of the scenarios in order to
account for the fact that not all of the North Sea’s vast potential for OWE will be realised, the
lowest cost areas are most likely to be developed first and growth will be dependent on
national support policies in each Member State.
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6. How much can be integrated into electricity markets?

Depending on the scenario, the ability of either traditional onshore transmission infrastructure
or new offshore grid infrastructure to integrate the necessary volume of OWE was
investigated. This gave an understanding of both the level of curtailment that would be
experienced and the optimal design of any new transnational offshore electrical
infrastructure.

In performing the above, an important distinction was made between the time period up to 2020, and
the time period 2020 to 2030. The scenario analysis assumed an implementation of the NREAP
projections for OWE in the six WINDSPEED countries by 2020, and focused on assessing the additional
space for OWE deployment for the time period 2020 to 2030. This distinction was made for two main
reasons. Firstly, some form of ‘peg in the ground’ was necessary as a starting point for the scenario
analysis and the national projections of the member states gives exactly this while allowing the
analysis to be consistent with national ambitions and anticipated supporting policy over the coming
decade. The second reason is the long lead time required for the development of offshore wind
projects. With the majority of each country’s declared ambitions for OWE already satisfied by known
or consented offshore wind parks it is more valid to consider a longer time frame over which
significant new capacity is likely to be deployed with the subsequent requirements for additional
space.

The four WINDSPEED scenarios are described in more detail in Section 2.2, whereas the modelling
approach and data/input assumptions are described in Sections 2.3 and 2.4 respectively.

2.2 Scenario descriptions

The WINDSPEED scenario analysis has been designed along two key uncertainty dimensions; the cost
of offshore wind and the prioritisation of space (in particular near shore) for offshore wind
deployment. The cost dimension here encompasses not only the levelised production cost (LPC) but
also the rate of technology development, policy support and other factors, such as the cost of CO,,
which all impact on the delivered cost of OWE. The second dimension relates to the level of
prioritization that Member States place on providing space for additional OWE through their MSP
regimes. Given the higher levels of ‘congestion’ from traditional sea use functions closer to shore, and
the opportunities for lower cost OWE there, this dimension focuses on this closer to shore region.

A set of four scenarios — corresponding to the four possible quadrants resulting from a combination of
the two dimensions — was created to reflect. The four quadrants reflect different spatial priorities and
development paths, the degree/type of cooperation, varying assumptions on technology development
and learning, and different grid infrastructure/connection solutions (Figure 5).
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Figure 5: lllustration of the four WINDSPEED scenarios

Limitations on the realisable potential for OWE in the Central and Southern North Sea result from
areas being excluded due to the prioritization of other sea use functions, or due to policy, grid and
technical constraints. The project’s deliverable D1.1 (preliminary outline of results document)
indicated that the scenario analysis would include (at least) two scenarios: a national fragmented
development scenario (reflecting business-as-usual; called here Little Will Little Wind) and a Grand
Design scenario (policy scenario reflecting coordinated North Sea policies). The final analysis includes
two additional scenarios: Going Solo representing a future with little technology development but with
prioritisation of space; and In the Deep, a scenario that assumes the inverse, that technology develops
but with few opportunities for new OWE close to shore.

The four scenarios can be more fully characterised as follows:

Little will little wind

Going solo

w . nNnd

Taking a cautious view on OWE development, this scenario broadly
approximates a business-as-usual future, or at least one in which technology
and offshore infrastructure does not progress significantly from levels seen
today. Although NREAP targets are reached in 2020, there is little spatial
prioritisation of new OWE after this; existing sea use functions take precedence
in bottom-up spatial planning. There is little ambition for countries to consider
OWE in waters further from shore, or deeper, than is currently proposed. This
contributes to, and is reinforced by, a lack of offshore meshed grid.

A scenario in which OWE is a priority in the future but one in which technology
and offshore infrastructure does not progress significantly from levels seen
today. There is significant spatial prioritisation of new OWE, whereby
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compromise is sought with certain permissible non-wind sea use functions in
order to find space for OWE relatively close to shore. This is achieved in the
context of top-down spatial planning practice with some degree of cooperation
and coordination between neighbouring countries. There is little ambition for
countries to consider OWE in waters further from shore, or deeper, than is
currently proposed. This contributes to, and is reinforced by, a lack of offshore
meshed grid.

In the Deep A scenario which reflects a bottom-up approach to spatial planning with little
prioritisation of new OWE near to shore, but instead pushes for large further
from shore clusters; near to shore priority is given to existing sea use functions
and nature conservation. R&D priorities and faster technology development,
coupled with efforts to trigger partial cross border coordination with
neighbouring countries, supports some form of offshore meshed grid. This
allows clusters of OWE to be developed further from shore or in deeper waters
using floating technology when the costs justify it.

Grand design A unified approach, including North Sea coordinated top-down spatial
planning, in which OWE is integrated into future plans and compromise is
sought with certain permissible non-wind sea use functions in order to find
space for new OWE. Cross-border synergies and cooperation is maximised with
an optimised offshore meshed grid to support exchange and sharing of OWE
across the region including the potential for far from shore or floating/deep-
water installations as technology overcomes constraints. OWE plays key role in
a low carbon energy system.

As introduced earlier, the analysis of these four scenarios was carried out over a number of stages, a
process explained in more detail in the following section.

2.3 Modelling approach

With a multitude of sea uses present in the North Sea — with very different natures in terms of location
and extent — it was necessary to have a consistent approach to studying the impact of these sea use
functions on OWE potential and cost. Earlier work packages in the WINDSPEED project had focussed
on developing a tool — called a Decision Support System, or ‘DSS’ — that could map the various sea use
functions present, modify these mappings depending on user preferences and also quantify the
expected cost of OWE at each location in the North Sea basin (Schilling et al., 2009; 2011). The DSS
contains information on costs and technology, and spatial information on a number of non-wind sea
uses such as shipping routes, oil and gas infrastructure, nature conservation areas, zones for military
use and fishing activities. A user can define different scenarios in the DSS by choosing different
assumptions on costs, technology and rules on priorities/interactions between different sea use
functions and OWE. The DSS processes the data to perform an exclusion analysis combining all
relevant existing sea uses and excluding these from the potential analysis according to the user
settings. The results are combined with a location specific cost calculation for the complete area and
output in the form of maps showing areas potentially suitable for OWE and those areas that are
excluded by other sea uses. The DSS thus provides insight into the trade-offs and the consequences,
particularly for OWE potential and costs, of setting different priorities for the allocation of space in the
Central and Southern North Sea.
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The analysis starts with a default case for the WINDSPEED study area. The default case reflects current
use patterns and default exclusion rules with respect to OWE. From this default case, the DSS was
used to identify the key spatial drivers, i.e. the most important non-wind sea use functions in terms of
their impact on the cost and potential of OWE (see Section 3.2). Following this, a sensitivity analysis
was performed for each of the sea use functions in order to assess their relationship to OWE potential
and cost, as well as to understand the extent to which the different sea uses overlap one another (put
simply, the existence of two or more different sea uses in the same area of the North Sea). The degree
of overlap is important as favourable places for wind in terms of cost and wind potential may be
occupied by more than one sea user, making it more challenging to negotiate on freeing this space for
OWE.

The results from the sensitivity analysis of the spatial drivers, along with a practical interpretation of
the feasibility of finding opportunities for compromise or co-use for each sea use function, were used
to define the spatial assumptions for the different scenarios. These assumptions (for example, how
much compromise with military zones could be sought or how much space should be reserved for
shipping activities) were differentiated across the four scenarios, depending on each scenarios
development perspective, to give different results for the additional space for OWE (see Section 3.3).

Once these different sets of assumptions had been developed for each of the scenarios, the DSS tool
was used to analyse the results, create maps of which areas could be suitable for OWE for each
scenario and quantify the incremental OWE potential for the individual countries (see Section 3.4).
However, at this stage the identified OWE potential considers only spatial constraints. Any area that is
not excluded by other sea uses, or by a spatially related technological constraint on depth or distance
to shore, is considered as ‘suitable’ for new OWE deployment. This is called here the spatial potential,
effectively the maximum possible deployment of OWE based on only spatial constraints (Figure 6).

Besides spatial constraints, there are also other constraints which need to be taken into account to
arrive at a realistic estimate of capacity for OWE deployment potential in the North Sea by 2030. Going
from a potential where only spatial constraints are considered to a realistic economic potential (called
here a second order economic potential) is schematically depicted in Figure 6. For promoting the
development of OWE, policies need to be in place that make it financially attractive to invest in OWE
projects. These stimulating measures are, however, typically designed in such a way that only a
fraction of the total potential will be exploited. Besides these limits on the availability of incentivising
Renewable Energy Sources (RES) policies, there are also practical limits on the rate of growth of OWE
capacity. Having a large potential for OWE doesn’t mean it can all be developed in one or two decades,
there are certain supply chain bottlenecks. The most important factors that slow down the growth of
OWE are the limited availability of capital, vessels and harbour facilities, and production facilities for
turbines and foundations. Considering (limited) RES policy and growth restrictions leads to a reduction
in the spatial potential to a so-called first order economic potential (Figure 6).
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(RESolve-E model)

Electricity market integration '

2" order economic potential

(NetOp/COMPETES)

Figure 6: Conceptual description of potentials

Further to these incentivising policy and growth constraints, the development of significant OWE
capacities in the North Sea goes requires that sufficient grid capacity, both onshore and offshore, be
developed in support (see WINDSPEED Deliverable 2.4 and Deliverable 6.3; ). The viable capacity of
OWE that can be installed in the North Sea will be determined by, amongst other factors:
grid/transmission constraints both intra and inter-country; capacities of other forms of generation
(conventional and RES); and the finite demand for electricity. The consideration of grid restrictions and
integration in to the broader power market determines any reduction from the first order economic
potential to the second order economic potential, or final economic potential (Figure 6).

Figure 7 schematically indicates the approach that was adopted in moving from a set of spatial
assumptions for any particular scenario to the second-order economic potential. This potential
determines the final estimated capacity of OWE in the Southern and Central North Sea for that
scenario. Figure 7 also introduces the RESolve-E, COMPETES and Net-Op models that were used in this
process and which are described in more detail below.
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Figure 7: Flowchart of interaction between models for any particular scenario

Using the DSS tool together with the spatial assumptions for a given scenario determines the
incremental spatial potential; i.e. how much new space for OWE can be identified beyond
known/proposed areas for offshore wind parks. Since the DSS also gives information about location
specific costs and electricity generation its output can be adapted — with information regarding
known/proposed offshore wind parks — as input for the RESolve-E model in the form of a cost supply
curve.

The RESolve-E model (Daniéls & Uyterlinde, 2005) is a techno-economic market simulation model. The
model can be used to give projections of future RES-E capacities for each EU country for the time
horizon 2005 — 2030. An important input of the model are RES-E policies. Within WINDSPEED the main
purpose of using the RESolve-E model is in giving projections for the OWE developments in each of the
six WINDSPEED countries, considering RES-E policies and growth limitations. Including RES-E policies
and expected developments, the growth path resulting from the model has been calibrated so as to
mimic the NREAP developments up to 2020 as closely as possible. For a more extensive description of
the model see Appendix A. When completing this modelling of the anticipated OWE growth until 2030,
grid constraints and the rest of the electricity market are still ignored, they are only considered in the
subsequent modelling step.

Following the initial application of the RESolve-E model there are two possible paths for the analysis.
For scenarios in which there is assumed to be no offshore grid and only radial connections back to
shore are considered — such as the Little will, Little wind and the Going Solo scenarios — the COMPETES
and RESolve-E were used to account for electricity market integration. In these scenarios, in general,
the amount of electricity generation from OWE will influence the electricity prices. Vice versa it may
well be the case that electricity prices would influence OWE development. The COMPETES model
calculates the anticipated change in electricity prices from increased OWE deployment and the
RESolve-E model then predicts the effect of these adapted electricity prices on the final realised
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offshore capacity. The offshore capacity that is determined after this iterative step is the second order
economic potential.

For those scenario in which some form of meshed offshore grid is assumed to develop — namely the
In the Deep and Grand Design scenarios —the Net-Op model is used.

While the outcomes of the Net-Op modelling are presented in this report, in terms of final installed
capacities, further detail on the tool, the underlying methodology and the optimised offshore grid
infrastructure are contained in a dedicated report; Deliverable 6.3 (Huertas Hernando et al., 2011).

The tool effectively considers the case of a hypothetical transmission system operator (TSO) that is
seeking to design an offshore grid with the objective of maximizing social economic benefit (Trétscher
and Korpas, 2011). The results from the DSS are used to define a number of potential OWE clusters —
recognising that only those areas further from shore are likely to be connected to an offshore grid —
along with onshore transmission connection points. Net-Op is then used to design an offshore grid
that “interconnects these wind clusters and onshore connection points in such a way as to balance the
investment cost of the grid against the benefit it provides by increased trade opportunities and
connections to the new generation units” (Trotscher and Korpas, 2011). Restrictions in the volume of
variable offshore electricity production that can be absorbed by electricity markets allows the second
order economic potential to be defined.

In the last step, final maps were produced using the DSS that indicate likely areas of development for
new OWE for each of the scenarios. Such maps also allow the potential impact of the proposed OWE
development on non-wind sea use functions to be analysed; an exercise that is described in more
detail in the complementary Deliverable 6.2 (van der Wal et al., 2011c).

2.4 Data input and assumptions

This section describes, at a high level, the main sources of data and assumptions used in the scenario
analysis. More detail on assumptions and specifics related the modelling approach are described in
Chapters 3 and 4.

2.4.1 Spatial assumptions

The baseline data and calculation rules that determine the location, extent and interaction of other
sea use functions with OWE were developed in previous deliverables within the WINDSPEED project
(van der Wal et al., 2009; 2011a; 2011b). The DSS also contains maps of cost related datasets such as
average wind speeds, wave regimes, bathymetry, staging port locations and others. Likewise, these
cost related datasets were developed in previous WINDSPEED deliverables (Baldock and Jacquemin,
2009; Jacquemin et al., 2009; Korpas and van Dyken, 2009). The DSS provided the means by which the
spatial input assumptions could be modified for each of the scenarios in order to reflect that particular
scenario’s development perspective regarding OWE; details of these scenario specific assumptions are
given at length in Section 3.3.

2.4.2 Non-spatial input in the DSS

In addition to the above spatial dataset the DSS uses a number of other common cost parameters — for
example raw/fabricated material costs, component costs and installation costs (Jacquemin et al.,
2009). These parameters are used, in combination with the spatially sensitive cost inputs described
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above, to determine a site-specific bottom-up cost estimate for OWE at any location in the North Sea
study area. These parameters are maintained at their default input values for the WINDSPEED project.

2.4.3 General developments in the energy sector and economy

Projections for general developments in the energy sector — which provides the context for
WINDSPEED modelling work — have been based on the report EU energy trends to 2030 — update 2009
(Capros et al., 2010) which were calculated using the PRIMES model. The following elements have
been taken from this study: the total electricity demand, the capacities of all conventional generation
units, fossil fuel prices and CO, prices. Furthermore an inflation rate of 2% has been assumed from
2010 up to 2030.

2.4.4 RES developments

For the six WINDSPEED countries the RES-E developments up to 2020 that are indicated in their
NREAPs provide the basis against which the RESolve-E model is calibrated. In the non-WINDSPEED
countries — which impact the broader electricity market that is modelled — estimated future capacities
are taken from the PRIMES study (Capros et a./, 2010) and are kept the same for all scenarios.

2.4.5 Cost developments

Cost development for RES-E technologies are included via endogenous learning using progress ratios.
A progress ratio of, say, 90 percent means that with each doubling of the total installed capacity, costs
decrease by 10 percent. Varying progress ratios are used in the different WINDSPEED scenarios to
reflect the changed assumptions on technology and cost development. This is based on the scenario
definition which divides the considered futures into those with slower and faster technology
development (Figure 5). The nature of the RESolve-E model — which is developed from a period
starting before 2010 — means that cost developments for the period 2005 — 2010 are scaled so as to
approach actual, current costs as closely as possible.

For OWE, so called component based learning has been applied as described in Deliverable 2.2
(Jacquemin et al., 2009). This means that, for example, the capital costs of wind turbines learn using a
different progress ratio versus the installation work given the different anticipated opportunities for
cost reductions with scale. For the Grand Design and In the Deep scenarios the progress ratios as
indicated in Deliverable 2.2 have been used. For the scenarios where cost developments are
somewhat less positive, the Little will, Little wind and Going Solo scenarios, the progress ratios are 5
percent higher in absolute terms for each component. This means, for example, that the installation
capital costs have a progress ratio of 93 percent in these two scenarios instead of 88 percent as
reported in Jacquemin et al., (2009).

It is worth mentioning that the endogenous learning was implemented in the RESolve-E model and not
within the DSS. This is because the capacity development, and therefore cost reduction, can only be
calculated in a model that provides overall capacity projections. The DSS only calculates a static spatial
potential, it is time independent; it doesn’t say how much of the potential will be developed and
when. As such it was not appropriate for this project to calculate cost reductions using endogenous
learning within the DSS. Furthermore the RESolve-E model includes also all other EU countries, so it is
not assumed that all offshore capacity will solely get developed in the 6 WINDSPEED countries.

2.4.6 Financing parameters

For calculating the cost of capital, assumptions have been made on the share of the investment costs
that are financed via debt and the share financed via equity. Additionally assumptions on the return on
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debt (rg) and return on equity (r.) were necessarily made. It has been assumed that In the period 2009-
2010 the financing costs were quite high due to the economic crisis, but that they improve after 2010.
The lowered cost of financing is argued not only on the basis that more capital becomes available in
general, but also because the financial sector becomes more familiar with OWE technology and is
increasingly willing to provide capital in the form of debt. It is assumed that for all years the rq is 5
percent and the r. is 15 percent; what changes is the share of debt. It is assumed that the debt share in
2009 and 2010 is 60 percent, however from 2010 until 2020 a gradual linear increase to a debt share
of 70 percent is assumed. For the period after 2020 the debt share is assumed to remain constant at
70 percent.

It should also be noted that all monetary values in this report are presented in 2010 euros.
The broad methodology and input assumptions described above are discussed in significantly more

detail later in this report. In particular, the process of developing spatially differentiated scenarios and
determining the resulting spatial potential are provided in the following chapter.

31

w . nNnd



3

3.1

Spatial potential

Introduction

The many different users of the North Sea create a complex spatial pattern of activities and values. In
attempting to find space for the future development of OWE it is necessary to begin by interpreting
this pattern and then, if required, to look for opportunities for compromise and/or co-existence. This
task is made more challenging by a number of factors including:

i)

i)

iv)

differing levels of compatibility with future OWE for the different sea functions; some
functions may offer opportunities for co-use of space while others are effectively mutually
exclusive (Van der Wal et al., 2009a),

differing degrees of flexibility in spatial use patterns; some uses have a fixed location or
exclusion requirements that are regulatory in nature, but some may be
movable/changeable,

overlapping sea use functions; there is not a one-to-one relationship between the size of
any particular sea use exclusion and the area available for OWE due to the frequent
overlapping of multiple use functions (for example an area may be designated for both
military use and also as a nature conservation zone),

varying economic conditions for OWE resulting in a delivered cost of electricity that is site
specific, and

limited available information on the economic impact of other sea uses from a spatial
perspective; the level of detail that is available is insufficient to allow cost/benefit
tradeoffs to be quantitatively determined (Van der Wal et al., 2011a).

The considered sea use functions comprise shipping, oil and gas extraction, fisheries, cables and
pipelines, military activities, sand extraction, existing/planned OWE, and nature conservation. This list
is not exhaustive but does include the most important use functions, both when judged economically
or by the size of area that they claim; more detail can be found in Deliverable 3.1 (Van der Wal et al.,
20011b). These uses can be characterised briefly as follows:

shipping the movement of vessels for a wide variety of purposes. The focus in WINDSPEED is
on route-bound traffic which, in travelling from place to place, needs a route of safe
passage. The project considers both internationally regulated routes and
national/informal traffic requirements.

oil and gas extraction there is a significant amount of infrastructure in the North Sea that relates to the

extraction of oil and gas reserves and these platforms and installations require,
depending on their nature, varying sizes of exclusion buffer around them to ensure
safe and reliable operation. WINDSPEED includes information on both surface and
sub-surface infrastructure/platforms.

fisheries fishing activities cover almost all of the North Sea in some form or another depending
on targeted fish species, fishing techniques and boat sizes. Moreover the resulting
use patterns can be highly variable from season to season and year to year
depending on fish stocks. WINDSPEED focuses on heavy fishing using beam trawl or
similar methods that have the potential to come into conflict with OWE or the
associated cables.

cables and pipelines cables (for example for electricity or telecommunications) and pipelines (for example
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for gas or oil transport) run across large swatches of the North Sea. WINDSPEED
includes maps of the known cable/pipeline infrastructure and defines exclusion zones
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either side of the cable/pipe in order to provide protection and maintenance access.

military activities covering a wide range of activities — including submarine manoeuvres, firing ranges,
munitions dumping, aerial exercise and others — military zones are defined by
governments in the interest to training and security. WINDSPEED incorporates maps
of these zones along with information on usage type where available.

sand extraction the extraction of sand and gravel is necessary for a number of onshore activities
including land reclamation, beach nourishment and construction. Dredging also
occurs in shipping lanes to ensure free passage. WINDSPEED maps the known areas
of sand extraction in order to understand them as a constraint.

existing/planned OWE It is important to identify those areas that have already been nominated/designated

for OWE development. With one of the goals of the project being a search for
incremental space for OWE it is important to have a certain baseline. For this reason
WINDSPEED takes into account parks that are constructed, consented, being
proposed, under development or were rejected.

nature conservation this sea use function includes the network of protected areas that are identified

under the Birds Directive and Habitat Directive (Special Protection Areas and Special
Areas of Conservation respectively. WINDSPEED contains information on these two
types of conservation area, both current and proposed.

wildlife preservation This sea use function has been developed within the WINDSPEED project to

supplement the nature conservation areas described above, based on the lack of firm
knowledge that is available regarding the cumulative effects of OWE. It is
implemented through a series of nature value/vulnerability maps for birds, fish and
benthos that are combined into a wildlife preservation map that shows which areas
are most valuable in terms of nature values.

Given the above issues and the relatively large number of use functions the adopted approach for
identifying key spatial drivers, which potentially limit the possibilities of OWE deployment, and
developing the spatial scenarios (at this stage not including policy or grid aspects) was as follows:

w . nNnd

Summarise the current use patterns in the WINDSPEED area using the default spatial
calculation rules as defined in Deliverable 3.3 “Calculation rules for the DSS” (Van der Wal et
al., 2011a).

Conduct a sensitivity analysis for each of the different sea users with regards to OWE potential
and delivered energy costs. This analysis has been done by identifying and comparing
potentials and costs for various constraint stringencies for key sea use functions.

A significant level of wind resource at low cost is not a sufficient justification to consider an
area for OWE if there is no reasonable possibility that the existing exclusion be
relaxed/removed. In making this assessment it is considered that other sea functions can be
classed as belonging to one of three broad categories: i) ‘hard’ exclusions that cannot
reasonably be changed; for example UNCLOS exclusions either side of sub-sea pipe
infrastructure, ii) firm exclusions that are well defined spatially but potentially open to
negotiation; for example nature conservation areas, and iii) soft exclusions that are not based
on formal exclusion zones but instead estimated from activity/value density maps; for example
fisheries.

Develop the spatial characteristics of the four overall WINDSPEED scenarios introduced in
Section 2.2.

Analysis of the resulting OWE generation potentials and costs for each of the four overall
scenarios for the entire WINDSPEED study area and on a per country basis as an input to the
following stage of the scenario development process that refines the potential on the basis of
national policy incentives and different grid connection methodologies (Chapter 4).
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This chapter follows the same broad structure as the above methodology and begins by describing a
nominal or baseline set of results for the entire WINDSPEED area (Section 3.2). It then describes the
sensitivity of each of the different sea uses, where relevant, with respect to OWE and introduces the
input assumptions that are used to derive the scenario results (Section 3.3). The scenario results are
provided on a per-country basis and also as a comparison between the possible futures (Section 3.4).

As briefly introduced in Section 2.4.1 the inputs for the spatial modelling work done in Work Package 6
largely derive from previous deliverables within the WINDSPEED project. Work Package 2 developed a
cost model for the levelised cost of production of OWE at different locations of the Central and
Southern North Sea. Work Package 3 provided inventories of current and projected non-wind sea use
functions and default calculation rules that govern their inactions with OWE.

The outputs of Work Packages 2 and 3 — consisting of data relating to site-specific OWE costs and the
spatial configuration of other sea use functions respectively — were incorporated into a GIS based
Decision Support System (DSS), developed in Work Package 4. The DSS maps provide spatial
information regarding the existing and forecast sea use functions in the North Sea. The spatial
information provided in the maps can be influenced by a user-driven cost model and user-defined
spatial strategies to determine available space and costs for offshore wind farms. The DSS tool was
used to derive all the spatial results and scenarios presented in this chapter, and is more fully
explained in Deliverable 4.2 (Schilling et al., 2011).

3.2 Default case

As a starting point for a discussion of the potential spatial trade-offs that can be made between
different scenarios it is necessary to establish a default case or baseline. Such a default case should
provide a snapshot of the WINDSPEED study area as it now stands and should include the current
excluding use functions as implemented in the DSS. This gives context for the remainder of the
chapter and assists in identifying key spatial drivers for consideration in the main scenarios.

As described in the preceding section, previous WINDSPEED work packages have collated the available
data for competing sea use functions, determined appropriate priorities and exclusion rules for these
uses with respect to OWE and then translated these into default assumptions within the DSS tool. For
this starting scenario the default assumptions as listed in Deliverable 4.2 (Schillings et al., 2011) are
used with only three notable exceptions.

Firstly, a fixed charge rate’ of 15 percent is used instead of the default 12 percent; this is done to
broadly calibrate the DSS cost model with recent tariffs seen in the market (see Section 3.3.3), and
better reflect current assumptions of private developers for required rates of return on investment
and to better align with the input assumptions used later in the main scenarios.

Secondly, a permissible minimum distance to shore of 12 nautical miles (the territorial waters limit) is
assumed in accordance with the planning guidelines of the majority of the WINDSPEED countries (see
Section 3.3.2). These two changes along with the remaining default parameters arguably reflect, in

% The annual cost of owning an investment as a percentage of the investment including aspects such as required rate of
return, depreciation, taxes, insurance, cost of capital etc. See Deliverable 2.2 (Jacquemin et al., 2009). The fixed charge rate
as used in the DSS is effectively the same as the financing costs/cost of capital as used in RESolve-E using D/E ratios and
return on debt and equity.
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some sense the current known spatial situation in the Southern and Central North Sea; with the
understanding that the WINDSPEED project has additionally attempted to quantify/map two
somewhat nebulous use functions in the form of fisheries and marine wildlife preservation.

Thirdly, the depth constraint is removed as this default case only seeks to categorise the overall
exclusions present in the study area. The presence of a depth constraint would change the area of the
WINDSPEED area that is examined as, for example, the northern portion is generally much deeper
than the southern.

Finally, learning is not considered in this default case so as to allow easier comparison to the scenarios
developed later in this chapter, see Section 3.3.3, and present costs more closely aligned to present
day OWE costs.

The resulting map of suitable and excluded areas is given in Figure 8; showing that, by default, the DSS
identifies very few suitable areas in the southern portion of the WINDSPEED study area. In particular
the Dutch and German EEZ’s are highly congested as is the southern portion of the UK EEZ and, to
some degree, the nearshore of the Danish EEZ.

CL\Jrrent/planned OWE
- general exclusion
« > I svitable for OWE
4 1 excluding use

2 excluding uses
[ 3 excluding uses
, I 4 excluding uses
. oy 7 ; Il 5 excluding uses
~3 A - J Il 6 excluding uses

Figure 8: Total excluded and suitable areas for the WindSpeed study area. Default case

Quantifying this in terms of the size of the excluded areas for each use function and the effective
excluded generation potential (based on the default assumptions of an overall deployment density of
2 MW/km2 — for more detail see Section 3.3.1) reveals the five largest exclusion uses (Table 1):
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1. Fisheries —based on the default generated exclusion rules and strategy

2. Shipping — including International Maritime Organisation (IMO) routes and anchorages and
highest density shipping lanes as defined in Deliverable 2.1 (Baldock and Jacquemin, 2009)

3. Oil and gas extraction activities — assuming a 5 nautical mile clearance around all surface
platforms

4. Military zones — considering all types of identified zones

5. Nature preservation areas — including those defined under the Birds Directive, Habitat
Directive and national areas

These exclusions are all determined in accordance with the rules defined in Deliverable 3.3 (van der
Wal et al., 2011a) that were included in the DSS.

Table 1: Spatial extents and generation potentials for the entire WindSpeed area — default case

Theoretical

Size of area Percentage of generation

(1,000 km?) WINDSPEED area (TWh)

Total WindSpeed area 432 100% 3,726
Exclusion: distance to shore 63 14.5% 490
Exclusion: too small 2 0.5% 16
Exclusion: depth 0 0% 0
Remaining area 368 85% 3,219
Theoretical

Size of area Percentage of generation

(1,000 kmz) ‘remaining area’ (TWh)

Suitable for new OWE 120 33% 1,100
Exclusion: existing/planned OWE 28 8% n/a
Exclusion: shipping 75 20% 634
Exclusion: oil and gas 47 13% 405
Exclusion: fisheries 106 29% 916
Exclusion: military zones 47 13% 389
Exclusion: cables/pipelines 31 8% 265
Exclusion: sand extraction 6 8% 48
Exclusion: nature areas 42 11% 351
Exclusion: marine wildlife 34 9% 273

The capabilities of the DSS tool and associated cost model allow these areas to be investigated in more
detail. For example, it is possible to study the distribution of different exclusions on the basis of cost.
Figure 9 shows the distribution of suitable areas (as quantified in terms of potential generation), areas
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excluded due to competing use functions and generally excluded areas (in this default case almost
entirely due to the minimum distance to shore constraint) versus the site specific levelised production
cost that the DSS calculates. Note that this does not include generation from any existing, planned,
consented, or under-development offshore wind parks; these are all considered as exclusions and
cover an area of approximately 28,000 square kilometres (Table 1). The area in blue on Figure 9 only
shows the generation associated with new, or incremental, suitable areas of the WINDSPEED study
area. Any known plans for offshore wind parks are effectively counted in the darker pink area that
covers other sea use functions.

This shows that new relatively low cost ‘suitable’ OWE potential is limited under the default
assumptions; broadly aligned with an inspection of the map that shows mostly green areas far from
shore or in deeper sections of the study area. However, should compromise or opportunities be found
with existing sea use functions then this low cost potential may be able to be increased. Consider, for
example, a nominal levelised production cost of 190 €/MWh according to the DSS cost model. At this
cost cap the default case identifies some 225 TWh of suitable generation potential, but a further 1125
TWh are excluded by other sea uses.

4000
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® Excluded - Other Use
2500 -

® Total suitable areas
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1500
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Cumulative generation potential (TWh)

135 145 155 165 175 185 195 205 215 225 235

Levelised production cost (€/MWh)

Figure 9: Cumulative generation potential for ‘general’ exclusions, ‘other use’ exclusions and suitable areas across the
WindSpeed area, plotted against levelised production cost. Default case

Although somewhat crude, such an observation lays the foundation for looking for potential space for
new OWE — beyond known plans — and/or alternate grid connection philosophies that would allow
further-from-shore OWE to be connected and transmitted cost effectively. In order to further
understand the potential opportunities for additional space for OWE, Figure 10 compares the size of
each excluding use (in terms of ‘lost’ generation opportunity) against the average levelised production
cost for that use (had OWE been installed in the same locations) and the percentage overall that the
specific sea use has with other sea uses. The latter aspect, relating to overlap, provides a basic
measure of the ability of any particular sea use to provide additional space for OWE through
compromise. Such a measure obviously ignores issues of practicality and feasibility, but is informative
in understanding why a reduction in space for a certain sea use does not give a corresponding increase
in space for OWE due to other overlapping constraints. Moreover it explains why relaxing constraints
for some sea functions can have a larger impact on OWE than others due to the differences in
observed overlap.
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An ideal exclusion use, in terms of finding space for OWE, would be large, low cost and with a low level
of overlap, i.e. in the bottom left corner of Figure 10. It would also be a soft or firm exclusion in the
sense that the exclusion rules were not regulatory and that compromise/co-use was possible; however
these are not quantified within in the WINDSPEED project and thus must be considered when deriving
the scenario parameters (see Section 3.3).

Relative to other sea use functions, fisheries and military areas show a lower level of
coexistence/overlap, while shipping and sand extraction are comparatively low cost areas for OWE on
average (although sand extraction is only a small excluding factor). The introduced exclusion rules
relating to marine wildlife preservation cause these to be relatively high cost due to the nature of the
spatial strategy used that gives preference to OWE in areas with a better economic return. The five
largest spatial drivers that were identified earlier in this section — fisheries, shipping, military areas,
oil/gas extraction, and nature conservation areas — all lie in some approximate line from higher cost
and lower spatial overlap to lower cost and higher spatial overlap. In the most basic sense this
confirms these uses as the most significant spatial drivers in regards to OWE. They are not only the
largest but also the most potentially interesting for compromise with OWE in the future due to either
cost or ‘spatial uniqueness’.
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Figure 10:. Excluded generation potential (bubble size - labeled in TWh) versus average levelised electricity production cost
and percentage overlap with other sea use functions (representing the portion of that specific sea use that co-exists in the
same region of the North Sea as any other sea use function) for the entire WINDSPEED area. Default case

It is also important to note that Figure 10 shows the exclusions for the entirety of the WINDSPEED
study. However, the distribution of ‘competing’ sea uses changes somewhat from country to country.
Figure 11 illustrates the differences between the UK and the Netherlands. Military areas are a much
larger relative exclusion in the UK and have comparatively little overlap with other use functions as
compared to the Netherlands. While areas covered by oil and gas extraction exclusion rules in the
Netherlands are considerably cheaper for OWE than in the UK (a somewhat intuitive result given the
shallower EEZ in the Netherlands and the nearer to shore nature of much of their oil and gas reserves).
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Figure 11:. Excluded generation potential (bubble size — labeled in TWh) versus average levelised electricity production cost
and percentage overlap with other sea use functions (representing the portion of that specific sea use that co-exists in the
same region of the North Sea as any other sea use function) for UK (left) and NL (right). Default case

The generalisations required for the default case — for example the lack of any kind of depth constraint
— make more detailed comparisons between use functions and between countries somewhat limited
in value. However, the above summary of the default calculation rules does give a useful launching
point for further examination of the different use functions. It provides a basis for identifying the key
spatial drivers across the WINDSPEED area, and per country, and also shows that although the default
level of incremental, low-cost suitable areas is quite low, there may be significant opportunity for OWE
within the space currently excluded by other sea uses.

3.3 Analysis and scenario assumptions

The aim of the scenarios introduced in Section 2.2 — namely: Little will little wind, Going solo, In the
Deep and Grand design — is to investigate how different possible future spatial priorities and use
patterns may impact the potential and cost of future OWE in the WINDSPEED region. The scenarios
focus on developments in the period 2020 to 2030, and all scenarios assume that the NREAP
projections with respect to offshore wind energy are achieved in 2020 (see Chapter 4 for more
details). As discussed, the scenarios differ in both the level of priority that is given to OWE with respect
to other sea uses and also the level of technology advancement that is assumed (e.g. including
offshore meshed grids or floating turbines). How this influences spatial assumptions and inputs is
more thoroughly described for each of the individual sea functions in the remainder of this section.

When considering these scenarios it is important to understand what the current sea uses are, how
they might be expected to evolve in the future, and how they could interact with OWE, either through
co-use or compromise in planning. As mentioned in the Introduction to this section, a total of 8
different sea uses — shipping, oil and gas extraction, fisheries, cables and pipelines, military activities,
sand extraction, existing/planned OWE, nature conservation and wildlife preservation — were
considered within the WINDSPEED project. However, in addition to these use functions and their
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associated spatial use patterns, there are also a number of other parameters that are used within the
DSS tool to control the specific scenario that is being processed. These include parameters relating to:

technical considerations: Includes parameters such as wind park density, permissible depths for
OWE and minimum wind park sizes that should be considered as being
suitable within the DSS, — set per country, with the exception of average
wind park density which must be set for the entire region.

economic factors: Includes material, equipment and installation costs for a number of
different foundation types as well as learning rates for various cost
components and financing costs — overall settings.

distance parameters: relating to minimum and maximum permissible distances to shore, — set
per country.

Each of these groups of input parameters are discussed in more detail below as well as analysis of the
different sea use functions and the final settings chosen for the four scenarios.

3.3.1 Technical considerations

This section discusses the technical parameters that can be set within the DSS, namely the installed
capacity density (i.e. how many MW per square kilometre), the allowable depths and the minimum
park sizes that are considered.

Average installed density

Dealing first with the installed density of OWE that is assumed in the scenario modelling. While
existing or planned offshore wind parks typically have densities in the order of, or in excess of, 6 MW
of installed capacity per square kilometre, there is a growing body of literature that suggests that such
high densities are not sustainable over large areas of deployment. This is because wake effects and
wind speed reductions behind consecutive rows of wind turbines begin to detrimentally effect the
level of wind resource behind large parks (Phillips et al., 2010).

In view of the recent findings on wakes within offshore wind farms and on wind speed deficits behind
these wind farms, the WINDSPEED project considers that, within a defined area, only 30% of the total
should realistically be occupied by wind farms (Jacquemin et al., 2009). It is assumed that any large
scale deployment of offshore wind will likely take the form of multiple wind farm clusters uniformly
spaced, allowing adequate distance between each cluster to mitigate the impact of inter wind farm
wake losses and the resulting lost production and wake turbulence loading. The remaining 70% shall
provide space for wind speed recovery and dissipation of wake turbulent energy, but also possibly
permit some form of navigation throughout the area (Figure 12).
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Figure 12: Simplified illustration of offshore clustering showing discrete offshore wind parks (black squares), the nominal
inter-park distance and nominal turbine (red dots) layout within a park (where ‘D’ represents the assumed turbine
diameter of 126m) (source: adapted from Jacquemin et al., 2009)

The DSS tool looks for suitable areas for incremental OWE. It is not designed to ascertain locations for
specific parks; rather it simply looks for possible locations where additional OWE could be installed. In
doing this it uses an overall average density figure to determine number of turbines that, on average,
would be installed over the WINDSPEED area and thus the level of possible electricity generation using
site specific wind resource data. More detail on the underlying assumptions regarding average wind
park density can be found in Deliverable 2.1 (Baldock and Jacquemin, 2009) but are summarised here
for the reader:

e The wind farm boundary is considered to align with the predominant wind direction,
estimated to be SW to WSW (240 degrees) for the North Sea study domain.

e The assumption of 30 percent coverage of an area with wind turbines (as a result of needing to
leave space between parks) results in an overall net average density of 2 MW/km?* which is a
common assumption for all scenarios

e The assumptions regarding spacing between wind parks that give rise to this 2 MW/km? figure
also imply a nominal distance between offshore wind parks in the order of 12km

These assumptions are partially set by the limitations imposed by the DSS tool. It’s nature as a regional
analysis tool rather than a site specific planning tool means that the user cannot increase the density
locally, but only set an overall average. Working within this constraint, the recommended 2 MW/km?2
is retained. However it should be borne in mind while considering the capacities and potentials
discussed later in this report that the results are understandably sensitive to average density. The
relationship between the resulting scenario spatial capacities and the average density is, as expected,
a linear one. An increase of a certain percentage in the assumed density corresponds to the same
percentage increase in the total potential capacity that the DSS determines.

At this stage it is worth emphasising the large potential for co-use or integrated use that these density
assumptions allow. With distances of 12 km between wind parks as a basis for building up overall
capacities and generation potentials, then there are significant opportunities for, for example,
shipping or fishing activities to occur in these spaces between parks. Such an assumption breaks down
somewhat when the DSS identifies small areas that could not support such large distances between

41

w . nNnd



wind parks. However as an overall average density these assumptions provide a good basis in order to
account for inter-park turbulence impacts.

In certain areas that the DSS tool might identify that are smaller or more isolated then realistically it is
very probable that future OWE development in these locations would have a density higher than 2
MW/km?. However using this figure as an average gives a conservative basis for studying the entire
WINDSPEED area and moreover allows for the possibility that areas identified within the DSS model
may not, in fact, be suitable for future OWE due to oversights within the collected data or other
constraints that the project could not be aware of. Finally, these assumptions regarding allowable
densities reflect a growing sentiment that some form of planning or regulation of wind parks is likely
to be necessary to avoid future conflicts between developers over wind resources. There is already
work being done in the field of allocation of wind rights and compensatory mechanisms for loss of
wind resource — at this stage focussed on onshore wind energy — but one can easily conceive that
similar issues could occur offshore (Rule, 2009).

Table 2: Input assumptions regarding average installed densities

Little will Little wind Going Solo In the Deep Grand Design

2 MW/km?® overall average
(OWE turbines effectively cover 30% of identified ‘suitable’ areas in the DSS)

Water depth

The DSS tool allows maximum water depths to be specified for any run. This can be used to limit
deployments to a certain depth based on, for example, technology considerations that the user may
have. However depth is not directly connected to the choice of foundation technology in the DSS,
which is in fact an optimisation of costs depending on the specific site conditions. The selection
between monopile, jacket or floating technology is taken on the basis of cost which of course takes
into account depth in the calculation amongst other factors.

Given the range of approaches that one finds in specific foundation designs, and the fact that many
limits seen today may be related to acceptable costs rather than feasibility, it is difficult to find
agreement on what future depths deployment is likely to take place. At this time the UK has licensed
areas in the Round 3 bidding with depths in excess of 55m but to date the deepest observed turbines
are those in the Beatrice Wind Farm Demonstration project at approximately 45m depth. While
today’s technology can arguably be extended to 50m water depth (Dhanju et al., 2008) varying sources
make a number of different assumptions about the likely depths that will be possible with future
technology. One of the most recent of these is the Havvind study completed for offshore wind in
Norway that assumes 70m as a cut-off point for future bottom mounted technologies (Espegren,
2010). Given that the UK and Norway have the largest variance in water depths (the vast majority of
the EEZ’s of the remaining four WINDSPEED countries are at a depth of less than 50 metres) the choice
of assumptions regarding depth for the four scenarios are most relevant for those two nations (Figure
13).
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Figure 13: Water depths for the WINDSPEED area

To distinguish between the underlying premises of the different scenarios they are differentiated with
regards to allowable depth of OWE. The Little Will and Going Solo scenarios are based on cautious
assumptions in terms of permissible depths for jacket structures in the future, i.e. no deeper OWE is
allowed than is currently observed in the planned/under-development wind parks seen in each of the
countries. Where current plans are all less than 50 metres of depth, then this 50 metre technical limit
of current technology is taken as the cut-off. In reality this leads to an assumption of 50 metres
maximum depth for all countries except for the UK which has an assumption of 55 metres maximum
depth as they are observed to have been slightly more ambitious in their licensing to date and some
parts of round 3 areas are deeper than 50 metres.

The In the Deep and Grand Design scenarios are futures in which technology advances more rapidly
and there is also a greater focus on further from shore OWE. These two scenarios each have two
different settings for maximum depth based on a desire to investigate not only the impact of deeper
fixed structures, but also the difference that floating technologies make on the available spatial
bandwidth/potential. Firstly, to allow floating technologies, a relatively simple setting was chosen that
assumed no constraint on depth, this effectively assumes that floating technology is freely available at
the future costs determined by the bottom-up cost model in the DSS (see Deliverable 2.2; Jacquemin
et al., 2009). Secondly, a setting is chosen which assumes that future developments are limited to less
than 70 metres water depth in alignment with the Havvind report (Espergren et al., 2010). Having two
possible futures for each of the scenario allows the impact of floating technologies to be studied and
improves the subsequent modelling of the growth of renewable energy technologies (see Chapter 4)
as without a depth constraint the spatial OWE potentials in the UK and Norway are so large that they
can distort those modelling results unless treated carefully. This occurs because little is known
regarding floating wind turbine costs meaning that the bottom-up cost derivation in the WINDSPEED
DSS has a relatively low certainty compared to that for fixed structures. The two versions of each
scenario (Table 3) protect for both eventualities that align to the development perspectives of these
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scenarios, that floating technology becomes cost competitive — or — that it remains expensive but fixed
technologies increase their depth range.

Table 3: Input assumptions regarding permissible water depths

Little will Little wind Going Solo In the Deep Grand Design

Two iterations: Two iterations:
ssomamiort | ssomemrug | DEERNT e
e <70m e <70m

Minimum area size

The nature of the processing methodology in the DSS — whereby exclusion layers are subtracted
leaving a suitable area (Schilling et al., 2011) — means that small areas can be identified as being
‘suitable’. As such small areas may not, in reality, be practical choices for the construction of a wind
park then the DSS allows the user to have a minimum area defined as part of the search criteria. The
tool will only consider an area as suitable if it is larger than this minimum.

In practice the choice of minimum area size (at least when choosing relatively small lower limits)
makes an almost negligible difference to the results. Additionally, since each country’s ambitions for
OWE are different (for example Belgium may have a greater interest in small areas than the UK) and
since this is a universal setting) it is not possible to determine what the smallest area of interest really
is. At this stage of the modelling process it is more valuable to count as much of the potential as
possible which suggests that the minimum area be set to the smallest allowable value — 25 km? in the
DSS — which is effectively one whole square of the GIS grid that we are using based on the resolution
adopted in the WINDSPEED project.

Table 4: Input assumptions regarding smallest allowable suitable area in the DSS

Little will Little wind Going Solo In the Deep Grand Design

25 km?

3.3.2 Distance parameters

The DSS also allows both the maximum and minimum distance to shore to be set for each country.
Dealing first with the minimum distance to shore it is observed for most of the WINDSPEED countries
there is a limitation of no new OWE within territorial waters — the 12 nautical mile limit — this applies
in Germany, the Netherlands and Belgium (BSH, 2009; VenW, 2009a). In Norway the Havvind study
does not indicate any close to shore offshore wind energy in the WINDPSEED area and in fact water
depths are generally too deep to make such installations readily feasible (Espergren et al., 2010). In
Denmark there is no such limit on the distance to shore but instead distances are chosen on a case by
case basis depending on the anticipated height of the turbine and nature of the adjacent coastline and
its use (DEA, 2007). Broadly though, the resulting allowable distances to shore chosen for future
offshore wind parks in Denmark are compatible with a limit of approximately 12 nautical miles (with
the occasional park that is slightly closer). The notable exception is the UK where the 12 nautical mile
figure is not a hard limit and is not a part of formal planning. However a 12 nautical mile limit is also
assumed in UK based on observation of the UK round 3 zones (generally all outside of the 12 nm zone)
and a cautious interpretation of the SEA that was concluded in late 2009 that recommended, “the bulk
of this new generation capacity should be sited away from the coast, generally outside 12 nautical
miles” (DECC, 2009: p116). Without more site specific information to the contrary it was not the
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position of the WINDSPEED project to propose significant levels of new OWE deployment within the
12 nm limit of territorial waters in the UK. This is a conservative approach as it is recognised that on a
case by case basis the Crown Estate may be interested in offering sites closer than 12 nm which would
increase the potential capacity that could be deployed.

The maximum distances to shore are differentiated on the basis of scenario type. For the Little Will
Little Wind and Going Solo scenarios the permissible distances to shore are based on the assumption
that, in general, these futures will not look to exploit OWE much further from shore than is currently
considered for 2020. For each country the known plans or proposals for offshore parks were examined
and an estimate made regarding the current ambitions in terms of maximum distance to shore (Table
5). This somewhat ‘nearshore’ limitation is not to say that these scenarios assume only AC radial
technology, they still use HVDC, but just not an offshore meshed grid. As determined in Deliverable 2.2
(Jacquemin et al., 2009) a distance to shore of 70 km is the approximate cut-off point for AC to DC
technology.

For In the Deep and Grand Design scenarios there is no limit on the maximum distance to shore
considered. This is due to the overarching assumption of an offshore meshed grid that could — pending

cost effectiveness — connect these further from shore areas together.

Table 5: Input assumptions regarding minimum and maximum allowable distances to shore

Little will Little wind Going Solo In the Deep Grand Design
Min. > 22.2km (12nm) Min. > 22.2km (12nm) Min. >22.2km (12nm) Min. >22.2km (12nm)
Maximum: Maximum: No maximum distance No maximum distance
Germany < 175km Germany < 175km from shore from shore
Netherlands < 100km Netherlands < 100km
Belgium < 80km Belgium < 80km
UK < 175km UK < 175km
Norway < 150km Norway < 150km
Denmark < 70km Denmark < 70km
3.3.3 Economic parameters

Within the DSS tool a bottom-up site-specific cost model determines an optimum foundation design,
associated capital cost of installation, cost of nominal turbine, electrical infrastructure between
turbines and to shore and also the yearly anticipated operations and maintenance costs as influenced
by the distance to the nearest staging port. The underlying data sets — such as average/maximum
significant wave heights, bathymetry, port locations and others — are pre-defined within the DSS, as
are the cost calculation rules. However the user can modify a number of parameters relating to
material/labour costs, component based learning rates and financing related parameters (Schilling et
al., 2011). These act, along with the calculation rules and datasets, to determine the CAPEX, OPEX and
levelised production cost of electricity for any particular location in the WINDSPEED study area. As
introduced in section 2.4.2 nearly all cost parameters are, for the context of this scenario study, left at
their base/default levels as defined in Deliverable 2.3 (Jacquemin et al., 2009).

The main change that was made is to the fixed charge rate (FCR) which is, by default, set at 12 percent,
but for these scenarios is set at 15 percent. This change is based on two reasons, firstly the
observation that a 12 percent FCR was proposed by Jacquemin et al. (2009) based on an assumption of
a more conservative project developer such as a public entity and that a slightly higher FCR would
more accurately reflect the necessary rates of return that a private developer would look for. And
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secondly that the bottom up costs from the DSS were observed to be relatively low compared to what
had been seen in the market since it was developed. Given that the FCR has a roughly 1 to 10
relationship with levelised production cost, an increase of 3 percent gave a corresponding increase in
levelised production costs of roughly €30/MWh which brought the DSS output costs in line with ECN’s
internal OWE cost model and also results from recent tenders in the North Sea. A constant FCR was
assumed across all scenarios (Table 6), more subtle changes in financing assumptions were considered
at later stages of the scenario analysis process (see Section 2.4.6).

Table 6: Input assumptions regarding economic parameters

Little will Little wind Going Solo In the Deep Grand Design

All parameters set at default values except:
Learning rates, which are set to zero
Fixed charge rate, which is set to 15 percent

3.34 Shipping

Shipping is an important economic activity in the North Sea and also one that is not, upon first
consideration, obviously compatible with OWE. Offshore wind turbines have the potential to be a
collision hazard and in addition to requiring unobstructed routes of passage between ports there must
also be sufficient provision made — in terms of the width of these routes — that this shipping activity
can be undertaken safely. Amongst other aspects, the required width for safe shipping should take
into account factors such as shipping density, vessel sizes, emergency manoeuvres and unforeseen
anchorage requirements.

The North Sea is densely trafficked, with the highest densities occurring in the international routeing
system (Vessel Separation System or VSS) between the United Kingdom and the Netherlands. This
international routing system is controlled by the International Maritime Organisation (IMO). Outside
the routeing system ships usually travel in straight lines towards their destination, as is clearly visible
from the patterns in high density shipping (Figure 14).

T IMO routes
| I 'MO buffers
I Major routes

Figure 14: IMO routes, IMO buffers and major (high density; more than 1 ship per day) routes in the WINDSPEED area
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The calculation rule for shipping consists of the following sub-rules, with the default settings:

1. IMO routes and a 2 nm safety zone form an exclusion zone for OWE

2. IMO anchorage areas and a 4 nm safety zone form an exclusion zone for OWE

3. Shipping densities in the category ‘very high’ and ‘high’ are an exclusion zone for OWE (i.e.
those with more than 1 relevant vessel passage per day)

4. OWE is permitted in areas on the shipping density map in the remaining categories: ‘very low’,
‘low’, ‘low-medium’, ‘medium’, ‘medium-high’ (i.e. those with less than 1 relevant vessel
passage per day)

As outlined in Deliverable 3.1 (Van der Wal et al., 2011b) a yearly increase of shipping movements of
1% is the default value. This will not change the spatial configuration of shipping including present
shipping routes and anchorage areas. No major changes to any of these are foreseen at this time.

The above exclusion principles lead to shipping being one of the largest constraints, second only to
fisheries based on the derived exclusion rules, in the WINDSPEED area with regards to OWE. If
nearshore regions closer than 12 nm to the coast are set aside as general areas of exclusion, then
shipping covers some 75,000 km?, approximately 20 percent, of the remaining study area. The DSS tool
allows this total figure to be examined in more detail per country on the basis of the cost of the OWE
that is effectively forgone due to shipping activity (Figure 15).
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Figure 15: Cumulative generation potential excluded by shipping — by country — across the entire WINDSPEED area against
levelised production cost. Default case — includes IMO lanes and anchorages as well as ‘high density’ shipping; regions with
more than 1 vessel per day.

As might be expected — based on a visual inspection of the shipping patterns in the North Sea — the
countries that have the largest area (and thus OWE generation potential) excluded due to shipping
activities are the Netherlands and UK followed by Denmark which shows a number of high density
routes, but no IMO routes. Moreover much of this potential is relatively low cost in terms of the
levelised cost of power that would be achieved if OWE was situated in the same location — the vast
majority less than 200 €/MWh — due to its nearshore and relatively shallow concentration.
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However the nature of shipping as a constraint — IMO lanes are effectively hard constraints and other,
less formal, highly trafficked routes must continue to exist in some form — makes it challenging to find
general opportunities for compromise or additional OWE. On a case by case basis it may be possible to
negotiate regarding a particular route but general statements cannot easily be made. The DSS tool
does readily allow the effects of different safety buffers to be considered in terms of the total
foregone generation potential and its cost (Figure 16).
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Figure 16: Cumulative generation potential excluded by shipping across the entire WINDSPEED area including varying
buffer sizes and exclusion rules.

It is found that changing shipping buffers is not particularly appealing in regards to creating more
space for OWE, at least when moderate/small buffer changes (the kind that would be the most likely
to be feasible to discuss on a case by case basis) are considered.

Firstly, there is only a moderate impact on the available area for OWE when making such a change
(Figure 16 and Figure 17). In particular it is seen that the excluded area is not a one to one relationship
with suitable area as there are numerous overlapping exclusions that distort the linkage. Just because
a shipping lane or buffer constraint is relaxed, there can still be other sea uses present in the DSS at
that location that cause it to be excluded. This effect is typically exaggerated closer to shore — where
most high density and IMO shipping lanes are located — as there are more overlapping exclusions.
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Figure 17: Comparing change in excluded area due to different shipping buffer sizes versus additional suitable area made
available

Secondly, a reduction in shipping buffer sizes is a difficult argument to make from the position of the
WINDSPEED project which is looking for incremental space for OWE. Buffers have been designed on
the basis of practical calculated rules relating to worst case eventualities in shipping practice. Rather it
is more interested to optimise how shipping lanes are laid out with respect to OWE.

What this means in practice is that for the more conservative— in terms of the level of prioritisation
and planning integration assumed for OWE — scenarios, Little Will Little Wind and In the Deep, there is
no change to shipping assumptions from the default described earlier in this section.

On the other hand the Going Solo and Grand Design scenarios try to include this idea of optimising the
layout of shipping lanes with respect to OWE. The need for significant distances between adjacent
wind parks in order to reduce inter-park turbulence/losses that was described in section 3.3.1 has
obvious synergies with the need for free corridors of passage for shipping activities. Even more striking
is the approximate agreement in size between these two needs. Within the WINDSPEED project a
nominal distance between parks of roughly 12 kilometres is assumed which is in line with current IMO
and high density shipping lanes that (uni-directionally within Vessel Separation Systems) have widths
in the order of 4 km without recommended buffers or 12 km with such buffers.

It is, therefore, assumed that high density shipping lanes are integrated with OWE planning to, in a
sense, be used as wind regeneration corridors (Table 7). Put simply, in these scenarios non-IMO
shipping takes place in the large areas that area assumed between neighbouring wind parks. Rather
than leaving large gaps between parks and also leaving large space for non-IMO shipping traffic, these
activities can occupy the area of the North Sea. One could envisage wind parks along each edge of an
appropriate width shipping lane (plus buffer) in order to maximise the level of wind resource available.
This means that the overall density of OWE remain the same, except in some instances where high
density shipping currently occurs this is now assumed to happen between future parks. It is also
important to note that this assumption only holds for high density lanes (which are not formally
declared at an international level but more often incorporated in national planning regimes) and that
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the busiest IMO shipping lanes are still fully respected as exclusions in the DSS and their associated
safety buffer zones are not compromised in these scenarios.

Such an assumption suggests a need for a formal and coordinated reassessment of non-IMO shipping
lanes, one which takes into account appropriate corridors with respect to OWE and maximises the
potential synergies between the two uses. Implementation would need extensive cross-border
cooperation and integration of different sea use function planning activities to ensure that shipping
lanes continue to meet requirements now and into the future, but at the same time it guarantees
space for OWE and, in some sense, guarantees the level of resource available for wind parks.

Table 7: Scenario input assumptions regarding shipping

Little will Little wind Going Solo In the Deep Grand Design
IMO routes and only IMO routes and IMO routes and only IMO routes and
anchorages plus anchorages are anchorages plus anchorages are

highest density routes excluded highest density routes excluded

(more than 1 vessel (more than 1 vessel

per day) are excluded per day) are excluded
3.3.5 Oil and gas extraction

There are approximately 500 production platforms — mostly situated above the sea surface but with
some sub-surface structures — located in the North Sea within the WindSpeed study area. From the
Doggerbank area southward most platforms produce gas while north of the Doggerbank oil is the
dominant product. The economic activity these platforms represent, their scale and immovable
nature, and their relative sensitivity, in terms of the need to ensure their environmental and safety
integrity, means that there is little opportunity for direct compromise with respect to OWE. The
exclusion areas that these platforms represent (Figure 18) are driven by the need to provide safe
operation and access — either in the form of vessels or helicopters.

Platform type
o sub-surface
 surface
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The default calculation rule for oil and gas extraction consists of three sub-rules (van der Wal et al.,
2011a),

1. Around sub-surface installations a 500 m safety zone is defined, mainly relevant for shipping

2. Around surface installations a 500 m safety zone is defined, for all those installations known
not to be accessible by helicopter

3. Around surface installation that are (or might be) accessible by helicopter a 5 nm safety zone is
defined to ensure safe access.

Based on these calculation rules, oil and gas extraction lays to claim a relatively large area (Figure 18).
This strongly depends on the number of platforms that require regular helicopter access or are likely
to require emergency helicopter access. Platforms meeting this criteria need an exclusion range of
circa 5 nautical miles which lays claim to nearly 300 km? for a single platform. While some countries
recommend exclusion ranges larger than 5 nm (for example the UK recommends a 6 nm clearance;
CAA, 2010) those recommendations are based on their own interpretation of the Joint Aviation
Requirements that govern European Union helicopter traffic (JAA, 2007). For the WINDSPEED project a
common starting point of 5 nm was assumed using the more conservative interpretation.

The currently available dataset does not have reliable information on the absence or presence of a
helicopter landing platform, nor the manned or unmanned status, of surface installations. Based on
the conservative assumption that every surface installation has a helicopter landing platform the area
covered by the yellow dots in Figure 18 is more or less representative of the area not available to OWE
as a result of sub-rule 3 above. In total, considering but surface and sub-surface installation exclusions,
oil and gas extraction activities account for a spatial claim of more than 46,000 km? or almost 13
percent of the WINDSPEED area outside the 12 nm zone. This estimate is corrected for overlapping
safety zones wherever oil or gas platforms are closer together than 10 nm.
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Figure 19: Cumulative generation potential excluded by oil and gas extraction — by country — across the entire WINDSPEED
area plotted against levelised production cost. Default case — assumes 5nm exclusion around all surface platforms

It is observed that the Netherlands and the UK are the most impacted, in terms of excluded OWE

generation potential, of the six countries, in particular in regards to foregone low cost OWE (Figure

19). At costs roughly approximating those seen in the market recently — for the sake of example,
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assumed here to be 180 €/MWh (UKERC, 2010) — then oil and gas extraction excludes some 64 TWh
and 30 TWh for these two countries respectively based on the density assumptions in Section 3.3.1.
Again it should be stressed that this assumes that a regulatory clearance of 5 nm around all surface
platforms is maintained due to a lack of information in the WINDSPEED data set on which surface
structures have helicopter platforms or are permanently manned.

Given the relatively large exclusion area due to helicopter clearance requirements it is of interest to
understand the effect of varying these clearances and what spatial opportunities it could provide for
OWE. This is performed here as a change to the calculation rule for all surface platforms to illustrate
the effect of helicopter exclusion range changes, but one could envisage that it is also possible to
change the exclusion zone for single platforms on a case by case basis.
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Figure 20: Cumulative generation potential excluded by oil and gas extraction across the WINDSPEED area plotted against
levelised production cost for a number of theoretical exclusion radii around platforms

It is observed that changing the radius of the exclusion area around surface platforms has a significant
and predictable effect on the total amount of generation potential that is excluded by oil and gas
activities (Figure 20). Smaller radii lead to smaller total exclusions due to helicopter zones and vice
versa. However Figure 20 does not provide any information on the corresponding amount of
generation potential that is realised or removed when the clearance radius is reduced or increased
respectively. Just as the shipping exclusions did not have a one to one mapping between the change in
excluded potential and the change in OWE potential due to overlapping sea use functions, the same is
observed for oil and gas extraction (Figure 21). When the size of an exclusion area is relaxed by a
certain amount, the additional OWE potential that is realised is typically less than half that same
amount as there will often be a second, third of fourth exclusion overlapping some of the relaxed area.
Moreover this effect is exacerbated in the nearshore — where quite a number of oil and gas platforms
are situated — due to the increased density of sea use functions and the resulting overlapping of these
functions. This result is not unique to shipping or oil and gas extraction, relaxation of any excluding
criteria needs to be considered carefully and in combination with other sea uses to understand what
the resultant impact on OWE potential may be.
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Figure 21: Comparing change in excluded generation potential due to helicopter clearances versus additional suitable
generation potential made available

The helicopter clearance of 5 nautical miles is, in principle, a ‘hard exclusion for the WINDSPEED
project, in the sense that no direct change to this requirement is proposed. Instead the project takes
two pragmatic approaches of how oil and gas infrastructure is treated.

Firstly it looks at how many platforms will be present in the future based on their anticipated decrease
in number as viable reserves are exhausted. The number of active platforms is forecast to decrease as
the production of many fields is in decline and these platforms, in accordance with their
environmental requirements will be decommissioned and removed. Partially balancing this a relatively
small number of new hydrocarbon deposits may be discovered and exploited. However it is not
possible within the WINDSPEED project to plan OWE around this hypothetical infrastructure due to a
lack of knowledge of where future finds of oil and/or gas deposits could occur, if at all. These locations
are not known and if such information exists it is treated as highly confidential by the industry and is
unavailable (van der Wal et al., 2011b).

Even when considering on the removal of existing platforms, there is little consistent information
across the study area as to which platforms will be decommissioned. For 2020 and 2030 the expected
number of installations still present is given in Table 8. Information on which installation is to be
decommissioned at what time is currently not included in the dataset (van der Wal et al., 2011b). This
level of information would be required in order to map which specific platforms could be expected to
be removed by 2030, the time frame for this study. Instead it was required that the clearance radii
around all existing platforms are scaled to anticipate the future level of decommissioning. For example
should the assumption be that half the platforms in the North Sea will be decommissioned at a certain
point in time, then the input parameter relating to helicopter clearances would be reduced until the
point where the total area covered by the existing platforms is half of what it currently is. Two
different futures are assumed with regards to decommissioning to differentiate between the
scenarios. In those scenarios that place a greater priority on finding space for offshore wind (Going
Solo and Grand Design) it is assumed that the decommissioning rates as determined in Deliverable 3.1
(van der Wal et al., 2011b) are achieved in 2030 (Table 8). However for the other two scenarios (Little
Will Little Wind and In the Deep) it is assumed that either a lack of will or pressure to decommission
means that the 2020 decommissioning level is only achieved in 2030.
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To be clear, the WINDSPEED project does not propose to decrease the actual clearances around oil
and gas production platforms requiring helicopter access, only scale them in accordance different
decommissioning rates for the different scenarios.

Table 8: Estimated number of oil and gas installations present in the North Sea area for 2010 (initial), 2020 and 2030 (van
der Wal et al., 2011b)

Year Number of
Installations
2010 750
2020 303
2030 100

The second way in which the clearances around oil and gas platforms are modified in certain scenarios
is the consideration of which platforms are manned or unmanned. The default assumption in the DSS
is that all platforms require a 5 nm clearance area around them, since data on which are
manned/unmanned was not readily available. However information could be obtained for the ratio of
manned to unmanned platforms for the UK and the Netherlands (the the two countries with the
majority of offshore oil and gas infrastructure). For those scenarios that assume a higher level of
prioritisation of space for OWE — Going Solo and Grand Design — it is more reasonable to assume that
clearances around unmanned platforms could be relaxed in the future, and a split of manned and
unmanned was assumed based on this data from the Netherlands and UK. UK data for the central and
southern North Sea shows that 88 are surface structures are manned out of 215- or 41 percent (DECC,
2010). In the Dutch EEZ there are approximately 40 out of 100 structures manned or with an unknown
status — ‘unknown’ platforms are also considered here as ‘manned’ in order to be conservative (W. van
Urk, private communication, 20" Oct 2010). Based on this an average rate of 40 percent manned and
60 percent unmanned was assumed for the WINDSPEED area and the helicopter clearances scaled
accordingly to adjust the overall size of the oil and gas extraction exclusion area. It is recognised that
on occasion even unmanned structures will also require access or servicing with crew. However in
order to illustrate the preference for a pragmatic approach to planning in these two scenarios it is
assumed that — as per helicopter access to wind turbines or transformer platforms in wind parks — a
clearance of less than 5 nm is acceptable for unmanned platforms. For the Little Will Little Wind and In
the Deep scenarios, all platforms, regardless of their manned status, maintain a 5 nm clearance. The
final scaled clearances, taking into account decommissioning and manned/unmanned status are
presented in Table 9.

Table 9: Scenario input assumptions regarding oil and gas extraction

In the Deep Going Solo Grand Design
Decommissioning is less strictly enforced; estimate Decommissioning is strictly obeyed; estimate 100
303 platforms in 2030 (the 2020 estimate) platforms in 2030
effectively gives a clearance of 5.89km Clearances reduced around unmanned platforms

(to 500m) which account for approx 60% of the
structures in the southern and central north sea

effectively gives a clearance of 2.14km

54

- |




3.3.6 Fisheries

Fisheries are a diverse and wide-ranging sea use function in the North Sea basin that operate across
EEZ borders. Fishing activities do not have well defined exclusion areas or zones but instead naturally
distribute their effort over time in accordance with targeted fish species and abundance of catch. The
broad umbrella term ‘fisheries’ includes a wide range of different fishing gears and vessel sizes
corresponding to different fish species being targeted and different preferences on where to fish.
However WINDSPEED focuses on those fishing activities that are considered as likely to conflict with
OWE. These are the fisheries using large and powerful vessels in combination with large and often
heavy fishing gears — defined by the project as vessels operating with engine sizes over 300 hp and
using beam trawls, otter trawls and pelagic trawls (van der Wal et al., 2011b).
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Figure 22: Left — total fishing effort per ICES-block for 7 countries (UK, BE, NL, DE, DK, SE, NO) with areas of national
importance. Right — exclusion pattern for the default rules (prioritises for far from shore wind resource)

Fisheries Exclusions
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I Excluded

A lack of firm boundaries for fishing activities means that exclusion rules are based on a distribution of
fishing effort per ICES block®, which is available for the WindSpeed partner countries along with
nominated ICES blocks that are determined to be of national importance (Figure 22). The final
WINDSPEED calculation rule or map for fisheries is a surrogate for an economic value map. Due to a
lack of data the revenue generated within the area cannot be calculated or estimated to a satisfactory
degree to be relied upon for an economic calculation rule (van der Wal et al., 2010).

The default calculation rule for fisheries consists of six sub-rules; areas that receive:

less than 0.25% of the effort are fully available to OWE

between 0.25 and 0.5% of the effort can contain up to 60 percent OWE
between 0.5 and 1.0% of the effort can contain up to 45 percent OWE
between 1.0 and 2.0% of the effort can contain up to 30 percent OWE

PwnpeE

3 defined by the International Council for the Exploration of the Sea (ICES) as statistical rectangles one degree longitude x 0.5
degree latitude = 30 x 30 nautical miles = 56 x 56 km
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5. 2% or more of the effort can contain up to 15 percent OWE
6. over 5% of effort from a national fleet — and thus classed as nationally important (Figure 22) —
are treated the same as those from sub-rule 5.

These rules were developed based on best judgement in order to try and find a balance between
fishing interests and OWE.
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Figure 23: Cumulative generation potential excluded by commercial fisheries — by country — across the entire WINDSPEED
area plotted against levelised production cost. Default exclusion rules.

However, when these rules were implemented, it was observed that all countries have relatively high
levels of exclusion due to the default allowable percentages that were assumed (Figure 23). Moreover,
the rules, as implemented in the DSS, favour far from shore locations for OWE so much of the
excluded area is relatively low cost in terms of delivered cost of OWE. This created a situation in which
fishing activity, according to the DSS results, became the largest exclusion with the greatest impact on
low cost OWE, even though it is an arguably adaptable exclusion in the sense that the project uses a
surrogate map for economic value and proposes exclusion rules on the basis of judgement. These are
not strictly defined zones or regions, but relatively flexible exclusion areas that can be considered from
a number of perspectives.

There is some evidence from the Netherlands to show that fishing has a comparatively low
economic/social spatial value versus OWE (Decisio, 2010; CPB, 2011). It is thus informative to examine
the interrelationship between fisheries exclusions rules, as developed for this project, and OWE
potential. As with the other sea use functions looked at earlier, the reduction in excluded area due to a
change in the exclusion rules does not correspond to the same increase in suitable area for OWE due
significant overlap over fishing with other sea uses in the DSS (Figure 24).
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Figure 24: Comparing change in excluded generation potential due to differing stringencies of fishing activity exclusion
rules versus additional suitable generation potential made available

Note, that although changing exclusion rules obviously makes a significant difference to the excluded
area, the apparent reduction in space available for fishing does not take into account the strong
opportunities for co-use that exist due to the low densities of OWE that are assumed. Given the large
distances between wind parks that are used to calculate an average density, for example distances
between parks are assumed to be in the order of 12 km, fishing activities could occur in these corridors
unimpeded. The 2 MW/km? density that is used for the scenarios considers that only 30 percent of any
indentified suitable area is populated with wind parks (see Section 3.3.1), the remaining 70 percent
could be available for fishing as per usual. This is an inherent protection of fishing activities that is built
into the density assumptions and is, in fact, a more extensive protection of fishing than would be
offered by the above calculation rules alone (should low densities not be used).

Furthermore, OWE will only ever be built in certain restricted areas where it is economically viable,
can be grid connected or is of appropriate depth (see Chapter 4 for more detail on the economic and
grid constraints and how these impact on spatial development of OWE). This means that although the
DSS may find large areas as ‘suitable’, only some fraction of this would ever realistically be developed,
this provides even further opportunities for fishing activities to continue across large swathes of the
North Sea as it does today.

On this basis, it is assumed that in those scenarios that prioritise OWE — Going Solo and Grand Design —
fishing is effectively completely carried out as co-use within the 12 km buffers assumed between wind
parks. Such an assumption would require a significant level of integration between North Sea
countries with regards to fishing and OWE planning to ensure that co-use is in the layout of large
deployments of OWE. For the other two scenarios — Little Will Little Wind and In the Deep — the
default calculation rules are used which, as was seen (Figure 23), leads to large exclusions due to
fishing (Table 10).
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Table 10: Scenario input assumptions regarding fisheries

Little will Little wind

Default rules for
exclusions — see
earlier in this section —
but with priority given
within the DSS to
search for nearshore
OWE potential

(effectively 29 percent
of the WINDSPEED
area outside the 12

nm territorial waters
limit)

Going Solo In the Deep

Default rules for
exclusions — see earlier
in this section — but
with priority given
within the DSS to
search for nearshore
OWE potential

No explicit restriction
on OWE due to
fisheries. Fishing is
effectively co-use
considering the large
12 km buffers between
wind parks. Assumes
heavy gear bottom
trawling is largely
phased out by 2030.

(effectively 29 percent
of the WINDSPEED
area outside the 12 nm
territorial waters limit)

Grand Design ‘

All fishing is effectively
co-use considering the
large 12 km buffers
between wind parks.
Assumes heavy gear
bottom trawling is
largely phased out by
2030.

3.3.7

Military zones

Military activities include port activities, open water ship and submarine activities, construction and
upkeep of the fleet, underwater disposal of weapons and munitions (fishery protection patrols by the
respective navies), and manoeuvres and firing exercises. Firing exercises are held within clearly

identified zones.
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Figure 25: Different military uses types and corresponding exclusion zones
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By default the exclusion rules for military zones are implemented in the DSS such that all military areas
are excluded for OWE deployment. Based on this starting point and considering all the identified
military zone types (Figure 25), military activities account for a spatial claim of more than 46,000 km?
or almost 13 percent of the WINDSPEED area outside the 12 nm zone. This calculation is corrected for
any overlapping military zones.

The UK and Germany have the largest areas zoned for military activities (Figure 25). The nearshore
location of the German zones is reflected in the relatively low levelised cost of OWE that is excluded,
while the deeper and further from shore nature of the UK zones means that they are distributed over
a wide band of costs.
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Figure 26: Cumulative generation potential excluded by military zones — by country — across the entire WINDSPEED area
plotted against levelised production cost. Default case — all military types excluded

Challenges in collection of data on military zones — due to issues of confidentiality — meant that the
specific usage of a relatively large proportion of the defined zones could not be determined. This is
mainly the case in Netherlands, Norway and some smaller areas in the UK. These unknown areas are
the largest military exclusion by usage type and at relatively low costs, followed by aircraft
manoeuvres and firing ranges. All these types of zones have cover significant areas at costs less than
200 €/MWh for equivalently sited OWE while the other use types are comparatively negligible or only
exclude higher cost OWE resources (Figure 27).
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Figure 27: Cumulative generation potential excluded by military zones — by zone type — across the WindSpeed area plotted
against levelised production cost.

The opportunities for OWE with regards to military activities are difficult to predict. There is a strong
historical and political precedent of support for the armed forces and for supporting practice areas. It
remains to be seen whether OWE is perceived by society and politicians as sufficiently attractive and
rewarding as a source of renewable energy to be successful in laying claim to areas presently reserved
for the armed forces. Apart from simple reductions in military zones, other options may include
relocation of certain, non-location sensitive military uses away from desirable OWE areas,
reconciliation of different military areas into single common sites or shared use of certain areas
between North Sea countries reducing redundancy in military areas.

Overall there is little information available as to how much compromise or co-use may be possible
between OWE and different types of military zones. Equally, it is very difficult to make generalisations
regarding the adequacy of current military zones in terms of size, for example whether or not the
entirety of current areas need to be preserved strictly for military activities.

As a starting point the current planned, permitted or under-development offshore wind parks in the
WINDSPEED study area can be looked at. This provides some evidence that some moderate amount of
compromise is being reached, or may be required, in order to satisfy the ambitions of OWE developers
and governments promoting OWE. For example, based on the data collected in the WINDSPEED
project (van der Wal et al., 2011b):

e The UK shows a large degree of overlap between the Greater Gabbard wind farm that is under
construction and a small military area. Furthermore the Firth of Forth round 3 zone shows
significant overlap with designated aircraft manoeuvre and sonobuoy areas.

e Germany has a small number of approved OWE areas such as Amrumbank West, Nordsee Ost,
Meerwind Ost and Meerwind Siid in aircraft manoeuvre and firing range zones. There are also
a number of proposed parks such as Skua, Gannet, Heron, Seagull, Petrel, Area C cluster, and
Meerwind West that would lie within firing ranges or other military areas.
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e The Netherlands has designated approximately 50 percent of its largest military zone north of
the Wadden Sea islands as a search area for OWE in its pending marine spatial planning
framework (VenW et al., 2009).

It should also be noted that current sea use functions are observed to overlap with military areas in a
number of locations including: the IMO VSS routes in UK waters to the south of the East Anglia round 3
zone and a number of locations in the Dutch EEZ where overlap is also observed between IMO lanes
and areas designated for military activities.

These aspects taken together suggest that, as broad approach to military zones, most planning
authorities and those responsible for military activities offshore provide at least some level of leeway
for other sea use functions.

To differentiate the scenarios between those that have a low spatial prioritisation for OWE and those
that consider new space for OWE as a priority in planning a percentage usage can be input into the
DSS; this tells the tool to allow up to this percentage of military areas for OWE. In determining the
actual area that is ‘taken’ for OWE a selection strategy is chosen depending on the requirements of the
scenario, for example the tool may search for space near to shore, or areas that have the highest
average wind speed, amongst other possible strategies. Moreover a subset of relevant military usage
types can be nominated so that only certain types of military areas are considered, those that are not
selected then remain completely excluded.

The Going Solo and Grand Design scenarios consider OWE to be a priority and for this study have a
threshold of up to 50 percent allowable OWE (Table 11). This is chosen for all usage types except
known sea-mine areas and ammunition dumps as these are considered to be less likely to be able to
be relocated or used for OWE. Unknown usage areas are also considered to be allowed for OWE on
the basis of the Dutch OWE search area that overlaps with the largest ‘unknown’ zone in the
WINDSPEED area (see above). Other countries either have many fewer unknown areas or have
relatively low levels of spatial congestion (for example Denmark) so such an assumption regarding the
unknown areas is less critical in these EEZs. The chosen strategy for selection of additional space is on
the basis of lowest OWE levelised production costs.

While an assumption of 50 percent compromise in the size of military zones may seem like an
aggressive target this needs to be seen in the context of two considerations. Firstly, the aim of the
project is to investigate conventional usage patterns from the perspective of OWE, a specification of
50 percent is in line with the level of prioritisation that is supposed in the Going Solo and Grand Design
scenarios. Secondly, and more importantly, an input of 50 percent into the DSS does not actually
result in a loss of half of all the military zones due to a) overlapping use functions which act to
constrain the size of area that is ‘taken’ by OWE, and b) the fact that many military zones are quite
expensive and so are not likely to ever be considered for OWE.
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Figure 28: Overlap between military zones and nature conservation areas in the Germany EEZ.

The effect of overlapping usage functions can best be observed in Germany, the country that has the
highest level of low cost OWE potential that is effectively excluded by military activities (Figure 28).
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Figure 29: Comparing change in excluded generation potential due to military zone modification versus additional suitable
generation potential made available

This overlap acts to greatly reduce the actual impact of the input assumptions on military zones. While
a certain change in military zone size is forecast by the DSS, the actual area that is eventually utilised in
the tool for OWE is much lower (Figure 29); overlapping areas would be able to continue to be used
for military activities as they are now. More detail on the actual impact on military activities from the
proposed scenarios is available in Deliverable 6.2 (van der Wal et al., 2011c).
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Table 11: Scenario input assumptions regarding military activities

Little will Little wind

All military zones are
completely excluded

Going Solo
50% is available for OWE,
except for mines &
dumps which remain
excluded

Selection strategy is for
cheapest OWE

In the Deep

All military zones are
completely excluded

Grand Design

50% is available for OWE,
except for mines &
dumps which remain
excluded

Selection strategy is for
cheapest OWE

3.3.8 Cables and pipelines

Cabling and pipelines laid on the seabed — or in certain instances buried at a shallow depth — play an
important role in connecting North Sea countries to each other and to offshore infrastructure such as
oil and gas platforms or offshore wind parks. They are considered here as a common use function due
to their similar exclusion requirements and nature of their installation. Cables in the North Sea are
generally used for either electricity transmission or telecommunications between countries. Pipelines
typically connect offshore oil and gas platforms (surface or submerged) to one another and also back
to points on shore where the extracted products are sent.
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Figure 30: Sub-sea pipelines and cables in the WINDSPEED area

The United Nations Convention on the Law of the Sea (UNCLOS) has defined a maintenance zone of
500 metres on either side of cables and pipelines. This regulation is respected in Europe and, in
particular, within the North Sea. A 500 metre clearance is designated to avoid disruption of service or
damage to the cable/pipe due to other activities (for example fishing vessels or anchoring ships) and to
ensure access to the cable/pipeline for maintenance vessels. For pipelines, that may often be
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transporting oil or similar products, an appropriate standoff buffer is also important to ensure
environmental protection.

For both cables and pipelines the same basic default calculation rule is applied within the DSS:
1. A 500 metre safety zone on either side of the cable/pipeline is an exclusion zone for OWE.

Based on this default UNCLOS buffer, cables and pipelines account for a spatial claim of more than
30,000 km? or just over 8 percent of the WINDSPEED area outside the 12 nm zone. This calculation is
corrected for any overlapping exclusion areas. The nature of such cabling and piping means that it is
spread across a relatively wide range of depths and distances to shore. Thus the resulting excluded
areas cover quite a wide range of levelised production costs for OWE sited in equivalent locations
(Figure 31). The UK and the Netherlands have the largest lengths of cables and pipelines in their EEZ
corresponding to the largest excluded OWE potential; however all countries show some significant
areas excluded due to cables and pipelines.
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Figure 31: Cumulative generation potential excluded by cables and pipelines — by country — across the entire WINDSPEED
area plotted against levelised production cost. Default case — standard 500m exclusion either side assumed

The international nature of the UNCLOS agreement provides little opportunity for flexibility in the
defined exclusion zones, thus cables and pipelines are considered within the WINDSPEED project as
hard exclusions. The DSS tool can, however, be used to study the impact of any proposed changes to
clearances in the future.

It is also expected that the number of cables and pipelines will grow in the future as additional
infrastructure is required for transporting power, information or natural resources. Deliverable 3.2
determined that cables will grow at a rate of approximately 1 percent per annum of the coming
decades while the length of pipelines will increase at approximately 0.2 percent per annum. The
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location of this future growth cannot readily or accurately be determined, so to account for this yearly
increase in cables and pipelines as a use function the default UNCLOS exclusion of existing
cables/pipelines of 500 metres is scaled by the net overall percentage growth that would have been
seen by 2030; an approximately 22 percent increase in cables and 4 percent increase in pipelines. To
differentiate between scenarios in which there is a prioritisation for OWE, it is considered that in the
Going Solo and Grand Design scenarios that concerted and coordinated effort in planning of cables
and pipelines (for example to lay them in areas that are already excluded for OWE or closely in parallel
to existing cables/pipelines) halves the yearly growth. Resulting OWE exclusion zones for the four

scenarios are given in Table 12.

Table 12: Scenario input assumptions regarding cables and pipelines

Little will Little wind

Going Solo

In the Deep

Grand Design

1%/annum increase in
cables
0.2%/annum increase in
pipelines

Resulting 2030
clearances:
cables=610m
pipelines =520 m

0.5%/annum increase in
cables
0.1%/annum increase in
pipelines

Resulting 2030
clearances:
cables =552 m
pipelines =510 m

1%/annum increase in
cables
0.2%/annum increase in
pipelines

Resulting 2030
clearances:
cables=610m
pipelines =520 m

0.5%/annum increase in
cables
0.1%/annum increase in
pipelines

Resulting 2030
clearances:
cables =552 m
pipelines =510 m

3.3.9 Sand extraction

The extraction of subsea sediments in the North Sea includes replenishment sand, shallow or deep
extraction of fill sand and concrete and masonry sand/gravel. Replenishment sand is used for coastal
reinforcement while fill sand and concrete and masonry sand/gravel are mainly used for construction
and infrastructure. This extraction can occur from within dredged navigational routes (often done to
ensure sufficient depth for shipping) or on the continental shelf itself for the purposes listed above.
Dredging (for navigational reasons) is, by definition, located in shipping lanes and therefore of little
interest to the WINDSPEED project as these areas are already unavailable to OWP as a result of
shipping activities. Extraction that takes place outside of shipping routes is of more relevance to OWE
as current use patterns would exclude wind parks in certain areas (Figure 32).
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| sand extraction

Figure 32: Aggregated sediment extraction areas (including reserve areas) considered in WINDSPEED

The calculation rule for sediment/surface-mineral extraction states that these areas are excluded for
OWE. Sand extraction, including those areas where the level of extraction is uncertain or may be zero,
thus accounts for a spatial claim of almost 6,000 km?, or approximately 1.5% of the WINDSPEED area
outside the 12 nm zone. Actual, regularly active areas may be significantly lower than this. Although
relatively small scale, the shallow water nature of most sand extraction means that these areas are
generally sites that would have a low levelised cost of production for potential OWE (Figure 33).

25
= /_/
g 20
8 ——BE ——NL
3 ——DK ——UK
8. 15 e NO —0pD
e}
Q
3
< 10 [
Q
q) /
>
©
ER /. /
1S / /
>
O //_/_f
0

135 145 155 165 175 185 195 205 215 225 235

LPC (€/MWh)

Figure 33: Cumulative generation potential excluded by sand extraction activities — by country — across the entire
WINDSPEED area plotted against levelised production cost. Default case — all surface mineral extraction and reserve areas
are excluded
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The scenarios are differentiated in accordance with the pending Dutch spatial planning framework
that dictates that OWE takes precedence over sand extraction outside the 12 nm zone (VenW et al,,
2009a; 2009b) . This framework places a relatively firm limit on extraction activities to within this 12
nm territorial water limit but outside the -20 metre depth contour line, areas that are not in conflict
with OWE. The Dutch approach is adopted as the Netherlands has the largest exclusion area due to
surface mineral extraction. While Germany has the second largest exclusion due to extraction, the
known areas are completely contained within both existing military zones and defined nature
conservation areas (Figure 34). This means that even when changing the rules regarding the allocation
of sand extraction areas for OWE, the German regions will not be significantly used for OWE due to
these other two overlapping constraints. For the remaining countries the size of the excluded area
due to sand extraction is arguably marginal and/or there is relatively little congestion in the EEZ (e.g.
Denmark) so these extraction activities are assumed to be displaced to within the 12 nm limit.
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Figure 34: German military, nature conservation and sand extraction areas.

Following this logic it is assumed in the Going Solo and Grand Design scenarios that sand extraction is
more generally constrained to regions within the 12 nm zone around each country in the future. This
places it out of conflict with OWE and makes some moderate, but relatively low cost, areas available
for OWE in these two scenarios.

Table 13: Scenario input assumptions regarding sand extraction

Little will Little wind Going Solo In the Deep Grand Design
Sand extraction is Sand extraction is
sand extraction as per assumed to be displaced sand extraction as per assumed to be displaced
current practices by OWE outside the current practices by OWE outside the
12nm limit 12nm limit

3.3.10 Nature conservation areas

The two most important pieces of European legislation relating to nature conservation are the
Habitats Directive and the Birds Directive. Member States are required to implement these directives
in national legislation. A Special Area of Conservation (SAC) is an area designated for reasons outlined
in the Habitats Directive while a Special Protection Area (SPA) relates to the Birds Directive. These SAC
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and SPA sites may overlap and together underpin a European network of protected areas known as
Natura 2000. Countries can also protect additional areas by national laws. A compilation of nature
conservation areas, both designated and proposed, within the WINDSPEED study area is given in
Figure 35 with more detail on the individual areas available in D3.1 and D3.3 (Van der Wal et al.,,
2011b; 2011a).

nature conservation areas

oA
¥
2
i

Figure 35: Aggregated nature conservation areas (existing and proposed) considered in WINDSPEED

By default it is considered within the DSS that nature conservation areas are completely excluded for
OWE. These areas, including those areas that are proposed or under consideration, account for a
spatial claim of over 42,000 km” or approximately 11.5 percent of the WINDSPEED area outside the 12
nm territorial water limit. While the UK has the largest indicated exclusion due to nature conservation
(Figure 36) much of this is due to the large Dogger Bank possible SAC proposed by the Joint Nature
Conservation Committee (JNCC, 2008). Possible SACs are sites that have been formally advised to UK
Government and formally approved by government for public consultation, but not yet submitted to
the European Commission. A significant proportion of this possible SAC (more than 50 percent)
overlaps with the Dogger Bank round 3 OWE zone awarded to the Forewind consortium by the Crown
Estate (Crown Estate, 2010). The actual area covered by nature conservation in the UK could turn out
to be considerably lower given that areas under consideration are currently included in Figure 36.
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Figure 36: Cumulative generation potential excluded by nature conservation areas — by country — across the WINDSPEED
area plotted against levelised production cost. Default case — all existing and proposed nature conservation areas are
completely excluded

To differentiate the scenarios between those that have a low spatial prioritisation for OWE and those
that consider new space for OWE as a priority in planning a percentage usage can be input into the
DSS; this tells the tool to allow up to this percentage of nature conservation areas for OWE. In
determining the actual locations that are ‘taken’ for OWE a selection strategy is chosen depending on
the requirements of the scenario, for example the tool may search for space near to shore, or areas
that have the highest average wind speed, amongst other possible strategies. Moreover certain types
of nature areas (for example Bird or Habitat Directive) can be selected for this percentage allowance,
those that are not selected then remain completely excluded. One such selection strategy, choosing
locations on the basis of lowest OWE cost, is illustrated in Figure 37. It shows that as the percentage of
Natura 2000 areas that is allowed to be used for OWE increases, the DSS selects for those areas that
are lowest cost and thus, arguably, the most attractive for developers. Obviously other factors such as
environmental sensitivity would also need to be considered however that is beyond the capabilities of
the DSS tool which cannot ‘guess’ at which zones would be more amenable to OWE (apart from the
ability to set certain types of zones as off-limits). Such an approach would require considerably more
detail on the conservation goals within each zone and their relative sensitivity to OWE.
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Figure 37: Cumulative generation potential excluded by Natura 2000 areas — with varying levels of exclusion stringency —
across the WINDSPEED area (more than 12 nm from shore) plotted against levelised production cost.

Most marine nature conservation areas have been designated as part of Natura 2000 and as such this
does not definitively exclude OWE from the same area (European Commission, 2010). However, the
burden of proof showing that a specific offshore wind park does not endanger the conservation goals
for the area lies on the side of the OWE developer. Currently, it seems likely that the preferred option
is to develop OWE outside nature conservation areas; however with large scale OWE deployment
envisaged in the future and a declared desire to prioritise for OWE within two of the four scenarios
some limited degree of co-use was assumed.

The Going Solo and Grand Design scenarios consider OWE to be a priority and for this study have a
threshold of up to 10 percent allowable OWE for all Natura 2000 areas (Table 14). The chosen strategy
for selection of additional space is on the basis of lowest OWE levelised production costs. This 10
percent assumption is based on what is considered to be a conservative judgement regarding the
ambitions of OWE in the future and a desire to find space for low cost OWE. There is not existing
information that indicates how much of the current Natura 2000 network might be compatible with
OWE. It should be stressed that although a figure of 10% is used as input to the DSS the actual
percentage of existing nature conservation areas that gets used in the scenarios is considerably less
because of other use functions.

Overlapping use functions significantly reduce the actual amount of OWE that would ever be
developed. Natura 2000 zones often overlap with other sea use functions. Considering the default
case (with all exclusions rules as per their defaults in the DSS) then 10 percent utilisation of Natura
2000 areas for OWE could theoretically deliver 53 TWh of potential generation (Figure 37); however
overlapping uses reduce this to only 4 TWh of actual incremental OWE space that becomes available,
effectively less than 1 percent of Natura 2000 areas. This perhaps seems too conservative, however
the relaxation of other sea use function rules will increase this somewhat. The overall net impact on
nature conservation areas of the assumptions used to generate the scenarios in this report are
covered in more detail in Deliverable 6.2 (van der Wal et al., 2011c).
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Within the project a somewhat conservative approach to nature conservation areas was applied. It is
difficult to make high level generalisations regarding the suitability of Natura 2000 areas given the
diversity of habitats and their specific conservation goals. Further to this the WINDSPEED project also
introduces what is effectively a new use function that relates to marine wildlife vulnerability more
broadly (see following section). This is done in the interest of anticipating growth in nature
conservation areas in the future and the consideration of cumulative impacts from OWE on the marine
environment about which little is currently known. This new use function gives an additional layer of
exclusion to the North Sea region that is roughly equivalent in size to the current nature conservation
areas. Given this significant additional reservation of portions of the North Sea in aid of nature
conservation goals, there is arguably little need to be overly concerned about exactly what small
percentage of Natura 2000 areas might be appropriate to develop with OWE.

Table 14: Scenario input assumptions regarding nature conservation areas

Little will Little wind Going Solo In the Deep Grand Design
Up to 10% of nature Up to 10% of nature
All identified nature conservation areas are All identified nature conservation areas are
conservation areas are allowed to be developed conservation areas are allowed to be developed
completely excluded with OWE based on best completely excluded with OWE based on best
economic performance economic performance

3.3.11 Marine wildlife preservation

In order to take natural values into account that are present outside nature conservation areas, a
separate exclusion layer is considered that takes into account marine wildlife vulnerability in the
remainder of the North Sea basin. This is done with an exclusion rule and associated map of marine
natural value (Figure 38) that considers three major fauna groups: birds, fish and benthos; insufficient
detail was available for marine mammals (van der Wal et al., 2011a). This additional use function is
included because the marine aspects of both the Bird Directive and the Habitat Directive (together
making up Natura 2000) are not as well developed and researched as their terrestrial counterparts.
Moreover, while existing nature conservation areas (SPAs, SACs and national areas) are presumably
sufficient for the current level of development in the North Sea, there is little information available on
the cumulative effects of future large scale offshore wind deployment. This suggests that a
conservative approach — that assumes some level of increase in nature conservation areas in the
future — has merit.

As a result a choice was made to include ‘natural value’ as a current and future use. This assumes that
it is likely that with scientific progress and effort put into defining and studying marine ecosystems
that new conservation areas will be defined. The introduced natural value exclusion layer (here
labelled ‘marine wildlife preservation’) is there to safeguard some additional area that is presently not
protected but possibly worth protecting. Although WINDSPEED cannot state exactly where or how
much future area may be desirable to protect, the use of measured natural values and vulnerabilities
provides a grounded starting point for defining potential areas of interest.

Three separate maps of bird, benthos and fish natural value are weighted and aggregated in a
combined map. Areas of interest to protect on the combined map are mainly where high natural
values occur based on these weights; for birds this relates specifically to their sensitivity to wind
turbines, for fish species this relates to communities with higher than average numbers of species,
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while for benthic value there are relatively few areas of interest due to the arguably lower
vulnerability. It is largely assumed that benthos will attain some level of added protection due to areas
that are protected (kept unavailable to OWE) for fish or birds.

- 12nm territorial waters
- marine wildlife exclusion

- - - \
Figure 38: Left - Combined natural value map: red = ‘high concern’, orange = ‘raised concern’, light green = ‘concern’ &
green = ‘low concern’. Right — Resulting exclusion pattern using a spatial strategy that selects for areas with the best OWE
economic yield

Van de Wal et al. (2011a) develop exclusion rules for the different nature value bands. Based on the
combined natural value map each category is decreasingly available for OWE with increasing natural
value as follows:

a) For areas of low concern, 90 % is available for OWE
b) For areas of concern, 80% is available for OWE

c) For areas of raised concern, 70% is available for OWE
d) For areas of high concern, 60% is available for OWE

The default selection strategy looks for the areas with the best wind resource, however this can be
changed by the user of the DSS. The resulting areas excluded by the introduced marine wildlife
preservation rules account for a spatial claim of over 33,000 km” or approximately 9 percent of the
WINDSPEED area outside the 12 nm territorial water limit. This is slightly less than the size of the
defined/pending nature conservation areas that are considered in the WINDSPEED project that cover
approximately 11.5 percent of the study area (see Section 3.3.10). A selection strategy that looks for
the lowest cost OWE delivers the same overall size of protected area but prioritises for shallower or
closer to shore regions. The resulting distribution of excluded generation potential versus cost shows
that much of the area not available to OWE due to this introduced use function is at levelised
production costs in excess of 190 €/MWh (Figure 39).
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Figure 39: Cumulative generation potential excluded by marine preservation rules — by country — across the entire
WINDSPEED area plotted against levelised production cost. Default case — exclusions as per calculation rules described
earlier in this section with a selection strategy looking for lowest cost OWE

Given that this is an introduced sea use function with no apparent precedent it is challenging to
determine whether it is suitably stringent and/or how it might be change across the different
scenarios depending on the level of prioritisation that is given to OWE. The nature of the value map
makes the size of the excluded area quite sensitive to small changes in the exclusion rules (Figure 40).
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Figure 40: Cumulative generation potential excluded by marine preservation rules across the entire WINDSPEED area
plotted against levelised production cost for four different variations of constraint stringency and existing nature
conservation areas.
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A ten percent change in the stringency of the exclusion rules (i.e. reducing/increasing the allowable
OWE percentages for each of the bands by 10 percent) acts to double or halve the total excluded
potential generation. In the absence of more information regarding the likely need for future nature
conservation areas, their location and their extent, it is assumed that the default rules — which exclude
an amount of OWE approximately equal to the current conservation areas — are the most appropriate
for each of the scenarios. To make changes to these would seem somewhat arbitrary in light of the
relative uncertainty in their development.

These marine wildlife rules are premised on a coordinated cross-border approach to future nature
protection, the optimum areas with respect to nature values and OWE are selected, irrespective of
ownership (i.e. which EEZ they are in). Such cooperation adds value to the designation of future
protected areas as it can help ensure that the most appropriate areas are protected based on overall
conservation goals, i.e. an ecosystem approach, and not only national interests.

Table 15: Scenario input assumptions regarding marine wildlife preservation

Little will Little wind Going Solo In the Deep Grand Design

Areas of less concern = 90% allowable for OWE
Areas of concern = 80% allowable for OWE
Areas of high concern = 70% allowable for OWE
Areas of highest concern = 60% allowable for OWE

3.3.12 Existing/planned offshore wind parks

The WINDSPEED project is intended to look at spatial potential for future OWE in the Central and
Southern North Sea and as such, it is important that any existing OWE plans or zones are considered.
For example, there is limited value in identifying an area as suitable for future OWE if there is already
an application pending for that location. A database of offshore wind parks and national search areas
was developed that includes operational, under construction, authorised, under application, proposed,
under development and rejected parks; Figure 41 (Schillings et al., 2011).
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D - considered OWE

Figure 41: All known OWE areas considered in WINDSPEED

It should be noted that while Figure 41 shows a relatively large number of developments, these are at
a range of different stages of progression. A map of specifically EIA consented, under-construction or
operational wind parks would looks considerably more sparse. Overall most known plans are,
understandably, focussed around the shallower and/or closer to shore portions of the North Sea.

The large round 3 zones awarded by the Crown Estate dominate the UK EEZ, but it should be noted
that only some relatively small fraction of these areas are anticipated to be developed to satisfy the
capacity targets for each zone. In some sense they are search areas that are exclusively awarded to a
specific developer. In that regard it is not anticipated that additional OWE will be proposed within the
current round 3 zones beyond that which is agreed with the developers; meaning that these are
effectively exclusions for the DSS in searching for incremental capacity. Total UK authorised (defined
here as authorised by the Crown Estate but this does not imply that developers have received the
necessary consents) capacity in the WINDSPEED study is in excess of 32 GW (Crown Estate, 2010).

Germany has a significant number of offshore wind parks at different stages of development. Areas
equating to more than 7 GW of capacity have been approved to date or begun construction, but in
total — including proposed parks and those under development — there is in the order of 25 GW of
identified capacity in the German North Sea EEZ (BSH, 2011; 4C Offshore, 2011).

In the Netherlands, a relatively small number of authorised, under application and rejected wind parks
are shown; also shown are the proposed OWE zones of Borssele and Ijmuiden that would become
available to developers if the pending Water Plan is introduced (VenW et al., 2009). Total consented or
operational capacity in the Netherlands is approximately 3.5 GW.

Belgium has approximately 872 MW of consented or operational OWE capacity across three zones
with roughly a further 900 MW of capacity in planning across three other zones (4C Offshore, 2011).
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Denmark has 369 MW of operational capacity spread across the Horns Rev 1 and 2 parks, but has also
identified 14 further areas within the WINDSPEED area for OWE development each with a capacity of
200 MW.

Norway recently launched the Harvvind report that identified 2 potential areas for fixed offshore wind
zones in the WINDSPEED study area; Sorlige Nordsjo | and Il (Espergren et al., 2010). These zones have
estimated capacities of 1000 — 1500 MW and 1000 — 2000 MW respectively. However there are no
firm exclusion zones considered in the DSS as the Havvind report is not formally included in spatial
planning.

Not shown in Figure 41 are the designations of the different areas; however it is a common
assumption across all the scenarios that irrespective of the type of zone (e.g. operational, proposed,
rejected etc) they are all fully excluded in the DSS for new OWE. This is done to ensure that only
incremental potential is identified and studied using the DSS results. The only exception to this are the
sea two large Dutch OWE areas in Borssele and Ijmuiden; these are not considered as exclusions for
future OWE in the DSS as they are not exclusively granted to any one developer but instead merely
nominated as potential areas for future OWE.

While it can be argued that not all of the sites that are currently being applied for or are proposed will
be eventually authorised and developed, there is insufficient information available to the WINDSPEED
project to treat these on a case by case basis. They are thus excluded from the results so that the DSS
only shows truly incremental new areas for OWE; however these pending sites are included in the
supply curve that is used in later stages of the scenario modelling in relation to the economical
potential. More detail on their inclusion and the assumptions regarding the development of these
pending sites is included in Section 0.

Table 16: Scenario input assumptions regarding ‘current’ OWE

Little will Little wind Going Solo In the Deep Grand Design

All identified OWE areas that are operational, under construction, authorised, under application, proposed,
under development or rejected are excluded within the DSS when searching for incremental potential

3.3.13 Summary

From the above assumption setting process and associated analysis it is possible to draw out a number
of key observations regarding the individual sea use functions. In the same order as they were
presented above:

Shipping

e Approximately equal largest constraint based on default settings with the greatest cost impact on
OWE due to its typically nearshore nature.

e Offers relatively few opportunities for direct compromise, in the sense that it is an activity that
should be permitted to continue relatively unhindered in accordance with Article 58 of the United
Nations Convention on the Law that guarantees the rights of States in EEZs that are not their own
(UNCLOS, 1982). However there are, perhaps non-obvious, opportunities for some form of co-use
of space (see below).

e No-changes to IMO shipping lanes proposed in WINDSPEED. This level of detail can only be
considered on a case-by-case basis and offers little opportunity for wholesale ‘freeing-up’ of space
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Small concessions in buffer zones have little effect in providing new space for OWE due to the
overlap of shipping lanes with other sea uses and the relatively small net areas made available.
Integrated planning that enables shipping lanes to act as wind regeneration corridors is useful for
large scale OWE deployment. National shipping/access routes are, in effect and in accordance with
UNCLOS (1982) requirements, more formalised and incorporated into ambitions for future OWE
such as in the German EEZ.

Oil and gas extraction

Medium-scale constraint with limited opportunities for compromise due to the nature of the
clearances; i.e. based on national interpretations of EU aircraft requirements.

Each platform with a helicopter clearance requirement of 5 nm excludes potentially more than
half a GW of OWE, even when using very conservative estimates of installed density (2 MW/km?).
Decommissioning of platforms becomes a moderately important aspect of finding new space for
OWE. At this time there is no firm & transparent knowledge of where and when decommissioning
will take place in most countries.

A practical approach to requiring helicopter clearances around platforms can also contribute a
significant amount of space for OWE. An estimated 60 percent of the platforms in the North Sea
are unmanned, negotiations to allow reduced clearances around such installations can be
worthwhile.

WINDSPEED does not propose to change the buffer zone around manned platforms requiring
helicopter access.

Fisheries

Without site specific cost data on fishing activities a conservative approach is taken in setting the
default calculation rules using fishing activity as a proxy for economic value. This approach results
in fisheries being the largest exclusion in the study area.

It is an important sea user with long traditions and its implementation within the DSS means that
exclusions are not strictly defined zones or regions, but relatively flexible areas that can be
considered from a number of perspectives.

A phasing-out or significant reduction in bottom trawling is deemed likely in the medium-term and
with the appropriate gear/vessels there are strong opportunities for co-existence of fisheries and
OWE utilising the wind regeneration corridors that are very likely for large scale OWE deployment.
Very large areas of the WINDSPEED area are effectively uneconomic from the perspective of OWE,
these areas would continue to be unaffected by OWE planning activities from the perspective of
fisheries.

Military zones

Degree of constraint varies greatly depending on the country, but typically a use that completely
excludes OWE. However within the project it is considered that there is room for negotiation
regarding compromise or relocation to areas that offer the same services from a military
perspective but may be less appealing for OWE.

Relocation/compromise of military activities depends on cost and usage which must be considered
on a case by case basis.

Nature conservation

Considered as a constraint that provides only a limited opportunity for OWE development.
Furthermore, only a subset of the current nature conservation areas are desirable from an OWE
cost perspective.
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e Adding to the conservative approach taken is the working premise that additional conservation
areas in the future are highly likely to account for aspects such as cumulative impacts of large scale
OWE deployment.

e To achieve even modest co-use between OWE and nature conservation areas, there is a need to
better understand conservation goals to minimise restrictions on OWE. Possible cumulative affects
must be also understood/addressed better.

Cables and pipelines

e A constraint offering few opportunities for direct compromise as exclusions are based on UNCLOS
regulations. Furthermore is a sea use for which an increase in activity is foreseen due to the
requirement for new infrastructure

e Future coordination and planning work is needed to look at how the development of this sea use
can be managed, for example by bundling/coordinating infrastructure, to minimise constraints on
favourable areas for OWE.

Sand extraction

e Relatively marginal sea use function, accounting for a small portion of the WINDSPEED area in a
minority of countries.

e Legislation that clearly provides space for this use within the 12 nm zone, such as in the new Dutch
spatial planning framework, provides clarity and limited low cost space for the OWE industry.

Marine wildlife preservation

e An ‘additional’ sea use function introduced by the WINDSPEED project in an attempt to account
for the likely growth in nature conservation requirements that would develop in accordance with
increasing levels of OWE development in the North Sea.

e Determined within the project to be best balanced with OWE aspirations at a level that
approximately doubles the size of current nature conservation areas.

3.4 Scenario results

The assumptions discussed in Section 3.3 above were used as input parameters to the DSS tool to
generate maps of the incremental generation potential and costs of this potential across the whole of
the WINDSPEED region for each of the four overall scenarios. However, it is important to stress that
the DSS tool calculates the possible level of generation across the WINDSPEED region using only the
input parameter relating to average installed density, it does not take into account the
planned/consented/operational parks that may already be present in a country’s EEZ. This means that
all numbers presented in this section only relate to incremental unconstrained available space that the
DSS identifies beyond current OWE plans (see Section 3.3.12 above).

Thus a country that had already planned or consented large areas for OWE may appear to have low
potential for incremental OWE based on the DSS output. Much of that country’s potential is excluded
by the DSS because the tool considers planned parks as having been previously identified/considered.
This means that spatial results must be carefully interpreted with respect to a country’s individual
circumstance and its level of OWE consenting/planning to date. It is only during the following chapter
on the economic potential that the overall supply curves for OWE for each specific country are
determined that take into account known OWE planning and ambitions.
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Furthermore, the spatial results that are derived using the DSS tool must be viewed within the context
of the project’s ambitions and the capabilities of the DSS tool. The WINDSPEED project seeks to
identify future OWE potential in the Central and Southern North Sea, but more specifically it is
designed to study the possible trade-offs with other sea use functions and the opportunities for cross-
border cooperation. It is not anticipated that any particular map generated by the DSS will be entirely
accurate in all details — most individual countries already have national spatial planning tools that
operate at greater resolutions and with more comprehensive data than the DSS — but the flexibility of
the DSS and the ability to alter the exclusion rules of different sea use functions give important
benefits. For the first time the net impact on the North Sea of concerted efforts to find space for OWE
can be studied in a structured way. Given the limitations of the DSS resolution, it is not targeted for
use as a project specific planning tool and, as such, some leeway must necessarily be given when
interpreting the maps in this section. Inevitably, some small specific areas may be identified as
‘suitable’ that should, in fact, be excluded due to unforeseen factors. Equally, some areas may be
excluded that could be utilised by an appropriately ambitious developer for OWE. As the overall value
of the approach taken in the DSS — to study spatial trade-offs and their impact on cost across the
whole of the North Sea — generally outweighs these minor inconsistencies, the reader who is highly
focussed on very specific regions of the North Sea is asked for some latitude in these matters.

In summary, the project does not aim to plan specific parks after 2020 nor predict the precise future of
OWE in the North Sea, but rather it aims to illuminate different possible futures on the basis of
differing development perspectives and priorities. In this sense, a comparison between the scenarios is
arguably the most relevant use of the scenario modelling outcomes; however for the sake of
transparency and completeness the results of the individual scenarios are first presented.

3.4.1 Little will, little wind

As introduced at the beginning of this chapter, this is a scenario in which technology and offshore
infrastructure does not progress significantly from levels seen today. There is little spatial prioritisation
of new OWE and existing sea use functions generally take precedence when negotiating space in the
North Sea. There is little ambition for countries to consider OWE in waters further from shore, or
deeper, than is currently proposed as such plans cannot be coordinated with any practical ambitions
for an offshore meshed grid.

The dominant input assumptions within this scenario relate to allowable depths for OWE and
permissible distances to shore. These are defined for each country on the basis of current OWE plans
and technology limits that do not change much in the mid-term future (see Section 3.3.1). As a result
the overall spatial pattern shows that only the areas relatively close to shore (an upper limit of 70 to
175 kilometres depending on county) and that are relatively shallow are considered for analysis within
the DSS (Figure 42).

The southern and south eastern portions of the WINDSPEED study area are observed to be reasonably
congested with areas of both of the Dutch and German EEZ showing 5 to 6 overlapping use functions
and many much larger areas showing 2 or more overlapping use functions. This illustrates the relative
difficulty in finding new space for OWE, even when relaxing a certain constraint there is no guarantee
that new space would be realised for OWE as a different excluding use could act as a constraint. The
UK and Denmark both show relatively low levels of overlap between sea uses while Norway has most
of its EEZ excluded on the basis of depth.
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Figure 42: Map of WINDSPEED area for Little Will Little Wind scenario — spatial potential

Apart from significant areas that are considered to be excluded due to planned OWE, the most
significant excluding use function is shipping. However fisheries (based on the areas generated with
the fishing effort map), nature conservation, military areas, cables & pipelines and oil & gas extraction
are also significant excluding factors (Table 17). It should be noted that the individual use excluded
percentages given in Table 17 add up to more than the 87.3 percent total use exclusion (they in fact
total approximately 160 ‘percent’). This is due to the significant overlap between different use
functions that can be observed in Figure 42.
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Table 17: Spatial extents and generation potentials for Little Will Little Wind scenario

Size of area
(1,000 km?)

Percentage of
WINDSPEED area

Estimated
generation (TWh)

Total WindSpeed area
Exclusion: distance to shore
Exclusion: too small
Exclusion: depth

Remaining area

432
191

1
211

118

Size of area
(1,000 km?)

100%
44%
0.2%
49%

27%

Percentage of
‘remaining area’

3,726
1,639

9
1,905

980

Estimated
generation (TWh)

Suitable for new OWE
Exclusion: all uses total
Exclusion: existing/planned OWE
Exclusion: shipping

Exclusion: oil and gas

Exclusion: fisheries

Exclusion: military zones
Exclusion: cables/pipelines
Exclusion: sand extraction
Exclusion: nature areas

Exclusion: marine wildlife

It should be stressed that the estimated generation potential for the areas identified as ‘suitable’, only

15

103

22

53

13

28

22

18

25

12.7%
87.3%
18.6%
44.9%
11.0%
23.7%
18.6%
15.3%

5.1%
21.2%

1.7%

128
853
n/a
436
108
236
186
151

47
203

13

represents the incremental opportunity for future OWE beyond any known plans or granted consents.
How this potential yearly generation translates into capacity per country is given in Figure 43. The
presence of depth and distance to shore constraints means that most of the identified capacity is
relatively low cost — taken here to mean less than 200 €/MWh — except in the case of the UK which has
some more expensive shallow, yet far from shore, regions in their EEZ.
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Figure 43:Little Will Little Wind. Left — theoretical incremental suitable capacity by country in two levelised production cost
bands. Right - theoretical incremental capacity by country, suitable areas and excluded areas.

The right-hand plot in Figure 43 illustrates how large a part the general and sea use exclusions play in
the WINDSPEED area for this scenario. For all countries only a small fraction of their total EEZ is
determined by the DSS to be suitable for incremental OWE deployment. The distribution of generation
potential by country can be examined in more detail (Figure 44) illustrating the significant differences
in delivered electricity costs that are predicted between some countries due to differences in wind
regime, water depths and required distances to shore amongst other factors. In particular Denmark is
observed to have significantly lower cost OWE potential than other WINDSPEED countries, a theme
that is also observed in the other scenarios but observed most starkly in the Little Will Little Wind
scenario. This is a result of their comparatively good wind regime, shallow waters and relatively
uncongested EEZ which allows OWE to be sited close to shore.

82

w'nd



60

——NO ——UK /
40

iZ /
ya

10

Cumulative suitable potential (TWh)

140 150 160 170 180 190 200 210 220 230

Levelised Production Cost (€/MWh)

Figure 44: Cumulative suitable generation potential for the Little Will Little Wind scenario — by country — across the
WindSpeed area plotted against levelised production cost

Overall in the Little Will Little Wind scenario there is very limited generation potential — 128 TWh
corresponding to approximately 31 GW of capacity — outside of those areas that have been identified
by developers or consented to date. This is distributed such that Denmark and the UK account for
almost 80 percent of this potential with only limited potential in the Netherlands, Germany and
Norway and negligible potential indentified in Belgium.

3.4.2 Going solo

While this scenario, as per the Little Will Little Wind scenario, does not consider deep water nor far
from shore OWE as likely developments (due to technology and offshore grid constraints) it is one in
which OWE is a priority in future spatial planning; compromise is sought with certain permissible non-
wind sea use functions in order to find space for OWE relatively close to shore.

Again the dominant input assumptions for this scenario relate to the allowable depths for OWE and
permissible distances to shore. These are defined for each country on the basis of current OWE plans
and technology limits that do not change much in the mid-term future (see Section 3.3.1). As a result —
and in common with the Little Will Little Wind scenario — the overall spatial pattern shows that only
the areas broadly in keeping with current national ambitions on distance to shore (an upper limit of 70
to 175 kilometres depending on county) and that are relatively shallow are considered for analysis
within the DSS (Figure 45).

The assumptions that incorporate high density shipping with integrated planning of OWE or existing
shipping lanes, along with a relaxation of the need for large exclusive areas for fishing activities are the
main drivers for the creation of space for new OWE. However the relaxed assumptions relating to
some firm exclusions — for example nature protection areas or military zones — also play a role in
accordance with the specific nature of each use function in each country. Detailed analysis of the
impacts to other sea use functions in the different EEZs of this scenario are presented in Deliverable
6.2 (van der Wal et al., 2011c).
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Figure 45: Map of WINDSPEED area for Going Solo scenario — spatial potential

3

Figure 45 suggests a Danish EEZ that is further unconstrained from the Little Will Little Wind scenario
to show few excluding factors. Germany shows significant suitable areas including some smaller areas
near the coast that were previously designated as military areas or nature preservation and also some
larger areas between the currently planned/proposed wind parks that have been de-constrained due
to the revised assumptions about integrating shipping (see Section 3.3.4). At this point it is worth
considering what this specifically means for a country such as Germany, on the one hand there is the
WINDSPEED data set which shows a few high density shipping lanes crossing the German EEZ (Figure
14), while on the other hand the German marine spatial plan for the North Sea shows a larger number
of designated shipping lanes but often of smaller width (Figure 46). These official lanes and buffers
cover an area of roughly 10,000 km* and overlap with the identified suitable areas over an area of
approximately 4,500 km?. If these are preserved as exclusion zones” and it is assumed that wind parks
will be built along the periphery of shipping lanes then the average density in the remaining suitable
areas increases from 2 MW/km? to something in the order of 4 MW/km?; a figure still less than typical
discrete offshore wind parks. This means that although some areas in the German EEZ are indicated in
green as suitable, they would not be developed at that particular site. The use of a low overall installed

4 except for the large eastward buffer of the main shipping lane marked ‘10’ in Figure 46 — as this lane ‘10’ is already some
[xx] km across which is as wide as a typical dual direction IMO VSS (without buffer)
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density in our input assumptions allows planned shipping to exist without reducing the potential yield
from the German EEZ; the losses from shipping are made up in higher localised installed densities in
the remaining identified suitable areas.

§ (2) ‘, Blsum

Cuxhaven

Wilhelms- Bremer-
Norden haven haven

Emden

Figure 46: Official shipping lanes (dark blue) and buffers (light blue) in the German EEZ that are excluded for OWE (BSH,
2009)

Examining the shipping assumptions across the entire, non-generally excluded, area of this scenario
shows that high density shipping would cover an incremental area of approximately 26,000 km”
(comparing the Going Solo to the Little Will Little Wind scenario) but only overlap with the newly
identified suitable areas by approximately 1,350 km” once non-spatial constraints are taken into
account (see Chapter 4 and van der Wal et al., 2011c). This means that even if these high density
shipping lanes were added back in as definite exclusions (as they are nominated to be by default) then
the average installed density in the remaining suitable areas would only increase from 2 MW/km? to
2.9 MW/km” and total estimated generation would remain unchanged.

Norway continues to be dominated by the constraint on depth and does not have a very different
spatial pattern to the preceding Little Wind Little Wind scenario. The UK shows significant incremental
suitable areas to the north and south of the Hornsea round 3 zone and also some limited areas to the
south of the East Anglia zone and around the Firth of Forth zone. The northern portion of the UK EEZ
continues to be constrained by the limit of depth of 55 metres.

The Netherlands shows suitable areas in the central, eastern and southern portions of its EEZ and
these broadly correspond to the identified offshore wind energy areas or wind energy search areas
specified in the recently adopted National Water Plan (Figure 47). In particular the ljmuiden, Borssele
and Wadden Sea areas that are shown in the Water Plan are observed to be have suitable areas in this
scenario according to the DSS. Only the near-shore Holland Coast search area is not observed due to
IMO shipping constraints that are not considered to be relaxed in this scenario.

85

w . nNnd



igeul incl. sanloopgebied

wind parks
[ 1 wind energy area
[.2:2.] wind energy search area

Figure 47: Existing Dutch offshore wind parks, designated offshore wind energy areas (marked ‘1’ and ‘2’) and wind energy
search areas (marked ‘3’ and ‘4’) (VenW, 2009a)

The change in assumptions for fisheries — from dedicated reserved areas to co-use and prioritisation of
OWE closer to shore — means that this use function no longer figures as a spatial constraint in this
scenario. Shipping is then the largest constraint, even accounting for only IMO lanes, buffers,
anchorages and ports, and not excluding high density shipping explicitly. Cables and pipeline and also
nature preservation areas both cover significant areas, however the total nature preservation area
covered is reduced from the Little Will Little Wind scenario due to changes in the assumptions about
OWE in Natura 2000 areas. It can be noted that nature preservation areas reduced by approximately
28 percent (or 7,000 km?) in spatial extent even though the input assumptions were a 10 percent
maximum allowable decrease. The discrepancy is because the figures in Table 17 and Table 18 only
show the nature conservation areas that are not prior excluded due to general constraints (such as
depth and distance to shore). The selection strategy used within the DSS in this scenario looks for
space for OWE that has a low delivered electricity cost (the most likely sites for a developer to focus
on if they were willing to try and find space within a conservation area) and these are often quite close
to shore, the same area that is the focus of this scenario which exaggerates the total impact of OWE
on nature conservation even though, over the entire WINDSPEED area the 10 percent constraint is
maintained. Furthermore the overlap of nature conservation areas with other sea use functions and
non spatial constraints (see Chapter 4) means that 1,440 km2 of this 7,000 km2 decrease in nature
conservation area is considered as suitable OWE by the DSS (van der Wal et al., 2011c). Finally, the low
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density assumptions used as an input (see Section 3.3.1) to the DSS require that only 30 percent of any
suitable area is actually populated with wind turbines, this reduces the total impact on nature areas to
approximately 432 km?; less than 1% of the total initial reserved conservation area.

The same phenomenon is responsible for the apparently drastic decrease in military areas from Little
Will Little Wind to Going Solo, from 22,000 km? to 5,000 km?. However military areas in total cover
some 58,000 km’ across the entire WINDSPEED area or 46,000 km” outside the territorial waters limit,
thus a decrease of 17,000 km? between the two scenarios is not as large as it first looks. Added to this
is the fact that overlapping sea use functions reduce the actual impact on military areas due to OWE to
only 3,300 km?%; only some of the area ‘lost’ to military activities could actually be deemed suitable for
OWE (van der Wal et al., 2011c). Thus the actual impact on different sea use functions needs to be
explicitly determined to interpret the different scenarios from perspectives other than OWE; the
values in Table 15 alone are insufficient. This exercise is carried out in Deliverable 6.2 (van der Wal et
al., 2011c).

Table 18: Spatial extents and generation potentials for Going Solo scenario

Size of area Percentage of Estimated

(1,000 km?)

WINDSPEED area

generation (TWh)

Total WindSpeed area 432 100% 3,726
Exclusion: distance to shore 191 44% 1,639
Exclusion: too small 2 0.5% 20
Exclusion: depth 211 49% 1,905
Remaining area 117 27% 969

Size of area Percentage of Estimated

(1,000 kmz) ‘remaining area’ generation (TWh)

Suitable for new OWE 43 36.8% 360
Exclusion: all uses total 74 63.2% 610
Exclusion: existing/planned OWE 22 18.8% n/a
Exclusion: shipping 27 23.1% 227
Exclusion: oil and gas 3 2.6% 21
Exclusion: fisheries 0 0% 0
Exclusion: military zones 5 4.3% 44
Exclusion: cables/pipelines 17 14.5% 142
Exclusion: sand extraction 0 0% 0
Exclusion: nature areas 18 15.4% 151
Exclusion: marine wildlife 2 1.7% 13

The estimated incremental capacity — i.e. in addition to installed capacity and identified OWE plans —is
87 GW with a break down per country indicated in Figure 48; this is an increase from the 31 GW
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identified in the Little Will Little Wind scenario. Significant increases in the incremental capacity in
each country are observed versus the previous nearshore scenario with the exception of Norway
(limited by depth) and Belgium (limited by the size of its EEZ and remaining shipping IMO shipping

routes).
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Figure 48: Going Solo. Left — theoretical incremental suitable capacity by country in two levelised production cost bands.
Right - theoretical incremental capacity by country, suitable areas and excluded areas.

A further breakdown of costs (Figure 49) shows that Denmark continues to have the lowest cost
incremental potential but the spatial prioritisation of OWE in the Going Solo scenario also frees up
considerable potential at costs broadly equivalent to those observed in the market in recent times
(approximately a nominal delivered electricity cost of 180 €/MWh). As with the previous scenario the
supply curves in Figure 49 are used in the subsequent modelling stage in combination with estimated
supply curves for the known/planned offshore wind parks in each country’s EEZ.
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Figure 49: Cumulative suitable generation potential for the Going Solo scenario — by country — across the WindSpeed area
plotted against levelised production cost

3.4.3 In the deep

Differing from each of the previous scenarios, this future assumes that OWE development is pushed
further from shore due to a lack of prioritisation of space in the nearshore (priority is given to existing
sea use functions) in combination with the enabling factor of an offshore grid. This makes the spatial
exclusion and suitable patterns similar to the Little Will Little Will scenario in the nearshore but in
addition to this some larger suitable areas further from shore are also observed (Figure 50). Although
Figure 50 gives maps for two different versions of In the Deep — one with a 70 metre depth constraint
and one without — the focus in this section is on the depth constrained results (Figure 50b). A scenario
which has no depth constraint (i.e. requiring the use of floating technology) not only has some
questions surrounding its feasibility — will floating technology be cost competitive by 2030? — but is
chiefly of interest to only the UK and Norway which have significant areas of deeper water. Norway is
already observed in Figure 50b to have large potentials for far from shore OWE in waters of less than
70m depth. The value of the depth unconstrained maps and potentials rather lies in illustrating the
possible additional capacity that could be obtainable should floating technology be made available
cost effectively; a topic that is discussed further in Chapter 4.

The nearshore area is effectively dominated by existing sea use functions (or introduced exclusion
patterns in the WINDSPEED project for some sea uses such as fisheries or marine wildlife preservation
that do not have clearly defined areas of operation or natural value) leaving mainly areas of potential
OWE resource further from shore — in accordance with the design characteristics of this scenario. The
In the Deep scenario also assumes an increased focus on technology allowing firstly waters up to 70m
depth to be exploited, and secondly, further from shore OWE to be connected via some form of
offshore grid. As a result Norway and Denmark show very large incremental spatial potentials further
from shore (up to 138 and 235 TWh respectively) and the UK shows a large spatial potential partly
closer to shore and partly further from shore (up to 193 TWh total). The Netherlands, Germany and
Belgium remain tightly constrained by many of the default assumptions regarding current sea use
functions and the DSS indicates limited/no incremental spatial potential in these countries (16, 29 and
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zero TWh respectively) beyond that observed in known OWE plans (which are considerable in
Germany) (Figure 50b).
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Figure 50: Map of WINDSPEED area for In the Deep scenario — spatial potential: a) without depth constraint on the left and
b) with a 70m depth constraint on the right.

Across the six WINDSPEED countries an estimated total of 610 TWh of incremental suitable OWE area
is identified with approximately the same generation potential excluded due to being located in
territorial waters and twice this amount being at a depth of more than 70 metres (Table 19). As in the
Little Will Little Wind scenario the largest excluded areas continue to be shipping and fisheries based
on the default exclusion rules. Based only on a consideration of size of exclusion, military zones,
nature conservation areas and cables and pipelines are also significant excluding uses. However most
of the use functions show a lower overall level of exclusion (as a percentage of the non-generally
excluded area) than in the Little Will Little Will scenario (Table 17). This is because most use functions
are more highly concentrated closer to shore or in shallower waters, the exceptions to this are the
introduced exclusion layers relating to fisheries and marine wildlife. The fraction of the non-generally
excluded area for this scenario increases for these two uses due to the nature of the selection strategy
the DSS employs. It is instructed to look for the lowest cost areas for OWE within the fishing-
effort/natural-value maps that were generated for the WINDSPEED project. These are typically close
to shore and the fishing in wildlife preservation uses are thus relegated largely to further from shore
areas. The In the Deep scenario considers more of these far from shore areas and thus increases the
fraction of the potentially suitable area that is covered by these two use functions.
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Table 19: Spatial extents and generation potentials for In the Deep scenario (with a 70m depth constraint)

Size of area
(1,000 km?)

Percentage of
WINDSPEED area

Estimated
generation (TWh)

Total WindSpeed area
Exclusion: distance to shore
Exclusion: too small
Exclusion: depth

Remaining area

432
63
1
134

246

Size of area
(1,000 km?)

100%
15%
0.2%
31%

57%

Percentage of
‘remaining area’

3,726
490
12
1,230

2,087

Estimated
generation (TWh)

Suitable for new OWE
Exclusion: all uses total
Exclusion: existing/planned OWE
Exclusion: shipping

Exclusion: oil and gas

Exclusion: fisheries

Exclusion: military zones
Exclusion: cables/pipelines
Exclusion: sand extraction
Exclusion: nature areas

Exclusion: marine wildlife

The estimated incremental capacity —i.e. in addition to installed capacity and identified OWE plans —is
139 GW with a break down per country indicated in Figure 51; this is an increase from the 31 GW
identified in the Little Will Little Wind scenario and the 87 GW in the Going Solo scenario. However
much of this is in Norway and the UK and is notably more expensive — in terms of delivered electricity
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27

6

41
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28.0%

72.0%

11.4%

28.0%
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28.9%

13.8%

11.0%

2.4%

16.7%

4.9%

610
1,477
n/a
574
161
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279
230
48
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costs — than the previous two scenarios according to the DSS cost model (largely due to increased
distances to shore/onshore-connection-points and deeper waters).
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Figure 51: In the Deep 70m depth constraint. Left — theoretical incremental suitable capacity by country in two levelised
production cost bands. Right - theoretical incremental capacity by country, suitable areas and excluded areas.

This can be observed in detail in Figure 52 where the generation potentials of Denmark, the UK and
Norway are much larger than the remaining countries, but only Denmark has considerable ‘low-cost’
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Figure 52: Cumulative suitable generation potential for the In the Deep scenario showing 70m depth constrained results —
by country — across the WindSpeed area plotted against levelised production cost
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3.4.4 Grand design

The fourth and final scenario considers what could be characterised as a unified approach, one that
could well include some form of coordinated North Sea top-down spatial planning, in which OWE is
integrated into future plans and compromise is sought with certain permissible non-wind sea use
functions in order to find space for new OWE. Further to this, cross-border synergies and cooperation
is maximised with a more extensive offshore meshed grid (as compared to the In the Deep scenario) to
support the exchange of OWE across the region including the potential for far from shore or
floating/deep-water installations as technology overcomes constraints. Such a scenario envisages that
OWE plays a key role in a future low carbon energy system and the input assumptions are built upon
the ideas of a) finding low cost space for OWE closer to shore and b) connecting additional areas of
OWE potential further from shore; in some sense it is the best of both other futures considered, the
Going Solo and In the Deep.

The resulting map of suitable OWE areas — incremental to current known offshore wind park plans —
shows a very large potential across the entire northern portion of the WINDSPEED study area (barring
exclusions due to depth) and significant identified suitable areas in the southern portion (Figure 53).
As with the In the Deep scenario, the focus in this section will be on the depth constrained results
(Figure 53b) as this gives a more grounded set of assumptions in 2030 based on the current stage of
offshore wind technology; however should floating technologies become cost competitive in the
medium term then the results here can be used to understand what this would mean in terms of
additional spatial potential (of particular interest to the UK and Norway due to their deeper EEZ’s).

In the nearshore region for each country, the spatial pattern of exclusions and suitable areas looks
similar to the Going Solo scenario. However the inclusion of an offshore grid in the assumptions means
that areas further from shore are also considered, a less spatially constrained version of In the Deep in
effect. Denmark has the vast majority of its EEZ identified as suitable as does Norway barring general
exclusions due to depth. The UK has large areas, mostly of moderate depth, available across much of
its EEZ, in fact round 3 zones are the largest use exclusion in this scenario as the input assumptions
relax many of the constraints from other sea uses. Some difference in the spatial pattern between the
non-depth constrained case (Figure 53a) and the 70m depth constrained case (Figure 53b) can be
observed in the UK. This is due to the way use function exclusion rules are applied in the DSS. They are
processed after the general exclusions which means that the addition of a depth ‘cap’ changes the
overall distribution of use functions somewhat. In the Netherlands the same areas are observed closer
to shore as in the Going Solo scenario that broadly correspond to the OWE areas and search areas
seen in the Dutch government’s spatial plan for the North Sea (VenW 2009a; see Section 3.4.2);
however areas further from shore are additionally identified. This is also in accordance with the Dutch
Water Plan that indicates, quite generally with indicative arrows, that future OWE exploitation is likely
to take place in the northern portion of their EEZ. In Germany the spatial distribution of exclusions
and suitable areas is not much different from that seen in the Going Solo scenario with the exception
that some areas in the north-western tip of their EEZ are now identified. The same discussion
regarding the official German shipping lanes thus applies here (Section 3.4.2).
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Figure 53: Map of WINDSPEED area for Grand Design scenario — spatial potential: a) without depth constraint on the left
and b) with a 70m depth constraint on the right.

Across the six WINDSPEED countries an estimated total of more than 1,100 TWh of incremental
suitable OWE area is identified covering more than half of the area that is not generally excluded
(Table 20). Approximately the same generation potential again is excluded due to depth (mostly in the
UK and Norway) suggesting that if technology advancements would deliver cost competitive floating
OWE by 2030 then the spatial potential of the WINDSPEED area would roughly be doubled. Most of
the use functions show a lower overall level of exclusion (as a percentage of the non-generally
excluded area) than in the Going Solo scenario — OWE also spatially prioritised but only close to shore
(Table 18). This is because most use functions are more highly concentrated closer to shore or in
shallower waters, the exception to this is the introduced exclusion layer relating marine wildlife. The
fraction of the non-generally excluded area for this scenario increases for this use due to the nature of
the selection strategy the DSS employs. It is instructed to look for the lowest cost areas for OWE within
the fishing-effort/natural-value maps that were generated for the WINDSPEED project. These are
typically close to shore and the wildlife preservation use is thus relegated largely to further from shore
areas. The Grand Design scenario considers more of these far from shore areas and thus increases the
fraction of the potentially suitable area that is covered by marine wildlife preservation.

Some sea use functions are considerably reduced in constraint size due to the assumptions taken for
this scenario. In particular i) fisheries show almost no exclusion due to the assumption of complete co-
use (not necessarily for fishing within parks with for fishing between parks which accounts for 70% of
the suitable areas due to the low assumed wind turbine density) ii) oil and gas have a markedly smaller
exclusion area due to the assumptions regarding decommissioning and the allowance of smaller
clearance zones around unmanned platforms, iii) military areas are significantly reduced in area and
this is exaggerated in the figures in Table 18 as many preserved military areas are within territorial
waters and thus not reflected in these numbers, and iv) shipping is reduced in the scale of exclusion as
only IMO lanes, anchorages and ports are left as firm exclusions and high density lanes are integrated
into planning. Should it be added back as a distinct exclusion, high density shipping would cover an
incremental area of approximately 26,000 km? (comparing the Grand Design to the In the Deep
scenario) but only overlap with the newly identified suitable areas by approximately 2,800 km” once
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non-spatial constraints are taken into account (see Chapter 4 and van der Wal et al., 2011c). This
means that even if these high density shipping lanes were added back in as distinct exclusions (as they
are nominated to be by default) then the average installed density in the remaining suitable areas
would only increase from 2 MW/km? to 2.1 MW/km? and total estimated generation would remain

unchanged.

Table 20: Spatial extents and generation potentials for Grand Design scenario (with a 70m depth constraint)

Size of area Percentage of Estimated

(1,000 km2) WINDSPEED area generation (TWh)

Total WindSpeed area 432 100% 3,726
Exclusion: distance to shore 63 15% 490
Exclusion: too small 3 0.7% 22
Exclusion: depth 134 31% 1,230
Remaining area 245 57% 2,077

Size of area Percentage of Estimated

(1,000 kmz) ‘remaining area’ generation (TWh)

Suitable for new OWE 132 53.9% 1,136
Exclusion: all uses total 113 46.1% 942
Exclusion: existing/planned OWE 28 11.4% n/a
Exclusion: shipping 29 11.8% 246
Exclusion: oil and gas 4 1.6% 30
Exclusion: fisheries 5 2.0% 46
Exclusion: military zones 7 2.9% 55
Exclusion: cables/pipelines 26 10.6% 216
Exclusion: sand extraction 0 0% 0
Exclusion: nature areas 35 14.3% 291
Exclusion: marine wildlife 12 4.9% 101

With a total of 264 GW of identified incremental suitable capacity (in addition to known OWE plans)
this scenario has almost double the identified capacity of the In the Deep scenario and three times the
identified capacity of the Going Solo scenario. The distribution of capacity between countries is
improved (Figure 54) from the In the Deep scenario in which the UK, Norway and Denmark largely
dominated the available incremental spatial potential. The estimated costs of the identified capacity is
also significantly improved with a much larger capacity observed at costs of less than 200 €/MWh
(compare Figure 54 and Figure 51). This scenario then provides increased low cost capacity (i.e.
generally closer to shore) through prioritisation and increased total capacity by anticipating
connection of further from shore OWE with an offshore grid.

95

w'nd



100 450

90 o 400
BO e 3501
= B R = 300 o |
S 60 o [ ] 2
E_ 50 o e .. ... ;; S
g 20 do e . g D00 o
DY A - N S O 150 i
20 T N W — - 100 o [ s B
S Re— e R e e T R— . . o l ------
0 ' ' ' ' ' ' 0 . . . . . .
BE DE DK NL NO UK BE DE DK NL NO UK
suitable capacity < 200 €/MWh suitable capacity < 200 €/MWh
® suitable capacity > 200 €/MWh ® suitable capacity > 200 €/MWh

excluded capacity - other use functions

excluded capacity - general exclusions

Figure 54: Grand Design 70m depth constraint. Left — theoretical incremental suitable capacity by country in two levelised
production cost bands. Right - theoretical incremental capacity by country, suitable areas and excluded areas.

The supply curves for each of the countries reflect this combination of increased lower cost OWE
potential and increased total potential (Figure 55). All of the countries (except Belgium due to its small
and quite tightly constrained EEZ) show significant levels of incremental offshore wind resource at
costs broadly aligned to those observed in the market in recent times according to the DSS cost model.
The large potential (but generally at higher costs) of floating technologies can also be observed for the
UK and Norway, but this is highly dependent on cost effective floating solutions becoming available in
the market. The bottom up cost model used in the DSS for floating technologies tries to provide some
kind of estimate — based on material inputs and other aspects — of what such a technology might cost
in the future; however this is understandably a challenging figure to determine given the very limited
experience with the technology today.
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Figure 55: Cumulative suitable generation potential for the Grand Design scenario showing 70m depth constrained results —
by country — across the entire WINDSPEED area plotted against levelised production cost

3.5 Comparison of scenarios

Each of the fours scenarios depicts a different vision or version of where and to what extent future
deployment of OWE could take place. However the maps and supply curves in the preceding section
must be interpreted with care. Firstly, it should be stressed again that the results presented in Section
3.4 are for incremental OWE potential as classified by the DSS; it does not include known or existing
plans for offshore wind parks that have identified in the course of the WINDSPEED project. Thus
countries that have significant known plans are, in some sense, comparatively disadvantaged in the
way that the spatial potentials are presented; however this is taken into account by adding back in the
identified OWE plans in Section 4 when the overall national supply curves are determined for each of
the WINDSPEED countries.

It is also important to remember that the tables of excluding use factors given in Section 3.4 only show
how the overall spatial constraints change with regards to the different development perspectives of
the respective scenarios. They show that a use function may shrink in order to satisfy an input
assumption, but the figures do not indicate what the actual impact on any specific sea use function is.
Just because a certain sea use function may shrink or move due to modification of an associated input
parameter this does not mean that the ‘lost” area is taken for OWE, overlapping sea use functions will
mean that only some fraction of the ‘lost’ area is ever taken for OWE and the impact on non-wind sea
users is thus lower than the results in Section 3.4 might suggest.

Further mitigating the impact on non-wind sea uses is the fact that Section 3.4 only considers spatial
constraints. Determining the spatial potential is only the starting point for subsequent analysis of each
scenario (see Figure 6). The reduction in actual exploitable potential due to policy (typically
cost/support related), growth (typically supply chain related) and electricity market (typically
transmission and balancing related) constraints means that for most countries in most scenarios the
identified suitable (green) area is not observed to be fully exploited. This further reduces any potential
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impact on other sea uses as the scale of OWE deployment is limited by these first and second order
economic aspects; Chapter 4 looks at this in more detail.

These two aspects — overlapping uses restricting the spatial losses for non-wind sea uses and
subsequent constraints related to policy, growth and electricity market integration — are accounted for
in detail in Deliverable 6.2 which considers the net impact on different sea users for each of the 4
scenarios (van der Wal et al., 2011c).

The spatial potentials in the preceding section then provide a valuable starting point for comparing
scenarios but are arguably less useful in comparing individual countries (at least at this stage of the
analysis) as known OWE plans are not taken into account. In this sense the value of the overall — per
country — results given in Figure 56 lies more in a comparison between each possible future for a
specific country, rather than between countries.
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Figure 56: Incremental spatial capacity for each of the countries in each of the 4 scenarios that is additional to identified
OWE plans (note that In the Deep and Grand Design include a 70m depth constraint) — split into two bands of levelised
production cost.

Germany, for example, is known to have extensive planned/potential offshore wind parks identified in
its EEZ and, partly as a result, is observed to have limited incremental capacity without spatial
prioritisation of OWE (for example the Little Wind Little Will and In the Deep scenario). With only
limited additional capacity identified in the Grand Design scenario the question could be asked, “what
is the incentive for Germany to pursue an offshore meshed grid?” The answer lies not so much in
terms of the additional far from shore capacity, but more in the balancing and import/export benefits
that Germany could see with an offshore meshed grid, however these aspects are only considered in
the subsequent chapter on economic potential and grid.

Denmark shows a steady progression in each of the scenarios due to firstly finding space for nearshore
OWE, then finding space for far from shore OWE with a meshed grid and then a combination of the
two. It can be recalled that Denmark also has the lowest cost potential in the North Sea due to the
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good wind regime and shallow EEZ and as such most of its potential capacity is at a levelised
production cost of less than 200 €/MWh. Norway is observed to benefit chiefly from the more
ambitious depth assumptions in the latter two scenarios that include an offshore grid (also allowing
for export of OWE) and due to the relative lack of spatial constraints does not benefit much from
prioritisation of OWE.

The Netherlands is somewhat similar to Germany, in the sense that prioritising space for OWE is
arguably the key aspect of finding incremental capacity and extending this prioritisation further from
shore also yields considerable potential capacity in the Grand Design scenario which is, with respect to
the somewhat nominal banding used in Figure 56, low cost. The UK shows significant increases in
estimated incremental capacity in the scenarios that prioritise space for OWE (Going Solo and Grand
Design) but also in the scenarios that relax the constraint on water depth (In the Deep and Grand
Design). However these latter two scenarios have a noticeable increase in the cost of new identified
capacity.
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Figure 57: Cumulative incremental suitable generation potential for each of the 4 scenarios across the entire WINDSPEED
area plotted against levelised production cost

The overall supply curves for each of the scenarios reflect the observations that were made in the
previous chapter (Figure 57). Firstly, that those scenarios that prioritise for OWE closer to shore (Going
Solo and Grand Design) have notably higher levels of estimated incremental generation at low to
moderate delivered electricity costs. The In the Deep scenario also shows comparatively high levels of
‘low cost” OWE however it should be noted that much of this is in Denmark — a country that, while a
leader in OWE, has relatively low stated national ambitions for future OWE.

The second major observation is that relaxing the constraints on the permissible distance to the coast
— in anticipation of connecting these far from shore areas via an offshore grid — significantly increases
the overall spatial potential. The In the Deep estimated incremental generation is roughly five times
that of the Little Will Little Wind scenario (these two are, in some sense, paired scenarios as both do
not spatially prioritise for OWE) and the Grand Design scenario identifies more than three times as
much incremental generation potential as the Going Solo scenario.
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The third observation is that realising floating technologies effectively doubles the total spatial OWP
potential in both the In the Deep and Grand Design scenarios; however utilisation of this would be
contingent on cost effective floating solutions becoming available and the possible additional capacity
is concentrated almost exclusively in the UK and Norway.

These supply curves — broken down by country as given in Section 3.4 — are supplemented with
information from the known plans for OWE in Chapter 4 and used as an input to the subsequent
modelling of growth in OWE out until 2030. It can thus be anticipated that larger potentials at lower
costs for some scenarios will be reflected in higher estimated levels of deployment in the future. This
work is completed in the following chapter.

Finally, in regards to numerical comparisons, it is also possible to look ahead to Chapter 4 and
incorporate the known/identified OWE plans for each country in the WINDSPEED study area (Figure
58). This gives a better representation of the overall potential spatial capacity for the individual
countries for the scenarios with the caveat that not all identified wind parks may eventually be
constructed. The significant known wind parks in Germany, Belgium (relative to its size) and the UK
mean that the total spatial capacities are notably higher than the incremental capacities given in
Figure 56; however for Denmark, the Netherlands and Norway — which have more limited known plans
for OWE — the capacities in Figure 58 are not much changed from those in Figure 56.
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Figure 58: Total potential spatial capacity in the WINDSPEED area for each of the countries in each of the 4 scenarios
including identified OWE plans (In the Deep and Grand Design include the 70m depth constraint)

The overall spatial potentials — in terms of possible installed capacity — for the different WINDSPEED
countries (with the exception of Belgium) show significant variance between scenarios. This suggests
that the choices that these countries make, in terms of spatial prioritisation and cross-border grid
cooperation, can have a large impact on the size of their exploitable OWE resource. More than this,
the scenario results in this chapter also illustrate the differences in delivered electricity costs, not only
between scenarios but also between countries. This cost difference is obscured in Figure 58 but is
taken into account in the following chapter when developing overall supply curves for OWE for each
country and each scenario. These differences in cost can be anticipated to be reflected in firstly,
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different viable levels of deployment for each scenario, but levelised production cost differences
between countries also hint at one aspect of the potential value of an offshore meshed grid. Such a
meshed grid could offer opportunities not just for balancing but for satisfying demand for renewable
electricity in a least cost manner. These aspects are likewise considered in the following chapter that
determines the overall economic OWE potential for each scenario. Again it should be stated that
absolute cost figures need to be interpreted cautiously as the DSS uses a bottom up cost model that is
sensitive to a number of factors that can change over time including commodity prices, supply chain
constraints and financing rates; the value of the cost model rather lies in the ability to compare
relative costs between scenarios or between countries.
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4 Economic potential

4.1 Introduction

The previous chapter arrives at spatial potentials for OWE deployment under different scenarios for
the period 2020-2030 in the Central and Southern North Sea. For most scenarios, the potential for
further OWE deployment is enormous, however, additional constraints are likely to hinder this
potential from being realized by 2030. This chapter addresses policy support, growth, grid and market
integration constraints to arrive at a realistic potential for the period up to 2030.

Availability of RES-E support — in terms of the financial incentives available to RES-E producers — has a
significant influence on the development path of OWE. The level of support per MWh of electricity
production not only puts a cap on the overall generation capacity but influences also the choice of
where to develop new projects. The speed with which a certain amount of OWE capacity can be
realized is also damped by constraints on how quickly the involved industry can scale up required
production levels, e.g. due to the limited availability of suitable vessels that can be used for the
installation of OWE, limited amount of skilled people to realise this installation and insufficient
harbour facilities, amongst other factors. Within the project, the RESolve-E model, see section 2.3 and
Appendix A, was applied to narrow down the spatial potential for OWE derived in Chapter 3 to a first
order economical potential, see Figure 6 in section 2.3.

Power produced from a significant installed capacity of OWE requires grid infrastructure to export the
electricity to centres of demand. Limitations in both onshore and offshore grid capacity will have an
effect on the economically viable OWE deployment. In going from a spatial potential to a second order
economic potential, Figure 6, grid and electricity market constraints must be considered. As indicated
in Figure 7, in scenarios where an offshore grid is assumed to be in place, the Net-Op model is used to
account for grid constraints. In the scenarios where an offshore grid is absent — and offshore wind
parks are connected conventionally via radial cables back to shore — an interaction between the
COMPETES and RESolve-E models is used to cover grid and electricity market constraints. The
modelling of the offshore grid and its results are extensively described in report Deliverable 6.3
(Huertas Hernando et al., 2011). This report incorporates key results of this offshore grid modelling in
regards to viable capacities and costs. A short description on the COMPETES model and the
assumptions used for the purposes of this project can be found in section 2.3 and Appendix B.

4.2 Assumptions

In the RES-E modelling, supply curves for all RES-E generation options — in the form of bands of
generation potential at different costs — are already included in the RESolve-E model. Similar
information for OWE, supplemented by the results of the DSS modelling presented in Chapter 3, must
also be input into the model.

When considering OWE it is important to note that Denmark, Germany and the UK have other waters
in their EEZs addition to the portion in the North Sea that is considered in the WINDSPEED project — for
example the Danish and German areas of the Baltic Sea and the UK’s part of the Irish and Atlantic Sea.
In preparing the RESolve-E model, existing wind farms, wind farms under construction and licensed
farms in these ‘other waters’ have been accounted for in Denmark, Germany and the UK. However,
assumptions on additional OWE potentials in these waters could not be made as it would require a
similar project to WINDSPEED for these regions.
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For the WINDSPEED study area, known/identified offshore wind parks that are: operational, under
construction, proposed or licensed, are placed into cost bands and added to the potential provided by
the DSS tool for each of the four scenarios. The total capacity of this additional potential in other
waters and in the WINDSPEED area is shown in Table 21. The following sources have been used: (BSH,
2011; 4C Offshore, 2011; Noordzeeloket, 2011). Resulting potentials for each of the four scenarios,
including these capacities from other waters, can be found in Appendix D.

Table 21: Existing, under construction and licensed capacity [GW], in other waters and in the WINDSPEED area.

BE DE DK NL NO UK

Other 0 7,6 1,4 0 0 11,0
waters

WINDSPEED 2,1 25,0 0,4 3,5 1,0 32,3
area

Total 2,1 32,5 1,7 3,5 1,0 43,3

Central to the operation of the RESolve-E model is the inclusion of the relevant RES incentive policies
for the 6 WINDSPEED countries. Table 22 provides an overview of the assumptions on support
schemes used in the RESolve-E modelling. For all RES technologies, the incentive schemes current at
the time of writing were assumed to continue up until 2030, with some minor modifications taken as
required to ensure that deployment pathways for the individual RES technologies matched those
indicated in Member State’s NREAP reports. For all technologies other than OWE a ‘business as usual’
development of support levels up to 2020 and after 2020 is assumed. For example for Germany the
most recently published degression rates of the feed-in tariff (FIT) levels, under their EEG scheme,
were used. For the Netherlands feed-in premium (FIP) levels, under their SDE scheme, largely in line
with the ones used for the Dutch NREAP were used. For Norway it is assumed that a quota obligation
system will be in place from 2012 on. There is a significant chance that Norway will have a combined
obligation system with Sweden from 2012. We, however, assumed in our modelling that Norway will
have an independent quota system. Quota percentages have been taken from (Profu, 2010).

Table 22: support schemes assumed in RES-E modelling

Country <2020 2020-2030

BE Quota obligation Quota obligation

DE FIT FIT

DK Fixed premium. For OWE Fixed premium. For OWE
tenders in the form of FIP. tenders in the form of FIP.

NL FIP. For OWE tenders in the FIP. For OWE tenders in the
form of FIP. form of FIP.

NO Quota obligation, excluding Quota obligation, excluding
large hydro and OWE. large hydro and OWE.
tenders in the form of FIP. tenders in the form of FIP.

UK Quota obligation Quota obligation

For the countries with a quota obligation system, the post 2020 obligation level differs per scenario,
except for Norway. There is a differentiation in the obligation levels because the ambitions for OWE
are different in each scenario. If the obligation levels would be the same in all scenarios, the
contribution of OWE in the RES-E mix would hardly change when comparing scenarios. For the UK,
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which has a banding system, the number of Renewable Obligation Certificates (ROC’s)’ given per MWh
for offshore also differ per scenario. The reason that the obligation level in Norway after 2020 is the
same in each scenario is that OWE is not included in the assumed obligation system of Norway. Table
23 gives the obligation levels for RES-E for BE, NO and UK. For the UK the number of ROC’s assumed to
given per MWh to OWE is also indicated.

Table 23: Quota obligation level [%] for countries with an obligation system. For UK the numbers of ROC’s received per
MWh of OWE are given as well. Numbers given for the scenarios correspond to the year 2030. Note that for Norway, large
scale hydro and OWE are assumed not to participate in the obligation system.

Country Ilil?l::aev‘xlr:lt; Going solo In the deep Grand design
BE 17.4% 27.4% 32.4% 37.4% 37.4%
NO 9% 16% 16% 16% 16%
UK 31% 41% 46% 61% 61%
1.5 ROC <2015, 1.25 ROC 1.25 ROC 1.25 ROC <2023 1 ROC
1.25 ROC >2015 1 ROC >2023

Feed-in premiums in combination with tenders are assumed in Denmark, the Netherlands and Norway
for the promotion of OWE and furthermore it is assumed that the tender system will be open-ended
after 2020.

For the Little will, Little wind and Going Solo scenarios, the level of support after 2020 reflects a
‘business as usual’ development. For the In the Deep and Grand Design scenarios, the levels of support
have been chosen such that around 2030 all countries should be equally attractive to develop OWE.
Policies haven’t been harmonized, but it has been made sure that the levels of support are such that
equally expensive areas of the North Sea get developed. In other words the marginal OWE areas have
roughly the same levelised cost of production in €/MWh for each country. Once an offshore grid is in
place there is the possibility that a wind farm in for example the Danish territorial water produces
electricity which flows at moment A to Denmark, but at moment B might well flow to, say, the UK. Two
questions that show up then are: 1) From which country does the wind farm get support if the
electricity flows internationally? 2) For which country does the generation count in regards to
satisfying the RES Directive? While three cooperation mechanisms have been proposed to deal with
such issues they are not explicitly implemented here. Within the WINDSPEED project these questions
have been broadly modelled by saying that the support levels are roughly equal once an offshore
meshed grid is in place.

In all scenarios, except the Grand Design scenario, it is assumed that the spatial potential available up
to 2020 is the same as the potential observed for the Little will, Little wind scenario (including existing,
proposed, under construction and licensed capacity from the North-Sea and other waters, see Table
21). After 2020 the spatial potential available is the spatial potential which corresponds to each
scenario; i.e. including the scenario specific spatial potentials that the DSS calculates. Since the Grand
Design scenario is the one in which the most cross-border coordination is needed (regarding use of
space and the offshore grid) it is assumed that countries need to start earlier in taking action than in
the Little will, Little wind scenario. For that reason it has been assumed that the full spatial potential of
the Grand Design scenario becomes available in 2018 rather than 2020.

> A Renewables Obligation Certificate (ROC) is a green certificate issued to an accredited generator for eligible renewable
electricity generated within the United Kingdom and supplied to customers within the United Kingdom by a licensed
electricity supplier (Ofgem, 2011).
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As was mentioned in Section 2.3, for the scenarios where an offshore grid is absent — the Little will,
Little wind and Going Solo scenarios — the COMPETES model has been used to account for the
dynamics with the electricity market and the limited interconnection capacity between countries. For
these two scenario a feedback loop between the RESolve-E and COMPETES models has been used: the
OWE development influences the electricity price and vice versa.

For the COMPETES modelling, choices had to be made regarding interconnection capacities in the
future. These capacities have been taken from the ENTSO-E 10 year network development plan issued
in 2010 (ENTSO-E, 2010). ENTSO-E distinguishes between four development stages: under
construction, design and permitting, planning and under consideration. As interconnection capacities
for 2020 it has been assumed that the first three categories will be in place. For 2030 the
interconnections that are under consideration are also included.

For the In the Deep and Grand Design scenarios, both of which include an offshore grid, the Net-Op
model was used (see Section 2.3). In this case there has not been a feed-back loop between the
RESolve-E model and the resulting electricity price. So the impact of electricity price dynamics on OWE
development is absent. However, in some specific instance it was necessary to modify the offshore
wind capacities — or at least that portion that is considered to be closer to shore and not part of an
offshore grid — since the installed capacity was too high to be exported to shore. The second order
economic potentials of these two scenarios, as presented in Section 4.3, are directly taken from
Deliverable 6.3 (Huertas Hernando et al., 2011).

Assumptions regarding the development in the energy sector, the economy, RES growth and cost
reductions of offshore wind technology, are described briefly in section 2.4.

4.3 Scenario Results

4.3.1 Little will, little wind

The map in Figure 59 clearly shows the reduction in realisable offshore potential in 2030 if other types
of constraints, additional to the spatial constraints considered in Chapter 3, are included. If growth
limitations and RES-E policy restrictions are considered the medium grey areas (indicated as
policy/growth exclusion) in the WINDSPEED area get excluded. If the dynamics with the electricity
market is considered there is a further reduction in potential equal to the dark grey areas (E-market
exclusion). In the end the pink (current/planned OWE) and green (suitable from OWE) areas are
indicative of the scope of development expected in 2030 for the Little will, Little wind scenario as they
are not excluded by the constraints considered.

105

w . nNnd



G / . current/planned OWE
‘{/““\—‘ < ¥ ; general exclusion
I policy/growth exclusion
I c-market exclusion
I suitable for OWE

1 excluding use
2 excluding uses

54 N
; ' [ 3 excluding uses
Y

«
O N ‘ I 4 excluding uses
s L |\ I 5 excluding uses
- 6 excluding uses

Figure 59: Map of current/proposed/rejected OWE (pink), suitable areas from OWE (green) and areas that are excluded
from OWE for the Little will, little wind scenario.

Table 24 presents an overview of the different OWE potentials for the least ambitious scenario. A
graphical representation of the first and second order economic potential is given in Figure 60.

Table 24: Overview of the spatial, first and second order economic potential [MW] for the Little will, little wind scenario.

BE DE DK NL NO UK Total
Spatial 2,110 26,783 10,862 6,726 2,180 46,334 94,994
st

1 ord(?r 1,011 18,059 4,282 5,058 1,940 11,452 41,801
economic
2" order

K 1,011 15,429 3,762 4,946 1,617 11,188 37,953
economic
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Figure 60: First and second order economic potential [GW] in 2030 for the Little will, little wind scenario.

It clear from Table 24 that even in this scenario the UK has a significant spatial potential. However, a
large part (35 GW) is found to be not economically viable by 2030. The main reasons for this are that in
this scenario the ambitions for RES-E are modest and that part of the spatial potential is considerably
more expensive (see Figure 43).

Table 25: Overview of the spatial, first and second order economic generation potential divided by the total electricity
consumption for the Little will, little wind scenario, results expressed in %.

BE DE DK NL NO UK Total

Spatial 8% 17% 108% 21% 7% 42% 25%
1* order

. 3% 11% 40% 15% 6% 10% 11%
economic
2" order

. 3% 9% 35% 14% 5% 9% 10%
economic

4.3.2 Going solo

A map showing the reduction in potential by applying the three levels of constraint (spatial, 1** order
economic and 2" order economic) can be found in Figure 61. Table 26 and Figure 62 give the
capacities for the three types of potential.

For all countries, except the UK, the relative reduction in potential, if RES-E and growth constraints are
applied, is less than 35 percent of the spatial potential, so a significant part might be developed in
2030. Supply chain constraints and limits of the level of support for RES-E make it infeasible to develop
the whole spatial potential. The UK has a very large spatial potential, but again how much of this might
get developed depends a lot on the RES-E obligation level that is set there. For the UK, as with all
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countries in the study, some portions of the EEZ are found to be too expensive to be attractive Figure
48.
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Figure 61: Map of current/proposed/rejected OWE (pink), suitable areas from OWE (green) and areas that are excluded
from OWE for the Going solo scenario.

For most countries the first and second order economic potential is almost the same, except for
Denmark. The reason for difference is that Denmark doesn’t need the amount of wind offshore energy
that is estimated for its first order economic potential — there simply isn’t the demand — and has only
limited possibility to export the generated electricity due to the absence of an offshore grid in this
scenario and constraints in the capacity of onshore interconnectors.

Table 26: Overview of the spatial, first and second order economic potential [MW] for the Going solo scenario.

BE DE DK NL NO UK Total

Spatial 2,293 42,685 21,473 13,876 2,237 68,569 151,133
1" order

. 2,075 32,217 16,413 9,603 1,962 16,723 78,993
economic
2" order

K 2,075 29,699 8,956 9,359 1,262 16,702 68,053
economic
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Figure 62: First and second order economic potential [GW] in 2030 for the Going solo scenario.

Table 27 clearly reflects that Denmark doesn’t have the possibility to use the full first order economic
potential domestically.

Table 27: Overview of the spatial, first and second order economic generation potential divided by the total electricity
consumption for the Going solo scenario, results expressed in %.

BE DE DK NL NO UK Total
Spatial 8% 27% 213% 43% 7% 61% 40%
st

1" order 7% 20% 154% 28% 6% 14% 20%
economic

nd
2" order 7% 18% 84% 27% 4% 14% 17%
economic

4.3.3 In the deep

An overview of the different potentials for the In the Deep scenario can be found in Table 28, and a
map of the spatial and 1* order economic potential in Figure 63. Not indicated in Figure 63 are the
resulting OWE clusters and offshore grid interconnector philosophy which are determined in
Deliverable 6.3 (Huertas Hernando et al., 2011). It simply indicates areas that — based on cost factors
such as wind resource and depth as well as the spatial input assumptions — are deemed suitable for
development in 2030 accounting for policy and growth constraints.
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Figure 63: Map of current/proposed/rejected OWE (pink), suitable areas from OWE (green) and areas that are excluded
from OWE for the In the Deep scenario (with 70m depth constraint).

According to this scenario a large proportion of the spatial potential is unlikely to get developed before
2030. First of all, part of the identified spatial potential is found at locations where the levelised
production cost is simply too high, see Figure 51. Secondly, there is simply not enough time to develop
such a large amount of capacity, particularly for Norway, where the anticipated capacity in 2020 is
very low. It is interesting to note that in this scenario the spatial and economic potentials for Belgium,
the Netherlands and especially for Germany are lower than in the Going Solo scenario. This is because
in the In the Deep scenario a low level of priority is given to finding opportunities for cheaper, closer to
shore OWE potential which is a large constraint for these three countries.

Table 28: Overview of the spatial, spatial including water depth of more than 70 meter, first and second order economic
potentials [MW] for the In the Deep scenario.

BE DE DK NL NO UK Total

Spatial 2,110 28,713 31,170 10,318 50,819 78,773 201,904

Spatial >70 m 2,110 28,713 32,877 10,318 86,969 171,149 332,136

1% order economic 2,032 19,808 19,904 8,557 11,562 30,891 92,754

2" order economic (min) 2,032 18,398 17,527 8,419 11,267 29,216 86,859

2" order economic (max) 2,032 19,808 19,904 8,557 11,562 30,891 92,754
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Figure 64: First and second order economic potential [GW] in 2030 for the In the deep. For the 2" order economic potential
the minimum is indicated by (-), the maximum by (+).

Capacity [GW]

All the economic potentials/figures given in Table 28 and Table 29 are based on the baseline spatial
potential that assumes a depth constraint of 70 metres. Furthermore, for the second order economic
potential an upper and lower limit is given — 2" order economic (min) and 2" order economic (max)
respectively — reflecting the two 2" order economic potentials that are given in Deliverable 6.3
(Huertas Hernando et al., 2011). In Table 28 the upper limit is the same as the first order economic
potential, this is because all the capacity can be connected either radially or to the offshore grid
according to model runs using the Net-Op model. However, the total wind offshore electricity
produced can’t be exported at all moments during the year. For that reason the total generation
potential reduces if grid constraints are considered (comparing the row with the 1*' order economic
and 2" order economic (max) numbers in Table 29; i.e. which accounts for actual generation and not
just capacity. From this it can be concluded that the average amount of full load hours will decrease
and some deeper water locations may cease to be considered as economically viable. For the second
order economic (min) potential the lowest of the two potentials from Deliverable 6.3 was used for the
In the Deep scenario, furthermore the capacity has been scaled such as to keep the full load hours at
approximately the same level as the first order economic potential. The potential resulting from this
can, in a sense, be seen as a type of lower limit for the second order economic potential.

From the results for the In the Deep scenario it is interesting to note that Denmark has strong export

opportunities for wind offshore if an offshore grid is in place. The electricity solely from OWE in Danish
waters is much than Denmark needs for its own electricity consumption.
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Table 29: Overview of the spatial, spatial including water depth of more than 70 meter, first and second order economic
generation potential divided by the total electricity consumption for the In the deep scenario.

BE DE DK NL NO UK Total

Spatial 8% 18% 317% 32% 155% 72% 56%

Spatial >70 m 8% 18% 334% 32% 271% 168% 95%
1" order

. 7% 12% 192% 25% 33% 26% 24%
economic
2" order

. . 7% 11% 148% 25% 28% 21% 20%
economic (min)
2" order

. 7% 11% 174% 25% 29% 23% 23%
economic (max)

4.3.4 Grand design

An overview of the different potentials for the Grand Design scenario can be found in Table 30 and a
map of the spatial and 1* order economic potential in Figure 65. Not indicated in Figure 65 are the
resulting OWE clusters and offshore grid interconnector philosophy which are determined in
Deliverable 6.3 (Huertas Hernando et al., 2011). It simply indicates areas that — based on cost factors
such as wind resource and depth as well as the spatial input assumptions — are deemed suitable for
development in 2030 accounting for policy and growth constraints.
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Figure 65: Map of current/proposed/rejected OWE (pink), suitable areas from OWE (green) and areas that are excluded
from OWE for the Grand Design scenario (with 70m constraint).

As with the In the Deep scenario, a huge part of the spatial potential can’t be developed due to RES-E
policy constraints and supply chain limitations. However, this scenario has more low cost potential
close to shore — due to prioritisation of space for OWE — which results in a higher first order economic
potential. This is especially the case for Germany, Denmark and the Netherlands.

Table 30: Overview of the spatial, spatial including water depth of more than 70 meter, first and second order economic
potential [MW] for the Grand design scenario.

BE DE DK NL NO UK Total

Spatial 2,293 47,322 69,214 28,346 55,647 124,199 327,021

Spatial >70 m 2,293 47,322 72,342 28,346 126,713 228,697 505,713
1% order

. 2,242 35,059 42,616 22,454 16,256 33,753 152,380
economic
2" order

. . 2,242 33,618 23,434 21,967 15,338 33,379 129,978
economic (min)
2" order

) 2,242 35,059 25,039 22,454 16,256 33,753 134,803
economic (max)
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Figure 66: First and second economical potential [GW] in 2030 for the Grand design. For the 2" order economic potential

the minimum is indicated by (-), the maximum by (+).

As was done for the In the Deep scenario, an upper and lower limit is given for the second order
economic potential. Except for Denmark, the upper limit is the same as the first order economic
potential. For Denmark, grid constraints - even with an offshore grid - limit the OWE potential to about
25 GW, more is infeasible. According to the results of the Grand Design scenario (Table 31), more that
30 percent of the electricity demand of these six WINDSPEED countries could be supplied by OWE in
the Southern and Central North Sea.

Table 31: Overview of the spatial, spatial including water depth of more than 70 meter, first and second order economic

generation potential divided by the total electricity consumption for the Grand design.

BE DE DK NL NO UK Total
Spatial 8% 30% 699% 88% 169% 113% 90%
Spatial >70 m 8% 30% 731% 88% 392% 221% 143%
1* order .
. 8% 21% 409% 66% 48% 28% 39%
economic
2" order
. . 7% 19% 190% 66% 36% 28% 31%
economic (min)
nd
2~ order 8% 19% 190% 66% 36% 28% 31%
economic (max)
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4.4 Summary

An overview of the potentials for the WINDSPEED study area (i.e. the Southern and Central North Sea)
can be found in Figure 67. The same information, but broken down by country, is given in Appendix E.
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Figure 67: Overview of the different potentials [GW] for the six WINDSPEED countries in 2030 for all scenarios. The
minimum of the economic potential is indicated by (-), the maximum by (+).

In Table 32 an overview of the numerical values of the different categories of potentials can be found.
Note that for the Little will, Little wind and Going Solo scenarios only water depth up to 50 - 55 m have
been considered. For that reason the Spatial > 70 m potential is not relevant for these scenarios.
Furthermore these scenarios don’t have a distinction in upper and lower limit due to the different
approach to calculating the 2" order economic potential; i.e. using COMPETES and RESolve-E.

Table 32: Overview of the different potentials [MW] for the six WINDSPEED countries in 2030 for all scenarios. The
minimum of the economic potential is indicated by (-), the maximum by (+).

Little will, little wind Going solo In the deep Grand design

Spatial 94,994 151,133 201,904 327,021

Spatial >70 m n/a n/a 332,136 505,713
1" order

. 41,801 78,993 92,754 152,380
economic
2" order

. . 37,953 68,053 86,859 129,978
economic (min)
2" order

. 37,953 68,053 92,754 134,803
economic (max)

Figure 68 presents an overview of the share of electricity consumption that can be covered from OWE
generation solely from the WINDSPEED area.
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Figure 68: Overview of the different kind of potentials divided by the total electricity demand for the six WINDSPEED
countries in 2030 for all scenarios, expressed in %.

Figure 67 and Figure 68 indicate that for the In the Deep and Grand Design scenarios there is sufficient
spatial potential — assuming all depths are considered — to theoretically cover the full electricity
demand for these six countries solely using OWE in the WINDSPEED study area. If technology (in the
form of depth limitations), RES-E policy, supply chain and grid and electricity market constraints are
included this potential is reduced significantly. Even still, slightly more than 30 percent of the
electricity demand of the six considered countries might be covered in the Grand Design scenario by
OWE in the Central and Southern North Sea. It is important to remember that the development of
OWE isn’t likely to end in 2030. As the spatial potentials show, there would remain good opportunities
for OWE to have an even larger contribution to the electricity supply mix after 2030 given the
appropriate supporting infrastructure and policies.

In general, all scenarios suggest that a significant portion of the spatial potential would not be realised
in 2030 due to growth constraints and because part of the potential is relatively expensive. When grid
and electricity market constraints are considered, the economic potential reduces somewhat further,
but this reduction is not particularly dramatic. Comparing the outcomes for the WINDSPEED area as a
whole, the economic potentials follow the same trend as the spatial potential: the potential becomes
larger, going from Little will, Little wind, to Going Solo, to In the Deep and finally the Grand Design.
However, this should also be considered on a country by country basis as individual countries do not
necessarily follow this trend; for example for Germany, the potentials for the Going Solo scenario are
larger than for the In the Deep scenario due to the nature of the assumptions regarding the
prioritisation of space.

Further discussion and comparison of the scenario results, along with some implications of these
possible OWE futures, are presented in the following chapter.
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5 Discussion and conclusions

The estimated OWE capacities in 2030 in the WINDSPEED study area provide the most condensed
summary of the results for the four presented scenarios (Figure 69). Distilled down to these four
numbers, the scenario analysis in the WINDSPEED project shows that there are large differences in the
OWE capacity that could be economically deployed in the future depending on the chosen
development perspective.

OWE spatially prioritised

Going Solo Grand Design
68 GW 135GW
high cost - low cost -
slow technology | : fast technology
development development
Little will, Little wind In the Deep
38GW 93 GW

-

Lower spatial
prioritisation of OWE

Figure 69: Overview of total 2030 estimated capacities in the WINDSPEED study area for each of the 4 scenarios.

As a starting point in all scenario the NREAP plans for 2020 are assumed to be achieved. This implies
that, for the 5 EU WINDSPEED countries, a capacity of 32 GW across all sea basins will be developed
by 2020. Norway®, which has not yet submitted a NREAP, is not likely to increase this figure by much.
The least ambitious scenario, Little Will, Little Wind, shows limited deployment of incremental OWE
after 2020. In this storyline there is an initial rush in OWE installations up until 2020, which then slows
significantly due to difficulties in finding new space for OWE, insufficient incentivising policy and a
connection philosophy that relies on radial connections without direct international OWE flows.

Both the Going Solo and In the Deep scenarios show significant increases in the estimated total
capacity in the WINDSPEED area in 2030; however, their respective visions of the future differ greatly
in the distribution and connection philosophy of OWE. Going Solo focuses efforts closer to shore and
prioritises space for OWE by incorporating some non-IMO shipping and fisheries as co-use between
wind parks, and also by looking for some compromise with low OWE cost Natura 2000 and military
areas. This, along with identified plans for OWE, gives a spatial potential of more than 150 GW of
which approximately half (78 GW) could be developed by 2030. The limitations imposed by the radial

6 Norway is a non-EU country. However, Norway is expected to implement the RES Directive, under the framework of the
European Economic Area (EEA) agreement, once it has reached an agreement with the European Commission on a binding
RES target for 2020.
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connection philosophy — i.e. that all countries connect wind parks domestically and that cross-border
flows are limited by onshore transfer capacities — further constrain the estimated 2030 capacity to 68
GW. Much of this constraint occurs in Denmark; a country that is promising in terms of low cost OWE
generation but relatively restricted in terms of national demand for electricity and cross-border
connections. Furthermore Denmark has additional OWE options outside the WINDSPEED study area
(for example the Kattegat or Baltic Sea). These options may, from a Danish point of view, be more
attractive due to their proximity to load centres such as Copenhagen. Norway is a minor player in OWE
in these radially connected scenarios, due to limited potential at today’s achievable water depths and
limited opportunities for export of power via conventional point to point HVDC cabling. This suggests
that utilisation of the large potential for OWE from these two countries is largely contingent on
respectively providing export opportunities and extending deployments to greater depths, both of
which are considered in the subsequent two scenarios. In the Going Solo scenario, all other countries
likewise pursue OWE development that is consistent with their national demand and/or ability to
export power via conventional cross-border connections.

The overall average levelised production cost of energy for the Going Solo scenario is not noticeably
different to the Little Will, Little Wind when learning effects are ignored (). This could be anticipated as
the search area for OWE in terms of allowable depths and distances to shore is the same in the two
scenarios, the only change is in the amount of space that is identified for OWE. As this is distributed
approximately evenly across different depths and cable distances the average LPC does not change.
However, when learning effects are included, the increased deployment of the Going Solo scenario
results in a slightly lower average LPC (2.5% lower than Little Will, Little Wind).

The In the Deep scenario considers a future where cross-border cooperation has created the enabling
conditions for an offshore meshed grid to develop. Traditional sea use functions have generally taken
preference closer to shore in terms of spatial planning for new OWE. As a result, much of the OWE
development occurs further from shore in a number of offshore clusters which are interconnected by
the offshore grid. The relatively high cost of a large quantity of far from shore resource utilisation
means that less than half the spatial potential is likely to be able to be developed by 2030. This
remains true even though the meshed grid has lowers distances to offshore connection points rather
than onshore ones; the larger depths and increased distances to ports for maintenance access
continue to impact on cost. Results suggest that with some phase out of conventional generation, the
vast majority (up to 93 GW) of this could be integrated into the market via either radial connections to
shore (for near shore resource) or via the determined offshore grid (Huertas Hernando et al., 2011).
Compared to the Little Will, Little Wind scenario, which also has little prioritisation of new OWE,
allowing for an offshore grid more than doubles the estimated installed capacity in 2030.

However, there is some investment cost for the offshore grid required in order to connect this
additional OWE. When learning effects are excluded (i.e. all locations for offshore wind weighed
equally irrespective of the level of cumulative deployment in that scenario) then the additional
infrastructure costs of the In the Deep scenario along with the deeper waters that are exploited (which
increase foundation costs and distances to ports for operations and maintenance) mean that the
average LPC is approximately 6 percent higher than in the radially connected scenarios (Figure 70).
When learning is taken into account then the higher levels of deployment — and the fact that that this
scenario is slightly more aggressive in terms of learning rates given the focus on technology
development — suggest that the actual average LPC would be slightly lower (approximately 5% lower)
than the Going Solo scenario.
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Figure 70: Overview of relative average delivered levelised production costs of offshore wind energy in 2030 for each of the
four scenarios with and without learning effects along with total estimated capacities in the WINDSPEED area. In the Deep
and Grand Design costs include amortized offshore grid investments.

Putting the Grand Design scenario results in context is not easy. There are few firm targets for OWE
beyond 2020 for the WINDSPEED countries, and planning to date has generally focused on meeting
the Renewable Energy Directive over the coming ten years. In the 2030 time frame there are limited
sources of information. The European Wind Energy Association (EWEA) gives a target of 150 GW in
2030 for the whole of the EU, chiefly based on a bottom up summary of planned projects (EWEA,
2009). An accompanying document to the European Commission’s Energy 2020 strategy mentions in
excess of 140 GW of OWE plans between member states, but gives no mention of the status of such
plans (EC, 2010). Should ambitions of this magnitude be pursued then it becomes clear that the
futures predicted by the Going Solo or In the Deep scenarios are, for the most part, insufficient given
the major role that the North Sea is likely to play in OWE.

This would suggest that an approach to future OWE that resembles the Grand Design scenario is
necessary; a future in which cross-border cooperation on infrastructure and spatial planning has not
only designated appropriate portions of national EEZs for OWE closer to shore, but also supported the
development of an offshore grid to allow the large-scale deployment of further from shore OWE and
its market integration. Only by taking on both challenges of increased spatial prioritisation of OWE and
offshore grid can the ambitious estimate of 135 GW of OWE capacity in the Central and Southern
North Sea be achieved. Should these challenges be overcome, then the North Sea could deliver more
than 30 percent of the electricity production of the 6 WINDSPEED countries.

In terms of cost, there is a significant amount of electrical infrastructure required to implement the
offshore meshed grid that is needed to connect the clusters of OWE that the Grand Design scenario
envisages. Total investment is estimated in the order of €60 billion — almost twice that required for the
In the Deep scenario — due to larger and more numerous far from shore OWE clusters (Huertas
Hernando et al., 2011). However this is balanced by an increase in the amount of close to shore (and
thus cheaper) OWE in the Grand Design scenario, making the average LPC slightly lower than the In
the Deep scenario when learning is not considered (Figure 70). That same analysis shows that the
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learning benefits of delivering more overall deployment make the Grand Design scenario some 6
percent cheaper than the In the Deep scenario in terms of delivered energy costs.

5.1 Spatial

The project revealed the busy nature of the North Sea, but moreover quantified the impacts of the
different sea uses in terms of an opportunity cost for OWE. The five largest spatial drivers that were
identified — fisheries, shipping, military areas, oil/gas extraction, and nature conservation areas — were
confirmed as the most significant/key spatial drivers in regards to OWE. They are not only the largest
but also the most potentially interesting for compromise with OWE in the future due to either lower
possible OWE costs or ‘spatial uniqueness’ — a lack of overlap with other spatial uses that increases the
amount of OWE that could be deployed for a given level of compromise.

The supply curves for OWE that were generated for each country in each scenario underlie the
modelling work that determined the overall capacities presented at the start of this chapter. These
were created by combining known plans for OWE in each country (see Section 4.2) with the results
obtained from the DSS (see Section 3.4). These DSS results differ between scenarios due to the chosen
input assumptions that relate to the specific OWE development perspective that is considered for each
scenario and which were presented in Section 3.3. Maps of the possible suitable areas for incremental
OWE deployment were generated for each of the 4 scenarios; including two variants of the In the
Deep and Grand Design scenarios to account for floating technology inclusion (Figure 42, Figure 45,
Figure 50 and Figure 53). These maps and corresponding supply curves give rise to a number of
important conclusions. Firstly the observation that there is very limited potential for incremental OWE
capacity across most of the southern portion of the North Sea with a continued focus on relatively
near-to-shore and radially connected wind parks without prioritisation of space for OWE.

Secondly, changes in the level of prioritisation that is given to new OWE —in the form of looking for co-
use with some existing sea uses or assuming some level of compromise on the extent of other certain
uses — were found to make a large difference to the potential for incremental OWE in the Central and
Southern North Sea; particularly for generation at low to moderate delivered electricity costs. Tied
closely to the ability to find new space for OWE is the need to integrate planning of certain existing sea
use functions with wind parks. A fundamental premise of the modelling undertaken in this project is
the inclusion of wind regeneration corridors, in the form of nominal 12 km gaps between wind parks,
in order to reduce turbulence and inter-park effects and thus maintain the energy vyield of
neighbouring parks. In making this assumption opportunities for co-use/co-existence can be found
with sea uses such as shipping and fishing, and it will be important to integrate the planning of these
activities through appropriate cross-border MSP practices. This helps to maintain space for these other
use functions in the North Sea while optimising the distribution of new wind parks and improving
energy output. Further to this some level of compromise was assumed with certain other sea use
functions such as military zones and nature conservation areas. These actions of integrated planning
and compromise were necessary in order to make significant improvements in the amount of capacity
that could be installed at depths of water and distances from shore that are being considered today.
Such changes to way in which OWE is planned suggests a need to revisit MSP priorities to find low cost
wind energy opportunities.

It was also observed that relaxing the constraints on the permissible distance to the coast — in
anticipation of connecting these far from shore areas via an offshore grid — significantly increases the
spatial potential. This occurs as areas further from shore are found to be significantly less ‘congested’
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in terms of other sea uses than those close to shore, the main differences being in nature conservation
areas, shipping, military zones and sand extraction, all of which tend to be predominant closer to the
coast. The In the Deep incremental generation potential is roughly five times that of the Little Will,
Little Wind scenario (in effect matched scenarios as both do not spatially prioritise for OWE) and the
Grand Design scenario identifies more than three times the incremental generation potential as the
Going Solo scenario. However those scenarios that consider far from shore potential must deal not
only with the increased costs of generation due to water depth and maintenance expenditure, but also
with the additional cost of the electrical infrastructure to connect this distant potential via an offshore
grid (as discussed earlier in this section).

Perhaps the final key conclusion from the spatial results is that the spatial potential for OWE in the
North Sea is, in general, very large. The WINDSPEED modelling determines that only some fraction of
this is utilised by 2030, typically less than half of what was available. This suggests that, depending on
future priorities and political will that OWE capacities have the ability to exceed the estimates given by
this project. It also permits offshore wind to play a larger role should the growth in onshore wind
energy be lower than anticipated, for example due to public resistance to onshore wind siting.

It is worth reiterating that the maps generated by the DSS are not intended to provide precise
information on the location of specific wind parks — most North Sea countries have national spatial
planning tools at greater resolutions and with more comprehensive datasets. The maps, instead,
provide an overview of how the potential for OWE in the North Sea changes depending on the
development perspective of any particular scenario which is implemented via the user selected input
parameters. Given i) the limitations of the DSS resolution, ii) the addition of relatively novel exclusion
layers such as wildlife preservation and fishing, and iii) the overarching aim of the project to produce a
policy roadmap in support of a target rather than identify specific projects, some margin for error must
necessarily be allowed for when interpreting the maps in this report. Inevitably some specific areas
may be identified as ‘suitable’ that should, in fact, be excluded due to unforeseen factors and equally,
some areas may be excluded that could in the future be developed for OWE.

This report does not deal with the impact on other sea uses that could eventuate under the different
futures corresponding to the four scenarios. However, the final area of the North Sea used for
incremental OWE, in even the most ambitious scenario, is comparatively small. Although the overall
spatial potential of any single scenario may be large or the input assumptions with respect to a
particular sea use may seem aggressive, two aspects act to mitigate the overall impact of OWE
development. Firstly, overlapping uses restrict the spatial losses for non-wind sea uses, even though
one constraint is relaxed a different sea use may still preserve that area. Secondly, the constraints
related to policy, growth and electricity market integration mean that only some portion of the
identified ‘suitable’ area is ever feasibly developed by 2030. Deliverable 6.2 considers the net impact
on different sea users for each of the 4 scenarios in more detail (van der Wal et al., 2011).

5.2 Technology and costs

The scenarios and results are premised on a mixture of assumptions regarding technology
development and resulting costs. All scenarios share a common bottom-up cost model, the details of
which are described in Deliverable 2.2 (Jacquemin et al., 2010) with minor modification of the input
parameter that relates to financing and rates of return (see Section 3.3.3). However, implicit in the
water depth and distance to shore constraints that are applied for each of the scenarios are some
assumptions regarding the availability of different technologies. The Little Will, Little Wind and Going
Solo scenarios do not presuppose any technology that is not available or implemented today. While
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the In the Deep and Grand Design scenarios are investigated with two variants that assume that either
water depths of up to 70m are viable with fixed structures or floating technologies are readily
available at estimated bottom-up costs (see Section 3.3.1).

It can reasonably be expected that deeper waters than observed today will be considered as a need
for space for OWE pushes developments further from shore. However, the rate of development and
adoption of floating technologies is difficult to predict. Based on the scenario results it can be seen
that realising floating technologies effectively doubles the total spatial OWE potential in both the In
the Deep and Grand Design scenarios. The utilisation of this would be contingent on cost effective
floating solutions becoming available. Moreover, the additional capacity is concentrated almost
exclusively in the UK and Norway, which suggests that the drive for such technology will likely have to
originate in these countries. Should there be sufficient ambition within these countries or, in the case
of the UK, significant restrictions on space in the southern portion of their EEZ, it may provide a
justification for R&D funding of deep water technologies.

The absolute cost figures in this report need to be interpreted cautiously as the DSS uses a bottom-up
cost model that is sensitive to a number of factors which are likely to change over time. The factors
include: commodity prices, supply chain constraints and financing rates. The value of the cost model
lies, rather, in the ability to compare relative costs between scenarios or between countries. There is
also a reasonable degree of uncertainty surrounding the costs of the offshore grid HVDC
infrastructure; a lack of available technology makes these costs somewhat speculative. A number of
cost elements were combined to determine the overall average levelised production costs presented
in including: the electrical investment costs of the offshore grid, the costs of installing the
corresponding clusters of wind parks far from shore, the capital costs of radially connected wind parks
closer to shore and annual maintenance and operations costs. shows both the cost impact of this grid
investment in the form of higher average costs of delivered electricity without learning effects
considered. It also shows the overall benefits of increased scale of deployment reflected in lower
levelised production costs of electricity in those scenarios that had the highest estimated installed
capacities in 2030.

One limitation of the modelling is the inability to directly take into account cross-border mechanisms
that would be needed to link national support schemes. At this time, the installed capacity in each
countries EEZ is assumed to be supported by national policies of that same country. The reality could
be different to this in cases where significant cross-border OWE flows occur and some kind of financial
compensation is provided for the energy in instances where it is used to count towards a national RES
target. In an ideal world the lowest cost OWE locations, bearing in mind proximity to suitable demand,
would be developed first irrespective of national borders, in truth this will only occur to the some
certain extent and as far as cross-border mechanisms make this practicable. In order to try and
account for this concept of cross-border flows, the modelling was performed such that each country’s
marginal OWE LPC (i.e. the cost of delivering energy from the next most expensive wind park in that
country’s EEZ) was aligned to be approximately the same. This arguably reflects more accurately a
real-world situation in which cross-border flows within an offshore grid are commonplace and on this
basis the results presented here can be justified in spite of the limitations of the support policy
modelling.

5.3 Offshore grid

The offshore grid serves a number of purposes. Firstly, larger overall capacities of OWE can be
connected due to improved balancing across the North Sea that occurs due to differences in wind
regime in different locations (including onshore); a range of wind-speeds can be observed across the
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sea basin during most hours of the year so while generation may be low in one region of the North Sea
it could be high in another.

Secondly, cross-border bottlenecks due to limits in onshore transfer capacities are largely avoided
from the perspective of OWE as generation can flow to the point of demand directly rather than back
to shore via a radial connection and through conventional transmission lines. This means that some
countries such as Norway and Demark could effectively act as OWE exporters — Demark partly due to
its comparatively low OWE delivered electricity costs and Norway partly due the additional balancing
benefits its large hydropower supplies provide — and the results of the offshore grid modelling support
this (Figure 71). Depending on the amount of OWE potential and resulting offshore grid in each
scenario, some countries are net exporters while others importers. It should be noted that not only do
these supply and demand requirements need to balance over the year as a whole, but also hour by
hour depending on the variability of different RES sources, including OWE, an aspect that is considered
in Deliverable 6.3 (Huertas Hernando et al., 2011).
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Figure 71: Overview of final demand and generation by country for the In the Deep and Grand Design scenarios (source:
adapted from Huertas Hernando et al., 2011)

Net cross-border transfers of electricity for the In the Deep and Grand Design Scenario are in the order
of 130 TWh and 190 TWh respectively (Huertas Hernando et al., 2011). It should be remembered that
although the increase in total OWE capacity between these two scenarios is comparatively larger than
this difference in international transmission flows, a significant proportion of the additional capacity in
the Grand Design is still connected radially/nationally (indicated in the ‘wind + PV’ grouping in Figure
72), only some of the growth in capacity is due to increases in the offshore cluster size.
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Figure 72: Overview of generation mix by country for the two variants of both the In the Deep and Grand Design scenarios
(source: adapted from Huertas Hernando et al., 2011)

The grid modelling results also illustrated the need for flexibility in fossil fuel generation in order to
allow significant penetrations of OWE. When moderate constraints on the minimum level of thermal
generation were required (in this case 20% of capacity) then OWE had difficulty in penetrating the
electricity market at the volumes seen in the In the Deep and Grand Design scenarios. Only when
these minimum constraints were reduced could OWE capacities grow beyond the inherent limits
placed by the need to keep thermal plants running. Such a condition needs appropriate regulations in
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place to ensure security of supply without hindering the ability of OWE to have priority dispatch, and
may need either support payments for manageable non-RES generation that has value for balancing
(which otherwise could be negatively impacted by increasing OWE generation), wind
curtailment/spillage or some form of demand control (typically only contingency based); approaches
that are, for example, implemented in some form or another in Spain where wind penetrations can be
large (EPRI, 2010).

There are some key characteristics that distinguish this study from a number of previous efforts that
considered the design of an offshore grid. Firstly the time frame for this study up to 2030, beyond the
horizon of known/planned wind parks and NREAP plans. The second and most important aspect is the
way in which potential cluster sizes and locations are predicted and quantified in terms of cost using
the DSS tool. Thirdly — and partly as a result of the approach uses the DSS — the offshore grid designs
developed in the WINDSPEED project include significant OWE clusters in Norway and Denmark which
have export and balancing opportunities.

This report does not address some of the necessary enabling conditions that are likely to be required
for the development of an offshore grid. Significant improvements in cross-border cooperation would
be required in order to ensure compatibility and coordination of national OWE plans with the
necessary grid-infrastructure. At the same time, there would need to be well defined and centralised
responsibility for developing post 2020 offshore grid, for example, in the form of a North Sea TSO.
Such responsibilities would need to be defined along with robust and transparent methods for
distributing investment and maintenance costs, in accordance with the received benefits from the
operation of such an offshore grid.

5.4 Cooperation

Somewhat fortunately, these collaboration needs, in both integrating OWE planning with other sea
uses and in offshore grid development, occur in a context of a Europe wide push for cooperation. The
three main starting points for these necessary future efforts are, firstly, the current arguably
fragmented approach to spatial planning across different North Sea member states. In order to realise
significant low cost OWE potential and balance the spatial needs of existing cross-border sea uses,
such as fishing and shipping, coordination between member states will be necessary. An optimum
configuration of offshore wind parks — with corridors between them to regenerate wind resource — is
highly compatible with these sea uses in terms of co-existence but requires high level planning. At the
same time, such an approach would address possible issues at EEZ borders in regards to reductions in
wind resources in the neighbouring country and also allow cumulative North Sea-wide nature value
impacts to be considered more holistically, the so called ‘ecosystem approach’ to nature management.

Secondly, the three relatively untried cooperation mechanisms’ introduced in the Renewable Energy
Directive (2009/28/EC). These will need to be operationalised in a manner that supports the
development of large clusters of OWE of the type envisaged in combination with an offshore grid. Key
issues for these mechanisms will be their ability to incentivise investments in new large RES projects
while allowing the costs and benefits — both direct and indirect — to be considered in their negotiation.
In support of this, Klessmann et al. (2010) recommend the development of long-term arrangements
for statistical transfers, coordinated joint projects between several member states to increase
transparency for developers and faster implementation of joint support schemes.

7 statistical transfer, joint projects, and joint support schemes
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The third key area for cooperation is in relation to grid infrastructure. Presently there is no truly
coordinated approach to North Sea offshore grid planning; with the exception of regional approaches
most notably the North Sea Countries Offshore Grid Initiative (NSCOGI). A large degree of cooperation
will be needed in order to implement infrastructure of this scale given the many cross-border aspects.
These aspects relate not only to cross-border infrastructure but also coordinating OWE planning in the
different member states in support of the grid. This is important both in terms of locations and timing
of developments.

In summary, cooperation in relation to North Sea OWE deployment holds a number of potential
benefits including:

e Accommodating the co-use of OWE and cross-border sea uses such as fisheries and shipping while
optimising the yield from offshore wind parks (through a decrease in wind resource degradation)
e Prevention of potential litigation issues stemming from the alignment of parks close to national
EEZ borders and wake effects
e Most appropriately address cumulative effects on nature conservation and marine wildlife
preservation in accordance with the ecosystem approach
e Create the enabling conditions for the development of an offshore grid to:
o improve reliability of power supply and allow more sophisticated power balancing options
to be implemented with large quantities of OWE in the North Sea;
o make further offshore areas more accessible and potentially alleviate some aspects of
nearshore competition with other sea uses, most prominently shipping and ports;
o reduce the need for onshore transmission reinforcements between countries and the
associated problems of public acceptance; and
o allow countries with lower cost OWE opportunities to export to neighbours
e Deliver lower overall average OWE costs through the opportunities that cooperation provides for
increased deployment and, as a result, improved benefits of scale and learning

The European Commission is currently playing a key role in triggering and facilitating cooperation and
coordination, but debatably the most effective driver is when countries need or want to cooperate in
order to meet targets in the most efficient manner. The opportunities for cross-border transfers of
low-cost OWE, improved balancing and resource limits for RES deployment may drive Member States
to look ‘over the fence’, so to speak, to neighbouring countries. One example of this is the case of
Belgium who — with their limit for OWE planning already reached in a small and busy EEZ — have shown
an early willingness to explore cross-border opportunities for deployment in Dutch waters. In order for
countries to find themselves in a position where cross-border cooperation is desirable and viable, they
arguably need to be given ambitions beyond what they could cost effectively achieve in isolation. This
suggests that post 2020 renewable energy targets are needed, so that Member States will be driven to
look for enhanced solutions, be these finding more space for OWE or taking advantage of a
neighbour’s resources. Given the long time frames for large offshore infrastructure development and
the considerable associated level of cooperation that needs to develop, such targets would be most
beneficial when agreed promptly.
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Appendix A RESolve-E

For the simulation of the RES-E developments in the EU the RESolve-E model, formerly known as
ADMIRE-REBUS, is used (Daniéls & Uyterlinde, 2005). The RESolve-E model is based on a dynamic
market simulation in which national RES-E supply curves are matched with policy-based demand
curves. The supply and demand curves are constructed as follows:

e Future potentials are estimated for all technology bands within a country, based on a
consistent approach, which allows for technology development and learning effects through
time. In the model, realisable potentials are used, meaning that all restrictions except
economic ones are accounted for.

e An endogenous cost calculation module determines the costs of renewable technologies,
using a net present value calculation. This calculation includes all costs and revenues expected
over the lifetime of a technology, and thus incorporates the effect of different support policies
in a straightforward way. Costs are expressed in terms of the ‘Required Green Price’, the
average minimal green price that the investor has to obtain from the market over the lifetime
of the production capacity in order to make the construction of additional green capacity (or
the production with existing capacity) attractive.

e Thus, supply curves, based on costs and potentials, are constructed, and their development is
simulated through time.

e In parallel, policies acting on the demand side, such as price support of the demand or quota’s
on consumers or suppliers, are translated into national demand curves.

e Based on technology, market and political risks, a technology and country-specific adder to
this Required Green Price is calculated.

The results are calculated in a way that takes into account the discriminative characteristics of some
policies, and the ability of producers to choose whether they produce for the domestic market or wish
to trade their production. Because of the different levels and conditions of national support schemes,
there will not be a single market equilibrium for the EU, but rather different submarkets emerge with
local equilibriums. Another important model result is the technology mix per country and for the
complete EU, e.g. the expected deployment of renewable technologies.

The simulations can be done for several target years up to 2030, taking account of various other
factors complicating investment in renewables, such as (political) risks, transaction costs and delays
due to planning and permitting processes. These factors contribute to a realistic simulation of the
effectiveness of different policy instruments.

A schematic overview of the RESolve-E model is presented in Figure 73.
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Figure 73: Schematic overview of the RESolve-E model

Policies included in RESolve-E are:
e Obligations on renewable electricity consumption
e Feed-in tariffs and Feed-in premiums
e Consumer and supplier premiums
e Tenders
e Investment subsidies
e Fiscal investment measures
e Low interest loans

Input needed for the calculation of the Required Green Price (RGP) is listed below.
Technical parameters:

e Raw material costs [€/GJ]

e Efficiencies [%]

e Full load hours [hours/year]

e Technical lifetime [year]

e Fixed Operations and Maintenance costs (O&M costs) [€/kW/yr]

e Variable O&M costs [€ct/kWh]

e Investment costs [€/kW]

e Maturity of the technology

e Value of byproducts (in the case of electricity production heat can be a byproduct).
Financing parameters:

e Debt/Equity ratio [%]

e Return on equity [%]

e Return on debt [%]

e Debt period [year]

e Depreciation period [year]

e Taxrate [%]

e Inflation rate [%]
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The RESolve-E model includes:
e 13 crop/non-crop raw materials
e 13 RES-E technologies, of which 5 different biomass technologies
e 27 EU countries, Switzerland and Norway

Originally the model contained 5 different bands (or supply segments) per country for wind offshore.
However, since the output of the DSS is so rich in information it would be a waste to map the whole
DSS potential on 5 wind offshore bands. For that reason the amount of bands for wind offshore has
been increased allowing for a much more detail in the supply curve for wind offshore. The bands are
categorized according to:

e Distance to port:

e Water depth:

e Wind speed:

0-20 km
20-50 km
50-100 km
100-200 km
>200km

0-20m
20-30 m
30-50 m
>50 m

8-9m/s
9-10 m/s
10-11 ms
>11 m/s

In total this would result in 5x4x4=80 bands. Since some bands appeared to be empty or can be easily
neglected the final amount of bands that has been used is 50. The principle of mapping the cost supply
curve from the DSS on the wind offshore bands as used in RESolve-E is shown for the Grand design

scenario in Figure 74.
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Figure 74: Mapping of the DSS cost supply curve on the bands as used in RESolve-E for wind offshore. The graphs show the
data for the Grand design scenario.

It should be note that in the modelling, it is not the LPC that is directly imported from the DSS in
RESolve-E, but the spatial cost elements needed to calculate the LCP: CAPEX, OPEX and full load hours.
The reason why the LPC is calculated internally in RESolve-E is that the financing parameters change
value over time and the model includes endogenous cost reductions using progress ratios.

An example of an output of RESolve-E is shown in Figure 75. The OWE generation corresponds here to
the first order economic potential (see Figure 6) and is equal to a capacity of 9.6 GW in 2030.
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Figure 75: RES-E production [TWh] development in the Netherlands in the Going solo scenario
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Appendix B COMPETES

COMPETES is a partial equilibrium model of a transmission-constrained power market. The model
contains three different type of agents: Generators, Arbitrageurs and TSO’s. The generators and
arbitrageurs try to maximize their profit, the TSO’s try to maximize the value of transmission.

e COMPETES covers twenty European electricity markets including the Netherlands and Sweden and
the corresponding transnational electricity network as shown in Figure 76. Here Denmark is divided
into two parts that belong to two different non-synchronized networks, while Luxembourg is added
to Germany, because there is generally no congestion between them.

e Inthe latest version of the model (Summer 2008), COMPETES is extended from one to multi-hub
system that deals with controllable DC lines between UCTE, Nordpool, and the UK that are not
synchronized. This is important for representing flows between UCTE, Nordpool, and the UK
asynchronous systems. In general, having controllable DC lines increases system power transfer
capacity relative to a system which does not. Incorporating controllable DC lines in the model is an
improvement of the version 2.1.2.

e The time horizon of the model is one year. One year consist of 12 periods: winter, summer and
midseason with each of these divided by off peak, peak, super peak and shoulder.

e Expansion of generation and transmission capacity is not considered. Instead exogenous scenarios
of future generation and/or transmission capacity are defined and simulated to analyze the main
effect.

Hence the main inputs of the COMPETES model are:

e The levels of demand at a specific period in a year for each region/country,

e The generation capacity developments (both conventional and RES) for each technology and
each region/country , and the development of fuel and CO,-prices which determine the short-
term supply curve of each region/country,

e The transmission capacity between region/countries.

As an output, COMPETES model can compute:
e The allocation of generation and transmission capacity and

e The associated electricity prices and consumption for either competitive or strategic behavior
(Cournot equilibrium) of generation companies.

e Network flows and potential bottlenecks between countries

e Consumer and producer surplus

Regarding RES-E, COMPETES takes as input the RES-mix as well as the capacity development of

conventional technologies and calculates an electricity price representing the short-run marginal cost
of the system.

Within the WINDSPEED project electricity demand has been set at fixed values. Furthermore it has
been assumed that perfect competition is at place. For that reason the arbitrage type of agents
become irrelevant.
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Figure 76: Physical representation of the electricity network in COMPETES 2.1.2
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Appendix C

DSS input settings

Little will, Little wind Going Solo In the Deep Grand Design
CAPEX input .
common default settings

o | Pparameters
g OPEX input common default settings
e | parameters
§ Financing Fixed Charge Rate (FCR) set to 15%

OWP Density 2MW/km?2

Learning Learning ignored - included in the Resolve-E model

Water depth < 50m (55m for UK) < 50m (55m for UK) No restriction on water depth No restriction on water depth

Minimum distance more than 22.2km
© to shore
4 Germany: 175km Germany: 175km
© Netherlands: 100km Netherlands: 100km
2 Maximum distance Belgium: 80km Belgium: 80km no limit
o to shore UK: 175km UK: 175km

Norway: 150km Norway: 150km
Denmark: 70km Denmark: 70km
Z!::mum allowable set to 25km2 from a default of 50km2
.. IMO shipping plus highest density IMO shipping plus highest density
§ Shipping (> 1 per day) are excluded only IMO are excluded (> 1 per day) are excluded only IMO are excluded
S % i ilable fi WE % i ilable fi WE
o | Military All military is excluded >0% s avai ak.) e for OWE, except All military is excluded >0% s avai ak.) e for OWE, except
a for mines, dumps for mines, dumps
E sand extraction as per current Sand extraction activities are sand extraction as per current Sand extraction activities are
% | Sand Extraction . P assumed to be displaced by OWP . P assumed to be displaced by OWP
practices . . practices . L
outside the 12nm limit outside the 12nm limit
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Oil and Gas

Decommissioning is less strictly
enforced reducing the number of
platforms from 750 to 303 in
2030 (the 2020 estimate)

effectively gives a clearance of
5.89km

Decommissioning strictly obeyed
reducing the number of platforms
from 750 to 100 in 2030,
helicopter clearance around
unmanned platforms is 500m
which account for approx 60% of
the structures in study area

effectively gives a clearance of
2.14km

Decommissioning is less strictly
enforced reducing the number of
platforms from 750 to 303 in
2030 (the 2020 estimate)

effectively gives a clearance of
5.89km

Decommissioning strictly obeyed
reducing the number of platforms
from 750 to 100 in 2030,
helicopter clearance around
unmanned platforms is 500m
which account for approx 60% of
the structures in study area

effectively gives a clearance of
2.14km

Cables and Pipelines

Baseline assumption of
1%/annum increase of cables and
0.2%/annum increase in pipelines

cables =610
pipelines =520

assumption of
Cables = 0.5%/annum,
pipelines =0.1%/annum

cables =552
pipelines =510

Baseline assumption of
1%/annum increase of cables and
0.2%/annum increase in pipelines

cables = 610
pipelines =520

assumption of
Cables = 0.5%/annum,
pipelines = 0.1%/annum

cables =552
pipelines =510

Nature Reserves

All Natura 2000 areas are
completely protected

10% of all nature areas allowed
based on best economic

All Natura 2000 areas are
completely protected

10% of all nature areas allowed
based on best economic

performance performance
less concern = 90% OWP
. - concern = 80% OWP
Matshidits high concern = 70% OWP
highest concern = 60% OWP
effort < 0.25% = 100% OWP effort < 0.25% = 100% OWP
100% OWP 100% OWP
0.25% < effort < 0.5% = 60% OWP (all fishin izoe/;fgctivel co-use 0.25% < effort < 0.5% = 60% OWP (all fishin izoe/;nfgctivel co-use
Fisheries 0.5% < effort < 1.0% = 45% OWP considergin the ’"12k:/n wide 0.5% < effort < 1.0% = 45% OWP considergin the ~12kr\’/n wide
1.0% < effort <2.0% = 30% OWP buffers betwien wind parks that 1.0% < effort < 2.0% = 30% OWP buffers betwien wind parks that
2.0% < effort = 15% OWP o assumed)p 2.0% < effort = 15% OWP o assumed)p
5.0% < effort = 15% OWP 5.0% < effort = 15% OWP
Existing OWP All types of identified projects excluded including: operational, under construction, permitted, rejected, proposed and under development

Grid

Onshore connection
philosophy

country specific connection

no limitations, international connections allowed

ww . nNnd

139




Appendix D Total wind offshore
potentials

The potentials presented in this appendix are potentials from the WINDSPEED area and from other
waters for the six countries covered in this study.

Table 33: Overview of the spatial, first and second order economic potential [MW] for the Little will, little wind scenario,
including other waters.

BE DE DK NL NO UK Total
Spatial | 2,110 34,344 12,235 6,726 2180 57,315 114,909
st
Torder | ) 4510 24203 5470 5,058 1,940 15,254 52,936

economic
nd

27order |y 010 21295 4,801 4,946 1,617 14990 48,660

economic

Table 34: Overview of the spatial, first and second order economic potential [MW] for the Going solo scenario, including
other waters.

BE DE DK NL NO UK Total
Spatial | 2,293 50,246 22,846 13876 2,237 79,550 171,048
1* order

: 2,075 38602 17,601 9,603 1,962 20853 90,696
economic
nd

27order |, 075 35822 10,008 9,359 1262 20,788 79,315

economic

Table 35: Overview of the spatial, spatial including water depth of more than 70 meter, first and second order economic
potential [MW] for the In the deep scenario, including other waters.

BE DE DK NL NO UK Total
spatial |5 110 36274 32543 10318 50819 89,754 221819
Spatial >70m | 2,110 36274 34250 10,318 86,969 182,130 352,051
st
1order | 5030 25053 21128 8557 11562 36254 105,486
economic
nd
27order |, 030 24543 18751 8419 11267 34579 99,591
economic (min)
2" order
economic | 2,032 25953 21128 8557 11562 36254 105,486
(max)
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Table 36: Overview of the spatial, spatial including water depth of more than 70 meter, first and second order economic
potential [MW] for the Grand design scenario.

BE DE DK NL NO UK Total

Spatial 2,293 54,883 70,587 28,346 55,647 135,180 346,936

Spatial >70 m 2,293 54,883 73,715 28,346 126,713 239,678 525,628

1* order
economic

2" order
economic (min)
2" order
economic 2,242 41,435 26,228 22,454 16,256 38,752 147,367
(max)

2,242 41,435 43,805 22,454 16,256 38,752 164,944

2,242 39,994 24,622 21,967 15,338 38,378 142,542
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Appendix E Overview of offshore
potential per country

In this appendix an overview is given for the spatial, grid and market unrestricted and economical
potential for the different scenarios. These potentials represent only the WINDSPEED area. The
minimum economic potential is indicated by (-), the maximum by (+).

% M 2nd economic (+)
Fy = 2nd economic (-)
® .
=3 B 1st economic
S
M Spatial >70 m
M Spatial
LWLW Going Solo Inthe Deep  Grand
Design
% M 2nd economic (+)
F = 2nd economic (-)
® .
a B 1st economic
o

B Spatial >70 m

M Spatial

LWLW Going Solo In the Deep Grand

Design
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Contact WINDSPEED

Energy research Centre of the Netherlands (ECN)
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