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owcC

Oscillating Water Column
(owe)

Passing waves raise the
water level within a hollow,
demi-submerged structure,

causing the enclosed air

to compress and flow to
the atmosphere, driving a
turbine.

OB

Oscillating Water Surge
Converter (OWSC)
This structure uses the surge
movement of the wave
(back-and-forth motion)
to capture energy in an
oscillating arm.

Overtopping device
Water of passing waves
is captured in a reservoir
and released through a

shaft. A turbine is located
in the shaft that generates
energy when water
passes.

Ll

Submerged Pressure
Differential (SPM)
The rise and fall of passing
waves Cause g pressure
differential in the structure
to trigger pressure pumps
and generate electricity.

Attenuator
The attenuator consists
of multiple connected
segments or a single
long and flexible part
that extracts energy from
waves by following the
parallel motion of the
waves.

OB

B —

Bulge wave
A device is placed parallel
to the waves, capturing
energy from its surge.
Water flows through the
flexible device and passes
through a turbine to exit.

Point absorber
This floating or
submerged buoy
generates energy from
the buoy's movement
caused by waves in all
directions relative to the
base connection.

Other

Rotating mass
The heaving and
swaying in the waves
cause a weight to rotate
within this device.
This rotation drives an
electric generator.
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Global Floating Wind Industry’s Path to Commercialization
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, the movement of the floaters compresses and
b-degradable hydraulic fluid into land located
g built. This pressure rotates a hydraulic motor,
ransferred into the grid, via an inverter.

raulic fluid tank, where it is then re-used by the
pistons, thus creating a closed circular system.

The system commences production of electricity from wave heights of 0.5 meters.

The whole operation of the system is controlled and monitored by a smart automation system. Also,
when the waves are too high for the system to handle the floaters automatically rise above the water
level and stay in the upward position until the storm passes. Once the storm passes, the floaters return
to operation mode.
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ARTICLE INFOQ ABSTRACT
R pwores: “This review aims at giving 2 picture of fie progress of the UK wave enetgy and suggesting key steps needing © L} [ ] El:
UK wave coegy e taken 7 its conwibution o the Net Zer grenhouse a3 emissions targst by 2050, 1t fllows consultatan Or
Gonesnawnt and industyy support through scoping wave enstgy warkshos held by the Engincering and hysical Scimees Research Council
mf):;m — CEPSRC) in Angust 2019 and by Supergen Offihore Renewahble Energy (OKRE) Hub in January 2020 anda series “,
e — dmmredlmmwnhmwh:vmﬁmdmshoduam industry professionals. It is belisved f
S that the UK h e rapidly developed to achisve J-L n d~ }-L Y
the targetaf 22 GW af installed capacity by 20% Cresves o =L (20001 The wave energy remourees in the UK
e revi and identifying openly aceessible wave daw.
The nd acki. £ in the LK iewed and mdrline
the imparent rales that UK goverment and industry support have & play in semring 2 leading position in I |
wave energy. The potenrizl henefits of wave energy for the decarbomisation of UK indmsuy (nduding uriity [ I,\ I I I l, d\
scale and miche markets) t achieve Net Zera target by 2050 are presemied, 25 well 23 the shepm that need &
e tzken in the next 30 years to achieve is potential o ~
—y — ~ '
BIKOIAZILR7 iy -
1. Introduction satisfy the annual electricity generation of the workd (26,700 TWh in A —~ s~ ~—

In response 10 concems over climate change, a total of 192 countries
signed the Kyoio Protocal in 1997 In a werking global agreement to
fight elimate change [1). Since ther, renewable energy los boen scting
a5 an ineressingly erueisl part of the energy mix & shown in Fig 1,
which is summarised from the daa in the World Energy Balances 2018
repart by the International Energy Agency (IEA) [2]. The UK, a5 one of
the mjor economies in the world, s at the forefront of utilising renew-
ables, having achieved nearly 30% of renewable electricity generation
in 2017,

ble energy comes i ber of forms, including hydroelee
trie dams, wind (onghore/ofshom), solar, bomas, geothermal, tidsl
and wave, ete. Wind and solar have been rapidly developed in the past
10 years and are competitive with the fossil fuel presently, as shown in
Fig. 2 (summarised fom the data presented in [3,4]). In comparisan,
wave energy is far behind with approximaely £300/MWh of levelised
cost of energy (LCOE) presently, as estimated in [3] in 2018, Although
still at early stage, wave energy has great potential as an inportant
contribution for energy mix resilience as it features of high energy
density (probably the highest among renewsble energy sources [6])
and provides compensation for the e of wind and solar energy [7).
It is expected that if the exploitable global wave snergy resoune &
harnessed filly (estimated up to 29,500 TWhyear [5]), this could

* Carresponding author.

2018 [9])

The device that captures and converts energy in the waves 1o wseful
power is called a wave energy converter (WEC). Dilferent approaches
have been used to clasify WEC concepts and the most commonly used
definitions can be found in [10-12). Here, we classify WEC by the
woking prieciple, as ilhstrated in (1) Oseillating body eonverts
wave motions into deviee mieillations 1o generate electricity. Two main

sub-categories are further given accarding to the deminant oscillating
modes translation (heaving or horizontal Jand rotation (lap
and antievlsted, ete ). (2) Oseillating water eolumn (OWC) uses trapped
air above a water column to drive turbines for electricity generation.
Fized and Moating types are available which are hurther clissified baved
on the dynamic feature of the supporting stricture. (3) Overtopping
device applies rservoirs 1o generate 3 head fow to drive turbines for
elec tricity generation and can be further divided into ficed and foating
type. (4) Novel concepts 1] utside of the above categaries, such as the
devices using fexible membrane and hybrid technologies.

Table 1 and Fig. 4 provide summaries of the globally active WEC
technologies at the time of writing 1o demonstrate the evalution of the
installed & planned capacity by country betwsen 2000 and 2019, The
data are compiled from varios sources inchuding published papers,
reports and individual company websites [15-43]. Clearly, mumbers
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Oscillating Water Column
(OWC)

Passing waves raise the
water level within a hollow,
demi-submerged structure,

causing the enclosed air

to compress and flow to
the atmosphere, driving a
turbine.

Attenuator
The attenuator consists
of multiple connected
segments or a single
long and flexible part
that extracts energy from
waves by following the
parallel motion of the
waves.

Point absorber
This floating or
submerged buoy
generates energy from
the buoy’s movement
caused by waves in all
directions relative to the
base connection.
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