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Why Clean Energy from the Sea?

A The Increasing regional and international interest of
enforcing renewable energies is not only a necessity
Imposed by the exhaustive cultivation of fossil fuels but
also a much more elegant and sustainable solution in
terms of engineeringand economicalconsiderations.

A In the Kyoto protocol, the European countries obliged
themselves to increase their electricity production
through renewable energiesfrom °©6% to 12% by 2010,
which meansmuch more than a doubling of the installed
capacity,due to the annual growth of production.




OCEAN WAVE ENERGY - VIABLE?

} Following the oil-crisis in the early-mid seventies,
there was a strong involvement in wave energy
researchand developmentbetween 1974 and 1985

1 Nevertheless, several extraction technologies have
reached acceptable grades of technical maturity
(prototypes, pilot plants) both for onshore or
offshore and small or large-scaleapplication.




GLOBAL OCEAN ENERGY ACTIVITIES

The world’s oceans provide two forms of energy powered by the sun: (1) Thermal energy: offshore wind and ocean thermal/OTEC;
and (2) mechanical energy: waves, currents and tides. Only OTEC, currents and tides are consistent and predictable 24/7.
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Areas highlighted above indicate locations of major ocean energy activities today.

To learn more about the various types of ocean energy, visit www.oceanenergycouncil.com




Wave Energy Devices

1 Classification
Localization
Shoreline
Near shore (15-20m)
Offshore (> 50m)
Conversion System
Oscillating Water Column(OWC)

Oscillating Bodies (Floating and Under water)

Overtopping
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WAVE ENERGY — SHORE LINE and NEAR SHORE




WAVE ENERGY — OFFSHORE
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Oscillating Water Column(OW(C)




Prototype OWCs

Pico OWC Limpet owC
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COMBINING PORT STRUCTURES AND
WAVE ENERGY

} The motivation to integrate wave energy utilisation into port and coastal
protection structures is a logical consequence of socio-economical and
environmental considerations on both breakwater construction and
shoreline wave energy plants.

} The massive intervention into the natural coastline by building large
breakwaters gain significant ecological acceptance by producing clean
energy and reducing reflections .

} Further, the presently too expensive wave energy extraction can be
reduced to an economically competitive value. Such a combination was
already traced in India and Japan

} Combined breakwater structures can be considered a superior
engineering solution when compared to rubble -mound or classical
vertical breakwaters . This is mainly due to the conversion of energy
instead of simply resisting or dissipating it and to the multiple use of a
single structure .




Multi-resonant OWC Caisson Breakwater




Multi-resonant OWC Caisson

Breakwater

1 It Is evident that aspectslike the integration of clean
energy extraction in breakwater structures and the
double useof a single structure have notable advantages
leading to a better economic viability and a higher
ecologic acceptability of both, breakwater structures
and wave energy caissons

v It Is further crucial to mention the use of advanced
construction methods for caissons(floating docks etc.)
asa factor of quality and economyenhancement
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Hydrodynamics of MOWC Array
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Relevant Wave
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Responses and Causes
1) Response 1: Dynamic Pressures due to Breaking and Broken waves

2) Response 2: Dynamic Pressures on the structure due to Non-Breaking waves

3) Response 3: Residual Pore Pressure below the Caisson due to all type of waves

4) Response 4: Hydrodynamic Efficiency of power absorption

.




The incident wave power of small amplitude regular waves per unit length
of the device is given by,

W, = % A u cosg,, dzdt @
where, Tz wave period; pz pressure of the progressive wave; dwater depth; The term

u cosf ,, is the velocity component perpendicular to the compartment. Equation (1) can
be re-written as below:

W=, gH'C, cosg, @

where, m, Z density of sea water; gacceleration due to gravity;
HZ wave height; Gz group velocity.

The incident wave power of directional spectral waves can be
calculated by,

o 1 T 0
W =— NQfPu cosg,, dzdt 3
TL d

O:zn—

Here, T is replaced by, is the time duration;| ,, is the time-
varying direction of horizontal water particle velocity.

Waves... An Available Resource...An
Energitic Source...




Wave power of the directional
spectral waves
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Here, f is the frequency, [ is the component wave angle measured
from the principal wave direction, [,, , S(f) is the frequency
spectrum, G(f,[ ), is the directional spreading function, and C(f) is
the group velocity.

TheBretschneideMitsuyasuspectrum is frequency spectrum, which is
expressed as,

S(f) =0.257 H12;3T1/3 (Tysf )-5 exp[- 1.03XT,,; f )-4] (®

Waves... An Available Resource...An
Energitic Source...




The Mitsuyasu z type directional spreading function is

G(f,g)=G, cosZSS‘%8 (7)

fIf)%01 >t (8a,b,c,d)

Waves... An Available Resource...An
Energitic Source...




THE MULTIDISCIPLINARY APPROACH

A Performanceand reliability enhancementof the
A electromechanicalpower-take-off equipment.

A The analysisof a multidisciplinary problem includes,
resource assessment,

site choiceand characterisation,

hydrodynamic modelling,

productivity estimation,

structural layout,

construction processand
economicalconsiderations.
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A The hydrodynamic performance z by 3D numerical code




Modeling and

Standardized Design Methods

Modeling Objectives
1 Validation Demonstration of device Principle

1 Assessment of Physical Quantities of Interest
1 Tool for Optimization (Parametric Study)

+ Tool for Hind casting and Forecasting (Plant
Control)
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Modeling

1 Analytical

1 Numerical

1 Experimental
1 Empirical

v+ All Their Combinations
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Energy Transformation Chain

1 Offshore Wave Climatéy Local Wave Climate

1 Wave/Device Interaction (Primary Conversion)
} Secondary Energy Conversion

} Intermediate Energy Storage

v Power Takeoff Mechanism

} Electricity Generation

1 Grid Connection
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Wave to Wire Model

Global model / specific sub-models

Specific sub-models
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Wave to Wire Model

g = volume flow (subscripts: t = turbine; v = valve;
d = diffraction; r = radiation);

t =time; V0 = initial chamber volume
g =specificw  eight of water;
P = athmospheric pressure ; p = pressure
a = wave amplitude; W =wave frequency; h =time
domain radiation response function;

t =time delay; Hy= frequency domain diffraction
response function; S, = wave spectrum; IFT =
Inverse Fourie r Transform; H , = frequency domain

radiation response function

g, v g )= q,rq, - Yo P

gp, dt

t




Modeling the Global Energy
Transformation Chain

When achievable a mathematical << Wave to Wire
Model is to be sought for

Each Energy Transfer has its own Physics imposing
different modeling techniques and then should be
modeled separately

A suitable CFD software like WAMIT, FLUENT can
be used

Also source code can be developed using FORTRTN,

A1

C/C++ as well as MATLAB
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Probable Generic Sea States

1 PM Spectrum (Long Crested)

1 JONSWAP

} Variation of Period (H s, Tp)

1 PM Spectrum (Short Crested)

1 Spreading Parameter Variation
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Modeling Wave /Device Interaction

+ Numerical Approach
1 Experimental Approach

1 Large Body (D/L>0.2)A Numerical Models (BEM)
Panel Methods Available.
Non-Linear Models are to be developec

as ldentification Tools

1 Small Body (D/L<0.2)A Experimental &
Emerging CFD Tools N6

numerical solvers are available




