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» Wave energy is a reliable and sustainable renewable energy
resource that is plentiful in supply.

» Wave energy is constantly renewed by the sun according to the
following sequence:

Radiation from the sun warms the earth;
Earth’s atmosphere warms unevenly;

The uneven warming patterns create pressure variations
and general rotation of the atmosphere;

The rotation of the atmosphere in combination with gravity
and the rotation of the globe cause winds;

As the winds drag across the surface of the ocean ripples,
wavelets and ultimately waves are formed.

waves can travel great distances with minimal loss of

energy until they break at a shore.
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Introduction- Tides

Caused by the gravitational effect of the moon, and to a lesser
extent the sun, on the world’s oceans in combination with the
rotation of the earth.

Tides are created twice a day as the earth rotates through the
bulges in the ocean on either side of the earth.

The tidal range at a location also depends on the nature of the
coastline which can amplify the tidal effect.

Tides Earth Moaon

Spring Tide: - @
new moon Hoow Maon

Spring Tide: @ - .
full moon Full Moen

i Third Quarter

)

Meap Tides:
quarter phases of moon

. Flrst Quarier
The Moon has a 70% eMect on the lides and the Sun has a 30% eflect on the tides
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» QOcean currents are relatively constant and flow in one
direction only in contrast to the tidal streams caused by the
tides which are closer to shore.

» QOcean currents flow in patterns affected by the wind, water
salinity and temperature, topography of the ocean floor,
and the earth’s rotation.

» Some examples of ocean currents are the Gulf Stream,
Florida Straits Current, and California Current, and the
Leeuwin current




Tides —Worldwide Resource

Global tidal ranges around the world (from Davies 1964)

© Western Power
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L » Tidal Fences — Uldomuk Strait, orea (~ 1MW capacny, water speeds 6.5 m/s)

» Tidal Turbines — Strangford Lough, Northern Ireland (1MW capacity, >3m/s)

( : : :
Tidal Lagoons — Swansea Bay, Wales (30MW capacity — 6-8m tidal range)
y Carnegie
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Australian Tidal Ranges, From Australian Government Bureau of statistics, web site,
2007, http://www.bom.gov.au/oceanography/tides/index range.shtml

1207 130 1407 180
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Analysis by Carnegie finds there are no viable sources of
renewable energy obtainable from the ocean, estuaries, or
rivers as tidal or current energy in the south west from
Bunbury around to Esperance.

Advice from Centre for Water Resources (CWR) indicates
there are none anywhere south of Broome.

The tidal range in the South West is only around 1 meter
and the magnitude of currents is relatively small.
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lts estimated that the energy from the world’s waves is equal to
twice the amount of electricity that the world currently consumes.

There is potential for the majority of world base load power
requirements to be sourced from wave energy.

Wave energy locations are dictated by global wind patterns
making waves more prevalent in the mid-latitudes (40-60(N/S).

Western Europe, the west coast of USA and South America, and
the coasts of Australia, New Zealand and Japan are particularly
suitable.
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Only 0.01% of the world’s water supply is accessible without

seawater desalination.

THEWORLD'S WATER SUPPLY

B Oceans 07.25%

M Ice caps & glaciers 2.05%

M Groundwater 0.48%

O Other - see below 0.01%
Lakes B9.77%

Atmosphere B.98%

Rivers 0.9%
Biosphere 0.34%

Source: Pinet, P. [2003] ‘Invitation to Oceanography’
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Australian Wave Resource
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Australian Wave Energy Resource (wave height in metres)
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Australian Class A Wave Sites
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Encompasses the South West coastline

Estimate of available wave energy from Perth around
to Esperance is 117-137 GW

Harnessing 40% of this would yield 47-55 GW

Many sites within this region are suitable for the
provision of base load power

-~ High availability of swell waves in 2-3 m range



*'"'fSouth West Wave Survey
Example- Binningup, WA

Nearest
commissioned survey
point: 335, 115E

Eiia®*34’
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Binningup, WA Wave Survey- Data

335115 HsTotal Exceedence Percentile for HsTotal
‘& Min | Max | Mean |Std.Dev| 90 80 50 20 10 5 1 |Main Direction(s)
'n $ January 1997 - 2003 115 | 543 | 248 | 066 | 1.72 | 190 | 239 | 302 | 335 | 372 | 434 SW
X" February 1997-2003 | 086 | 492 | 253 | 072 ] 161 | 188 | 251 | 316 | 343 | 374 | 436 SSWSW
4 March 1997 - 2003 094 | 640 | 260 | 077 | 169 | 199 | 250 | 322 | 362 | 404 | 451 SW
‘ April 1997 - 2003 104 | 724 | 276 | 098 | 173 | 198 | 259 | 344 | 39 | 458 | 624 SW
/ ’ May 1997 - 2003 100 | 825 | 337 | 147 | 208 | 237 | 318 | 437 | 497 | 548 | 693 | SWWSW
June 1997 - 2003 145 1 936 | 391 | 132 | 239 [ 272 | 370 | 489 | 563 | 644 | 786 | SWWSW
July 1997 - 2003 150 | 959 | 410 | 129 | 260 | 297 | 389 | 521 | 590 | 645 | 7.39 SWWSW
August1997-2003 | 174 | 816 | 394 | 115 | 257 | 296 | 377 | 483 | 554 | 610 | 692 [ SWWSW
%ﬁ v September 1997-2003] 177 | 858 | 395 | 121 | 251 | 288 | 377 | 494 | 559 | 619 | 745 | SWWSW
| October 1997-2003 | 1.06 | 841 | 322 | 103 | 216 | 245 | 301 | 384 | 450 | 521 | 687 | SWWSW
- November 19972003 [ .03 | 501 | 257 | 076 | 171 | 193 | 242 | 322 | 358 | 404 | 472 SwW
&._ : December 19972003 | 077 | 514 | 239 | 069 | 158 | 181 | 234 | 293 | 327 | 362 | 421 SW
: Summer 19972003 | 077 | 514 | 247 | 070 | 166 | 186 | 241 | 304 | 336 | 370 | 429 SW
Autumn1997-2003 | 094 | 825 | 291 | 104 | 179 | 208 | 270 | 366 | 430 | 489 | 6.29 SW
Winter 1997 - 2003 145 1 959 | 399 [ 126 | 251 | 288 | 379 | 497 | 575 | 634 | 738 | SWWSW
Spring 1997 - 2003 103 1 858 | 325 | 116 | 199 | 229 | 303 | 406 | 484 | 547 | 690 [ SWWSW
1997 - 2003 077 | 959 [ 3147 [ 120 | 187 [ 218 | 293 | 405 | 482 | 551 | 690 | SWWSW
- T 1
S ver wave hei 9
Carnegle average wave height 90% exceedence




Wave Energy — about to go mainstream...
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OVERALL POWER AND WATER SCHEMATIC

15-50 METRES
WATER DEPTH

SEAWATER RETURN

POWER
TO THE USER

DESALIMATED WATER

ELECTRICITY |
INTOGRID —
FROM PELTON
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Wave energy activates a pump which delivers high
pressure water to the shore

Electricity generated onshore (well-proven hydro-
power technology)

Additional benefit: allows onshore, zero-emission
desalination

Advantages include:
v" Fully submerged
No offshore electrical generation or transmission

Low cost mass produced device

D N NN

Mass producible design




CETO Development Stages

» 1999 - 2003 — Pre-CETO
» Scale models
» Wave tank and flume testing

» 2003 - 2006 CETO | — Proof of Concept
» Technology Demonstrator at Fremantle test site
» Demonstrated concept of pressurising seawater
» Freshwater & power production

» 2006 - 2008 CETO Il - Commercial Design Development
» Computational design development
> In sea trials validating commercial
> design
» Prototype array in operation

> 2009 - 2011 Commercial Demonstration
» World first demonstration
» Power & Water production
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2005 - High Pressure Seawater Production from CETO I
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2006 - power Production from CETO I
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2006 - Fresh Water Production

&

k Carneqie
innovative energy




2006 & 2007 - virtual Ocean and CETO II design
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2007 — CETO II Initial In-sea Trials
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Pump Performance

(Cumulptive Destonce Trneelied by Piiton)

Actual Load Cell Data vs Modelled Data

g

B

8

T T T T T T T T T T 1
16:56:38 16:5931 10224 170516 170808 VU102 11355 IT6ME (71940 172233 172526 170819

Tirme

w— ftunl Dats = 0.3 waned ot ] O Am waee (Hiigh —— Modilling = 0. 3m wave B0%, &4m wave 0%
w— Atual Dot = OLEm wew ol O.Bm W dig = Bdodhelling = OB warer and abcwe



Deployment of a array of 5 — 10 CETO Il units off Fremantle
» Recommence power and water production at Fremantle

> Finalisation of CETO Il design options

» Deepwater CETO Il tests

» Additional storm survivability mechanisms

> Pretreatment for R/O water production
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Part power-supply to Southern Seawater Desalination

Plant

Made application to pre-qualify to submit a proposal for the supply of
renewable energy to the Southern Seawater Desalination Plant (SSDP).

Binningup has a very good wave resource, appropriate for a CETO wave farm.

CETO could be co-located providing up to the maximum 40 GWh per annum to
SSDP

CETO could also provide a direct feed of pressurised water to the SSDP
bypassing the electricity generating but still providing considerable energy

offsetting to the plant.



Stand alone CETO power and water plants.

» Wave energy is abundant with many possible sites that are able to
provide base load power for export to the SWIS

» Opportunity for world-first demonstration plant to happen in South
West of WA

» A commercial-scale demonstration plant, for example, located at
any number of favourable sites could provide both power and
water for example:

» 50MW of power (25,000 households)
» 15GL of water (100,000 households)
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Carnegie Corporation is a Western Australian, ASX-
listed clean energy technology developer

Focused on developing, commercializing and
operating clean energy technologies

‘CETO’ Wave Energy developer and Southern
Hemisphere licensee

‘Cleaner Coal Power’ technology developer

Chairman: Alan Burns, CEO: Dr Michael Ottaviano
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» Tidal and ocean current opportunities are not viable
in the South West

» Wave energy is abundant with many possible sites
that are able to provide base load power for export to
the SWIS and off-grid applications.

» CETO technology can provide a mix of power and
potable water and has the potential to ultimately be
able to supply all of the South West’s power and
water needs.



