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Abstract

1.

The North Sea has not yet been regarded as
prime area for wave energy development in Europe
except in Denmark, Benelux and Germany. The
reason is the relatively low intensity of waves (1217kW/m) compared to the Atlantic with a wave
climate of 24-48kW/m. Further on the design wave
load is almost as in the Atlantic and the distance to
shore relatively long compared to sites with good
wave climate like Ireland, Portugal, Spain and the
west coast of UK.
The increasing activities within offshore wind in
the North Sea and the attempt to build a super grid
connecting the wind sites with the major consumers
around the North Sea are expected to change the
priority in favour of utilising wave energy from the
North Sea.
The paper describes the opportunities for power
production in the North Sea considering the
competition for space and the synergy with offshore
wind. Two approaches are used: a traditional
national approach using very modest assumptions
about how to establish a first generation of wave
energy producing devices connected at a national
level; and a trans-national cooperation approach
taking into account the existence of a grid
connecting several wind farms in the North Sea
area. The former approach is resulting in a
prediction of a yearly production of 23TWh; the
latter is estimating a yearly production of 77TWh.
This equals to 6% of the electricity demand around
the North Sea, where the annual electricity
consumption is about 1,300TWh.

Introduction

The global potential of wave energy is estimated to
be between 8,000TWh and 80,000TWh [1]
The potential of wave energy from the North Sea is
small compared with the production from the Atlantic
coast regions; that small that for instance, it is not
included in the final study of the Variability of UK
Marine Resources [2]. This study estimates the UK
North Sea resource to 7% of the total UK wave energy
resources.
The North Sea is usually not regarded as an optimal
site for deployment of wave energy when looking at the
wave resources with a global view because:
1. The wave climate is relative low compared to the
sites in Portugal, Spain, Ireland and the western
part of UK.
2. The distance to shore is relatively large compared
with the same countries. In UK a typical distance
to a full developed wave energy field at the east
coast is 50km, whereas in Denmark it is 150km at
the west coast, caused by shallow water.
3. The design load for wave induced forces is in the
same range as for the countries mentioned, even
though the energy content in the waves is much
smaller.
Further on, the North Sea gets wave contributions
from more directions as waves are developing from
both east and west, whereas most sites along the
European coast only receive waves from a narrower
span of directions.
The advantages of considering wave production
from the North Sea are:
1. The synergy between offshore wind and wave
energy.
2. The strong infrastructures build up in the coming
years caused by the offshore wind development.
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3. The opportunity of supplying electricity to the
many oil and gas fields.

The study covers two different approaches (Fig. 1):
1. A national approach, simply assuming a row of
wave devices along the national coastlines.
2. A trans-national cooperation approach, where
the huge space available in the UK and
Norwegian part of the North Sea allows more
deployment lines with a distance in between lines
of about 40-50 km.

In order to give an overview of the opportunities of
power production in the North Sea, the paper presents
i) the two approaches used for the analysis, ii) an
assessment of the wave energy resource in the North
Sea, iii) the design criteria or the determining factors
for designing a wave farm, iv) the problem of
competition for space, v) the synergy with the offshore
wind sector, vi) the methodology to evaluate the wave
energy potential in the North Sea, and vii) a final
discussion and conclusions based on the results.

In a real, large scale wave farm a line deployment
will likely never be used as the grid interconnection
cost probably is too large for a very long line
connection. On the other hand, it is more cost effective
than building parallel lines. Grouping devices in more
lines as illustrated in Fig. 2, is discussed by Beels [9]
and welcomes competing interests like navigation
routes, fishing grounds, etc [4,10].

This paper has been initiated by the authors work
within the WINDSPEED project [3]. It consists of
establishing a road map for offshore wind in the North
Sea and analyzing the competition for use of space
(Table 1). The Windspeed project does not take into
account the French part of the North Sea; similarly, the
analysis presented here neglects the wave energy
resource in this area.
Develop a Roadmap for large scale offshore wind
deployment in the Central and Southern North Sea basin
(BE, DE, DK, NL, NO, UK) up to 2030
Develop a GIS-based Decision Support System tool, allowing for spatial representation of wind energy potentials in
relation to non-wind sea functions and environmental aspect

Figure 2: Different ways of establishing a wave farm of
Wave Dragons [9].

Table 1: Windspeed project objectives [3].

2.

3.

The approach

The wave energy resource

The wave resources are the first parameter to be
analyzed. Several authors have described the wave
climate in different parts of the North Sea [6,11-15].
Fig. 3 shows the wave climate in UK waters.

This study does not deal with the optimal utilization
of the North Sea wave energy potential. Consequently
the methodology for site selection of wave energy
deployment described in [4,5] will not be fully used;
only when appropriated.
In the approach a simplified method assuming a line
distribution of devices is used. This method has been
used for the Danish study of wave resources [6,7] and
has been calibrated during this work with more
sophisticated methods as used in the Irish Wave Atlas
[8]. It is worth to note that this method is not giving the
maximum potential of wave energy in the actual sea.

Figure 3: Wave Climate UK waters

4.

The design criteria

Assuming a traditional approach for design of a
wave farm the key parameters to consider are as stated
in [4,5]. Beels [5] concludes that two parameters are
the decisive; either:

Figure 1: The two grid connection approaches used [10].
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1. The distance to shore, as the grid connecting cost
will be dominant.
2. The bathometry (the water depth), as a larger
water depth results in higher wave intensity.
Other parameter could be the maximum design wave
as described in [16].
Finally the type of device has to be assessed. A
bottom fixed device like the Wave Star [17] is more
feasible at lower water depths than floating devices like
Wave Dragon [18] or Pelamis [19].
Using the trans-national cooperation approach the
onshore grid connection is replaced by a connection
point placed in the North Sea. Thus, the argument for
close distances to shore is not longer valid and the
wave climate becomes the dominant factor.
Only a feasibility study based on actual data can give
the answer to this design optimization problem.

5.

The competition for space

When discussing “the potential for wave energy” the
competition for space is relevant. The North Sea is a
very busy area and wave energy has to compete with
not only other energy users of the sea but also with
fishermen, people digging for gravel, etc. Table 2
shows a list of the different stakeholders’ interest.

Figure 4: Different interests along the coast of Belgium, The
Netherlands and Germany [4].

6.

The synergy

In the North Sea wave energy has its peak value
about 6 to 8 hours after wind energy has reached its
peak value. This is a typical situation where low
pressure systems are following each other and is the
base for wave generation.
As wave energy is not fluctuating in the same way as
wind energy; wave energy may also be able to cover
gaps in the wind energy production, as illustrated in
Fig. 5, where it is seen how the wave generated power
smoothen out the peaks from wind energy power.

Sailing routes /sailing safety
Existing offshore wind farms
Extraction of raw material / interest for that
Digging large stones /boulders
Extraction of sand
Existing international nature protection areas at sea
Potential international nature protection areas at sea
Nature- and environment protection
Oil- and n-gas pipelines, sub-sea cables
Fishing
Defense consideration a.o. shooting training grounds
Radio links
Archaeological interests
Meteorological interests
Ferry routes
Deposits for earth /deposits for everything (landfills)
Table 2: Stakeholder interest in the North Sea [3].

Power production in % of rated Power

December 19-20, 2001

The competition is even more pronounced when
getting to the southern part of the North Sea. Fig. 4
shows how the different interests are limiting the
available space along the coast of Belgium, The
Netherlands and Germany.
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Figure 5: Combination of wind and wave energy at Horns
Rev, Denmark [20].

The synergy between wind and wave energy will
appear in two ways [2,21,22]:
1. The shared cable from wind and wave farms
needs lower capacity compared to just adding the
two peak values.
2. The system operator can partially balance the
system based on several wind and wave farms in
the region. This allows a higher degree of reliable
electricity for the two variable sources than
justified only looking at them separately.

It is worth discussing how much offshore wind and
wave energy is competing for space as most wave
devices are preferably deployed at deeper waters than
the ones wind energy is currently utilizing. Even if
going for the very same area, many wave devices
should be able to coexistence with offshore wind.
Only a potential conflict can be seen when
comparing devices like Wave Star mounted at bottom
fixed at poles. On the other hand, a common use of
towers may benefit both parties.

Moreover, wave energy devices have high load
factors. It is assumed that a unit has a mean annual
production of 25% of its rated power. This gives for a
3
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4MW Wave Dragon an annual mean power of 1MW
and for a 750kW Pelamis 190kW.
Studies of the UK marine energy resources are
showing how a combination of wave, wind and tidal
energy can reduce the cost of reserve capacity, as
illustrated in Fig. 6.

Figure 7: The national approach: one line of wave devices
placed along the coast; map from [16] (the figures are
significant wave height in m).

Figure 6: Synergy between wind, wave and tidal energy in
UK [21].

7.2 The trans-national cooperation approach
In this approach it is assumed that a much larger area
of the North Sea can be utilized. This is especially the
case for the UK and Danish part of the North Sea. The
assumptions about deployment of devices in lines are
shown in Table 4. The UK part of the North Sea is also
indicated in Fig. 8.

The lee behind wave farms may also be a synergy
factor, as the wave load on wind farms can be reduced
[23]. This likely provides easier access to the wind
turbines for maintenance activities.
Finally, power supply to the Norwegian offshore
platforms has been discussed [24].

7.

The exploitation method

7.1 The national approach
Along the coast of each country a line of wave
devices is deployed, as indicated in Fig. 7. Table 3
shows the corresponding distance to the shore and the
wave climate used for each site.
Data from Wave Dragon and Pelamis as used in the
UK study [2] is showing that the power can been
estimated using the simplified method used by Kofoed
[7].
The yearly wave production in Table 3 is calculated
using the formulae:
Yearly production = Wave flux*length*0.1*8760
An efficiency of utilising the wave energy along the
length is assumed at 10% related to the annual mean
power of the devices.
Wave
Potential
North Sea
Norway
UK
Denmark
Germany
NL
Belgium
In total

Length

Wave
climate

Wave
climate
used

Distance to
shore

Yearly wave
production

km
500
700
200
100
300
50

kW/m
12-30
9-12
7-24
11-12
8-11
5-8

kW/m
24
11
15
11
10
5

km
21
52
150
34
31
32

TWh
10.5
6.7
2.6
1.0
2.6
0.2
23.7

Figure 8: The trans-national cooperation: several lines of
wave devices placed in the UK part of the North Sea; map
from [2].

Yearly*
Production
electricity
out of
consumption consumption
TWh
120
364
35
560
107
85
1,271

%
9
2
7.5
0.2
2.5
0.3
1.9

* 2003

Table 3: The result of the simplified national approach.

From table 3 it can be seen that this approach is
resulting in about 2% coverage of the electricity
consumption in the North Sea countries on 2003.
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Wave
Potential
North Sea
Norway
NO sum
UK

UK sum
Denmark

DK sum
Germany
GE sum
NL
NL sum
Belgium
In total
* 2003

Length
km
500
600

Wave
climate
kW/m
12-30
12-30

Wave
climate
used
kW/m
24
28

Distance to
shore
km
21
70

500
500
500
400
400
300

9-12
9-12
10-15
15
15-20
20-24

11
11
13
15
17
22

40
90
140
190
240
250

270
220
200
140
70

7-24
7-24
7-24
7-24
7-24

15
15
15
15
15

50
100
150
200
250

100
100

11-12
11-12

11
11

34
85

300
300

8-11
8-11

10
10

31
80

50

5-8

5

32

9. Conclusions

Yearly wave
Yearly*
Production
production
electricity
out of
one line
consumption consumption
TWh
TWh
%
10.5
14.7
25.2
120
21
4.8
4.8
5.7
5.3
6.0
5.8
32.3
364
9
3.5
2.9
2.6
1.8
0.9
11.8
35
34
1.0
1.0
1.9
560
0,3
2.6
2.6
5.3
107
5
0.2
85
0,3
76.8
1,271
6

The national approach results in a technical wave
energy potential of 23TWh/y. This is about 2% of the
yearly electricity consumption in the North Sea
countries.
The trans-national cooperation results in a technical
wave energy potential of 77TWh/y. This is about 6% of
the yearly electricity consumption in the North Sea
countries.
The last results have to be assessed from a feasibility
point of view using a similar method for predicting the
potential in other regions of Europe with much larger
wave resources like off the Irish or Scottish coast,
where an offshore grid is also being discussed.
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Table 4: The result of the trans-national cooperation.

Table 4 shows that this approach is resulting in a
yearly energy production of 77TWh, which equalizes
about 6% electricity consumption coverage.

8.

Discussion
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