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OWC - CONCEPT

• Oscillating Water Column
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• PROS : 
 Moving parts outside of the water

 Easy access for maintenance 

 Easy connection to power grid

 Initial building cost

• CONS : 
 Non-axysimetric

 Suffer severe damages in case of strong storm events

 Eye sore

 Noisy
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OWC - CONCEPT



Work Resume
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Objective : Find the best installation site

Target sites :

a. Pico Island (Azores) : Madalena & São Roque

b. Sines (Mainland Portugal) : West & East docks

c. Madeira : Seixal & São Paul do Mar

Period of study : 01/01/1979 -> 31/07/2019 (40 year)

Modeling software : SWAN (stationary mode)

Output SWAN model : wave climate data

Data treatment : Wave energy assessment



SWAN Model
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Wave Climate – Azores
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Pico Island - Azores

TARGET POINT POSITIONS 

Extraction point depth : 10m Extraction point depth : 15m
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Sao Roque 

- 90% of incident waves between 320º and 90º

- Hsmax = 11.3m

Pico Island - Azores

WIND ROSES

Madalena

- 90% of incident waves between 280º and 340º

- Hsmax = 4.1m



Wave Climate - Sines

10



11

Sines

Both points are 50m far 
from the breakwater
and about 30m depth

TARGET POINT POSITIONS 
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EAST

- 99% of incident waves between 240º and 300º

- Hsmax = 6.8m

Sines

WEST

- 96% of incident waves between 260º and 320º

- Hsmax = 7.5m

WIND ROSES



Wave Climate - Madeira
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Madeira

Extraction point depth : 20m Extraction point depth : 50m

TARGET POINT POSITIONS 
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Madeira

PAUL DO MAR

- 98% of incident waves between 240º and 320º

- Hsmax = 6.4m

WIND ROSES



Exploitable Energy

16

2
TeHs

64π

2ρg
P 

)cos(
2

TeHs
64π

2ρg
P 



)Pcos(P 



0 <         < 4 𝑷ϕ

Methodology

(1)



17

Mean annual number of hours

occurrences mean exploitable energy flux

mean annual exploitable energy per unit wave crest

Exploitable Energy
Methodology
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Pico Island - Azores

Mean annual exploitable energy flux wave front length (Wm-1year-1) 

Sao Roque 

- Overall energy : 3724MWm-1year-1

- 80% of it, is produced by 43% of the sea state occurrences 
Hs between 1 and 2.25m & Te between 6 and 14s

Madalena

- Overall energy : is 9150MWm-1year-1 

- 80% of it, is produced by 40% of the sea state occurrences  

Hs between 1.25 and 3m & Te between 8 and 14s
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Sines

EAST

- Overall energy : 3950MWm-1year-1

- 80% of it, is produced by 63% of the sea state occurrences 
Hs between 0.5 and 2.25m & Te between 9 and 17s

WEST

- Overall energy : is 11987MWm-1year-1 

- 80% of it, is produced by 65% of the sea state occurrences  

Hs between 1 and 3m & Te between 8 and 16s

Mean annual exploitable energy flux wave front length (Wm-1year-1) 
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Madeira

PAUL DO MAR

- Overall energy : is 3399MWm-1year-1 

- 80% of it, is produced by 48% of the sea state occurrences  

Hs between 0.25 and 2m & Te between 12 and 18s

 Mean annual exploitable energy flux wave front length (MWm-1year-1) 
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Variability

𝐶𝑂𝑉 𝑃 =
𝜎(𝑃 𝑡 )

𝜇(𝑃 𝑡 )

𝑆𝑉 =
𝑃𝑠𝑚𝑎𝑥 − 𝑃𝑠𝑚𝑖𝑛

𝑃𝑦𝑒𝑎𝑟

𝐼𝐴𝑉 =
𝜎𝜇(𝑃 𝑡 )

𝜇(𝑃 𝑡 )

 Coefficient Of Variation

 Seasonal Variability index

 Inter-Annual Variability



SUMMARY

São Roque Madalena Sines West Sines East Seixal Paul do Mar

Distance from the 

breakwater
30m 100m 50m 50m 900m 50m

Hsmax 11.3m 4.1m 7.5m 6.8m - 6.4m

Coefficient of variation 1.56 1.14 1.32 1.84 - 1.64

Seasonal Variability 1.18 1.22 1.32 1.6 - 1.33

Inter-Annual Variability 5.1% 2.7% 3.6% 4.6% - 3.4%

Values Over Threshold 5.2% 3.5% 4.1% 5.9% - 5.4%

Exploitable Mean Annual

Energy (MWm-1year-1) 3724 9150 11987 3950 - 3399

80% Mean annual energy

Occurrences (%)

Te range 
43%

6s – 14s

40%

8s – 14s

65%

8s – 16s

63%

9s – 14s

-

-

48%

12s – 18s
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Thank you
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