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Ocean Energy
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10.1 General Terms
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10.1.1 Ocean energy
The energy that may be harnessed by
exploiting an aspect of the physical or
chemical. Characteristics of oceans,
namely, tidal movement, wave motion,
thermal gradients, salinity gradients, ocean

AR LB IELN R NG currents.

- S RBTE R AT R o Note As a source of power to meet
consumer demand these forms of ocean
energy would normally be supplemented
by or supplemental to a firmer source of
energy supply, or buffered by an energy
storage system.

10.2 87w 10.2 Energy by Tidal Movement
10.2.1 #77 w 10.2.1 Tidal energy
- fAflr R ATE A 2 g 2K The energy that can be usefully recovered
A A bR (e ) m R by exploiting the potential energy due to
Prehiy e Y B TP 2 0 B F the vertical displacement of mass from still
SH T RER G sl 4 & water level or the kinetic energy due to
BB currents (tidal current energy), both caused
( )RR T REL 3160 by the ebb and flow (fall and rise) of the
tides. The energy present in the tides is
attributable to gravitational forces due to
the moon and sun in association with the
rotation of the Earth.
Note For tidal power station see 3.1.6.
10.2.2 % % 10.2.2 Tidal range
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The difference in levels between
successive high and low waters due to
tides.
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10.2.3 Tidal amplification

An effect whereby the tidal range at the
coast becomes greater than the tidal range
in the open sea, due to the waves
advancing landwards becoming deformed
as they enter progressively shallower
waters and due to waves reflected at the
coast reinforcing the advancing waves;
both effects contribute to tidal
amplification which may be influenced in
its extent by the natural shape of the coast
or by artifacts, but is not attributable to the
superimposition of one tide upon another.

10.2.4 Estuary resonance; bay resonance

The effect whereby the tidal range in an
estuary or bay may become greater than
the tidal range in the open sea due to
resonance occurring when the
configuration of the estuary or bay matches
the wavelength of the tide, so that a natural
free oscillation frequency of the estuary or
bay accords with the oscillation frequency
of the tide, the system having no other
source of energy than the tide.

Note Estuary resonance or bay resonance
and tidal amplification can occur in
combination.

10.2.5 Tidal barrage

Retaining works located across a bay or
estuary and designed to impound incoming
tidal water in the basin or basins formed by
the retaining works on the one hand and
the upstream estuary or coast of the bay on
the other hand. The barrage may be
constructed so as to form two separate
basins whereby more flexible exploitation
of the tidal energy may be obtained.
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10.2.6 Storage basin

A basin formed by the construction of a
barrage into which water from an incoming
tide, from waves reflected by a vertical
barrier or from a pumping system is
allowed to flow, is impounded and stored
until such time as the head between the
level of the water in the basin and that
outside the basin is sufficient to enable
useful energy to be produced from it.

10.2.7 Floating tidal plant

A plant that is installed on an anchored
floating base and exploits the Kinetic
energy of the tidal ebb and flow with the
aid of water wheels, screws or low head
water turbines.

10.2.8 Tidal race

A channel conveying tidal water to (or
from) a hydraulically operated machine or
impounding basin.

10.2.9 Peak load operation of tidal power station

The use of the storage facilities of a tidal
power scheme to enable it to be used to
contribute to meeting peak power demand
on the electricity supply system within a
planned scheme of operation.
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10.3 Energy by Wave Motion
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10.3.1 Wave energy

The total energy in a wave is the sum of
the potential energy of the fluid displaced
from still water level and the kinetic
energy of the moving water particles.
Wave energy is attributable to wind forces,
which in turn are due to solar energy.

Note the power in waves may be calculated
approximately as:

H2T, ,,.
% Kilowatts per metre of wave front

where Hs is the significant wave height
(measured from crest to trough)in metres
(=4 times the root mean square surface
elevation during a sample measurement,
often of approximately 20 minutes) and Te
is the energy period in seconds, calculated
from the energy spectrum derived from
sample measurements.

(See note to 10.3.2)




10.3.2 e 3% 10.3.2 Wave energy spectrum

d - PR (¥ 5 20 ~48) H1iF A description of the wave climate during a
B2 it oo sample measurement (often approximately

(3) s F A2 353847 0 kg 20 minutes).

(f) AW & - PHEF R Note Usually presented as a distribution,
wE TE() | 2%AE -4l 3w with wave frequency (f) as the abscissa and
BT T Ak w2 F]F (0) o @k energy-in-a-small-frequency-range (E(f))
Ll S R SR AR C R | FUEE I A as the ordinate. A two-dimensional or
Fnipdg (Mn) &5 ¢ directional spectrum has an additional

® n dimension for the direction of the waves
fo frE(f)df (0). The moments of the spectrum are of
Hs (£ 1013.1) =& 5% 4/ Mu>a T particular importance in characterizing the
“MaMoo 2z # %5 7.82MaRE wave climate; the n-th moment (Mn)is
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Hs (see 10.3.1)is defined as 4,/ Mu and Te
as M.1/Mo. The power in waves is thus 7.82
M_1 kilowatts per metre of wave front. (For
further information on the application of
statistical mathematics to wave energy
calculations see “Wave Energy”,
Department of Energy, Energy Paper No.

42,1979)
10.3.3 k2 10.3.3 Sea (or Wind sea)
Bar k2 - o od g b AT Do That part of a wave energy spectrum

containing waves which were generated by
the wind that is working on them (i.e.
which were generated recently in time and
locally in space).
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10.3.4 Swell
The part of a wave energy spectrum
containing waves which have escaped the
influence of the wind which generated
them. As swell is normally advected from
more distant generating sources, it
normally falls in a narrow frequency band
in the lower frequency part of the
spectrum.

10.3.5 Crest length
The distance between adjacent wave crests,
measured perpendicular to the direction of
propagation.

10.3.6 Wave front

An imaginary surface perpendicular to the

direction of wave propagation and moving

at the phase velocity of the wave. Real seas

may be considered as composed of a

multitude of wave fronts, some but not all

of which may be propagating in similar

directions.

10.3.7 Wave energy device

A device designed to capture wave energy

for conversion to useful energy, which may

or may not be electrical energy and may or

may not be transmitted to shore.

10.3.8 Wave-powered generator

A wave energy extraction device that

converts the energy extracted into

electrical energy.

10.3.9 Wave energy air turbine

A turbine/electric generator that uses as

working fluid air compressed by the

pneumatic system designed to extract

energy from the movements or pressures of

sea waves.
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10.3.10 Low-head wave energy water turbine
Turbines designed to operate on large
volumes of water of low potential energy,
such as tidal energy or the height
difference between a wave crest and
trough.

10.3.11 Point absorber
A wave energy device which can absorb
energy from all directions simultaneously
with approximately equal efficiency and
which is small in comparison with the
mean wave length. Note Although linear
theory would predict that a point absorber
extracts energy from a wave front many
times its own width, it has not yet been
possible to develop a practical system that
does so. This is because non-linear
behaviour invalidates the theory for all but
very small wave amplitudes, which are not
of interest in wave energy conversion.

10.3.12 Duck
A wave energy device consisting of a long
cylindrical spine on which a series of
individual oscillating vanes (or ducks) are
located; power is generated by the relative
motion of the ducks oscillating about the
spine.

10.3.13 Raft
A wave energy device consisting of a
series of relatively shallow pontoons
connected by hinges; power is generated

by the relative angutm motion.
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10.3.14 Oscillating water column
Any wave energy device consisting
essentially of a box with no bottom and an
orifice in the top; waves cause the water
column in the box to oscillate, inducing an
oscillating air flow through the orifice and
thus driving an air turbine.

10.3.15 Wave energy rectifier
A seabed-mounted wave energy device
incorporating upper and lower level
reservoirs, with one-way flap valves
arranged to allow water to flow into the
upper reservoir from wave crests and out
of the lower reservoir into wave troughs;
the flow between the reservoirs operates a
low-head turbine.

10.3.16 Flexible bag
A wave energy device consisting of air
filled, flexible bags attached to the top of a
submerged hull lying head on to the sea,
which contains high and low-pressure duct;
in wave troughs the bags refill with air
from the low-pressure duct.

10.3.17 Wave loading
The forces exerted by wave on submerged
and semi-submerged structures calculated
to form a basis for the design of structures
to withstand wave forces.

10.3.18 Structural response
The sensitivity of the structure of a wave
energy extraction device in responding to,
and hence in extracting energy from, the

movements or pressures of sea waves.
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10.3.19 Tidal compensation

The measures requiring to be taken to
compensate for the effect of the changes in
sea level due to tides upon wave energy
extraction devices, particularly in the case
of converging channel ramp schemes and
in schemes relying on a sea-bed connection
as part of their power extraction
mechanism.

10.3.20 Wave focusing

A means of increasing the power of waves
in a particular area by using some means
(such as submerged plates) to concentrate
the wave energy from a wider wave from
into that area by refraction.
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10.4 Energy by Ocean Currents
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10.4.1 Underwater ocean current plants:
underwater mills
Plants incorporating wheels, propellers or
“parachutes” , designed to harness the
energy available in underwater ocean
currents and convert it into useful energy.
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10.5 Energy by Thermal Gradients
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10.5.1 Ocean thermal gradients
The temperature differences between deep
ocean water and surface water. These may
range from 14 to 25<C.

10.5.2 Ocean thermal energy conversion (OTEC)
The exploitation of the temperature
difference that exists between the surface
and the depth of oceans to produce useful
energy. Such a temperature difference
constitutes a thermal system that can be
used to vaporize and condense a working
fluid such as propane or ammonia to drive

a turbine or other heat engine.
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10.6 Energy by Salinity Gradient
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10.6.1 Salinity gradient energy
At the interface of fresh and salt water
where rivers enter the sea or at the
interface of waters of different salinity,
osmotic pressure occurs which may be
exploited to provide useful energy by the
application of suitably disposed semi-
permeable membranes, for example, in the
form of a closed cylinder. Alternatively,
the electrochemical potential at the
interface may be exploited to generate
electric current directly.

10




