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 INTRODUCTION 1.
The present report has been produced as the result of the Task 2.2 (WP2) of the Blue Growth Farm contract 

[AD1]. 

Within the goals of WP2, which is to configure the development of the Blue Growth Farm design for at both 

full scale size and at prototype level, the aim of Task 2.2 is to collect and organize the climatic data relating 

to a number of marine sites, representative of the likely environmental conditions affordable by the Blue 

Growth Farm Platform.   

Based on the preliminary Blue Growth Farm features assessed in task 2.1, three sites will be selected as 

representative of the climatic condition encountered during platform life, from deployment to operation. 

Specific attention is given to sea state and wind conditions, which must be in accordance with a suitable 

temperature range for the species selected for farming within the platform facilities, in order to provide an 

optimal farming environment and at the same time maximize the wind/wave energy exploitation. The site 

selection will be carried out with a view to optimizing integration within all platform systems and 

components, leading to the best exploitation of all platform functionalities. 

The results of the present task will be used as the basis for subsequent Tasks 2.3 and 2.4.  

1.1 Identification of the document and its structure 

The present document is identified as Deliverable D2.2 “Representative site selection and associated 

climatology characteristics” of the Blue Growth Farm contract [AD1]. This document identifies and 

describes the environmental features of a number of sites considered suitable for the Blue Growth Farm 

Platform operational life.  

The contents of the document are as follows: 

 Section 1 provides an introduction to the present document; 

 Section 2 gives a description of methods used and data sources; 

 Section 3 describes site selection in the  Mediterranean; 

 Section 4 describes site selection in the North Atlantic; 

 Section 5 describes site selection in the Subtropical Atlantic Ocean; 

 Section 6 presents the conclusions of the document. 
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2 MATERIALS AND METHODS 

2.1 Data sources 

Data relating to Mediterranean sites are derived from the computations available through the MEDSEA 

ANAYSIS FORECAST SYSTEM, contained into the Copernicus product MEDSEA ANALYSYS FORECAST WAV 

006 017, including hourly wave parameters at 1/24° horizontal resolution covering the whole 

Mediterranean Sea and partially the Atlantic Ocean. The System is a wave model, the WAM Cycle 4.5.4, 

considered to be the state-of-the-art model used over the last 20 years for wave hindcasting and 

forecasting. The Model performs an optimal interpolation of significant wave heights observed by satellite 

altimeters and then a readjustment of the wave spectrum at each grid point. WAM solves the wave 

transport equation explicitly without any presumption on wave spectrum shape. Input sorces are the wind, 

the white capping dissipation, the non-linear transfer and the bottom friction. In the wave model the 

continuous wave spectrum is approximated by step functions, which are constant in a frequency-direction 

bin.  The spectrum is discretized in 32 frequencies and 24 directions of 15 degrees. The model solution is 

corrected by an optimal interpolation data assimilation scheme of along track satellite significant wave 

height observation, which rescales the wave spectrum, after separating it into wind and swell components. 

The model running in shallow waters considers wave refraction due to depth and current in addition to 

wave breaking due to depth. The system is forced by 10m-above-sea-surface wind fields obtained by the 

ECMWF Integrated Forecasting System at 1/8° resolution. The model is also forced by daily averaged 

surface currents from the Med MFC V3 model at 1/24° resolution. The Mediterranean set-up includes a 

nested fine grid domain at a resolution of 0,0416°, approximately 4 km. Data are graphically available as 

hourly observation from 01.01.2016 to current date (15.07.2018) through the Copernicus server. Data have 

been retrieved in graphic form. 

Data concerning the North Sea sites are recovered through the ATLANTIC-EUROPEAN NORTH-WEST SHELF- 

OCEAN WAVE ANALYSIS AND FORECAST, and are generated using a WAVEWATCH III model, a 7 km 

Atlantic Margin Model, which became operational within CMEMS in April 2017. The wave model provides a 

description of ocean surface gravity wave (periods 3-30 seconds) characteristics as an extension to the 

existing physical and ecosystem model products provided by the North-West Shelf MFC. The WWIII-AMM7 

model is a nested regional wave model configuration, defined on an identical grid to other North-West 

Shelf MFC modelling systems for hydrodynamics and ecosystems. The model is located on the North-West 

European continental shelf (NWS), from 40°N, 20°W to 65°N, 13°E, and uses a regular latitude-longitude 

grid with 1/15° latitudinal resolution and 1/9° longitudinal resolution (approximately 7 km square). The 

domain extends beyond the continental shelf in order to place the model's boundary region in the deep 

waters of the adjacent North-East Atlantic, but the focus region for the model comprises open waters of 

the shelf seas, i.e. the North Sea, Irish Sea, English Channel, Celtic Sea and Bay of Biscay. The present 7 km 

resolution of the model restricts its utility in the coastal zone, where topographic sheltering (e.g. reductions 

in wave height in the lea of headlands) and strong sub-grid scale variability in shallow water bathymetry will 

affect the wave field. In order to match the grid set-up in the hydrodynamic model, but improve the 

estimate of wave energy transmission in the vicinity of sub grid scale topographic features such as small 

islands and coastal headlands, a number of sub grid blocking cells are defined. The model predicts the 

evolution of the two dimensional (frequency-direction) wave energy spectrum in time and space. Shallow 

water effects cannot be fully resolved at the model's 7 km resolution, but are partially parameterised using 

bottom friction dissipation following the JONSWAP formula and depth induced wave breaking. Forcing for 
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the model is provided by two models run operationally at the Met Office. Hourly surface (10m) wind forcing 

is taken from the global configuration of the Unified Model, interpolated onto the wave model grid. Surface 

current effects on the wave field are included by using surface zonal and meridional current fields from the 

NWS FOAM-AMM7 model. Since wave and hydrodynamic models use the same grid, no interpolation is 

applied. The role of the hind cast is to apply analysed wind and surface current data to the wave model, so 

that the model is forced by the best available descriptions of atmosphere and ocean. Data have been 

retrieved in graphic form. 

The data series regarding waves on the Canary Islands have been obtained through the ATLANTIC IBERIAN 

BISCAY IRISH-OCEAN WAVE ANALYSIS AND FORECAST system, which provide a short-term high resolution 

wave forecast product for the Iberian-Biscay -Ireland area. The model is run twice daily on a grid of 10 km 

horizontal resolution and forced by ECMWMF wind data. This model is currently used as operational wave 

model in Meteo France. The model is driven by three-hourly analysed wind from ECMWF and uses 

boundary conditions from the global CMEMS wave system. The model performs a partitioning on wave 

spectra over all ocean grid points, allowing for the separation between wind sea and swell sea system. The 

model has a spectral resolution of 24 direction and 30 frequencies. The wave forecast CMEMS product IBI 

ANALYSIS FORECAST WAV 005 005 has a temporal coverage from 2014 to present, with the historical data 

stored composed by best estimates. Data have been retrieved in graphic form. 

The data series concerning seawater potential temperature and current have been retrieved from the IBI 

OCEAN REANALYSIS SYSTEM (CMEMS product IBI REANALYSIS PHYS 005 002) which provide monthly and 

hourly averages of temperature, salinity, mixed layer depth, sea surface height and current.  The IBI model 

is based on the NEMO V3.6 ocean general circulation model, running at 1/12° horizontal resolution. Other 

data from AVHRR satellite sensors and in situ temperature and salinity are assimilated into the model. Data 

have been retrieved in graphic form. 

Wind speed and wind stress series have been retrieved from the GLOBAL OCEAN WIND OBSERVATION 

CLIMATOLOGY (MONTHLY MEANS)- REPROCESSED system (CMEMS product: WIND GLO L4 REP 

OBSERVATION ). The time series are monthly averaged wind variables calculated over global oceans, 

estimated from daily wind fields calculated from retrieval from ASCAT scatterometer on satellites from 

2007 to 2017. The resulting fields are estimated as equivalent neutral-stability 10 m daily winds, with a 

spatial resolution of 0,25° in latitude and longitude. The monthly winds are estimated at grid points from at 

least 25 values/day on the same grid point. Data have been retrieved in graphic form. 

Other data have been obtained from scientific paper, as given in the Reference. 

2.2 Methods 

2.2.1 Site selection criteria 
Some authors (Zanuttigh at al., 2016), within the frame of the MERMAID EU FP7 project, have described a 

method to identify the best design solution, including the technological features of either single- or multi-

use platform, to be selected for a given site. This method proposes a pre-screening phase, where the basic 

question on the site potential is addressed, and a ranking phase where a value is associated to each 

envisaged technological solution. 

In the present case, since the Blue Growth Farm Platform is a multi-use platform aiming at a high degree of 

environmental flexibility, this method is not applicable, although the method we intend to use is similar. It 

is separated into a preliminary phase (excluding pre-screening) and a ranking phase where the best and 

worst factor combination is identified on the basis of ranks assigned to significant site characteristics. 
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Table 1: Excluding criteria for site selection, where in the presence of EVEN ONE CRITERION, the site is excluded 
from further selection. 

Site name:                                                               Position: 

 

CRITERION EXCLUDING  

Protected areas * 

Other uses of the sea * 

Naval routes * 

Depth outside range 70- 200m * 

Distance from coast > 15nm * 

Distance from port > 15nm * 

Temp. salmon outside range 4°-
20° 

* 

Temp. bream/bass outside 
range 12°-28° 

* 

In a second step, after identifying the boundaries of a possible area where the use of marine space is not 

under any constraints ideally preventing it from the deployment of a Blue Growth Platform, the TOPSYS 

method, a multi-criteria decision analysis tool, has been adopted. The described method, in Hwang and 

Yoon, (1981) and Hwang et al. (1993), is based on the comparison of a set of alternatives, after giving a 

weight for each criterion, and normalising scores for any given criterion. Then the geometric distance 

between each alternative and the best alternative is computed, and considered as the best score for each 

criterion. The highest sum of weighted and normalized scores gives the minimal distance from the ideal 

solution, either the best or worst ones.  

2.2.2 Criteria for Fish farming: Fish Swimming Behaviour And Endurance To Current 
Velocity - Application to the Offshore Environment. 
Exposed sites are associated with greater wave action and stronger water currents compared to coastal 

locations; several papers have looked at how fish farmed in offshore cages would cope in exposed 

environments with marine currents in terms of growth, stress levels, behaviour and welfare.  

Endurance and swimming behaviour of Atlantic salmon (Salmo salar) in relation to current velocity was 

studied in offshore cages (Hvas et al., 2017; Johansson et al., 2014).  

At sheltered farming sites current velocities  are below 20 cm.s-1 outside the cages (Johansson et al., 2007), 

the swimming speed of S.salar is independent of the current velocity and caged fish form circular schooling 

structures cruising at varing speeds of 0.3-1.1 body lengths per second (BL.s-1), (Demster et al., 2009 ; Stien 

et al., 2016). 
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Figure 1: Observed S.salar swimming structures circle (A, circular movement), mixed (B, Circle and On Current) or on 
current (C, standing on current). The arrows indicate strength and direction of the water current during the 

different group structures, (Reported from Hvas et al., 2017). 

At an exposed commercial farm in the Faroe Island, the salmon swimming pattern changed from circular to 

a mixture of circular and standing on current, and then all standing on current at low, rapid and fast water 

currents respectively (Johannson et al., 2014). Salmon swimming performance was observed and measured 

in a cage of 41 Ø with a density of 6.2 kg/m3; 1.54 kg as fish average weight and 50 cm as fish fork length. 

Swimming behaviours were observed during 48h using two cameras at two different points. One was 

positioned next to the net and the other approximately 15 m from the net at the opposite side of the cage 

at approximately 6 m depth to give a good representation of behaviours both upward- and downwards. 

The observed water current velocities varied in a tidal pattern between 0 and 69 cm.s-1 at the reference 

point, and between 0 and 42 cm.s-1 at the single point measured inside the cage.  

The reduced current velocity inside the cage was related to dampening by the net and the fish inside the 

cage and the other cages sheltering the observed cage (Johansson et al., 2007; Gansel et al., 2012; Klebert 

et al., 2013). Swimming behaviours was as shown in Figure 1. 

Swimming structure could be divided into 3 categories:  

 Circle : polarized swimming in a circular movement; 

 On Current : swimming towards the current with no forward movement; 

 Mixed : both circle and on current in the same time. 

 

Circle structure was associated with low current velocities ≈ 20 cm.s-1; Mixed with increased current 

velocities ≈ 35 cm.s-1 and On current with an even stronger current velocities ≈ 46 cm.s-1.  

At low current velocities the fish swam in circle (Fig. 2A) and occupied most of the cage volume. This 

normal schooling structure can be identified as the fishes’ preferred speed. With increasing current 

velocities, a shift occurred with some fish seeking a new position facing the net towards the current while 

other fish continued to swim in elliptic-shaped circles behind the stationary fish at the net (Fig. 2B).  

When the circling fish came to a position where they were exposed to the current on their sides they 

turned inwards toward the centre of the cage and drifted with the current to the leeward side of the cage. 

With high current velocity, fish switched from schooling to swimming towards the current next to the net 

wall, until all fish stood in a dense group along the side of the cage with no circling fish net (Fig. 2C). 

Swimming behind others against the current in a group has been reported to save energy and could reflect 

energetic optimization as a response to the increased current velocities (Herskin et al., 1998).  

Since strong currents disrupt the circular schooling behaviour and force the fish to swim at speeds dictated 

by the environment within the sea cages, this could severely compromise animal welfare where the 

magnitude and duration of water currents exceeds the swimming capacities of the fish (Hvas et al., 2017). 

The same swimming pattern (Figure 1) was also observed in the study of Hvas et al. (2017). Salmon in an 

offshore cage were exposed to strong currents to assess their swimming behaviour. Current velocities were 

generated by a ship that was tied to a rigid docking bay on the downstream side of the fish cage, which 

allowed for strong controlled current generation by pushing the cage system. The ship generated a current 

of 14.9 meter long and 6.3 meter wide. Currents speeds were measured from 1.4-3.4 m depth upstream 
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and downstream the sea cage. The current speed at 1.4 m of depth was 0.7-0.9 m.s-1 and increased above 

140-154 cm. s-1 at greater depth.  

Here the average weight of the fish was 3.4 kg, fork length was 63.5 cm and stocking density was 11.3 kg m-

3. At the lowest current velocities (15-30 cm.s-1) fish were swimming in a homogenous circular pattern and 

voluntary swimming was 0.76 BL.s-1. As the speed increased, the circular structure became more skewed 

and elliptical-shaped, while some fish began to stand on the current at 30-35 cm.s-1. Above 45-60 cm.s-1 the 

circular structure was completely abolished and all fish were standing on the current. At ≈ 65 cm.s-1  ram 

ventilation was observed in the fish swimming and was the dominating mode of ventilation for all fish 

swimming above 100 cm.s-1.   

Ram ventilation thus marks an adaptation to more effective sustained swimming when oxygen 

requirements are higher. The onset of ram ventilation in S. salar was at higher flow speeds than the speed 

at which complete disrupting of circular voluntary swimming occurred. Since ram ventilation is an easily 

observable trait, it can be used to assess welfare status, where it would indicate that the fish are 

aerobically challenged. Prolonged swimming with ram ventilation would increase the risk of physiological 

fatigue and certainly impair growth. 

At 125 cm.s-1 (1.97 BL.s-1) fish would start to be fatigued, meaning that short durations of currents at or 

above this magnitude in an exposed setting would be detrimental to animal welfare. When the current 

velocity had returned to its initial value, a circular schooling pattern was re-established.  

To define the water current thresholds that secure salmon welfare in exposed aquaculture, it was been 

proposed that the critical swimming speed (Ucrit) (Remen et al., 2016) be used as the limiting value. Ucrit is 

obtained in swim trials by an incremental increase in water velocity until the fish fatigues (Brett, 1964), and 

theoretically provides a good estimate of swimming capabilities in fish that experience strong currents 

(Plaut, 2001). Prolonged exposure at or above Ucrit will result in physiological exhaustion (Wood, 1991; 

Burnett et al., 2014). Exhaustion was defined as the point where fish were unable to remove themselves 

from the posterior retaining grid. Exhaustion is associated with:  

 loss of locomotion control  

 depletion of  muscle glycogen reserves  

 accumulation of lactate  

 release of catecholamines and even death 

Ucrit is size dependent. Although Ucrit in salmonids has been reported in several swimming tunnel studies, 

few exist on large adult fish. In reared S. salar the Ucrit in adults (1.75 kg, Lf = 51.3 cm, 14°C) was 100 cm.s-1 

(Remen et al., 2016). In mature sockeye salmon (Oncorhynchus nerka) (2.41 kg, Lf = 61.4 cm, 19–21°C) the 

Ucrit was 97 cm s-1 (Jain et al., 1998). Ucrit of 1.25 m.s-1 in farmed S.salar (3.4 kg, Lf = 63 cm, 7-7.5°C) was 

found in Hvas et al. (2017). In wild caught adult S. salar (Lf = 55-60 cm, body weight was not reported) Ucrit 

was an impressive 2.16 m.s-1 and 1.76 m.s-1 at 18°C and 13°C respectively (Booth et al., 1997).  

Remen et al. (2016), demonstrated that Ucrit shift with size from 80.6 cm.s-1 in small post-smolts (≈80 g) to 

90.9 cm.s-1 in large post-smolts (≈289 g) and 99.5 cm.s-1 in adults (≈1750 g). Ucrit when expressed as BL/sec, 

is inversely correlated to fork lengths, i.e., it is higher in smaller fish. 
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Figure 2: Linear interpolating function describing relationship between Ucrit and fork length in Atlantic salmon  
(Remen et al., 2016; and Hvas et al., 2017) 

No data were found on the swimming performance of gilthead seabream (Sparus aurata) and seabass 

(Dicentrarchus labrax) farmed in offshore cages.  

Basaran et al. (2007) studied the swimming performances of wild and farmed seabream in a current 

channel. Biometric parameters (total average weight and total lenght) of both fish are given in Table 1. 

Results demonstrated that absolute Ucrit performance of both wild and farmed fish increased with fish 

length (Figure 3) and the mean Ucrit of wild fish was significantly higher (0.86 m.s-1) than that of farmed fish 

(0.79 m.s-1). They demonstrated that the relative Ucrit decreased with the fish length (Figure 2) and was 

significantly higher in wild fish (4.52 BL.s-1) than the farmed fish (4.21 BL.s-1), (Table 1).  

   

Figure 3: Total length (cm), absolute  (m.s
-1

) and relative Ucrit (BL.s
-1

) of wild and farmed seabream at 17°C. (Basaran 
et al., 2007). 

 

 

 

 

 

y = 0,9075x + 62,021 
R² = 0,8908 

0

50

100

150

0 10 20 30 40 50 60 70

sp
ee

d
 c

m
 /

se
c 

standard body length cm 

Salmon 



Dissemination level: Public 

 
 

The Blue Growth Farm-WP2-CHL-D2.2 – PU_R1.0 Page 17  

 

Table 2: Absolute (m.s
-1

) and relative (BL.s
-1

) Ucrit of wild and farmed seabream. (Basaran et al., 2007). 

  

 

Seabass critical speed was observed in a few studies. Carbonara et al. (2006), observed that Ucrit, measured 

in tunnel, is lower than in seabream, being at a value of absolute Ucrit in the range of 0,97-1,27 m.s-1 and 

relative Ucrit in the range of 3.6 - 4.1 BL.s-1. Different values are reported in the review of Luna-Acosta et al. 

(2011), ranging from 2,4 to 2,7 BL.s-1, as standard length. 

In Atlantic Salmon Salmo salar, Johansson et al. (2014) inferred that a speed of 0,7 BL/sec can be kept as a 

limit for disruption of circle swimming pattern. They proposed setting  up at twice this speed (1,4 BL/sec, 

approximately 0,66 Ucrit) the upper limit of water speed that may be considered as within the range of 

water velocity that salmon can normally manage and withstand without impairing its welfare and growing 

capability under normal farming conditions. 

The same assessment of the disruption of swimming pattern with an increase in water speed is not 

available within the scientific literature for Seabream and Seabass. 

Here,  making an arbitrary assumption, we propose to keep the same criterion used for Salmon (0,66 Ucrit), 

given the lack of any experimental evidence, as threshold for  water velocity suitable for Seabream and 

Seabass under farming conditions, with the aim of maintaining an acceptable standard of fish welfare. 

Therefore, the values would be 2,7 BL.s-1 for seabream and 2,5 BL.s-1 for seabass, considering their Ucrit of 

4,2 and 3,85 respectively (Basaran et al., 2007 ; Carbonara et al., 2006) .  

Ucrit values are experimentally derived in tunnel experiments and for salmon in cages under an 

unidirectional current. No references in the scientific literature exist reporting fish endurance under wave 

movements. Several authors (including our personal observations) reported that under severe wave action, 

fish disrupt their schooling behaviour, shifting to a pattern in cage characterized by the following. 

1. They dive down to a position where they can apparently minimize the movements induced by the 

waves; 

2. They head towards the direction of the wave, swimming in an attempts to mantain their relative 

position, and avoid hitting the net walls. When wave motion moves them backwards, fish swim 

against the wave movement to minimize the shift in the wave direction; and when the wave 

motion carry them forward, they passively re-gain their primitive position. 

Therefore, within each wave cycle, fish display an active swimming phase the length of which is similar to 

the wavelength at the depth where the fish stay, and the duration of movement is close to half of the wave 

period, at that depth. Thus, during wave episodes, fish experience a number of cycles of swim-and-resting, 

that we argue it can be compared to the effort sustained under continuous exercise of rather short 

duration (from 20 min to 1,5 h), being a storm duration from several hours to several days, and thus not 

less energy-consuming. 
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To assess a fish sustainable wave motion, we take into account the water speed leading to the active 

swimming phase within the wave cycle, and its corresponding horizontal velocity U, given by the 

mathematical decomposition of wave orbit at the fish’s preferential depth.  

U = Hs/2 * gT/λ * cosh(2π(z+d)/λ) / cosh(2πd/λ), 

Where:  

Hs: Significant wave height, m 

T: Period, sec. 

: Wavelength, m 

z: Depth, m 

d: Bottom depth, m 

As a first approach, we propose that the wave motion cyclical speed U should not have to exceed the Ucrit, 

therefore not leading to fish exhaustion under a prolonged storm peak. 

When considering an ideal wave, it is well known that a negative exponential law governs the wave 

attenuation with depth, by a factor of e-z. 

Hence, within a cage, the space available for sheltering during a storm is restricted to its deepest volume, at 

least for the duration of most intense wave motion. 

Several authors observed a cage volume reduction under strong current episodes (Figs 4, 5) 

 

Figure 4: Net deformations in different currents (a) net deformations in current velocity of 0.6 m.s-1; (b) net 
deformations in current velocity of 1.5 m.s-1; (c) bird’s view of net deformation at different current velocity. ( Li et 

al., 2013) 
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Figure 5: Cage volume under different current velocity. (Li et al., 2013). 

While fish ideally take advantage of all of the cage volume within normal farming conditions, in the event of 

a stressing episode they may display a schooling behaviour leading to fish grouping in considerable 

densities, up to 20 times more than  normal (Oppedal et al., 2011). Here, maintaining a precautionary 

approach, we propose considering a cage suitable for hosting fish at an acceptable welfare standard under 

storm conditions, when it is able to offer them a volume where the level of combined current and wave 

motion does not trespass the threshold of 0,66 Ucrit., as previously stated for unidirectional currents. The 

above value should take in account both current and wave motion, in the event of their concordance at the 

selected site. The volume of cage suitable for sheltering should not be smaller than that necessary to 

maintain a sufficient oxygen level and waste dilution, as the basic conditions for fish welfare. This volume 

should not lead to exceeding a fish density of 25 kg m-3. 

Table 3: Proposed values (cm.s
-1

) of sustainable environmental speeds (66% Ucrit.) for species and size at 20 °C, 
derived from equations in Basaran et al. (2007) and in                      Carbonara et al. (2006). 

SPECIES/SIZE (CM) 5 10 20 30 

Seabream 20 35 55 58 

Seabass 17 32 58 76 
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Table 4 Proposed limit state wave in open sea for Seabream 
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Table 5. Proposed limit state wave in open sea for Seabass 
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Table 6:Proposed values (cm.s
-1

) of sustainable environmental speeds (66% Ucrit.) for Salmon for smolt  (small and 
large) and adult at 14°C and 7°C, derived from data in Remen et al., 2016; and Hvas et al., 2017. 

 

Size (cm) 10 20 30 50 60 

Smolt small 47 53    

Smol large   59   

Adult    71 77 
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Table 7. Proposed limit state wave in open sea for Salmon 

 

T
a
b
le

 7
: 

P
ro

p
o
se

d
 l

im
it

 w
a
v
e 

st
a
te

 i
n
 o

p
en

 s
ea

 f
o
r 

S
a
lm

o
n
: 

 A
tl

a
n
ti

c 
w

a
v
e 

o
f 

H
s 

6
,5

m
; 

T
 1

0
,9

 s
ec

; 
l
 1

8
4
,3

 m
 ;

 w
it
h
o
u
t 

a
n
y 

sh
el

te
r 

fr
o
m

 B
lu

e 
G

ro
w

th
 F

a
rm

 p
la

tf
o
rm

. 
D

ep
th

 o
f 

a
cc

ep
ta

b
le

 m
o
ti

o
n

 f
o
r 

3
0
 a

n
d
 5

0
 c

m
 S

a
lm

o
n
, 
d
a
rk

 g
re

en
. 

	



Dissemination level: Public 

 
 

The Blue Growth Farm-WP2-CHL-D2.2 – PU_R1.0 Page 24  

 

3 MEDITERRANEAN SEA 

3.1 Farming species 

The species selected for fish farming within the Blue Growth Platform facilities located within the 

Mediterranean Sea is the seabass Dicentrarchus labrax (Linnaeus, 1758). This species is one of the most 

farmed within Mediterranean waters, showing an annual gross production of 157.698 tonnes (FEAP, 2017) 

in 2016. 

Seabass is farmed both in coastal and offshore waters at a weight of 5 to 10g, to attain a final weight of 

350-400 g, at a length of 35 cm at the end of  a 18-20 months growing period. 

While Seabass is spread from the North Sea to the whole Mediterranean Sea to Cape Verde (FAO, 2018; 

Fishbase.org, 2018), its optimal temperature range lies between 12 and 24 °C, with suboptimal 

temperature from 10°C up to 28 °C  

Its optimal growing range is here considered between the 12 °C and the 24°C, as experienced within most 

Seabass farms in Mediterranean. 

 

Figure 6: Seabass areal distribution. (www.iucnredlist.org). 

3.2 Pre-screening process 

A list of excluding criteria to be considered when selecting a new potential site was given in Section  2.2.1. 

With the aim of identifying the area of the Mediterranean sea where the best growing conditions are to be 

found, a series of large-scale maps showing the average daily sea temperature in surface at day 15 and 30 

of each month from April 2014 to March 2018 were produced. The use of these maps, at a resolution of 
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0,25 x 025 degree, see paragraph 2.1., enables a very large area to be  surveyed, for a consistent period of 

time, and offers the significant advantage, with respect to punctual temperature time series, of the 

comprehensive view of the evolution of temperature at a basin scale.  

 

Figure 7: Maps of Mediterranean Sea water superficial temperature; displayed the three coldest months and the 
three warmest, year 2016-2017-2018. Colour scale: 10 – 30 °C. (Source, Marine.copernicus.eu). 

Unfortunately, the time series available on the Copernicus Service server is spread over only three years, 

but is sufficient to exclude some areas from farming activities, based on the appearance of extreme values 

over a moderate time window. These maps are shown in Fig. 7. 

From the maps, it appears that the optimal farming range is comprised between the 45° and the 34° of 

Latitude, with the possible exclusion for the North Adriatic Sea, which is not considered optimal to bream 

farming because of  its winter peak of low temperatures, and Eastern Mediterranean due to its summer 

temperature approaching 30°C, not adapted to seabass farming. 

Based on existing literature on wind/wave power, a preliminary list of sites, located within the above 

latitude range, and where energy resources are optimal, was selected. 

This list included: 

 Marseille  

 Alghero  
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 Portoscuso 

 Mazara del Vallo 

The list of possible location was then analysed in detail in order to narrow the spatial range of a suitable 

site.  

Each location was analysed in detail in a GIS environment, adding layers of marine traffic, bathymetry, 

protected areas, sediment/benthos, to support the preliminary exclusion of areas not adapted to platform 

installation. 

3.3 Site 1 – Marseille 

The Gulf of Marseille offers a large continental shelf, at a depth below the 200m threshold; some wind 

farms are installed and some are at still at project level; the deepest areas are assigned to O&G exploitation, 

and several closed boreholes are present. 

The area has several large ports (Marseille, Toulon, Rone, Sete, etc.). Consequently the marine traffic is 

intense. 

 

Figure 8: Bathymetry in the Gulf of Lion. (Source: Navionics.com) 
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Figure 9: Marine traffic routes in the Gulf of Lion. (Source, MarineTraffic.com) 

Nevertheless, there are some areas with minor traffic density are present, especially outside the shipping 

lanes to major ports. These are characterized by several protected areas. Both Natura 2000 sites and 

nationally designed areas are extending well beyond the coastline into the marine domain. 
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Figure 10: Protected areas in the Gulf of Lion. (Sources: EEA, Natura2000 Viewer.) 

A detailed map of benthos distribution is available (EMODnet website) for the Gulf of Marseille. Most of the 

gulf is characterized by soft bottom biocenosis; the deepest part is covered by Circalittoral and shelf ridge 

muds (EUNIS classification A5.37), the sign of a mobile seabed. 

 

Figure 11: Benthos distribution in the Gulf of Lion. (Sources: EMODnet-seabedhabitat.eu ) 



Dissemination level: Public 

 
 

The Blue Growth Farm-WP2-CHL-D2.2 – PU_R1.0 Page 29  

 

 

Based on all the above maps, a point within the Gulf has been selected, that fulfil all the basic conditionsof 

section 2.2.1. The selected location is shown in the last map, where protected areas, bathymetry, and 

marine traffic are condensed.  

 

 

Figure 12: The selected site in the Gulf of Lion compared to the protected areas; naval and shipping routes traffic 
and bathymetry. 

 

The selected site has the following characteristics, as shown in Table 8.  

Table 8: Marseille site characteristics 

SITE NAME: MARSEILLE POSITION:  43,127718° 

  4,709296° 

Port distance 13,7 nm 

Land distance 13,2 nm 

Depth 90 m 

Seabottom Mud 

Protected areas distance 1,5 nm 

Minimum temperature 13 

Maximum temperature 24 

Tide amplitude 30 cm 

Annual wave power 4,5 kW/m 

Annual wind power 1,2 kW/m2 

Maximum Hs 2016-2018 6,8 m 
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3.4 Site 2 – Alghero 

The Bay of Alghero faces a large moderately deep continental shelf. The area is free of any industrial 

activity or exploitation at sea besides the traditional ones such as fisheries and aquaculture, since O&G 

exploitation is forbidden within Italian territorial waters within 12 miles from the coast and at the same 

distance from protected areas. Moreover, the Regional Authority of Sardinia has in the past forbidden the 

installation of any offshore wind farm within its waters. However, this resolution has since then been 

rejected by the Italian authorities, which claimed that the Central Government held the decision power 

over offshore waters. 

Marine traffic in the area is rather limited, mainly costal and directed to the Ports of Alghero and Bosa. A 

shipping route to Genova runs at a fair distance from coast. 

 

Figure 13: Naval and shipping routes traffic in the Bay of Alghero. (Source: Marinetraffic.com). 

 

There is a marine protected area is present at Capo Caccia, close to the town of Alghero. 
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Figure 14: Protected areas near Alghero site. (Source: EEA, Natura2000 Viewer). 

 

The seabed is characterized by the biocenosis of Detritic bottoms (EUNIS A 5.24) a soft-bottom community 

living on mixed sediments. 

In accordance with the previous features, a suitable point fulfilling all the condition of section  2.2.1. has 

been identified. 
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Figure 15: Biocenosis distribution near the Alghero site. (Source: EMODnet-seabedhabitat.eu). 

The characteristics of the Alghero site are shown in Table 9. 

Table 9: Alghero site characteristics 

SITE NAME: ALGHERO POSITION:  40,370004° 

  8,092971° 

Port distance 15 nm 

Land distance 13 nm 

Depth 138 m 

Seabottom Detritic 

Protected areas distance 11,7 nm 

Minimum temperature 13,8 

Maximum temperature 27 

Tide amplitude 33 cm 

Annual wave power 9,5 kW/m 

Annual wind power 0,7 kW/m2 
Maximum Hs 2016-2018 7,9 m 
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3.5 Site 3 – Portoscuso 

The area, located northern of the island of San Pietro, is characterized by a moderately deep and large 

continental shelf, and is completely exposed to wind and waves from N-NW. Two industrial ports are 

present (Portoscuso and Portovesme), working in the past as service ports for mines and for an alloy 

factory, the only industrial activity in the area. 

Naval traffic is rather limited and local, while there are shipping lanes offshore at a fair distance from coast. 

 

Figure 16: Naval and shipping traffic routes near the Portoscuso site. (Sources, Marinetraffic.com). 

There is a network of protected areas (Natura 2000 sites) is present along the coast and a marine park 

surrounds the coast of the island San Pietro.  
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Figure 17: Protected areas near the Portoscuso site. (Sources, EEA, Natura2000 Viewer ). 

 

Since the area is free of any activity, a suitable installation point for the platform has been selected, and its 

position has then been superimposed over maps with depth and benthos features. 
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Figure 18: Biocenosis distribution near the Portoscuso site. (Sources, EMODnet-seabedhabitat.eu; Navionics.com). 

The selected site has the following features: 

Table 10: Portoscuso site characteristics. 

SITE NAME: PORTOSCUSO POSITION:  39,321745° 

  8,254050° 

Port distance 9,9 nm 

Land distance 6,3 nm 

Depth 155 m 

Sea bottom Detritic 

Protected areas distance 6 nm 

Minimum temperature 13,8 

Maximum temperature 26,5 

Tide amplitude 32 cm 

Annual wave power 10,2 kW/m 

Annual wind power 0,75 kW/m2 

Maximum Hs 2016-2018 7,2 m 
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3.6 Site 4 – Mazara del Vallo 

The fishing port of Mazara del Vallo is located in an area of intense marine traffic, where several other uses 

of the sea coexists, such as pipelines, power and transmission cables. The area has also been opened in the 

past to O&G exploitation, and several wind farms have been requested within its offshore area. 

 

Figure 19: Bathymetry,  co-existing infrastructures and O&G exploratory blocks in the area of Mazara del Vallo site. 
(Source: Navionics.com; unmig.sviluppoeconomico.gov.it). 

 

A protected area is located around the Favignana Island, and the Sicilian Channel hosts one of the most 

intense marine traffic routes within the Mediterranean Sea. 



Dissemination level: Public 

 
 

The Blue Growth Farm-WP2-CHL-D2.2 – PU_R1.0 Page 37  

 

 

Figure 20: The protected area near the Mazara del Vallo site. (Source: EEA, Natura2000 Viewer). 

 

Figure 21: Naval and shipping routes traffic in the Mazara del Vallo area. (Source, Marinetraffic.com). 

Based on previous maps, a suitable site has been identified, as shown in Figure 22. The point lies over a soft 

bottom biocenosis, belonging to the Mediterranean communities of muddy detritic bottoms (EUNIS A5.38). 
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Figure 22: Benthic biocenosis distribution in the Mazara del Vallo site area. (Source, EMODnet-seabedhabitat.eu, 
Navionics.com ). 

Table 11 summarize the data available for this site. 

Table 11: Mazara del Vallo site characteristics 

SITE NAME: MAZARA DEL VALLO POSITION:  37,620106° 

  12,332056° 

Port distance 12,2 nm 

Land distance 8,2 nm 

Depth 110 m 

Seabottom Detritic mud 

Protected areas distance 15,3 nm 

Minimum temperature 14,5 

Maximum temperature 27 

Tide amplitude 20 cm 

Annual wave power 5,6 kW/m 

Annual wind power 0,78 kW/m2 

Maximum Hs 2016-2018 5 m 
 

3.7 Site selection matrix 

Using values derived from the literature and web portals on selected sites, a decision matrix based on the 

TOPSIS methods (see section 2.2.1.) has been calculated. For the final site decision, a different rank value 

has been assigned to the criteria of the significant wave Hs, giving the lowest value to extreme 

environmental energy, thereby taking into greatest account the fish resistance to water motion. 
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Table 12: Criteria Vs. Sites matrix of Mediterranean sites 

 

 

Table 13: TOPSIS selection matrix – All criteria are ranked 1, but Hs ranked (-3) to give weight to sites with lower 
extreme waves. 

   

 

The best closeness to the ideal positive solution has been recorded at the Marseille site,. This will therefore 

be considered as the best site solution within the Mediterranean Sea for the Blue Growth Farm operation, 

at least at the current design level. 

3.8 Platform motion sheltering capability 

The following tables show the maximum allowable sea state for farmed Mediterranean species, considering 

the internal platform basin as a confined volume where the wave motion is transmitted from the adjacent 

sea waves to the pool.  This approach should be regarded as a first degree approximation, because within 

the design development, the full assessment of water pool motion is expected; at the present stage, this 

approximation may be useful indicate the likely range of platform utilization, with regard to fish resistance 

to motion and engineering features.   
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A wave of Hs = 3,0 m and T = 7,4 sec., as derived from a JONSWAP spectrum, that is oscillating within the 

platform internal basin, lead to a water motion at a horizontal speed within the range of Ucrit for seabass 

and seabream, and for a depth range of several metres, even within the Welfare Ucrit. This wave motion 

state enables for a safe basin depth exploitation by Mediterranean species. Data are summarized in Table 

14. 

Table 14. Summary of welfare water velocities (cm.s
-1

) for Mediterranean farmed species, seabass. 

 Welfare Ucrit 

Seabass 20 cm 58 

Seabass 35 cm 83 

 

Table 15: Horizontal speed within a depth of 12m, for a wave of Hs = 3,0 m, T = 7,4 sec. 

 

Increasing Hs and T, the horizontal velocity within the pool increases beyond Ucrit , and the extent of the 

safe zone decreases to negligible values, therefore becoming unsuitable for fish farming. 

The above wave parameters have been used to calculate a wave power (in kW/m) associated to this wave 

condition within the pool, using the formula  

Wp= 0,55 (Hs )
2 Tz,  (Twiddel and Weir, 2006; kW/m) 

Where Hs= Significant wave; m 

Tz = zero crossing period, sec. 

Here we consider the Tz  Tp,  

where Tp is calculated as: 

Tp = 8,5(Hs/4g)0,5 (Boccotti, 2004)  

The result is:  

0,55*(3,0)2 *7,4 = 37,0 kW/m 

Under the hypothesis that the WEC system would lead to a conversion of a significant percentage of wave 

incident power, the maximum allowable sea states in the surrounding marine waters that provide an 

acceptable fish welfare inside the platform basin, under different wave power absorption, are: 
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 for a storm of  Hs 6,5 m, T= 10,86 sec, leading to a WP of 252 kW/m, the wave power absorption 

hasto be close to  80 %, in order to provide a safe fish shelter; 

 for a storm of  Hs 8,5 m, T= 12,4 sec, leading to a WP of 493 kW/m, the wave power absorption 

has to be close to  90 %, in order to provide a safe fish shelter; 

The maximum recorded sea state for the selected site, Marseille, within the time series (2016-2018) 

available on Copernicus website as hourly means, is relative to a storm occurred the 1st march 2018, with a 

Hs = 6,8 m, at a Period = 9,7 sec, although with a duration of some hours. 

This storm gave raise to a WP of 242 kW/m; these wave horizontal speeds can be susteined by the selected 

aquaculture species, seabass, diving to a depth between 22 to 35 m within the cage net, or, within the 12 m 

shelter wall of the platform, in case this is able to provide a wave power shelter of 85 % of the external 

incident wave power. 

The second ranked site, Alghero, has experienced a maximum recorded storm of Hs = 7,9 m, at a T = 9.5 sec. 

Within this condition, the platform has to provide an incidence wave power reduction of 88 % in order to 

offer a safe shelter to fish within the platform pool. 
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4 NORTH ATLANTIC 

4.1 Farming species 

The species selected for fish farming within the Blue Growth platform facilities located within the North 

Atlantic Sea is the Atlantic Salmon Salmo salar (Linnaeus, 1758). This species is one of the most farmed in 

temperate waters around the world, with an annual gross production of 1.488.434 tons in year 2016 (FEAP, 

2017). 

Atlantic Salmon has a singular life cycle, consisting of fresh water egg to juvenile “parr” stage at the end of 

which the fish undergoes a metabolic adaptation to the seawater environment; is then termed a “smolt”at 

which point in nature migrates to sea. In farming practice, smolts can be transferred to sea cages, where 

they enter the growing phase experiencing fully marine conditions. Atlantic salmon are usually grown to 

sizes of 0,5 – 0,8 m, for a weight up to 5 kg. 

While Atlantic salmon is spread from nearly arctic waters down to Britain on the European coast (FAO, 

2018; Fishbase.org, 2018), its temperature range lies between 8 and 18 °C, with suboptimal temperature 

from 4 °C up to 20 °C, tolerable for short periods. 

Its optimal growing range is here considered between the 6 °C and the 18°C, as experienced within most 

salmon farms in Scotland. 

 

Figure 23: Atlantic salmon areal distribution (Source: IUCN, 2015) 
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4.2 Pre-screening process 

With the aim of identifying the area of North Sea where the best salmon growing conditions are to be 

found, a series of large-scale maps, showing the average surface daily sea temperature at day 15 and 30 of 

each month from April 2014 to March 2018, have been produced. The use of these maps, at a resolution of 

0,25 x 025 degree (see section 2.1), enables the surveying of a very large area, for a consistent period of 

time, and offers the significant advantage, with regard to punctual temperature time series, of the 

comprehensive view of evolution of temperature on a basin scale. Unfortunately the time series available 

on the Copernicus Service server covers only a four years period, but is sufficient to exclude some areas 

from farming activities based on the appearance of extreme values over a moderate time window. 

These maps are shown in Fig. 24, colour scale from 6 to 20 °C. 
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Figure 24: Maps of extreme temperatures values in years 2016-2018. (Source, marine.copernicus.eu). 

Visual examination of the maps indicates that the optimal farming range is between  52° and  60° of 

Latitude. While the southern coast of England experiences some high temperature peaks, the North Sea 

and the Norwegian coast are generally colder than the English coast and in particular the west coast. During 

summer, the Welsh waters temperature approaches 20 °C, a limit for optimal salmon farming.  
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In section 2.2.1., a list of excluding criteria to be considered when selecting a new potential site, has been 

given.  

Based on existing literature on wind/wave power, a preliminary list of sites, laying within the above latitude 

range, and where energy resources are optimal was selected. 

This list includes: 

 Aberdeen area 

 The Irish Sea 

 The North Channel 

This list of possible location was subsequently analysed in detail in order to narrow the spatial range of a 

suitable site.  

Each location was analysed in detail in a GIS environment, adding layers of marine traffic, bathymetry, 

protected areas, sediment/benthos, to support the preliminary exclusion of areas not suitable for platform 

installation. 

4.3 Site 1- Aberdeen 

The shelf facing Aberdeen is extremely large, at shallow depth, and is also characterized by the presence of 

various human activities. Marine traffic is intense, but shipping lanes are easily recognizable and some 

areas remains have very low shipping density. 
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Figure 25: Naval and shipping routes traffic near the Aberdeen shelf. (Source: Marinetraffic.com) 

Protected areas are limited to a shallow area, protected under the Birds Directive that covers a coastal area 

northern of Aberdeen. 

 

Figure 26: Protected areas near the Aberdeen site. (Source, EEA, Natura2000 Viewer). 

Close to the port of Aberdeen, a depth of 70 m is reached outside the territorial waters, over a seabed that 

belongs to the deep circa-littoral coarse sediments, and is classified as EUNIS A5.15. 
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Figure 27: Benthic biocenosis distribution near the Aberdeen site. (Source: EMODnet-seabedhabitat.eu). 

Based on previous elements, a suitable installation point for the Blue Growth Platform has been identified. 

It lies over a 70 m- deep sedimentary coarse seabed, at a distance of 15 nm from the port of Aberdeen. The 

point is included within an area already identified by the national authority as dedicated to wind farm 

operation. 

 

Figure 28: Aberdeen site compared to the authorized area for wind farms operation. (Source: 
marinescotland.atkinsgeospatial.com). 

The selected site has the following features: 

Table 16: Aberdeen site characteristics 

SITE NAME: ABERDEEN POSITION:  57,206937° 

  -1,602185° 

Port distance 15,0 nm 

Land distance 13,8 nm 

Depth 70 m 

Seabottom Detritic 

Protected areas distance 13 nm 

Minimum temperature 5,2 

Maximum temperature 16,3 

Tide amplitude 3,0 m 

Annual wave power 12,5 kW/m 

Annual wind power 1,2 kW/m2 

Maximum Hs 2016-2018 7,2 m 
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4.4  Site 2 – Greenore 

The port of Greenore, in the Irish Sea, faces a large sound with a huge shelf of low to moderate depth. The 

port has a large quay, currently used for containers, which may be diverted to other uses. Commercial 

traffic is limited, with a shipping lane directed to the port and a shipping lane passing way offshore from the 

coast. 

 

Figure 29: Naval and shipping routes traffic near the Greenore site. (Source: Marinetraffic.com). 

The marine area has several protected zones along the coast and offshore, the first close to the town of 

Newcastle, a second located some miles offshore. There is a nationally protected area is located beside the 

Carlingford port area. 
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Figure 30: Protected areas near th Greenore site. (Source: EEA, Natura2000 Viewer). 

 

The results from previous maps have been matched with a bathymetric map and a biocenosis map. This 

enables the identification of a possible installation site, as shown in the following map. 
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Figure 31: The Greenore site compared to the biocenosis distribution, naval and shipping routes traffic and 
bathymetry. (Source: EMODnet-seabedhabitat.eu; Navionics.com, Marinetraffic.com). 

The site is located over a shallow shelf, on a deep circa littoral mud (Eunis A5.37). The location does not 

intercept any shipping lane. The site characteristics are shown in Table 17. 

Table 17: Greenore site characteristics. 

SITE NAME: GREENORE POSITION:  53,958885° 

  -5,677144° 

Port distance 15,0 nm 

Land distance 11,6 

Depth 70 m 

Seabottom Mud 

Protected areas distance 12 nm 

Minimum temperature 6,5 

Maximum temperature 16,5 

Tide amplitude 3,7 m 

Annual wave power 5,35 kW/m 

Annual wind power 0,875 kW/m2 

Maximum Hs 2016-2018 7,2 m 
 

4.5 Site 3 – Port Ellen 

On the Atlantic side of Scotland, the Sound of Jura, beside the island of Islay, has a deep sea bottom with a 

moderate shelter for oceanic waves, together with major exposure to wind. Moreover, the area is 

characterized by the lowest tide oscillation around the UK, and water temperatures are subject to the 
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beneficial influence of the Gulf Stream. The UK’s Navy uses all the surrounding areas for exercises so any 

infrastructure development would have to be discussed with the Ministry of Defence at early stages. 

Nevertheless, an offshore wind farm located opposite Islay is also in adjacent waters with the same kind of 

possible restriction. 

The sound remains outside from the great shipping lanes that run offshore, and has only a moderate local 

ferry passing through. 

 

Figure 32: Naval and shipping routes traffic near the Port Ellen site. (Source, Marinetraffic.com). 

The North Channel is widely integrated within the Natura2000 network, but the Sound mouth is free, 

through its extensive width, from protected areas. Two Natura 2000 sites of limited sixze are on the coast 

of the Islay Island. 
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Figure 33: Protected areas around Port Ellen. (Source: EEA, Natura2000 Viewer). 

Based on previous elements, a suitable installation point for the Blue Growth Platform has been identified. 

It lies over an 80 m- deep sedimentary seabed, at a distance of 7,1 nm from Port Ellen. A Deep circa littoral 

fine sand, as in EUNIS A5.27, composes the sea bottom.  
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Figure 34: Site location over depth and biocenosis distribution maps  near Port Ellen. (Source: EMODnet-
seabedhabitat.eu; Navionics.com,). 

The site features are shown in Table 18. 

Table 18: Port Ellen site characteristics 

SITE NAME: PORT ELLEN POSITION:  55,555297° 

  -6,019110° 

Port distance 7,1 nm 

Land distance 5,7 nm 

Depth 80 m 

Sea bottom Sand 

Protected areas distance 5,7 nm 

Minimum temperature 6,1 

Maximum temperature 15,6 

Tide amplitude 1,2 m 

Annual wave power 11,9 kW/m 

Annual wind power 0,892 kW/m2 

Maximum Hs 2016-2018 6,2 m 
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4.6 Site selection matrix 

Based on values derived from the literature on the selected sites, a decision matrix using the TOPSIS 

method (see section 2.2.1.) has been calculated. For the final site decision, a different rank value has again 

been assigned to the criteria, giving the lowest negative value to tide amplitude and to Hs, directly 

influencing the fish welfare through water motion.   

Table 19: Criteria Vs. Sites matrix of North Atlantic sites. 

 

 

Table 20: TOPSIS selection matrix – All criteria are ranked 1, but Hs ranked (-3) to give weight to sites with lower 
extreme waves. 

 

 

The best closeness to the ideal positive solution was recorded at the Port Ellen site. This therefore will be 

considered as the best site solution within the northern waters for the Blue Growth Farm operations. 

4.7 Platform motion sheltering capability 

The following tables show the maximum allowable sea state for the Atlantic salmon, considering the 

internal platform basin as a confined volume where the wave motion is transmitted from the adjacent sea 

waves to the pool.  This approach should be regarded as a first degree approximation, because within the 

design development, the full assessment of water pool motion is expected; at the present stage, this 
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approximation may be useful to identify the likely range of platform utilization, with concern to fish 

resistance to motion and engineering features.   

Based on critical water speed for salmon, it is possible to calculate the wave state inside the platform basin 

that enables for an acceptable level of welfare concerning water motion. A wave of Hs 3,3 m and T 7,4 sec 

oscillating within the platform internal basin, leads to a water motion whit a horizontal speed within the 

range of Ucrit for salmon, and for several metres even within the Welfare Ucrit, thereby allowing for a safe 

basin volume exploitation for the Atlantic species. Data are summarized in Table 21. 

Table 21: Summary of welfare water velocities cm.s
-1

 for Atlantic Salmon. 

 WELFARE UCRIT 

Salmon smolt large 53 

Salmon 50 cm 71 
 

Table 22: Horizontal speed within a depth of 12m, for a wave of Hs = 3,4 m, T = 7,9 sec. 

 

Increasing Hs and T, the horizontal velocity within the pool increases beyond Ucrit , and the extent of safe 

zone decreases to negligible values. 

These wave parameters have been used to calculate a wave power (in kW/m) associated to this wave 

condition within the pool, by the formulas as per section 3.8., 

Wp= 0,55 (Hs )
2 Tz,  ( kW/m) 

The result is:  

0,55*(3,3)2 *7,4 = 46,3 kW/m 

Hypothesizing that the WEC system will lead to a conversion of a significant percentage of wave incident 

power, the maximum allowable sea states in the surrounding marine waters, that permits an acceptable 

fish welfare inside the platform basin, under different wave power absorption, are: 

 for a storm of  Hs 6,5 m, T= 10,8 sec, leading to a WP of 252 kW/m, the Wave Power absorption 

has to be close to  80 %, in order to provide a safe fish shelter; 

 for a storm of  Hs 8,5 m, T= 12,4 sec, leading to a WP of 278 kW/m, the Wave Power absorption 

has to be close to  90 %, in order to provide a safe fish shelter; 
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The platform location within the North Atlantic, will then be selected considering the above sea states as 

limits for an acceptable fish welfare inside the platform basin.  

The maximum recorded sea state for the selected site, Port Ellen, within the time series (2016-2018) 

available on the Copernicus website as hourly means, is related to a storm that occurred on 30 December 

2017, with an Hs = 6,2 m, at a Period = 10,6 sec, although with a duration of several hours. 

This storm gave rise to a WP of 224 kW/m; these wave horizontal speeds can be sustained by the Atlantic 

salmon, diving to a depth between 24 and 35 m within the cage net, or, within the 12 m shelter wall of the 

platform, where this is able to provide a wave power absorption of at least 78 % of the external incident 

wave power. 

The second ranked site, Greenore, has experienced a maximum recorded storm of Hs = 7,9 m, at a T = 9.5 

sec. Within this condition, the platform has to provide an incidence wave power reduction of 88 % to offer 

a safe shelter to fish within the platform pool. 
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5 ATLANTIC OCEAN, SUBTROPICAL 

5.1 Farming species 

The species selected for fish farming within the Blue Growth Platform facilities located within the Atlantic 

Ocean, the Canary Islands, is the seabream Sparus aurata (Linnaeus, 1758). This species is one of the most 

farmed within the Mediterranean and adjacent waters, with an annual gross production in the 

Mediterranean of 160.563 tonnes (FEAP, 2017) in 2016. 

Seabream is farmed both in coastal and offshore waters from a weight of 5 to 10g, to attain a final weight 

of 350-400 g, and a length of 35 cm at the end of a 16-18 month growth cycle. 

Whilst  seabream areal extends from the UK to the whole Mediterranean Sea, and down to Cape Verde (ref. 

FAO, 2018; Fishbase.org, 2018), its temperature range lies between 13 and 26 °C, with suboptimal 

temperature from 10°C up to 28 °C tolerable for short periods.  

Its optimal growing range is here considered to be between 15 °C and 26°C, as experienced within most 

bream farms in the Mediterranean Sea. 

 

Figure 35: Seabream areal distribution (Source:www.iucnredlist.org) 

5.2 Pre-screening process 

A list of excluding criteria to be considered when selecting a new potential site was given In section 2.2.1. 
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With the aim of identifying the area of the European Atlantic Ocean where the best growing conditions are 

to be found, a series of large-scale maps, showing the average surface daily sea temperature at day 15 and 

30 of each month from April 2014 to March 2018 have been produced. The use of these maps, at a 

resolution of 0,25 x 025 degree, (see section 2.1.), enables a very large area to be surveyed for a consistent 

period of time, and offers the significant advantage, with regard to punctual temperature time series, of 

the comprehensive view of evolution of temperature on a basin scale. Unfortunately the time series 

available on the Copernicus Service server is spread over four years only, but is sufficient to exclude some 

areas from farming activities on the basis of appearance of extreme values over a moderate time window. 

These maps are shown in Fig. 36, colour scale from 10 to 30 °C. 

 

 

Figure 36: Maps of extreme temperatures values in 2016-2018 years. (Source, marine.copernicus.eu). 
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Examination of the maps revealed a good temperature range for seabream farming around the Canary 

Islands, with a warm minimum and a mild temperate maximum. The Canary Island are also reknowed for 

their wind resources, even being outside the path of great Atlantic low pressure systems. 

The pre-screening process on the Canary Islands area has led to the identification of a single area suitable 

for the Blue Growth Farm Platform deployment. In fact, the only areas with a flat seabed  within the 

suitable depth range are around the Tenerife Island. Unfortunately, this is part of a Natura 2000 site, and 

has thus been discarded. Therefore, within the selection process, it has been possible to identify a single 

suitable site. 

The possible location has been analysed in detail in a GIS environment, adding layers of marine traffic, 

bathymetry, protected areas, sediment/benthos, to support the preliminary exclusion of areas not adapted 

to platform installation. 

5.3 Site 1 – Gran Canaria: Arinaga 

The island of Gran Canaria is a Volcanoe structure, of approximately circular shape, surrounded for the 

most part of its perimeter by very deep waters down to 3500 m. 

 

Figure 37: Canary Islands 

 Its southeast side faces an area within a suitable depth range of approximately 50 km2. The zone is free 

from any protection regime and from any other constraints, and is included within the blocks where 

offshore wind farming is allowed, under Spanish Crown law 1028/2008. Two areas Natura 2000 areas are 

present at different distances. 
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Figure 38: Protected areas near Arinaga. (Source: EEA, Natura2000 Viewer). 

 

The whole area is notably free of any significant marine traffic. The shipping lane directed to Las Palmas 

runs offshore. There is a port serving the Arinaga industrial complex.  
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Figure 39: Naval routes traffic and shipping near the Arinaga site. (Source, Marinetraffic.com). 

 

The area selected for a possible Blue Growth Farm Platform installation is located eastward of the port, 

over a sea bottom with a slight slope, and a depth is in the range of 70-95 m.  

The seabed is presumably rocky, given the island’s geological nature. It is not described in detail in the 

EMODnet seabed cartography. The selected site is shown in the following map, with depth contours and 

the seabed features. 
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Figure 40: Site location over depth and biocenosis distribution maps  at the proximity of Arinaga. (Source: 
EMODnet-seabedhabitat.eu; Navionics.com,). 

Several wind farms are present in the area onshore; close to the selected site, the PLOCAN platform has 

been installed, although in a more sheltered position; an offshore wind farm (FLOCAN 5) is in operation 

three miles southward, in shallow waters. 

Table 23: Arinaga site characteristics 

SITE NAME: ARINAGA POSITION:  27,79986° 

  -15,359552° 

Port distance 3,5 nm 

Land distance 3,5 nm 

Depth 95 m 

Seabottom Rock 

Protected areas distance 2,1 nm 

Minimum temperature 18 

Maximum temperature 23,5 

Tide amplitude 3,2 m 

Annual wave power 12,1 kW/m 

Annual wind power 0,892 kW/m2 

Maximum Hs 2016-2018 4,5 m 
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5.4 Platform motion sheltering capability 

The following tables report the maximum allowable sea state for farmed species in temperate waters, 

considering the internal platform basin as a confined volume where the wave motion is transmitted from 

the adjacent sea waves to the pool.  This approach should be regarded as a first degree approximation, 

because within the design development, the full assessment of water pool motion is expected; at the 

present stage, this approximation may be useful to indicate the likely range of platform utilization, with 

concern to fish resistance to motion and engineering features.   

A wave of Hs = 3,0 m and T = 7,4 sec., as derived from a JONSWAP spectrum, that is oscillating within the 

platform internal basin, leads to a water motion at a horizontal speed within the range of Ucrit for seabass 

and seabream, and for a depth range of several metres, even within the Welfare Ucrit. This wave motion 

state enables a safe basin depth exploitation for the Mediterranean species. Data are summarized below. 

Table 24: Summary of welfare water velocities (cm.s
-1

) for seabream. 

 WELFARE UCRIT 

Seabream20 cm 55 

Seabream 35 cm 54 
 

Table 25: Horizontal speed within a depth of 12m, for a wave of Hs = 3,0 m, T = 7,4 sec. 

 

Increasing Hs and T, the horizontal velocity within the pool increases beyond Ucrit , and the extent of the 

safe zone decreases to negligible values, therefore becoming unsuitable for fish farming. 

The above wave parameters have been used to calculate a wave power (in kW/m) associated with wave 

condition within the pool, using the formulas given in section 3.8.;  

Wp= 0,55 (Hs )
2 Tz,  

The result is:  

0,55*(3,0)2 *7,4 = 37,0 kW/m 

Under the hypothesis that the WEC system would lead to a conversion of a significant percentage of wave 

incident power, the maximum allowable sea states in the surrounding marine waters that provide an 

acceptable fish welfare inside the platform basin, under different wave power absorption, are: 
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 for a storm of  Hs 5,5 m, T= 10,0 sec, leading to a WP of 166 kW/m, the wave power absorption 

has to be close to  72 %, to provide a safe fish shelter; 

The maximum recorded sea state for the selected site, Arinaga, within the time series (2016-2018) available 

on the Copernicus website as hourly means, refers to a storm that occurred the on 10 February 2016, with 

a Hs = 4,0 m, at a Period = 11 sec, although with a duration of several hours. 

This storm has gave rise to a WP of 97 kW/m; these wave horizontal speeds can be sustained by the 

selected aquaculture species, seabream, diving to a depth between 20 to 35 m within the cage net, or, 

within the 12 m shelter wall of the platform, where this is able to provide a wave power shelter of 62 % of 

the external incident wave power. 
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6 CONCLUSIONS 
In the following pages, a number of tables and figures have been added, reporting the climatological 

features of the three selected sites. Data have been retrieved from the Copernicus website, selecting the 

appropriate product for the area of interest and for the time series, and from scientific literature on the 

topic.  

This report has been produced based on only some of the possible criteria that can be taken in account 

during site identification: landscape, cultural heritage, social acceptance and protected/vulnerable species 

presence, to mention just a few, have not yet been considered. At the current platform design stage, the 

overall picture still lacks all the details necessary to provide a definitive platform location on the one hand 

and, on the other, to insert the apparatus and its operational life harmoniously into the surrounding 

environment.  

During the site selection process, particular attention was given to the fish farming included into the 

platform, and to its possibility to cope with extreme environmental conditions, since farmed fish the 

“weakest link” within the platform’s operational chain.  

Other environmental data will be retrieved and added to this deliverable in the future, as and when 

necessary to support the platform’s technological development.  

  



Dissemination level: Public 

 
 

The Blue Growth Farm-WP2-CHL-D2.2 – PU_R1.0 Page 66  

 

Annex I: MEDITERRANEAN SEA 

 

Table 26: Mediterranean site characteristics 

MEDITERRANEAN SITE 

Geographical location  43,127°,    4,709° 

Surface area of study site 5 x 5 km 

Offshore distance 13,2 nm 

Depth 90 m 

Substrate Soft seabed 

Substrate properties Mud, Folk 1 

Water temperature 13-24 °C 

Salinity 36-38 PSU 

Tidal range 0,30 m 

Mean Wave height 1,02 m 

Expected annual wave power 4,48 kW/m 

Average wind speed 7,6 m/sec 

Expected annual wind power 1200 W/m2 

 

Table 27: Main characteristics of the selected site for fish production 

DATA FOR FISH PRODUCTION 

Temperature range 13-24 ° C 

Oxygen range Saturation 

Salinity 36-38 PSU 

Turbidity 0,15 KD490 

Selected species for farm production Seabass 
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Figure 41: Wind speeds (m/sec) at Marseille site;  years 2007-2017, monthly means (Source, marine.copernicus.eu). 

 

 

Figure 42: Wind stress (Pa) at Marseille site;  years 2007-2017, monthly means (Source, marine.copernicus.eu). 
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Figure 43: Significant waves (m) at Marseille site;  years 2016-2018, hourly means (Source, marine.copernicus.eu). 

 

 

 

 

Figure 44: Seawater potential temperature (°C) at Marseille site;  years 2013-2017, monthly means (Source, 
marine.copernicus.eu). 
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Figure 45: Seawater velocity (m/sec) at Marseille site;  years 2014-2016, monthly means (Source, 
marine.copernicus.eu). 

 

 

 

Figure 46: Windrose plot for Marseille,  period  01 Jan 2008 to 14 July 2018 ;  

Flag: Recorder position; Point: selected site. (Source : https://mesonet.agron.iastate.edu) 

 

https://mesonet.agron.iastate.edu)/
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Table 28:  Marseille, windrose data ; latitude : 43.44167 ; longitude : 5.22667 ; elevation (m) = 36. 

 

  



Dissemination level: Public 

 
 

The Blue Growth Farm-WP2-CHL-D2.2 – PU_R1.0 Page 71  

 

Annex II: NORTH SEA 

 

Table 29: North Sea site characteristics 

NORTH SEA SITE 

Geographical location  55,555°,   -6,019° 

Surface area of study site 5 x 5 km 

Offshore distance 5,7 nm 

Depth 80 m 

Substrate Soft seabed 

Substrate properties Sand, Folk 2 

Water temperature 6,1-15,6 °C 

Salinity 33,7-34,2 PSU 

Tidal range 1,2 m 

Mean wave height 1,20 m 

Expected annual wave power 11,9 kW/m 

Average wind speed 9,2 m/sec 

Expected annual wind power 890 W/m2 

 

Table 30: Main characteristics of the selected site for fish production 

DATA FOR FISH PRODUCTION 

Temperature range 6,1-15,6 °C 

Oxygen range Saturation 

Salinity 33,7-34,2 PSU 

Turbidity 0,13-0,17 KD490 

Selected species for farm production Atlantic salmon 
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Figure 47: Wind speeds (m/sec) at Port Ellen site;  years 2007-2017, monthly means (Source, marine.copernicus.eu). 

 

 

 

 

Figure 48: Wind stress (Pa) at Port Ellen site;  years 2007-2017, monthly means (Source, marine.copernicus.eu). 
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Figure 49: Significant waves (m) at Port Ellen site;  years 2014-2018, hourly means (Source, marine.copernicus.eu). 

 

 

 

Figure 50: Seawater potential temperature (°C) at Port Ellen site;  years 2014-2018, hourly means (Source, 
marine.copernicus.eu). 
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Figure 51: Graph of Seawater Velocity (m/sec) at Port Ellen site;  years 2014-2016, monthly means (Source, 
marine.copernicus.eu). 

 

 

Figure 52: Windrose plot for Port Ellen,  period  01 Jan 2008 to 14 July 2018 ;  

Flag: Recorder position; Point: selected site. (Source : https://mesonet.agron.iastate.edu) 

https://mesonet.agron.iastate.edu)/
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Table 31: Port Ellen, windrose data ; latitude : 55.68194 ; longitude : -6.25667 ; elevation (m) = 18. 
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Annex III: ATLANTIC OCEAN SUBTROPICAL 

 

Table 32: Subtropical Atlantic site characteristics 

ATLANTIC SUBTROPICAL SITE 

Geographical location  27,799°       -15,359° 

Surface area of study site 5 x5 km 

Offshore distance 2,8 nm 

Depth 80 m 

Substrate Hard 

Substrate properties Rock, Folk 5 

Water temperature 18,0-23,5 °C 

Salinity 39 PSU 

Tidal range 3,2 m 

Mean wave height 1,68 m 

Expected annual wave power 12,1 kW/m 

Average wind speed 8,3 m/sec 

Expected annual wind power 520 W/m2 

 

Table 33: Main characteristics of the selected site for fish production 

DATA FOR FISH PRODUCTION 

Temperature range 18,3-23,5 °C 

Oxygen range Saturation 

Salinity 39 PSU 

Turbidity < 0,01 KD490 

Selected species for farm production Seabream 
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Figure 53: Wind speeds (m/sec) at Arinaga (G. Canaria) site;  years 2007-2017, monthly means (Source: 
marine.copernicus.eu). 

 

 

 

Figure 54: Wind stress (Pa) at  Arinaga (G. Canaria) site;  years 2007-2017, monthly means (Source: 
marine.copernicus.eu). 
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Figure 55: Seawater potential temperature (°C) at Arinaga (G. Canaria) site;  years 2013-2017, monthly means 
(Source: marine.copernicus.eu). 

 

 

 

 

Figure 56: Significant waves (m) at Arinaga (G. Canaria); years 2015-2018, hourly means (Source: 
marine.copernicus.eu). 
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Figure 57: Seawater velocity (m/sec) at Arinaga (G. Canaria) site;  years 2014-2016, monthly means (Source: 
marine.copernicus.eu). 

 

 

Figure 58: Windrose plot for Arinaga,  period  22 Aug 2011- 14 Jul 2018 ;  

Flag: Recorder position; Point: selected site. (Source : https://mesonet.agron.iastate.edu) 

https://mesonet.agron.iastate.edu)/
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Table 34:  Las palmas GC, windrose data ; latitude : 27.92250 ; longitude : -15.38944; elevation (m) = 25. 
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