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OCEAN WAVES AS ENERGY RESOURCE
M

Waves result from the integrated action of wind over large ocean areas

Waves are an indirect form of solar energy

SOLAR ENERGY WIND ENERGY WAVE ENERGY

7 1N\

0.1— 0.3 KW/m? 0.4 — 0.6 kW/m? 2_3kWim2 aines. 2007
Predictable
High availability Low land use
Why ocean
wave energy ?
High energy flux Low visual impact

Persistent
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WAVE VS WIND ENERGY

A WAVES
WIND
several 20m
Km
<200m
The wind velocity profile extends over Wave energy is concentrated near the surface.
several km.
Wave farms can absorb a large part of the
Wind farms explore only a tiny sublayer wave energy flux.

Wave energy flux per unit vertical area near the surface is about 5 times
larger than wind energy flux

Waves are a more concentrated form of energy than wind

Falcao, 2012
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WAVE ENERGYCONVERTERS (WECs)

——e—e

Unlike the case of wind technologies there are several effective ways of absorbing energy from waves ...

... there is a wide range of wave energy devices, at different development stages, competing against each other
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WAVE ENERGY CONVERTERS: CLASSIFICATION
M
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WAVE ENERGY CONVERTERS: CLASSIFICATION

OSCILLATING WATER OVERTOPPING SYSTEMS WAVE ACTIVATED BODIES
COLUMNS
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WAVE ENERGY CONVERTERS: CLASSIFICATION
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WAVE ENERGY CONVERTERS: CLASSIFICATION

Low-head hydraulic turbines High-head hydraulic turbines

Linear electric OYSTER® WAVE

ENERGY COMVERTER _ HYDROELECTRIC
| POWER CONVERSION PLANT

generator

|
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FLOW LINE
SEAWATER PISTOMN

oil PTO Air turbines
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WAVE ENERGY CONVERTERS: EFFICIENCY

— — ! _———_____
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Absorbed power Fraction of wave power

flowing through the device
Incident power * device width that is absorbed
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Width (m) Babarit, 2015
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WAVE ENERGY IN ITALY: THE RESOURCE

57V o° 5°E 10°E

Wave energy potential off the
Italian coasts:

Sea of Sardinia
12 kW/m

Strait of Sicily
7 kW/m
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WAVE ENERGY IN ITALY: A FEASIBILITY STUDY
w

PELAMIS ““/AQUABUOY ' WAVE DRAGON

Producer Dunnett and Wallace, 2009

‘Babarit et al., 2012 ] Bozzi etal,, 2013
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WAVE ENERGY IN ITALY: A FEASIBILITY STUDY
M

_

Working Heave Pitch
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CETO Wave dragon
Wavestar
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WAVE ENERGY IN ITALY: A FEASIBILITY STUDY

Hy |m|

Pelamis

Hy |m|

AquaBuQY

Hy |m|

Wave Dragon

Alghero Mazara
AquaBuOY Pelamis Wave Dragon AquaBuOY Pelamis Wave Dragon
Rated power[kW] 250 750 7000 250 750 7000
Mean power [kW] 22 71 616 9 32 270
Annual energy production[MWh] 192 619 5400 81 278 2362
Capacity factor [%] 8.7% 9.4% 8.8% 3.7% 4.2% 3.9%

Bozzi S, Archetti R, Passoni G. Wave electricity production in Italian offshore: A preliminary investigation. Renewable Energy 2014 (62), 407 — 416
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WAVE ENERGY IN ITALY: A FEASIBILITY STUDY

Resizing ... to tailor the devices for the Italian wave climate
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WAVE ENERGY IN ITALY: A FEASIBILITY STUDY

w
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Hydrodynamic
coefficients

(BEM solver)
Radiation stress
Excitation force

Generator parameters
(FEM solver)

Magnet'’s flux linkage
Inductances

WAVE ENERGY CONVERSION MODELLING

Hydro-mechanic model

'RESULTS: Power matrix
displacements,

electric power /

Hq

i

2 4 & a8 10

589 590 591 592 593 594
time [s]
GENERATED POWER for H=1.24 [m] and T=5.94 [s] A x
B

T, [s]

2 aumis *l  Occurrences

Electromagnetic model

Electricity production
Capacity factor
Efficiency
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SINGLE-BODY HEAVING POINT ABSORBER

ASSUMPTIONS

* Linear wave theory
* Regular waves

e 1D approximation
* Heave motion

Upper end stop

Slider Windings

NUMERICAL MODEL ¢ . T Translator
ELECTROMAGNETIC FORCE Mounting plate Lower end stop
m-zZ = H Fgen(t,2,2,1) Equation

of motion

. . . diph .
emfph(t; Z,Z) = R¢ - lph(t, z,Z)+ L 7 Electromagnetic model

Bozzi S., Miquel A.M., Antonini A., Passoni G., Archetti R. Modeling of a point absorber for energy conversion in ltalian seas. Energies 2013 (6)>
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DUAL-BODY HEAVING POINT ABSORBER

Assumptions: « Linear wave theory » Regular waves * Heave motion

Equation of motion
M1z = Fexc1(t) + Fraa11(t, 21, Z1) + Fraai2(t 22, Z2) + —@

+Fd1‘agl(tr er T}) + FHl(tr Zl) + Fgenl(tr Z, Zr l)

MyZ; = Fexca(t) + Fraaz1(t, 21, Z1) + Fraaz2(t, 22, Z7) +

+Fdrag2 (t, 22' 77) + FHZ (t, ZZ) + Fmoorz (t' ZZ) + Fgenz (t» z,Z, i)

: Electromagnetic model
Coupling » 9 . y
emfA(t, Z, Z) = RtiA (t, Z, Z) + LAAi + LABi + LAC dlf
emf -i di di di
Fgen — z P eme(t Z, Z) = RtlB (t Z, Z) + LBA lA - LBB lB + LBC dltC
4.B.C dlA dlB dlc
emfc(t Z, Z) = Rth (t Z, Z) + LCA + LCB + LCC dt
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APPLICATION TO ITALIAN SEAS

Hg [m]
= Ik w B [4] [+2] | Le1] w
)

National wave metric network firind @'laiSpezia

8 Italian locations - W glortena i

SO 0 Monopoli'
g Ponzaﬁ - Y

@) Alghero

2 © Crotone

Wave climate characterization

Mazara del Vallo :
(2) @ Catania

Occurrences [%6] Energy [MWh/m]

Q

Simulated sea states

025m<H, <5m

- V] [ E) L] @ =~ o o
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CWR [%]

e e
o N b~

N B~ OO

Target parameters

APPLICATION TO ITALIAN SEAS

ANNUAL ENERGY OUTPUT (AEO) - Mazara

” LG 15 kW __—+— ———
AEO = Z MPthourhk [MWh] V) / \\.
<% _— LG 10 kw
" S T,
AE0 /8760 015 o —"
F = % <. _ LG6KW
NP 19— " © * ——
10 T T T \v\\
CWR = AE0/8760 [%] 3 35 4 45 6.5 7
] D Buoy diameter [m]

EFFICIENCY (CWR) - Mazara

o o
r, . 4

D

T LGI5kw

CAPACITY FACTOR (CF) - Mazara

LG 6 kW * o

24 —

L —

LG 10 KW \‘\ 22

LG 10 kW

B m— v

T

R 20 _— o
o \\ % 1 T o LGISKW | e~

h 4

Buoy diameter [m]

LGW‘\.\ \\’\ ° v
14
3 3.5 4 4.5 5 55 6 6.5 7 3 3.5 4 4.5 5

Buoy diameter [m]

6.5 7
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15
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20

6 KW Linear generator
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APPLICATION TO ITALIAN SEAS
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WAVE ENERGY FARMS

Oscillating wave energy
converters are designed to
be deployed in arrays of
many units

Pelamis wave farm

—_—
incident wave

Babarit, 2013

Depending on array design, hydrodynamic interactions can have a positive or negative effect on power
production and power quality
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WAVE FARM MODEL

Assumptions:
Linear wave theory
Regular waves
Heave motion

Power take-off system:

Permanent magnet linear electric
generator

(10 kW)

Equation P N M, 0 0 O 1[A] [Fu]l i
of motion 0 M; 0 0 ||Z]_ |Fe

0 0 M0 ||2]| |Fs

\5 0 0 0 M4_ Zy Ft4-

My - Zy = Fexc1(t) + Farag1 (621, M1) + Fraa11(6 21, 21) + Froazi (8722, 75) + Fraaszi (8,723, 75) + Frgaan (6 24, Z4)
+ Ffloatl (tr Zl) + Fspringl(t: Zl) + Fgenl (t, Zy, Zl» i)

Electromagnetic model
COUPLING

dic

. . : di di
emf (t,z,2) = Rpin(t,2,2) + Lgg ;;4 + Ly dlf + L

_ emf i dis
Fgen = 07 emfp (t,2,2) = Reip(t,2,2) + Lpa—- + Lpp —
AB,C dig dlB

ac E
dlC

emfc (t,z,2) = Rpic(t,z,2) + Log —= — t Lo+ LCC?
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WAVE FARM DESIGN IN THE ITALIAN OFFSHORE
M

Which are the best wave farm designs (geometric layout, WEC distance and geographical
orientation) for the Italian seas?

Alghero L/Speziafia s Mazara del Vallo

Ponza

Alghero
270°{-26%
. Mazara del Vallo

225°

WEC distances i ,I A
5D RNV S
10D
20D
30D



http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiClNKA8sLMAhVJfhoKHWgPDxMQjRwIBw&url=http://all-free-download.com/free-vector/wave-design-vector.html&psig=AFQjCNGXsP4DhHKA-iKpaSR1A76KzlpX3A&ust=1462536186940162

WAVE FARM DESIGN IN THE ITALIAN OFFSHORE: RESULTS

—— ———— e T —

Linear layout Square layout

1 o S
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o000 i 5 |
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WAVE FARM DESIGN IN THE ITALIAN OFFSHORE: RESULTS
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