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Abstract

Wind, as a clean and sustainable source of energy, has witnessed sig-
nificant growth in recent years. However, with a growing number of
wind farms authorised, constructed and commissioned, the wake effect
(the reduced wind speed caused by upstream wind farms) is emerging
as a pressing concern for both farm owners and policymakers. Here,
to systematically and comprehensively investigate the wake effects in
real-world wind farms, we analyse the wind speed retrieved from 7122
Sentinel 1A/B SAR images spanning over three years, encompassing
more than 60 large-scale wind farms across Europe and Asia. Our
study reveals that long-distance wakes can propagate more than 100
km. Additionally, we identify that wake effects lead to, on average, a
1.204 m/s (or 12.4%) speed reduction for downstream wake-affected
areas. We envisage that our quantitative findings can provide vital sup-
port to wake-related planning and legislation for future wind energy
projects where wind power plants are expected to be in close proximity.
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1 Main

Offshore wind farms are under sustained and accelerated development in recent
years, driven by the soaring energy prices across the globe and the imminent
net-zero target to tackle climate change [1-3]. When selecting an appropriate
site for constructing a new wind farm, various design factors should be con-
sidered, including wind resource potential, initial construction cost, operation
and maintenance expenses and proximity to transmission lines and roads [4].
However, finding sea areas that meet all these requirements can be challeng-
ing. Consequently, existing and under-construction wind farms often cluster
together in sea areas with favourable conditions. For example, dozens of large-
scale wind farms owned by different countries are already operating in North
Sea, with more farms planned for the future. As these sea areas become increas-
ingly crowded, it is crucial to consider and quantify the wake effects, which refer
to the reduction in wind speeds in the downstream region caused by upstream
wind farms. Understanding and addressing these wake effects are essential to
navigate legal issues and conflicts that will inevitably arise from uncoordi-
nated wind farm development in the foreseeable future, thereby enhancing the
sustainability in wind energy planning and utilization [5, 6].

Wind farm wakes, as a complex aerodynamic phenomenon, are influenced
by many factors such as upstream wind speeds, atmospheric stability and
meteorological conditions. Currently, two mainstream technologies are used
to investigate the potential impacts of wake effects: mesoscale simulations [7—
11] and in-situ measurements [12-16]. However, mesoscale simulations cannot
encompass all operating conditions, limiting their ability to investigate wind
farm wakes in real-world operational scenarios. On the other hand, in-situ
measurements can only cover limited spatial areas and temporal durations.
With existing technologies, it remains unclear (1) how far wind farm wakes can
persist for real-world wind farm clusters and (2) to what extent the wakes gen-
erated by upstream wind farms can affect the power generation of downstream
wind farms.

This study aims to address the aforementioned questions by utilizing
Synthetic Aperture Radar (SAR) images to comprehensively investigate the
impact of wind farm wakes. SAR images provide a reliable and universal
means to analyze wind speeds in offshore environments, as the wind speed can
be retrieved from these images using the C-band geophysical model function
[17]. The reliability and consistency of SAR-derived wind speeds for offshore
wind farms under both free-stream and wake conditions have been previ-
ously validated [18]. SAR images, captured by satellite-borne sensors, offer the
advantage of global coverage, enabling the characterization of wakes in wind
farms worldwide with high fidelity. Although SAR images have been used to
investigate wake effects in previous studies [9, 19-23], the scale of SAR data
and the range of research areas have been limited, leaving the full potential
of remote sensing technology untapped for wind energy applications. In this
work, we collect a comprehensive dataset consisting of 7122 Sentinel 1A /B
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Fig. 1: The spatial and temporal distributions of the collected Sentinel 1A /B
SAR images. (a) Locations of wind farms included in the collected data with
(b) European part and (c) Asian part. (d) Monthly number of samples collected
in three years.

SAR images, totalling more than 11.5 TB of data, obtained from the Coperni-
cus Open Access Hub over a three-year period (2020-2022). These images cover
over 60 offshore wind farms across Europe and Asia. The spatial and temporal
distributions of the wind farms analyzed in this study are illustrated in Fig.
1. Only SAR images captured after the wind farms were fully commissioned
are utilized to ensure a consistent evaluation. Furthermore, the data collection
spans evenly all months of the year, as shown in Fig. 1(d), allowing for the
examination of seasonal variations of wake behaviours. Based on the collected
data, a processing pipeline is developed to retrieve the wind speed (Appendix
A) while the accuracy is verified by the buoy data (Appendix B). Finally, an
image-processing method is proposed to obtain the upstream freestream wind
speeds and the downstream wake speeds (Appendix C). In addition, further
enhancements to the whole procedure will be included in our future work,
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including the advanced wind speed vertical extrapolation (Appendix D) and
high-resolution wind direction (Appendix E).

Based on the analysis of SAR images obtained from over 60 wind farms
across Europe and Asia during the years 2020, 2021, and 2022, two findings
regarding wind farm wake effects are presented in this study. Firstly, the study
demonstrates that wake effects can extend more than 100 km. The extended
wake range has important implications for wind farm planning and develop-
ment. Secondly, the study reveals that on average, wind farm wake effects lead
to a 12.4% reduction in wind speed in downstream wake-affected sea areas.
This reduction in wind speed has a direct impact on the power generation
potential of downstream wind farms, highlighting the economic impact of wake
effects.

The wind farm wake effects have significant economic implications globally
and are acknowledged as a crucial concern by both academia and industry.
However, neither the government nor the wind energy industry has yet to
establish a settlement or legislation to compensate downstream wind farms
for the revenue loss caused by upstream wind farm wakes [4, 5]. This lack
of consensus can be attributed, in part, to the absence of a measurable and
quantifiable index to assess the real economic impact of wake effects. The
evidence provided by this work from SAR-derived wake loss assessment may
accelerate the policy-making processes through providing technical support to
address such issues.

2 Long-distance wakes confirmed by SAR

Early research utilizing SAR data has provided evidence that wind farm wakes
can persist for more than 20 km downstream [19]. Mesoscale studies using
the Weather Research and Forecasting (WRF) model have also shown velocity
deficits in downstream areas at distances of at least 15 km from upstream wind
farms [24]. However, with the increase in turbine size and farm scale, there
is mounting evidence that estimates of 15 km or 20 km for wake propagation
are no longer valid. In-situ measurements conducted over wind farms in the
German Bight, such as Amrumbank West and Godewind, confirm that wake
effects can extend at least 45 km downwind [12]. Qualitative studies based on
SAR images have also revealed that wakes can extend over 50 km [25, 26]. In
the case of superimposed wakes behind multiple wind farms, the wake length
can reach distances of up to 70 km, as observed in SAR images [27]. The recent
mesoscale simulation research further demonstrates that wakes can extend up
to 90 km downwind in certain flow conditions [28].

Currently, the recovery of low momentum and high turbulence caused by
upstream wind farms is deemed to require a distance of at least 50 km [4].
However, our study, based on SAR-retrieved wind speed, unveils the frequent
occurrences of long-distance wakes persisting up to 100 km downstream in the
real world, as shown in Fig. 2. These long-distance wakes were captured in
North Sea at various times over a three-year period. The details of wind farms
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Fig. 2: Wake effects can extend up to 100 km, as indicated by the blue arrows
in the figure. The propagation distance, shown in the second row of labels,
is calculated based on the coordinates. The colour of the location symbol
represents the operating country of the corresponding wind farm, as indicated
in the legend at the bottom of the figure. For more information about the wind
farms involved, please refer to Table 1.

involved can be found in Table 1. Specifically, panels (a), (¢), (d), (e) and (f) of
Fig. 2 were captured in the German Bight. The figures clearly demonstrate that
superimposed wakes resulting from multiple wind farm clusters can extend as
far as 116.3 km. Furthermore, even a single cluster with sufficient capacity can
also generate wake effects that reach over 100 km. As shown in panel (b), the
English Hornsea Project located off the Yorkshire coast, with its impressive
capacity of over 2.6 GW, generates wake effects that extend downstream for
an extraordinary distance of 105.4 km. Considering these long-distance wakes
extending up to 100 km downstream, as revealed by our study, it becomes
necessary to reconsider and potentially adjust the planning criteria for future
wind projects, to account for these long-distance wake effects. The findings
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Table 1: Information about wind farms contained in Fig. 2, including oper-
ating country, capacity (MW) and the number of turbines. In total, 18 wind
farms belonging to three countries (DE, NL and UK) are included, with 1269
turbines and 7.80 GW capacity.

Number Wind Farm Name Country  Capacity (MW)  Turbines

Deutsche Bucht DE 252 31
1 Veja Mate DE 402 67
BARD Offshore 1 DE 400 80

T Hohe See DE 497 1
2 Albatros DE 112 16
Global Tech 1 DE 400 80

T 73 77777 Hornsea Project One UK 1218 174
Hornsea Project Two UK 1386 165

I Nordsee One DE 3321 54
4 Gode Wind 1 DE 330 55
Gode Wind 2 DE 252 42

" 7 7 " Trianel Windpark Borkum I =~ DE = 200 40
Trianel Windpark Borkum 2 DE 203 32
5 Borkum Riffgrund 1 DE 312 78
Borkum Riffgrund 2 DE 450 56
Merkur DE 396 66
Alpha Ventus DE 60 12
S Gemini NL 600 150

emphasize the importance of incorporating more comprehensive and accurate
data on wake propagation in future wind farm planning processes.

Meanwhile, a significant number of large-scale wind farms are currently
being constructed or planned within North Sea. For example, just around the
wind farm cluster 1 in Fig. 2, nine wind farms ! with nearly 14 GW capacity
are already under planning. At the same time, in the vicinity of cluster 2,
two German wind farms ? with a combined capacity exceeding 2.4 GW are
also under preliminary investigations. As shown in Fig. 2(a) and Fig. 2(c),
the superimposed wakes caused by clusters 1 and 2 are already clearly visible
and extend over a considerable distance. Upon completion of all the planned
wind farms, with a capacity that is approximately nine times larger than the
current capacity, the wake effects will cover a much wider geographical area
and extend over a much greater distance. This substantial impact can have
immediate economic repercussions and potentially hinder the development of
future wind projects, reducing the sustainability of wind energy utilization.
It becomes crucial to carefully consider and mitigate the potential challenges
posed by these extended wake effects to ensure the sustainable growth and
success of wind energy projects.

'Doordewind I and Doordewind II of NL; Atlantis I, Nordlicht I, EnBW He Dreiht, N-9.1, N-9.2,
N-9.3 and N-21.1 of DE
2N-10.1 and SEN-1
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3 Pinpointing wake interactions by SAR

In addition to the long propagation distance of wind farm wakes, the velocity
deficits caused by wind farm wakes are also substantial. For onshore wind
farms, an estimated power generation loss of 5% has been observed, based
on an econometric model and numerical weather prediction simulations [4].
Simulation studies for offshore wind farms have reported velocity deficits of
7% extending 100 km downstream and 10% extending 80 km downstream
[29]. Real-world observations have shown persistent wake effects with velocity
deficits of approximately 21% at a distance of 55 km downstream, while the
speed loss can reach as high as 41% approximately 24 km downstream, as
measured by LiDAR [21]. Wake effects can even be observed at 200 m altitude,
albeit with smaller deficits compared to the hub height measurements [30].

Despite the extensive recognition and systematic investigation of wind farm
wakes, the issue of justifying and quantifying their effects to resolve disputes
between upstream and downstream wind farms remains unresolved [5, 6]. The
absence of solid evidence to demonstrate the influence of wake effects is an
urgent issue that needs to be addressed. While simulation results can suggest
that wake effects may decrease productivity under certain conditions, they
cannot prove the actual impacts on downstream wind farms in real-world oper-
ating scenarios, not to mention when and how these impacts occur. In contrast,
SAR images offer a valuable and generic solution, as they capture wind speeds
under real-world operating conditions, providing undeniable evidence of the
actual impacts of wind farm wakes at specific timestamps.

Fig. 3 visually represents the wake interactions between adjacent wind
farms. Panels (b), (c), and (d) demonstrate the wake interactions among wind
farms within the same country, typically owned by different companies. In
panel (b), the downstream wind farm clusters are entirely enveloped by the
long-distance and high-impact wake effects generated by the upstream large-
scale Hornsea Project. Medium-scale wind farms located in close proximity, as
shown in panels (c¢) and (d), also experience significant wake interactions with
each other. Resolving disputes between domestic wind farms can be relatively
straightforward with the involvement of local authorities. However, complexi-
ties arise when wake interactions occur between wind farms owned by different
countries, as evident in panels (a), (e), and (f). Taking panel (e) as an example,
although three wind farm clusters are situated in their respective exclusive eco-
nomic zones, the wake generated by clusters 1 (NL) and 2 (BE) clearly affects
downstream cluster 3 (UK). Table 2 provides detailed information about the
wind farms in Fig. 3, including those generating wakes and those influenced
by wakes. It is noteworthy that a wind farm cluster can be both a culprit
and a victim depending on the wind direction. Resolving transnational wake
interactions requires bilateral and multilateral negotiation and cooperation to
mitigate potential conflicts. Overall, the findings highlight that SAR images,
with explicit timestamps and precise locations, effectively identify wind farm
wakes and provide valuable insights into when and where these wake effects
occur.
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Fig. 3: Upstream wakes’ impacts on the downstream wind farms, captured
by SAR images with the explicit and precise timestamp (as shown in the top-
left label). The colour of the location symbols corresponds to the operating
country (refer to the legend at the bottom of the figure) of the respective wind
farm. The SAR images are captured: (a) in German Bight; (b) near the coast
of Holderness and Yorkshire; (c) near the coast of Lincolnshire; (d) in Yellow
Sea near Jiangsu Province; (e) in North Sea between UK and NL; (f) near the
Danish Jutland coast. For more detailed information about the wind farms
involved, please refer to Table 2.

4 A first global-scale census on wake effects

After figuring out when and where wake effects take place, this section focuses
on conducting extensive assessments to estimate the quantitative impact of
wind farm wakes.

By utilizing the retrieved wind speed data (Appendix A) and identifying
the upstream and wake-affected areas (Appendix C), this study accomplishes
the first global-scale census on wind farm wake effects. Initially, cases with
very small detected areas (often due to farms located at the edge of the SAR
image) and extreme wind speeds (above 25 m/s or below 1 m/s) are filtered
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Fig. 4: (a) The distribution of different ranges of observed wake losses where
the horizontal axis is the observed wake loss percentages. (b) The observed
average wake losses under different upstream wind speeds where the horizontal
axis is upstream wind speeds. For both charts, the bar graph is the number of
samples.

out, resulting in 6335 samples for the subsequent quantitative assessment.
Among all these samples, 4091 (64.6%) exhibit lower downstream wind speeds
compared to the upstream wind speeds 2, indicating the presence of wake
losses. The average velocity deficit for these samples is 1.204 m/s, which cor-
responds to a 12.4% reduction compared to the upstream wind speeds. Fig.
4(a) demonstrates that over half of the observed wake losses are below 10%,
while approximately one-tenth of the samples experience wake losses exceed-
ing 30%. Furthermore, Fig. 4(b) reveals a correlation between lower incoming
wind speeds and increased wake-induced losses, consistent with in-situ mea-
surement results [31]. This phenomenon will further exacerbate the already
grave situation and pose additional challenges for wind farm operations, as
wind farms inherently reduce the local wind speed [32], particularly as more
and more farms are being built.

3As SAR is a real-world observation, there are multiple factors that account for reasons why
the downstream wind speed is even higher than the upstream, such as the imaging quality, noise
effect, side wind, retrieval quality and detection accuracy.
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Fig. 5: The monthly average wake losses where the horizontal axis is the
month. Please note that the line graph is the observed wake loss and the bar
graph is the corresponding monthly average wind speed.

Next, the monthly observed wake losses during the three-year period are
presented in Fig. 5. The line graph clearly shows that more wake losses are
observed in the summer months compared to the winter months. To further
analyze this finding, we calculate the corresponding monthly average wind
speed of the study areas using the ERA5 hourly data [33]. The results are
depicted in the bar graph of Fig. 5. It can be observed that the monthly average
wind speed provides an explanation for the monthly distributions of the aver-
age wake-induced losses. Specifically, the monthly average wind speeds from
April to September are noticeably lower than those from October to March.
Considering the general trend that higher wind speeds are typically associated
with lower wake losses (as demonstrated in Fig. 4(b)), it can be inferred that a
more significant wake loss occurs during the summer months. It is important
to note that all the analyzed wind farms are situated in the northern hemi-
sphere especially in Europe and Asia, suggesting that this variation is likely
specific to the region.

5 Discussion

This study confirms long-distance wakes propagating over 100 km in the real
world. Furthermore, this research represents the first global-scale study to
investigate over 4000 cases using SAR-derived wind speed data. The study
covers more than 60 wind farms across the globe and spans a three-year dura-
tion from 2020 to 2022. The results reveal that the average velocity deficit
caused by wake effects is 1.204 m/s, equivalent to 12.4% of the upstream wind
speeds. The substantial evidence obtained in this work provides undeniable
support for the frequent and significant impact of wind farm wakes. This is
particularly pronounced in sea areas densely populated with wind farms, such
as North Sea and Yellow Sea. These findings are expected to accelerate the
progress of potential legislation and conflict resolution regarding wake-induced
revenue losses between neighbouring wind farms in the foreseeable future.
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At the same time, the long revisit time of the satellite is a major limita-
tion of the SAR-based wake observation. Combining satellite observation and
mesoscale simulation would be a potential direction in our future research.

Appendix A Wind speed retrieve from the
SAR images

Mask Out Pre-processing and Mask Out Apply
Land Calibration Ships Multi-looking
Detect Ship Mask ]
Ships
Hm.‘ Sentinel-1A/8 Data Obtain ERAS
\&‘ (S1-GRD-IW) Hourly Data
Obtain Relative Retrieve by
Azimuth Angle Wind Direction CMODS.N Wind Speed |
Obtain ]
Incidence Angle

Fig. A1l: The wind speed retrieval procedure.

In this study, we utilize the CMODS5.N algorithm [17] to retrieve wind speeds
from the SAR images. The entire retrieval process is summarized in Fig. Al.
Initially, we collect Sentinel-1A/B SAR images from the Copernicus Open
Access Hub (https://scihub.copernicus.eu/dhus/# /home), with the product
type being GRD and the sensor mode set to IW. Subsequently, we apply pre-
processing and calibration using the SNAP toolbox (http://step.esa.int/main),
including thermal noise removal, orbit correction, radiometric calibration and
speckle noise filtering. Furthermore, we mask out land areas and remove bright
objects like turbines and ships, as they tend to create strong radar reflections
in the SAR image. The resulting images are then subjected to multi-looking,
resulting in a final resolution of 500 meters. For wind speed retrieval using
CMODA5.N, three external parameters are required: azimuth angle, incidence
angle and wind direction. The first two parameters could be directly obtained
from the SAR images themselves. Regarding wind direction, ERA5 hourly
data (https://www.ecmwf.int/en/forecasts/dataset /ecmwi-reanalysis-v5) [33]
are used as a reference. By combining all these procedures, the wind speed
could be eventually retrieved from the SAR images.

Appendix B Verification of retrieved wind
speed using buoy data

To assess the accuracy of the wind speed retrieved from the SAR images, we
conduct a verification process using buoy data provided by the National Data
Buoy Center (NDBC) (https://www.ndbe.noaa.gov). We collect data from six
different NDBC buoy stations and corresponding SAR images from the same
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Fig. B1: The scatter plot of retrieved wind speed from Sentinel 1A/B using
CMOD5.N relative to NDBC buoy wind speed.

locations spanning the period from 2020 to 2022. The buoy station IDs and
their respective coordinates are as follows: 42020 (26.968N, 96.693W), 46025
(33.755N, 119.045W), 44009 (38.460N, 74.692W), 44007 (43.525N, 70.140W),
42036 (28.501N, 84.508W) and 46086 (32.499N, 118.052W). Next, we process
the SAR images using our developed C-band model pipeline to retrieve the
wind speed. We then extract the wind speed values at the corresponding buoy
locations based on their coordinates and compare them to the buoy data. In
total, we obtained 1165 matched pairs of buoy data and retrieved wind speeds
(with 118, 434, 56, 96, 90 and 371 pairs for each station, respectively). Since
most of the NDBC anemometers are installed at a height of 2.5-4 meters above
the sea surface, we convert the measured speeds to the 10-meter neutral wind
speeds using the method proposed by [34]. The scatter plots depicting the
comparison results for the six cases can be seen in Fig. B1. More verification
using advanced methods is still in progress.

Appendix C Upstream and downstream wind
speed extraction

In this study, we develop an image processing method called Restricted-Region
Gradient-Guided Growing (R?G3) to distinguish between the upstream free
speed and the downstream wake speed from the retrieved wind speed data.
The detailed parameters of the proposed R2G? will be made publicly available
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before publication. Some examples of detected farm, upstream area and wake-
affected area by the proposed R2G? are shown in Fig. C1.

Farm Upstream Wake

Fig. C1: Examples of detected farm, upstream area and wake-affected area
by the proposed R?G3.

Appendix D Wind speed vertical
extrapolation to hub height
The wind speed retrieved from Sentinel images is 10 m neutral wind speed,

while the hub of wind turbines is typically around 100 m height. Therefore, the
vertical extrapolation needs to be conducted to obtain the wind speed at 100
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m height from the retrieved data. Two commonly employed techniques for this
purpose are the power and logarithmic laws. The former demonstrates superior
performance in unstable atmospheric conditions [35], whereas the latter is
favoured in neutral atmospheric conditions [36]. In this version, we calculate
the 100 m wind speed using the logarithmic laws [37]:

In 2=
Uer) = Tz Ue) (D1)

20
where u(, ) and u(,) represent the wind speeds at the height 2, and z, respec-
tively. zo is the surface roughness, which was set to 0.0002 m [38]. In the
future version, we will refine the wind speed extrapolation procedure such as
by adopting advanced techniques e.g. [39)].

Appendix E  WRF simulation to downscale
the wind direction.

(b)

(c) (d)
Fig. E1: Four example WRF simulation domains.
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Especially, the wind direction is used as important information in the devel-
oped R2G? to determine the upstream and downstream areas. However, the
wind direction obtained from the ERAS5 is rather coarse (0.25° x 0.25°) for
farm-level applications. To further improve the performance, the issue will be
tackled by downscaling the resolution of Global Final Analysis (FNL) data
using WRF v4.3.1 [40] in the future version. Four example simulation domains
are shown in Fig. E1. Specifically, two domains are designed, where the reso-
lutions of the outer domain and inner domain are 10 km x 10 km and 2 km
x 2 km, respectively. More details will be made publicly available when the
paper is published.
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Table 2: Information about wind farms contained in Fig. 3, including oper-
ating country, capacity (MW) and the number of turbines. In total, 52 wind
farms related to wake effects (to influence or to be influenced) belonging to six
countries (BE, CN, DE, DK, NL and UK) are included, with 3004 turbines
and 16.73 GW capacity.

Panel Number Wind Farm Name Country  Capacity (MW)  Turbines

é Gemini NL 600 150

777777777777777777777 Trianel Windpark Borkum 1 DE 200 40

Trianel Windpark Borkum 2 DE 203 32

3 Borkum Riffgrund 1 DE 312 78

Borkum Riffgrund 2 DE 450 56

Merkur DE 396 66

Alpha Ventus DE 60 12

a T Nordsee One DE 332.1 54

4 Gode Wind 1 DE 330 55

Gode Wind 2 DE 252 42

777777777777777777777 Hohe See DE 497 71

5 Albatros DE 112 16

Global Tech I DE 400 80

777777777777777777777 Meerwind Siid/Ost DE 288 80

6 Nordsee Ost DE 295.2 48

Kaskasi DE 342 38
T . Hornsea Project One =~ UK =~ 1218 174

b e Hornsea Project Two UK 1386 165

2 ‘Westermost Rough UK 210 35

3 Humber Gateway UK 219 73
T . ] Inner Dowsing UK 97.2 21

Lincs UK 270 75

c 27 Race Bank UK 573.3 91

3 Sheringham Shoal UK 316.8 88

4 Dudgeon UK 402 67
T I Datang Jiangsu Binhai =~ CN =~~~ 300 95

2 SPIC Binhai South H3 CN 300 75

d 3 SPIC Binhai North H2 CN 400 100

4 Huaneng Sheyang H1 CN 301.5 67

5 Longyuan Sheyang H2 CN 301.5 67

6 SPIC Jiangsu Dafeng H3 CN 302.4 72
T Borssele 1~ NL 36 4T

Borssele 2 NL 376 47

1 Borssele 3 NL 351.5 37

Borssele 4 NL 380 40

Borssele Site V NL 19 2

777777777777777777777 Seamade (Mermaid) BE 235 28

Northwester 2 BE 219 23

Nobelwind BE 165 50

e Belwind BE 165 55

Seamade (SeaStar) BE 252 30

2 Northwind BE 216 72

Rentel BE 309 42

Norther BE 369.6 44

Thornton Bank - phase I BE 30 6

Thornton Bank - phase II BE 184.5 30

Thornton Bank - phase III BE 110.7 18

7777777777 3 East Anglia ONE UK 714 102

1 Horns Rev 2 DK 209.3 91
2 Horns Rev 3 DK 406.7 49
3 DanTysk DE 288 80
4 Sandbank DE 288 72
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