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Waves and Wave Energy — What / How / Where / When
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Wave Parameters and Terms

Wave Basics:
 Wave Crest
« Wave Trough
« Wave Height (Vertical distance from wave trough to crest - m)
 Wavelength (Distance from one crest to the next crest - m)
« Wave Period (Time from one crest to the next crest - sec)
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Wave Creation — How ?

Changing to
Ripples to chop s“gl;;”g

to wind waves seas )
f—_/\—ﬁ (—-A_"I

Fully developed

Wave Creation:

* Wind Speed
» Fetch (distance) ) )
i irection o
o T|me \; wave advance
Wind .~ / -

Ripples > Chop
Chop > Wind Waves

Wwind Waves > Swell

WIND 15 KNOTS =WAVES 1.5 METRES =LENGTH 25 METRES

WIND 25 KNOTS =WAVES 3METRES =LENGTH 32 METRES
Fetch: 50 NM (90 km)

Time: 6 Hours
Wind Speed...

WIND 40 KNOTS =WAVES 5 METRES =LENGTH 55 METRES
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Basic Wave Equations

Wave Equations:
« Wavelength (L) = Wave Speed (C) * Wave Period (T)
 Deep Water:
« Wave speed: C~ 15T (10 sec wave =15 m/s)
- Wavelength: L~ 1.5T? (10 sec wave = 150 m)

« Waves "feel” the bottom at a depth of d ~ 0.5L —

Direction of Wave Motion

Wave movement

Negligible water movement
below Y2 wavelength

b pjversity

Institute for Integratec
LLJ) of Victoria

Energy Systems

WCWI



Effects of Shallow Water on Waves

« Shallow Water:
« Wave period is constant

« Wave speed: C = /gh

 Therefore, waves in shallow
water move slower.

| Wave crests | | Il Ll

 Result;: Waves bend towards
the shallow areas.

Wave energy
converging on
headlands

* Area’s where waves converge
result in larger waves.

Wave energy
diverging

* Period remains constant.

Sediment
£ movement
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What is Wave Energy? Solar Energy ?

Wave Energy

« Wave energy is sometimes described as a
concentration of solar energy.

» Differential Heating = Winds = Swell
* Potential Energy + Kinetic Energy

Circular motion of water molecules
continues vertically underwater

« Wave energy converters work with long
period water waves (swell).

= & * The magnitude of the power transport in
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PP m of o ?g’gxf,':z'tfz Y ocean waves has inspired a variety of
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Power in Waves (Wave energy transport)
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Irregular Waves and Wave Spectrums
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Regular vs. Irregular Waves
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Global Wave Energy Map
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Figure 4. Global distribution of annual mean wave power.

University

/ [ Institute for Integratec
of Victoria

Energy Systems

WCWI



What we knew before WCWI...

Mean Annual Wave Power
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West Coast SWAN Wave Model

Wave Measurement
Buoys

m University | Institute for Integratec
L)) of Victoria | Energy Systems




Hot Springs Cove — North of Tofino

Energy Wave Energy Wave
Transport Height  Period Direction

¢ (kwW/m) (m) (sec) (degrees)

1 Winter

S  MeanValue 341 2.38 9.77 240
Mean 10t % 8.4 3.56 11.9 215
Mean 90t % 69 1.36 7.69 255

Summer
Mean Value
Mean 10th %
Mean 90t %

Cornett Zhang
—4— Mean
—+— Mean+5td
— — — Mean-5td
—-— - 10th Pecentile
50th Pecentile
= a0th Pecentile

Wave Power Transport

Jan  Feb Mar Apr May Jun  Jul  Aug Sep Oct MNov Dec
MWonth
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Gross Wave Resource Assessment - Ucluelet

Energy Wave Energy Wave
Transport Height  Period Direction

¢ (kwW/m) (m) (sec) (degrees)
7 ‘\7» Winter
S  MeanValue 419 2.70 9.84 250
Mean 10t % 8.70 1.50 7.56 215
Mean 90t % 87.0 4.07 12.1 275
Summer
Mean Value 10.8 1.51 8.78 246
Mean 10t % 2.10 0.98 6.21 201
,,,,,, Mean 90t % 28.0 2.14 12.1 275
———————— e

Cornett Zhang
——— Mean
—+— Mean+5Std
— — — Mean-5td
—— -~ 10th Pecentile
S0th Pecentile
—&— Qith Pecentile

Average Wave Power Transport (W/im)
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Wave Power Transport
o
T

1 1 1 1 1 1 1 1 1
Jan  Feb Mar Apr May Jun  Jul Aug Sep ©Oct Nov Dec
Maonth

125.95 -125.8 -126.85 -125.8 -126.75 1267 -126.65 -125.6 -125.55 -125.5 -125.45
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Gross Wave Resource Assessment - Ucluelet

Average Wave Power Transport (W)
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West Coast Wave Initiative at the University of Victoria

Ok, we now understand waves BUT how do
we make electrical power from waves ?

Many different ways...
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Wave Energy Converters: Oscillating Water Column

©,2008 AQUARET,
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Wave Energy Converters: Overtopping Device

overtopping

: reservoir
) | -
© 2008 AQUARET _ * -
turbine Youtlet
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http://www.google.ca/imgres?imgurl=http://www.global-greenhouse-warming.com/images/WaveDragonDiagram.jpg&imgrefurl=http://www.global-greenhouse-warming.com/wave-dragon.html&usg=__KFp1816U8R98WOvveKvCkqY4mt8=&h=255&w=539&sz=52&hl=en&start=0&zoom=1&tbnid=c6YdPLHWZXi7NM:&tbnh=79&tbnw=168&ei=5_nsTaGzM6_XiALI76niCA&prev=/search?q=wave+dragon&hl=en&biw=1279&bih=884&tbm=isch&itbs=1&iact=hc&vpx=89&vpy=106&dur=1498&hovh=154&hovw=327&tx=209&ty=97&page=1&ndsp=30&ved=1t:429,r:0,s:0

Wave Energy Converters: Shallow Submerged Device
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http://www.google.ca/imgres?imgurl=http://renewableenergydev.com/red/wp-content/uploads/2008/08/ceto-wave-farm.jpg&imgrefurl=http://renewableenergydev.com/red/wave-power-bermuda-ceto-wave-farm/&usg=__JCLgobVYn4uQync76EDcJE2y_8E=&h=270&w=360&sz=14&hl=en&start=0&zoom=1&tbnid=g2GTkijMmjWjCM:&tbnh=136&tbnw=181&ei=mfrsTY2_JqrQiALI473hCA&prev=/search?q=CETO&hl=en&biw=1279&bih=884&tbm=isch&itbs=1&iact=hc&vpx=423&vpy=94&dur=441&hovh=136&hovw=181&tx=126&ty=108&page=1&ndsp=34&ved=1t:429,r:2,s:0
http://www.google.ca/imgres?imgurl=http://www.inhabitat.com/wp-content/uploads/oysterpower3.jpg&imgrefurl=http://inhabitat.com/oyster-generates-electricity-from-waves/&usg=__VIblKnU-mSHXVHBjx7zxXsywlt8=&h=404&w=537&sz=58&hl=en&start=0&zoom=1&tbnid=k8RGReHGqeScoM:&tbnh=137&tbnw=181&ei=zPrsTcHKB-XYiALWh8HgCA&prev=/search?q=Oyster+Wave+power&hl=en&biw=1279&bih=884&tbm=isch&itbs=1&iact=hc&vpx=322&vpy=86&dur=942&hovh=195&hovw=259&tx=176&ty=116&page=1&ndsp=30&ved=1t:429,r:1,s:0

Wave Energy Converters: Point Absorber
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Wave Energy Converters: Platform Devices
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Wave Energy Converters: Attenuators
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West Coast Wave Initiative — Partner technologies
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West Coast Wave Initiative — partner technologies
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Technology Simulations — power take off dynamics

Wave energy | Motivation & objectives | People | Gross resource | Net resource | Usable resource
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Kilowatt Scale Integration: Hot Springs Cove

Wave Energy Transport (W/m)

— Community Load (A) ‘ KW ‘

181

_ Wave Energy
Converter (WEC)

Jan Feb  Mar Apr May Jun Jul Aug Sep Cot MNowv Dec Jan

Diesel
~ Generator
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Next Step: Megawatt and Gigawatt Scale Integration

| MW | | Gw |

G.M. Shrum: 2730 MW

Load: 2.4%

.'/.

Load: 1.3%

Load: 3.7%

E Mica: 1805 MW
VANCOUVER :
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