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Ocean Energy: Ongoing Activities @ ENEA 

■ SET-Plan: ENEA is Italian representative at the WG ‘Ocean Energy’ of  the 
European Strategic Energy Technology Plan (SET-Plan). 

■ European Energy Research Alliance:  ENEA is the Italian representative in the 
Joint Programm ‘Ocean Energy’ . www

■ PELAGOS:Promoting innovative nEtworks and cLusters for mArine renewable
energy synerGies in mediterranean cOasts and iSlands. 
https://pelagos.interreg-med.eu/

■ SOCLIMPACT: DownScaling CLImate imPACTs and decarbonisation pathways
in EU islands, and enhancing socioeconomic and non-market evaluation of Climate
Change for Europe, for 2050 and beyond (H2020 Project)



Global ocean energy

■ Tidal Range (tidal rise and fall): derived from the gravitational forces of the 
Earth-Moon-Sun system.

■ Ocean Currents: derived from wind-driven and thermohaline ocean circulation. 

■ Ocean Thermal Energy Conversion (OTEC):derived from temperature 
differences between solar energy stored as heat in upper ocean layers and colder 
seawater, generally below 1,000 m.

■ Salinity Gradients (osmotic power): derived from salinity differences between 
fresh and ocean water at river mouths.

■ Tidal currents: water flow resulting from the filling and emptying of coastal 
regions as a result of the tidal rise and fall.

■ Waves: derived from the transfer of the kinetic energy of the wind to the upper 
surface of the ocean.

The RE resource in the ocean comes from six distinct sources, each with different origins and requiring 

different technologies for conversion
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EU ocean energy potential 

Wave energy is the largest untapped form of renewable energy in the world.

It is on track to produce 10% (500 GW)of the global energy demand in the

upcoming decades. The global installed capacity of wind and solar power

at the end of 2014 was 360 GW and 150 GW respectively.

The estimates of global potential of tidal energy generation vary, but it is

widely agreed that tidal stream energy capacity could exceed 120 GW

globally.
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EU wave energy potential 

Source: Mørk et al. (2010)



EU tidal energy sources

Source: Aqua-RET (2012)



Copernicus Marine and Ocean Energy Europe
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Main Research Centers and Energy Authority



Main Italian Universities involved in OE
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Large Enterprises
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Large Enterprises and SMEs
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Italian R&D activities: Position paper published

http://www.enea.it/it/seguici/pubblicazioni/pdf-volumi/v2017_ocean-energy-italy.pdf

Googling: position papoer ocean energy enea
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Mediterranean wave energy forecast validation



Mediterranean wave energy forecast validation



Wave energy in the Mediterranean Sea 

Distribution of average power per unit crest in the Mediterranean between 2001 and 2010.

Liberti, Carillo, Sannino, Ren. Energy. 2013



Wave energy assessment along the Italian coasts 
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Traditional approach: using the Italian Wave measuring Network (Rete Ondametrica Nazionale, RON) 

managed by Institute for Environmental Protection and Research (ISPRA)



Wave energy assessment for the Mediterranean Sea

Our approach: using a relatively high resolution wave model 

www.cresco.enea.it



Wave energy assessment for the Mediterranean Sea

Numerical Wave model description

Model computational domain and bathymetry

Model implemented: WAM (Wave prediction Model)

Resolution 1/16° x 1/16° (about 7Km)

ECMWF (European Centre for Medium range Weather Forecast) wind field data 
(analysis 2001-2010)



Numerical wave model validation (Hs)

ALGHERO

Model implemented: WAM (Wave prediction Model)

Resolution 1/16° x 1/16° (about 7Km)

ECMWF (European Centre for Medium range Weather 
Forecast) wind field data (analysis 2001-2010)
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Correlation between buoy and model Hs

at Alghero. Dashed line is the best fit line 
between model and buoy data points.

Period considered 2001-2010



Numerical wave model validation (Hs)

CROTONE

Model implemented: WAM (Wave prediction Model)

Resolution 1/16° x 1/16° (about 7Km)

ECMWF (European Centre for Medium range Weather 
Forecast) wind field data (analysis 2001-2010)

Correlation between buoy and model Hs 

at Crotone. Dashed line is the best fit line 
between model and buoy data points.
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Numerical wave model validation (Hs)

LA SPEZIA

Model implemented: WAM (Wave prediction Model)

Resolution 1/16° x 1/16° (about 7Km)

ECMWF (European Centre for Medium range Weather 
Forecast) wind field data (analysis 2001-2010)

Correlation between buoy and model Hs 

at La Spezia. Dashed line is the best fit 
line between model and buoy data points.

Period considered 2001-2010

0 2 4 6 8
Hs - Buoy

(m)

0

2

4

6

8

H
s 

- M
od

el
(m

)

0

5

10

20

50

100

250

500

En
tri

es



Numerical wave model validation (Hs)

PONZA

Model implemented: WAM (Wave prediction Model)

Resolution 1/16° x 1/16° (about 7Km)

ECMWF (European Centre for Medium range Weather 
Forecast) wind field data (analysis 2001-2010)

Correlation between buoy and model Hs 

at Ponza. Dashed line is the best fit line 
between model and buoy data points.

Period considered 2001-2010
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Numerical wave model validation (Hs)

MAZARA del VALLO

Model implemented: WAM (Wave prediction Model)

Resolution 1/16° x 1/16° (about 7Km)

ECMWF (European Centre for Medium range Weather 
Forecast) wind field data (analysis 2001-2010)

Correlation between buoy and model Hs 

at Mazara del Vallo. Dashed line is the 
best fit line between model and buoy data 
points.
Period considered 2001-2010
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Numerical wave model validation (Hs)

Numerical Wave model vs buoy: statistics

Statistics of buoy and model significant wave height (Hs) comparison.

Period considered 2001-2010



Numerical wave model validation (Direction)

Numerical Wave model vs buoy: statistics

Frequency distribution of model and buoy average wave direction at 
Alghero. Only records with Hs > 1 m are considered. Incoming wave 
direction is indicated as degrees in clockwise direction from the north.

Period considered 2001-2010
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Numerical wave model validation (Direction)

Numerical Wave model vs buoy: statistics
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Frequency distribution of model and buoy average wave direction at 
Mazara del Vallo. Only records with Hs > 1 m are considered. 
Incoming wave direction is indicated as degrees in clockwise direction 
from the north.

Period considered 2001-2010



Numerical wave model validation (Direction)

Numerical Wave model vs buoy: statistics

Circular statistics of buoy and model wave average 
spectral direction comparison.

Period considered 2001-2010



Numerical wave model validation

Numerical Wave model vs satellite altimeter
35°E30°E25°E20°E15°E10°E5°E0°5°W

45°N

40°N

35°N
Satellite Tracks

Envisat, ERS-2
Topex-Poseidon
Jason-1, Jason-2

Ground tracks of satellites considered in model validation. Thick grey lines identify 
Jason-1 and Jason-2 tracks. Black lines partially overlying the grey ones symbolize 
Topex-Poseidon tracks while thin dashed lines represent Envisat and ERS-2 tracks

Characteristics of 
satellites used in this 
study.



Numerical wave model validation

Numerical Wave model vs satellite altimeter

Characteristics of 
satellites used in this 
study.
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Scatter plot of model vs.
Jason-1 Hs for the entire
Mediterranean. Value pairs
are grouped in 0.25 m wide
bins, corresponding areas are
painted according to the
number of entries in each bin.
Dashed line is the best fit line
between model and satellite
data points.



Wave energy assessment for the Mediterranean 

Distribution of average power per unit crest in the Mediterranean between 2001 and 2010.

Liberti, Carillo, Sannino, Ren. Energy. 2013



Wave energy assessment for the Mediterranean 

Seasonal average energy flux



Wave energy assessment along the Italian coasts

Distribution of the Coefficient of Variation (COV ) of the yearly average power
fluxes for years 2001-2010 around Italy.

Averaged yearly value

Standard deviation (yearly)

Yearly average variability



Distribution of average wave power flux per unit crest on 
western Sardinia and Sicilian coastline. Values are calculated 
on a line located 12 km off the coast. 

Wave energy assessment along the Italian coasts

Distribution of average wave power flux along Sicily and west Sardinia 



Distribution of wave energy as a function of significant wave period and significant wave height at specific points. Lower left panel shows 
the average yearly energy associated with sea states identified by Te and Hs couples. Dotted lines mark reference power levels. Upper panel 
shows the energy distribution as a function of Te only; right panel as a function of Hs only. Red lines in the upper and right panels are the 
cumulative energy as a percentage of the total. Red dots on the cumulative lines mark each 10th percentile. Rose plot in the upper right 
panel shows energy distribution over wave incoming direction. Each circle represents 20% fractions of the total energy.

Wave energy assessment along the Italian coasts

Distribution of yearly average wave energy along west Sardinia 
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Wave energy assessment along the Italian coasts

Distribution of yearly average wave energy along west Sardinia 
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Wave energy assessment along the Italian coasts

Distribution of yearly average wave energy along west Sardinia 



Wave energy assessment along the Italian coasts

WAM 
(1/16°x1/16°)

WAM/SWAN
(1/120°x/120°)



Wave energy assessment along the Italian coasts

a

b
c

a,b,c: three points located at 
19600 m, 9300 m and 830 m 
respectively from the coast. 
These points are distributed 
along a straight line pointing 
offshore from Alghero, at 
decreasing depths ranging 
from 13m to  114 m 
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Wave energy assessment along the Italian coasts

WAM 
(1/16°x1/16°)

WAM/SWAN
(1/120°x/120°)

	

	



Wave energy assessment along the Italian coasts

	

	

SWAN model laterally forced by the WAM simulation

PANTELLERIA



Wave energy assessment along the Italian coasts

	

	

	

PANTELLERIA



Wave energy assessment along the Italian coasts

Distribution of wave energy as a function of significant wave period and significant wave height at specific points. Lower left panel shows 
the average yearly energy associated with sea states identified by Te and Hs couples. Dotted lines mark reference power levels. Upper panel 
shows the energy distribution as a function of Te only; right panel as a function of Hs only. Red lines in the upper and right panels are the 
cumulative energy as a percentage of the total. Red dots on the cumulative lines mark each 10th percentile. Rose plot in the upper right 
panel shows energy distribution over wave incoming direction. Each circle represents 20% fractions of the total energy.

Distribution of yearly average wave energy near PANTELLERIA



Mediterranean wave energy forecast validation



Mediterranean wave energy forecast validation



Mediterranean wave energy forecast

 Model implemented: WAM (Wave prediction Model)
 Resolution 1/32° x 1/32° (about 3.5Km) 
 Forced by SKIRON data

 Model implemented: SWAM  
 Resolution 800m
 Forced by SKIRON data



Mediterranean wave energy forecast



Mediterranean wave energy forecast



Mediterranean wave energy forecast



Mediterranean wave energy forecast



Mediterranean wave energy forecast



Mediterranean wave energy forecast validation

Ground tracks of satellites considered in model validation. Black lines identify Jason-2

and gray lines are for  Saral/Altika.



Mediterranean wave energy forecast validation

Satellite forecast samples Bias (m) Rmse (m) si slope d

Jason-2

day 1 100,399 0.20 0.40 0.34 0.83 0.93

day 2 101,036 0.22 0.44 0.37 0.81 0.92

day 3 99,386 0.24 0.50 0.42 0.78 0.89

Saral/Altika

day 1 74,709 0.19 0.38 0.36 0.82 0.93

day2 74,896 0.20 0.42 0.39 0.80 0.91

day 3 74,691 0.21 0.46 0.44 0.78 0.89

Statistics of satellite and model significant wave height (Hs) comparison.



Mediterranean wave energy forecast: next improvements

Copernicus data for model validation 



■ Tidal Range (tidal rise and fall): derived from the gravitational forces of the 
Earth-Moon-Sun system.

■ Ocean Currents: derived from wind-driven and thermohaline ocean circulation. 

■ Ocean Thermal Energy Conversion (OTEC):derived from temperature 
differences between solar energy stored as heat in upper ocean layers and colder 
seawater, generally below 1,000 m.

■ Tidal currents: water flow resulting from the filling and emptying of coastal 
regions as a result of the tidal rise and fall.

■ Waves: derived from the transfer of the kinetic energy of the wind to the upper 
surface of the ocean.

■ Salinity Gradients (osmotic power): derived from salinity differences between 
fresh and ocean water at river mouths.

The RE resource in the ocean comes from six distinct sources, each with different origins and requiring 

different technologies for conversion

Global ocean energy



The RE resource in the ocean comes from six distinct sources, each with different origins and requiring 

different technologies for conversion

Tidal energy assessment for the Mediterranean

■ Tidal currents: water flow resulting from the filling and emptying of coastal 
regions as a result of the tidal rise and fall.

Gibraltar 
topography

Strait of Messina topography



Tidal energy assessment for the Mediterranean

MITgcm – Explicit Tides (M2,S2, K1, O1) – Lateral Tide + Tidal Potential
Average resolution 1/48° (2.3 Km)
Minimum resolution 230m (Gibraltar and Turkish Straits)
100 Vertical Levels
Initialized with Copernicus data!



Tidal energy forecast for the Mediterranean



Forecasted circulation for the Mediterranean



Forecasted circulation for the Mediterranean

Zoom around
Pantelleria



Forecasted circulation for the Mediterranean

Banco AVVENTURA - Sicily Channel



Forecasted circulation for the Mediterranean

Banco AVVENTURA - Sicily Channel



Tidal energy forecast for the Mediterranean



Tidal energy forecast for the Mediterranean



The RE resource in the ocean comes from six distinct sources, each with different origins and requiring 

different technologies for conversion

Tidal energy assessment for the Mediterranean

■ Tidal currents: water flow resulting from the filling and emptying of coastal 
regions as a result of the tidal rise and fall.

Gibraltar 
topography

Strait of Messina topography



The RE resource in the ocean comes from six distinct sources, each with different origins and requiring 

different technologies for conversion

Tidal energy assessment for the Mediterranean

■ Tidal currents: water flow resulting from the filling and emptying of coastal 
regions as a result of the tidal rise and fall.

Gibraltar 
topography



Tidal energy assessment for the Strait of Messina

Messina tidal model

	



ENEA for International Cooperation and Development
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10 Reasons why we need ocean energy
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10 Reasons why we need ocean energy

** Technology convergence needed **



EU SET-Plan Recommendation

The Plan recommends to concentrate efforts on a limited number of 

promising technologies for energy conversion from tidal streams and 

waves, targeting a reduction in the LCoE for tidal stream energy 

converters to at least 15 ct€/kWh by 2025 and 10 ct€/kWh by 2030, and 

a similar, although slower, reduction in the LCoE for wave energy 

converters to 20 ct€/kWh by 2025, 15 ct€/kWh by 2030 and 10 ct€/kWh 

by 2035. 



Wave energy assessment for the Mediterranean 



Storms 
December 2013 – February 2014

Wave energy in the North Sea



Wave energy in the North Sea: waves from the shore



Wave energy in the North Sea: waves from the shore



Effect of wave energy in the North Sea



Potenziale energetico delle onde nel Mare del Nord



Recent H2020 Project

Downscaling climate impacts and decarbonisation pathways in EU 

islands, and enhancing socioeconomic and non-market evaluation of 

Climate Change for Europe, for 2050 and beyond




