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EXECUTIVE SUMMARY 
 
Wave energy technology has clear potential as a renewable energy source that can 
provide the conversion of wave power into clean energy. There has been much 
research and development of technology worldwide that has resulted in many 
prototypes with degrees of success at generating electricity.  The recent initiation of 
the Pelamis device as the world’s first commercial wave farm illustrates this potential 
of wave energy. 
 
Wave energy devices are designed into 2 basic categories, fixed and floating, and 
these can be positioned onshore, nearshore or offshore. Two of the technologies 
within Australia have been assessed within this report, the Energetech device in Port 
Kembla, Sydney and the CETO developed by Seapower Pacific in Fremantle, WA. 
 
The Energetch device is a floating, offshore structure and converts wave energy via 
an oscillating water column into energy or desalinated water using a parabolic wave 
focuser. A turbine is used to generate the electricity that is transported through a 
submarine cable. Testing of the system has been limited to a short trial in reasonably 
calm conditions with the device in an unfixed position as opposed to being moored to 
the ocean floor. Results claim that the device has the current capacity to generate an 
annual energy output of 500 MWh at the Port Kembla site with a 50% likelihood that 
it will generate above 321kW.  
 
Seapower Pacific have developed the CETO device which is an offshore, submerged 
structure and quite different to other devices in that it creates high pressured water 
utilising wave power moving over the top of the device. The force induced is 
transmitted to reciprocating pumps that deliver the high pressured water to an 
onshore Pelton turbine and generator. Thus the device has limited moving parts 
within the marine environment decreasing both the construction and maintenance 
costs. A site would also be required for the on-site turbine and generator. Being a 
submerged device there is no visual impact of the CETO and the CETO has 
withstood a 1 in 40 year storm event. During testing the CETO produced an energy 
output of 100 kW, although specific data of this trial has not be made publicly 
available.  
 
Both prototypes would require a bank of units, thus increasing capital costs and 
potentially impacting on use of the coastal waters by boating/shipping and potentially 
interfering with coastal processes if not placed at an adequate distance from the 
shoreline. The Energetech device would also have a substantial impact on the visual 
amenity of the site and both devices would have minimal environmental impact. 
 
Limited data obtained regarding the economic feasibility for the Energetech device 
indicates that it is currently not economically viable. However, it should be noted that 
in a global context wave energy has not reached the stage of economic viability. 
Given the development of the wind-power industry it is thought that wave energy 
technology will follow a similar trend and costs could be up to halved within tens of 
years. Technology is still developing. 
 
The wave climate of the Gold Coast was assessed as part of this study and an 
average wave energy transport was calculated for several sites. Although the 
average, being just under 10 kW/m, was much lower than other sites along the 
Australian coastline, there were regular periods when energy transport reached 
between 20 – 30 kW/m. Wave energy could be viable for the Gold Coast if further 
advances in technology are made that would result in increased power levels from 



iii 

moderate wave energy (e.g. the Energetch device was able to generate electricity 
within moderate wave conditions). Wave power along the eastern coast of Australia 
is more than half that of the south and south western Australian coastline and this 
needs to be considered during data analysis and comparisons. Results indicate that 
the northern end of the Gold Coast will provide stronger, average wave energy than 
the southern section and the more suitable sites would be located north of the 
Seaway.  
 
Australian wave technology, in its current form, is not economically viable or at a 
stage of development to provide electricity to homes. However, future technological 
advances worldwide and the anticipated success of the first commercial wave farm in 
Portugal may see wave energy as a renewable resource of the future. Further 
development of the industry could initially see power generated for small, isolated 
coastal communities and desalination plants and then full-scale projects contributing 
to the National energy grid. 
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1.0 INTRODUCTION 
 
The increasing pressures on our environment have detrimental impacts on future 
sustainability of our natural resources and hence exacerbate the need for providing 
alternate sources of energy. Renewable energy development is concerned with the 
use of renewable energy sources by humans. Modern interest in renewable energy 
development is linked to concerns about exhaustion of fossil fuels and 
environmental, social and political risks of extensive use of fossil fuels and nuclear 
energy.  

Renewable energy (sources) capture their energy from existing flows of energy, from 
on-going natural processes, such as sunshine, wind, water flow, biological 
processes, and geothermal heat flows. The most common definition is that 
renewable energy is from an energy resource that is replaced rapidly by a natural 
process such as power generated from the sun or from the wind. It is a subset of 
sustainable energy. 

As a part of the development of a renewable energy strategy for the Gold Coast, 
there is a need to assess a range of energy sources and their viability. This project 
looks at wave energy and the means of harnessing it on the Gold Coast, 
Queensland, Australia. 
 
2.0 BACKGROUND 
 
Wave energy is a form a solar energy. The air above ocean waters is heated by the 
sun and the subsequent wind that is created drags across the surface of the ocean 
and through friction forms swells and waves. Wave energy varies within oceans over 
the world with the most potential within the north and south temperate zones. Wave 
climate is reasonably predictable over periods of days and provides large energy 
fluxes that can be captured for the generation of electricity. However consistently 
harnessing this energy can be somewhat difficult due to environmental constraints 
(Twidell and Weir, 2006).  
 
The potential for extracting useful energy from waves has been studied for some 
considerable time.  The first patent for a wave energy conversion device was in 1799 
by Girard (père et fils). However, work on wave energy began in earnest only in the 
early 1970s as a response to the oil crises (Boud, 2003).  Several Government 
sponsored programs throughout the world, particularly in Japan, Norway and the UK, 
at that time lead to considerable advances in the technology (CRES, 2002; Thorpe, 
2001). Many of these programs were aimed at exploiting the maximum amount of 
resource possible, which led to a target design of 2,000 MW for the first wave energy 
schemes (Thorpe, 2001). This entailed large construction costs, prolonged 
construction times and significant technical challenges.  These factors led to high 
generating costs and large capital costs for the first prototype, which made all the 
technologies commercially unattractive.  
 
Since the mid-1990s, there has been a resurgence in wave energy, led mainly by 
small engineering companies.  These companies have all learned from the lessons 
taught by the early experiences in wave energy and as such their designs are:  

• Smaller in both size and output (2MW is the largest) thus decreasing 
prototype costs and the technological challenges, also some are built on the 
shore line further reducing the technological challenges. 
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• As the devices have begun their construction recently they have been able 
to accrue the benefits of two decades of experience in constructing and 
operating offshore oil and gas platforms, with the corresponding scope for 
technology transfer. 

• As the devices are being built by industry (typically small engineering 
companies), the focus has been on the economics of the technology from 
the beginning (Thorpe, 2001). 

 
The main challenges in developing these devices are the need to cope with a broad 
range of wave and weather conditions whilst extracting maximum power. Waves are 
normally of an irregular pattern varying in period, direction and amplitude, although 
prevailing wind directions can create a preferred direction. Therefore, wave power 
devices must be designed for a variety of wave patterns (Twidell and Weir, 2006) and 
have the ability to extract power from differing conditions. There is also the risk of 
extreme weather conditions and freak waves. The design must take into account 
waves potentially 100 times the power intensity of the average wave, which can 
increase costs and reduce efficiency of the device (Twidell and Weir, 2006)   
 
Peak wave power is generally achieved in deeper offshore waters, however with this 
includes a number of augmented difficulties in construction and maintenance and 
connection to the power grid using underwater marine cables over long distances 
(Twidell and Weir, 2006). As a result, wave devices are often placed closer to shore.  
 
There is clearly a potential for the creation of wave energy as a renewable and clean 
energy resource and the following section reviews some of the current prototypes 
world-wide.  
 
3.0 REVIEW OF TECHNOLOGY – WAVE POWER 
There is much documentation and information available on wave power and wave 
energy conversion and devices. By 2005, between 10 and 15 devices were 
operational in sea conditions (Twidell and Weir, 2006), providing an outlook to the 
potential of wave energy. This section of the report gives an overview of wave energy 
technology around the world and provides examples of technologies and devices 
currently in use or being tested, many of which have only been undertaken as one off 
pilot projects.  
 
3.1 Milestones for Wave Power  
• Kyoto Treaty 1997 – provided the driver for various governments to set targets to 

increased proportions of renewable energy over the first decade of the new 
millennium. 

• UK Review of Renewables 1999 – as a part of this review, wave power RD&D 
funding was re-introduced for the UK. Some influence for this came from a report 
from the Marine Foresight Panel Task Force entitled “Energies from the Sea – 
Towards 2020”. 

• Increased focus on Climate Change issues over the last decade – increasing 
evidence of dramatic climate changes has heightened the focus on renewable 
energy sources across the globe. 

• Large increase in the price of oil in 2000 from the very low levels of 1998 – this 
has caused rapid re-evaluation of economic thresholds of conventional energy 
projects and improvements in the emerging renewable technologies, including 
wave energy conversion, when measured against fossil fuel energy sources. 
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• WEC Survey of Energy Resources 2001 – Wave Energy – This document 
outlines the way forward in general terms (applicable worldwide) and includes a 
generic “roadmap” of future R&D requirements for wave energy conversion 
technologies. The commercial position for electricity from waves is reviewed in 
the light of recent investment forecasts and the expected unit costs of the 
leading-edge technologies (sourced from WEC, 2001) 

 
3.2 Wave Energy Conversion Devices 
Wave Energy Conversion devices (WEC) can be grouped into two basic categories: 
fixed or floating. The fixed devices can be further separated into shoreline, offshore 
and near-shore devices. Near-shore devices are easier to construct, maintain and 
connect to the power networks, however offshore devices are able to generate 
greater energy output through tapping into higher wave power (Twidell and Weir, 
2006).  
 
3.2.1 Fixed Shoreline WEC’s 
Being placed at the shoreline, these devices are the easiest to construct and 
maintain although they capture much less energy than offshore devices.  Most are 
oscillating water columns (OWCs), which consist of a partially submerged, hollow 
structure, which is open to the sea below the water line (Figure 1).  This structure 
encloses a column of air on top of a column of water.  As waves impinge upon the 
device they cause the water column to rise and fall, which alternatively compresses 
and decompresses the air column.  If this trapped air is allowed to flow to and from 
the atmosphere via a turbine, energy can be extracted from the system and used to 
generate electricity. This is usually achieved using a Wells turbine, which has the 
property of rotating in the same direction regardless of the direction that the air 
passes the blades. A revolutionary turbine, Denniss-Auld Turbine, developed in 
Australia is four to five times more efficient than the competing technology, the Wells 
Turbine (AEN, 1998). The Denniss-Auld Turbine continues to spin at high speed in 
one direction despite the oscillating flow of air, the blades on the turbine being 
constantly adjusted by mechanical actuators linked to microprocessor controls and 
pressure sensors in the air flow. 
 

Wells Turbine

Front Wall

Air Column Generator

Sea Bed

Back Wall

Wave Direction

 
Figure 1. A generic Oscillating water column (Source: Thorpe, 2001) 

 
A number of OWC devices have been installed world-wide with several commercial 
schemes currently being built. 
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The European Pilot Plan 
The European Pilot Plant on the island of Pico in the Azores (Figure 2) is currently 
built and operating.  It will be used to supply electricity to the local grid and as a test 
bed for various technologies associated with OWCs (Thorpe, 1999). 
 

 
Figure 2. The European Pilot Plan  

 
The Wavegen Limpet 
The Wavegen Limpet is a 500 kW device on the island of Islay (Scotland), which 
uses a novel construction method to reduce construction costs (Figure 3).  The 
device is constructed in a hollow excavated from a cliff behind a rock bund; the bund 
is removed at the end to allow ingress of seawater.  This device came on stream in 
November 2000 and is performing satisfactorily (Wavegen, 2006). 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. The Wavegen Limpet (Source: Wavegen, 2006) 

 
TAPCHAN 
Another type of fixed shoreline WEC is the TAPCHAN, which is comprised of a 
gradually narrowing channel with wall heights typically of 3 to 5m above mean water 
height (Figure 5).  Waves enter the channel at the wider end and propagate up the 
narrowing channel while amplifying their wave height until they spill over the walls 
into a reservoir which is raised above sea level. The water is returned to the sea via a 
low head turbine, which generates a stable output due to the storage capacity of the 
reservoir.   
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In 1985 a demonstration device began operation at Toftesfallen in Norway, it 
functioned successfully until the early 1990s, when modification work destroyed the 
channel. This device is limited to areas with small tidal ranges (Thorpe, 1999).  
 

 
Figure 5. TAPCHAN diagram (Source: Boyle, 1996) 

 
Figure 6. The TAPCHAN instillation at Toftesfallen, Norway (Source: Grundbau, 2004) 

 
Pendulor 
The final fixed shoreline device is the Pendulor, it consists of a rectangular box, 
which is open to the sea at one end. A pendulum flap is hinged over the opening, so 
that the wave action causes it to swing back and forth. This movement drives a 
hydraulic pump and generator. Hokkaido had a 5kW test device that was operating 
since 1983, on the basis of this data a new device was designed and install in 1994 
and it continues to produce data (Thorpe, 2001). 
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Figure 7.  The Pendulor (Source: INTUSER, n.d.) 

 
3.2.2 Offshore Fixed WEC’s 
 

CETO 
The Australian designed CETO, is currently running trials of Fremantle (Seapower 
Pacific, n.d.). It is a fully submerged unit that sits on the seabed using the pressure 
differences between the crests and troughs of the waves to induce vertical motion on 
a specially designed plate that produces pressurised seawater (Figures 8 and 9). The 
seawater is pumped to shore where the energy in the water is converted to electricity 
through a standard Pelton turbine and generator. Because of the high pressure of the 
seawater the system can also produce the valuable by-product desalinated water 
through reverse osmosis.  
 
The system is unique because the CETO unit is located on the seabed but the 
electrical generating and distribution equipment is located onshore. This eliminates 
the need for expensive marine qualified power generation equipment. The 
technology has increased immunity to storms and is self-tuning to the tide and wave 
amplitude (see Section 4.2 for further information) (Seapower Pacific, n.d.). 
 

 
Figure 8. The CETO test unit before launch (Source: CETO, n.d.) 
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Figure 9. The CETO submerged at test site (Source: CETO, n.d.) 

 

The Archimedes Wave Swing 
The Archimedes Wave Swing (AWS), designed by Teamwork Techniek a 
Netherlands based organisation, is a simple system of connected air chambers 
utilising a flywheel effect and using the heave of the sea to produce electrical energy 
(Figure 10). The AWS is completely under the water surface and doesn't use the 
surface wave for energy generation (Figure 11). The effect of this is that the design is 
simplified and doesn't need to cope with the extremes brought about by surface 
storms, a great advantage when compared with surface wave type generators, 
resulting in less extreme stresses, and a gentler operating environment. Their three-
chamber design produces 8 MW. Teamwork expects a cost of 9 to 15 cents per kWh 
for the AWS and a global coastal potential of 20,000 kilometres (70,000 households 
at Dutch consumption levels), where six systems can be installed per kilometre 
(AWS, 2004). 
 

Figure 10 The Archimedes Wave Swing pilot 
(Source: AWS, 2004)   

 

Figure 11 AWS placement diagram 
(Source: AWS, 2004) 
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The EB Frond 
The EB Frond, by the Engineering Business, is a seabed mounted nearshore wave 
energy device designed for installation in 20-35 metres of water (Figure 12) (BWEA, 
2006). A paddle-like collector on the end of a long lever is placed close to the sea 
surface and driven by the waves to produce an oscillating motion that operates 
hydraulic cylinders to drive a motor that, in turn, drives an electrical generator. 

The EB Frond is in phase 1 and physical testing has been undertaken at scales of 
1/33rd and 1/25th in the Lancaster University test tank, the academic partners in the 
project. Phase 2 is proposed for development in which a larger model will be 
deployed in more varied and extreme wave conditions (BWEA, 2006).  

 
Figure 12. The EB Frond (Source BWEA, 2006) 

 
3.2.3 Floating Offshore WEC 
The designs of these devices vary greatly and use a number of methods to convert 
the wave’s energy. The offshore wave environment is more energetic and thus has 
the potential to produce much greater amounts of power.  
 
The Wave Dragon 
The Wave Dragon, developed by Erik Friis-Madsen, is a floating slack-moored 
energy converter of the overtopping type (Figure 13). It consists of two wave 
reflectors focusing the waves towards a ramp (Figure 14). Behind the ramp there is a 
large reservoir where the water that runs up the ramp is collected and temporarily 
stored. The Wave Dragon is designed to maximise the energy content in the water 
that overtops into the reservoir. The Wave Dragon is moored (like a ship) in relatively 
deep water (>25 meters) to take advantage of the ocean waves before they lose 
energy as they reach the coastal area. It is a floating device designed to be very 
stable in storm waves. The roll and pitch movements are much smaller than seen for 
ships of comparable size. 
 
The wave reflectors (arms) concentrate the wave energy and thereby the water flow 
overtopping the ramp. The Wave Dragon ramp can be compared to a beach. When a 
wave reaches a beach it looses energy by friction against the bottom and by waves 
breaking. The Wave Dragon ramp is very short and relative steep in order to 
minimise the energy losses. The wave changes in geometry and elevates. The 
special elliptical shape of the ramp optimizes this effect and model testing has shown 
that overtopping increases significantly. 
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Figure 13 The Wave Dragon (Source: Wave Dragon, 2005) 

 

 
Figure 14 Wave Dragon Diagram (Source: Wave Dragon, 2005) 

 
The Wave Plane 
The Wave Plane is a floating WEC that is triangular in shape from above (Figure 15) 
(WPI, n.d.). Along two of the sides are inlet ducts and right between those the 
anchoring point is located. This design ensures that the Wave Plane always positions 
itself with the anchoring point and the inlet facing directly towards the waves.  
Compared to a boat it doesn't ride the waves up and down, but remains at water 
level. The Wave Plane uses the same principle as a floating oil-platform with regard 
to lying still in the waves. The Wave Plane is a rigid construction with a damping 
plate (a big vertical plate) in the bottom. In the prototype there are three damping 
plates - one underneath the front and two connected to the two down going tubes. As 
the area of the damping plates is larger then the water level area of the device, the 
whole construction mostly follows the movements of the damping plates, which is 
minimal. The Wave Plane is kept afloat by foam filled tanks. Figures 16.1 to 16.4 
demonstrate the Wave Plane system (Source WPI, n.d.). 
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Figure 16 The Wave Plane (Source: WPI, n.d.) 

 

      
Figure 16.1 The wave hits the artificial 
beach  

 

Figure 16.2 The wave hits the lower funnels 
and is pushed upwards    

 
Figure 16.3 All the funnels are filled 
 

Figure 16.4 The wave now recedes. The 
water inside the Waveplane, now spinning 
in a vortex, drains out through a turbine to 
the side 

 
SPERBOY 
SPERBOY, developed and patented by Embley Energy, is a floating wave energy 
converter based on the OWC (Figure 17) (BWEA, 2006 and Sperboy, n.d.). Air 
displaced by the OWC is passed through rectifying turbine-generators (Figure 18). 
With a minimum number of moving parts, which are above the surface of the sea, 
maintenance requirements are minimised and energy is produced at a very 
competitive rate. Current research is looking to extend the life of the vessel to some 
50 years and includes several initiatives to deliver higher levels of power. 
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Consequently the device has considerable potential for further reducing the cost of 
delivered power. 
 
The absence of large quantities of invasive products such as oils and lubricants 
coupled with minimal impact on seabed ecosystems makes the device 
environmentally friendly (Sperboy, n.d.). SPERBOY is designed to be deployed in 
large arrays, 8 to 12 miles off shore providing large-scale energy generation at a 
competitive cost. The deployment of full-scale prototypes has been undertaken. 
 

 
Figure 17 SPERBOY pilot device (Source: Sperboy, n.d.) 

 
Figure 18. SPERBOY profile diagrams (Source: Sperboy, n.d.) 

 
The Salter Duck 
The Salter Duck was invented by Stephen Salter of the Wave Power Group in 1974 
with subsequent revisions of the Duck in 1983, 1991 and 1998 have being made as 
improved technology has become available (Thorpe, 1999). The Salter Duck is 
designed for operating in the open sea. It is made up of a chain of about 25 floats, 
which nod as waves pass.  This oscillating action generates electricity by 
compressing air to drive turbines (Figure 19). They are arranged in set patterns in the 
sea, to take advantage of wave formations. In small scale controlled tests, the Duck's 
curved cam-like body can stop 90% of wave motion and can convert 90% of that to 
electricity. While it continues to represent the most efficient use of available material 
and wave resources, the machine has never gone to sea, primarily because its 
complex hydraulic system is not well suited to incremental implementation and the 
costs and risks of a full-scale test would be high. 
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Figure 19 Salter’s Duck (Source: Ryan, 2005) 
 
 

The Pelamis 
The Pelamis developed by Ocean Power Delivery Ltd is an offshore wave energy 
converter. Using technology developed for the offshore industry, the Pelamis has a 
similar output to a modern wind turbine (OPD, n.d.). The first full-scale pre-production 
prototype has been built and is being tested at the European Marine Energy Centre 
in Orkney. The wave-induced motion of these joints is resisted by hydraulic rams 
which pump high pressure fluid through hydraulic motors via smoothing accumulators 
(Figure 20). The hydraulic motors drive electrical generators to produce electricity. 
Power is fed to the seabed via a single dynamic umbilical connected to a transformer 
in the machine’s nose. A 30 MW offshore ‘wavefarm’ would consist of 40 machines 
occupying a square kilometre providing sufficient power for over 20,000 homes 
(Figure 21) (OPD, n.d.). The core theme of the Pelamis WEC concept is survivability. 
All wave energy converters absorb power in small waves through buoyancy versus 
weight or hydrostatic pressure, however extreme loads in waves arise from the 
hydrodynamic forces, namely inertia, drag and slamming. The Pelamis is very 
strongly coupled hydrostatically but is almost invisible to large hydrodynamic effects. 
 
The Pelamis is an assembly of proven technology from the offshore oil and gas 
sector. The Pelamis is designed for offshore locations with water depths of 50 –
100 m, giving maximum flexibility and scalability. The Pelamis is constructed, tested 
and maintained off-site with a minimum of installation work required on-site. The 
Pelamis can be tuned to match conditions and optimise energy extraction. 
 
In May 2005, OPD announced that they were to build the initial phase of the world’s 
first commercial wave farm using the wave energy device, Pelamis, with investments 
from a Portuguese consortium. The initial 3 Pelamis devices will be situated 5 km off 
the northern coastline of Portugal and have an installed capacity of 2.25 MW. It is 
expected to meet the average electivity demand of 1,500 Portuguese households 
(OPD, 2005).   
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Figure 20 The Pelamis installed on site at 
the EMEC test centre, Orkney (Source: OPD, 
n.d.).  

 

 

Figure 21 Artist impression of a Pelamis 
wave farm (Source: OPD, n.d.)

 

The PS Frog 
The PS Frog developed by Lancaster University, is a device moving in combined 
pitch and surge of the waves (Thorpe, 1999). The original Frog had a paddle-shaped 
upper part attached to a cylindrical lower The upper part forms the working surface, 
whilst the lower part contains all the mechanical and electrical plant including a large 
reaction mass, which moves with respect to the hull. Without this mass, the device 
would move passively in the waves and no power could be extracted. Hydraulic rams 
make the mass move and enables energy to be extracted via high pressure oil. This 
oil feeds an accumulator (to smooth out power fluctuations) and thence a hydraulic 
motor and electrical generator. Electricity is transmitted to shore via flexible, subsea 
cables (Thorpe, 1999). 
 
The new design (Mark III) has a modified shape in which the former large paddle has 
been replaced by a shallower one some 21 m wide facing the oncoming waves 
(Thorpe, 1999). This shape reduces the radiation coefficient but increases the 
effective amplitude at the centre of pressure, thereby allowing a smaller sliding mass 
to be used. The Mark III Frog consists of a floating, 12 mm thick welded steel hull (24 
mm near the bottom), which contains all the M&E plant. The smaller reaction mass 
has allowed a redesign to reduce the overall weight of the steel structure by 50% to 
110 T and the displacement from 1625 T to 1300 T. 
 
The device is connected to the seabed by compliant moorings. These allow 
sufficiently large movements in heavy seas to avoid damage. It can be moored in a 
wide range of water depths, but 40 m is thought to be optimum. The output from a 
linear array of devices can be gathered together for transmission to shore. 
 
The McCabe Wave Pump 
The McCabe Wave Pump was conceived by Peter McCabe in 1980. In August 1996, 
a 40 m long prototype was deployed off the coast of Kilbaha, County Clare, Ireland 
and a new demonstration device is currently being constructed (Thorpe, 1999). The 
device consists of three rectangular steel pontoons, which are hinged together 
across their beam (Figures 22 and 23). These pontoons are aligned so that their 
longitudinal direction heads into the incoming waves. The bow of the fore pontoon is 
slack-moored and two more slack moorings are attached part way down the aft 
pontoon. This allows the system to vary its alignment in order to head into the 
oncoming seas. 
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The three pontoons move relative to each other in the waves. The essential aspect of 
the design is the damper plate attached to the central pontoon; this increases the 
inertia of the central pontoon (by effectively adding mass), ensuring that it stays 
relative still. Therefore, the fore and aft pontoons move relative to the central pontoon 
by pitching about the hinges. 
 
Energy is extracted from the rotation about the hinge points by linear hydraulic rams 
mounted between the central and two outer pontoons near the hinges. Control of the 
characteristics of the hydraulic system allows the device to be tuned to the prevailing 
sea state, therefore optimising energy capture. The designer intended this device to 
pressurise seawater for use in a reverse osmosis system to produce potable water.  
 

 
Figure 22 The McCabe Wave Pump (Source: NIA, n.d.) 

 
Figure 23 Diagram of the McCabe Wave Pump (Source: NIA, n.d.) 
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The Mighty Whale 
The Mighty Whale is the world’s largest offshore floating oscillating water column 
device developed by the Japan Marine Science and Technology Centre (Figure 24) 
(JAMSTEC, 1998). The Mighty Whale has three air chambers that convert wave 
energy into pneumatic energy.  Wave action causes the internal water level in each 
chamber to rise and fall, forcing a bi-directional flow over an air-turbine to generate 
energy.  The resulting electricity is supplied mainly to the nearby coastal areas.  
Storage batteries onboard ensure that electricity is available even during periods of 
reduced wave activity. In 1998, JAMSTEC launched a prototype and moored it facing 
the predominant wave direction, it has a displacement of 4,400 tons and measures 
50m long (JAMSTEC, 1998). 
 

 
Figure 24 The Mighty Whale (Source: JAMSTEC) 

 
Aquabuoy 
The Aquabuoy, designed by AquaEnergy Group, is a freely floating heaving point 
absorber, reacting against a submersed reaction tube (mass of water) (Figure 25). 
The reaction mass is moving a piston assembly which drives a steel reinforced 
elastomeric water pump (hose pump). The hose pump is pumping water on a high-
pressure level. An accumulator is used to smooth the power output and pressure 
head is then discharged onto an impulse turbine to generate electricity. 
 

 
Figure 25 Aquabuoy (Source: Aqua Energy Group, 2006) 
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4.0 AUSTRALIAN TECHNOLOGY 
 

This section provides information collated from research, websites and reports 
provided by 2 companies situated in Australia: Energetech at Port Kembla, NSW and 
Seapower Pacific in Freemantle, WA. Information regarding these prototypes and 
testing was limited in both cases and all available information has been provided in 
the following Section.  
 
4.1 Energetech: Port Kembla, NSW 
Energetech, based in Sydney Australia, has developed a moored wave energy 
conversion system at its Port Kembla site. The technology converts wave energy via 
an oscillating water column into energy or desalinated water using a parabolic wave 
focuser. The structure was situated approximately 200 m from the Port Kembla 
Harbour breakwater. Trialling of the Energetech device in October 2005 produced 
power which was generated into the on-board grid and a proportion of the power 
generated was used to desalinate water on-board the structure.  The device is made 
of structural steel and weighs 485 T and is 36 m long and 35 m wide (Figure 26) 
(Energetech, n.d.). 

The technology is based on the reflection of waves by a parabolic wall, which 
converges on the focus of the parabola. As the wave converges, the crest height 
grows to a maximum in the focus area. At the focus, the water will rise and fall 
periodically with amplitude of approximately 3 times that of the incoming waves. All 
the energy of the section of the incoming plane wave converges on this point. The 
focal region adjoins a large chamber which extends deeper than any likely wave 
trough. The oscillatory wave motion causes a similar oscillatory airflow through the 
chamber. The airflow accelerates at the narrowest point of the chamber and a 
(Denniss-Auld) turbine converts the energy in the airflow into mechanical energy 
which drives an electrical generator.  

 

 
Figure 26 Schematic of Energetech Device (Source: Energetech, n.d.) 

There are a number of factors which impact on the maximizing of the wave 
focussing: 

1. Ideally, the crests will propagate parallel to the axis of symmetry of the parabola. 
While slight variations will result in little energy loss, the greater the angle 
between the axis of symmetry and the propagation direction, the more the energy 
will be spread out.  
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2. The sea bottom should be reasonably flat, so it does not disturb the wave 
direction, and deep enough so that when wave section enters the parabola, the 
crests do not steepen and break as they grow. 

3. A very choppy scattered incoming wave will scatter some energy away from the 
focus. The energy loss arising from the above-mentioned conditions can be 
minimized by choosing the appropriate focal length of the parabola, so that the 
waves do not have the time or space to vary greatly. 

4. The wave which converges on the focus will not be a full circle as there will be a 
missing section on the open ocean side. At the edges of this missing section, 
there will be some diffraction of energy.  

The Energetech system uses a Denniss-Auld turbine which has a slower rotational 
speed and higher torque than most traditional turbines, improving efficiency and 
reliability and reducing the need for maintenance. The turbine used in an OWC is 
known as being a key element in a wave energy device’s economic performance. 
The opportunity for such systems to be commercialised is heavily based on the 
efficiency of the turbine design.  

The Dennis-Auld turbine uses a sensor system with a pressure transducer, which 
measures the pressure exerted on the ocean floor by each wave as it approaches or 
enters the capture chamber. The transducer then sends a voltage signal proportional 
to the pressure, which identifies the height, duration and shape of each wave. The 
signal from the transducer is sent to a Programmable Logic Controller (PLC) 
adjusting various parameters, which will be selected based on particular conditions 
and energy content of each site. 

The generator is coupled to the turbine and is designed in order to maximise the 
power transfer as the electrical control varies the speed and torque characteristic of 
the generator load real-time. An induction machine is used for the generator and 
coupling to the electricity grid provided by a fully regenerative electronic control 
system. The grid connection and the control system are located in a weatherproof 
building external to the air duct. The voltage of the 3-phase connection at this point is 
415 V L-L at 50 Hz. Approximating or estimating power output from the Energetech 
device depends on the amount of energy extracted based on sea conditions on a 
particular day. 

A similar system is being planned through Energetech America for Rhode Island in 
the United States. A not-for-profit, pilot project has been proposed for an area outside 
the Harbour of Refuge near Point Judith. The project has received funding support 
from three State renewable energy programs (Rhode Island, Connecticut and 
Massachusetts) (Energetech, n.d.). 

4.1.1 Environmental impacts  
Interaction with the Environment  
To date, no serious direct environmental impacts have been identified from the 
Energetech wave system. The system produces no carbon/sulphur dioxide emissions 
and whilst consideration needs to be given to siting of infrastructure, the wave device 
has shown to have a more positive impact in providing a habitat for marine species 
(similar to an artificial reef) and a potential site for roosting seabirds. The four-legged 
structure rests on pads on the ocean floor and is moored by cables to pilings in the 
seabed, similar to an anchored catamaran. The current design uses power cables 
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buried under the seabed to transmit the electricity to the shoreline. This ensures that 
the facility does not interfere with fish or bottom-dwelling sea life. As there are no 
moving parts below the water line, there is no impediment to the natural circulation of 
sediments on the sea bottom and no chemical agents are used on the structure 
(Energetech, n.d.).  
 
Noise  
The Energetech system is built using sound baffling and when fully operational, 
claims to produce no more noise than the surrounding wind and waves, around 73 
decibels. The energy produced using this device is 100% "clean" energy (energy that 
causes little or no harm to the environment such as ‘green‘ and  ‘renewable’ energy) 
(Energetech, n.d.). The facility operations are quiet and the project has been 
designed to minimise sound. The only moving part is the turbine, located above 
water level and not accessible from the water. The turbine will not be audible on 
shore, and independent tests verify the sound level at a distance of three feet is 
equivalent to a modern vacuum cleaner. The turbine is virtually silent to sea life, 
emitting hundreds of times less sound than a standard outboard motor (Energetech, 
n.d.). 
 
Withdrawal of wave energy  
Although floating wave energy structures do not create an impervious barrier to 
waves, it is estimated that there is minor potential for the loss of wave energy 
immediately behind the structure to the order of 10-15% (Hagerman and Bedard, 
2004). Although this energy is lost on the structure the waves that pass either side of 
the structure, reform through diffraction and will re-establish in height by the time they 
reach the breaking depth (Bedard et al., 2005).  Therefore, consideration of the 
surfing community and consultation must be undertaken when determining the 
specific site for such a structure.  
 
Interaction with Coastal Processes  
Due to the change in wave energy there is a potential for floating wave energy 
devices to reduce longshore sediment transport and possibly increase erosion. 
Hagerman and Bedard (2004) recommend that such structures are situated at least 
1-2 km from the shoreline within sites assessed in the USA and such considerations 
will be required for site selection on the Gold Coast. Placing the structure at a 
respective distance from the shore will alleviate the risk of increased coastal erosion.  
 
Conflicts with space  
The use of any WEC will create a potential for conflict with space within the marine 
environment. Consideration for sites selection should include: dredge sites, marine 
protected areas, offshore rocky reefs and areas frequented by commercial and 
recreational fishers and shipping traffic (Hagerman and Bedard, 2004). Consultation 
may be required with such stakeholders.  
 
4.1.2 Advantages of Energetech Wave Converter 
Power production 
Past testing of the Energetech device using wave tanks, wind tunnels and CFD 
testing indicated it’s capacity to produce an annual energy output of at least 500 MW 
at the Port Kembla site. More recent full-scale ocean trials have proven that the 
capabilities of the device are more than previously thought and a full-scale project 
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could power up to 1500 homes or produce 3 million litres of fresh water per day per 
production unit. Results from the full-scale trial in October 2005 indicate that in 
moderate wave heights with periods of seven seconds, the device will produce 20% 
more power than was estimated by the earlier research. The results showed that for 
two metre waves with a period of 7 seconds, there is a 92.6% probability that the 
device will generate in excess of 218 kW, with a 50% likelihood it will generate above 
321 kW (Alcorn et al., 2005).   
 
This trial, however, was undertaken for a relatively short period of time during which 
the device was floating in small wave conditions. The prototype is designed to be 
moored to the ocean floor and would need to be sited within a higher wave climate to 
produce such anticipated results (see Alcorn et al., 2005). Much of the data provided 
appears to have been extrapolated and no peer review reports have been made 
public at this stage. 
 
Energetech claim that when the device is commissioned and connected to the local 
power grid (by an 11 kV cable), the plant is anticipated to supply useful power to up 
to 500 homes and is expected to produce at least 500 MWh of energy per annum. A 
local power utility (Integral Energy) is going to purchase the energy and sell it to 
residents in the local community (Energetech, n.d.) 
 
Desalinated water 
The Energetech plant also includes a small desalination unit on board. This unit can 
produce almost 2000 L of fresh drinkable water every day. This system uses only 
water and power sourced directly from the ocean (Energetch, n.d.).  
 
Aesthetics 
The current prototype is quite large and the large turbine on top of the structure is 
visible from a distance.  It is expected that commercial systems will be constructed at 
a smaller scale and will therefore be less obtrusive aesthetically. As the structures 
are moored offshore, consideration needs to be given to the location and distance 
from the shoreline to minimise visual impacts. It also needs to be considered that the 
further offshore the structure sits, the further the seabed cable will need to be to 
transfer electricity to the shoreline for use.  It also needs to be considered that 
multiple units off the coastline will incur a more visual impact to the environment 
(Energetech, n.d.). 
 

 
Figure 27 Energetech Structure in Port  
(Source: Energetech, n.d.). 
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Commercial possibilities 
Energetech has set up an advisory service to provide assistance and guidance for 
project developers.  The following services are offered through the Industry Advisory 
Service: 
 

• Wave resource evaluation and initial review of siting issues related to 
bathymetric, geotechnical and other practical considerations crucial to wave 
energy projects.  

• Market review of leading technologies and developments. 
• Technical and commercial feasibility studies of potential wave energy 

projects.  
• Overall balance sheet optimisation for project financiers.  
• Product life cycle management advice.  
• Advice on R&D, testing facilities, funding issues, construction etc. 

The overall aim of the Industry Advisory Service is to rapidly facilitate the 
development of the wave energy industry and to help it attain its potential as the 
lowest cost form of renewable energy in the world. 

 
4.2 Seapower Pacific: Fremantle, WA 
Seapower Pacific Pty Ltd has developed the CETO wave converter which sits 
approximately 200 m offshore of the coastline in Fremantle, Western Australia. 
Unlike other wave energy systems, the CETO claims to be the first unit to be fully 
submerged and resting on the seabed in up to 20 m of water.  Construction of the 
unit commenced in December 2003 and was deployed and sunk on the demarcated 
area on the seabed offshore of Fremantle in May 2005. The unit was secured into 
position by pumping 250 cubic metres of sand into ballasting tanks and 16 scour 
mats where placed around the unit to prevent erosion. Since then a 1 in 40 year 
storm events has caused no significant impact on or around the structure (Seapower 
Pacific, n.d.). 
 
The unit operates in variable sea states and utilises wave power moving over the top 
of the CETO unit. The wave is enhanced as it passes over the top of the unit and the 
wave crest depresses a disk within (see Figure 30). The force induced is transmitted 
to reciprocating pumps, which deliver water at 7000 kpa (1000 psi) through a 
125 mm pipe to a shoreline facility. Pressure is evened out by an accumulator in the 
delivery line and the whole chamber acts as an air spring and alternate water pumps 
utilise both up and down strokes to ensure smooth functioning. At the onshore 
facility, a turbine uses the high-pressure seawater to produce electricity or a reverse 
osmosis filter produces fresh water. 
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Figure 28 CETO unit prior to deployment (Source: Seapower Pacific, n.d.). 

 

 
Figure 29 CETO unit on seabed offshore Fremantle (Source: Seapower Pacific, n.d.). 
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Figure 30 Schematic of CETO Wave Power Generator (Source: Seapower Pacific, n.d.). 

 

4.2.1 Environmental Impacts 
Interaction with the Environment  
As the CETO units are permanently anchored to the sea floor and constructed of 
steel, concrete and rubber materials which have all been sub-sea proven, they are 
significantly protected against storms and ocean forces, which floating or semi-
submersible systems may not ensure.  The units are also developed to be self-tuning 
to variable ocean processes such as tide, sea state and wave patterns (Seapower 
Pacific, n.d.). 
 
The system uses high-pressure seawater as the only fluid pumped ashore and hence 
minimising the chance of any potentially damaging leaks into the ocean.  It also uses 
only marine grade and marine friendly materials and lubricants (Seapower Pacific, 
n.d.). As with many artificial sub-sea structures, the CETO unit encourages marine 
growth and enhances the marine life in surrounding areas  
 
The CETO is likely to interact positively with the local marine environment, similarly 
to an artificial reef in attracting fish. A protected area for marine species would also 
be created within the nominated exclusion zone.  
 
Noise  
To date, no noise data is available for the CETO. There is potential for noise both 
offshore and on-site. Offshore noise is likely to be minimal as there are no turbines or 
such moving parts within the structure. Noise issues would need to be considered for 
the on-site turbine and generator with sound proofing as per industry standards.   
 
Interaction with Coastal Processes 
Submerged shoreline structures have the potential to behave in a similar manner to 
an offshore breakwater and interact with coastal processes. An offshore breakwater, 
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when correctly sited, can reduce coastal erosion through encouraging the deposition 
of sand within the vicinity of the breakwater, however they have also been know to 
cause increased erosion downcoast of the structure (Hagerman and Bedard, 2004).  

Hagerman and Bedard (2004) recommend that WEC structures are situated at least 
1-2 km from the shoreline within sites assessed in the USA and such considerations 
will be required for site selection on the Gold Coast. Placing the structure at a 
respective distance from the shore will potentially alleviate the risk of increased 
coastal erosion. Consultation would be required with key stakeholders including the 
surfing community.  

Conflicts with space  
As previously mentioned there is a potential for conflict in usage of space and site 
selection should consider dredge sites, marine protected areas, offshore rocky reefs 
and areas frequented by commercial and recreational fishers and shipping traffic 
(Hagerman and Bedard, 2004). Consultation would be required with such 
stakeholders.  
 
4.2.1 Advantages of the CETO System 
Aesthetics 
Although the prototype unit has an access and communications tower which rises 
approximately 5 m above sea-level, subsequent commercial units will not have this 
tower, making the units virtually invisible from the shoreline and creating no negative 
impact to offshore aesthetics. The unit currently 250 m off Fremantle sits 6.5 m below 
the low tide mark (Melville Times, 2005 cited in Seapower Pacific, n.d.). 
 
Desalinated Water 
Seapower Pacific expects that in desalination mode the prototype can produce 
around 300 000 L of fresh water in one day (Melville Times, 2005 cited in Seapower 
Pacific, n.d.). 
 
Commercial Possibilities 
Seapower Pacific aim to have multiple wave units working in line to produce 
commercial quantities of electricity as well as a significant supply of fresh water. It is 
the aim of the inventors to commercialise the systems by installing banks of the units 
connected together rather than 1 super-sized unit (The West Australian, 2006 cited in 
Seapower Pacific, n.d.). 
 
Power Production 
The development of the CETO system follows 25 years of development work in the 
field worldwide. Sites have been identified by the company where it is suggested that 
a bank of units could produce between 300 MW and 1300 MW of power and 330 
megalitres per day of fresh water (The West Australian, 2006 cited in Seapower 
Pacific, n.d.).  The current prototype offshore of Fremantle is expected to generate 
enough electricity to power 100 homes, around 100 kilowatts (Melville Times, 2005 
cited in Seapower Pacific, n.d.).  
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5.0 GOLD COAST WAVE CLIMATE – SYNOPSIS 
 
5.1 Gold Coast Wave Climate – General 
In order to provide recommendations on possible suitable locations for WEC 
structures along the Gold Coast it is necessary to obtain an understanding of the 
wave climate and processes. The Gold Coast wave climate is generally very dynamic 
with large fluctuations in significant wave height. 
 
This section assesses the regional Gold Coast wave climate through wave forecasts 
for up to a week in advance (SWAN model, regional wave modelling), nesting a 
nearshore wave model (SWAN) in global wave models (WW3, WAM). The long term 
effect of climate change on the Gold Coast is also being investigated with 
collaborations between GCCM and CSIRO Atmospheric Research group, with the 
coupling with an atmospheric model (RAMS). 
 
5.2 Numerical Model 
SWAN (version 40.01) is a spectral wave model based on the action density balance 
equation that describes the evolution of two-dimensional wave energy spectra under 
specified conditions of winds, currents, and bathymetry. The bathymetry is deduced 
from accurate field surveys (ETA lines of the Gold Coast City Council) and coarser 
data supplied by Geoscience Australia. A curvilinear computational grid (76*151 
meshes, 153o.24’E-153o.45’E, 28 o.24’S- 27o.18’S) is implemented with coarsest 
meshes around the boundaries (Figure 31). Spatially constant offshore wave 
boundary conditions are provided by the global wave model WW3.  
 
This modelling strategy was successfully used on the Gold Coast with comparison 
with EPA buoy measurements (Browne et al., 2006) and for meteorological coupling 
strategies (Castelle et al., 2006).  
 
In the present simulations, the WW3 offshore wave forcing for the period January-
July 2005 (212 days) was used. Wave outputs are provided everyday for the whole 
Gold Coast. Five virtual stations were implemented in the model in the Southern Gold 
Coast in about 25-30 m depth. Outputs from these virtual stations were used in order 
to estimate the alongshore variability of the wave energy along the Gold Coast. 
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Figure 31. Numerical bathymetry used for simulation with location of the stations 

 
5.3 Results 
Figure 32 shows the significant wave height parameters resulting from the 212 days 
simulation. Figure 32A displays the time-average significant wave height (Hs), which 
reveals that the average wave energy is weaker in the southern part of the Gold 
Coast. This is due to energy dissipation resulting from the S to SE swell refraction 
around Point Danger. For E-SE to NE swells, wave energy is almost spatially 
constant all along the Gold Coast. Figure 32B shows that the maximum significant 
wave height is also almost spatially constant along the Gold Coast. 
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Figure 32 Map of significant wave height (Hs) for the 212 days simulation.                                            
A: Mean Hs (m); B: Maximum Hs (m) 
 
Figure 33a provides a time series of the significant wave height at the five virtual 
stations. It shows that, during specific events, the significant wave height is greater at 
the northern stations (Stations 1 and 2). This variability occurs during S to SE swell 
events. The difference in significant wave height can sometimes be substantial, up to 
1 m between Stations 1 and 5. The data represents numerous wave events of 
varying degrees. Peak events, such as the storm event of June 2005 can be noted 
within the data (peak of 4.095 m around day 180).  
 
Figure 33b translates this data into the form of potential energy transport. During the 
period of data analysed, energy transport regularly reaches 10,000 W/m and often 
reaches 30,000 W/m. However, the average energy transport throughout the 7 month 
period is below 10 kW/m at all 5 stations (Table 1). 
 
Table 1 Average energy transport (January to July 2005) 

Energy transport (W/m) 
Station 1 9518.51 
Station 2 8899.46 
Station 3 8214.61 
Station 4 8072.19 
Station 5 6660.56 
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Figure 33a Time series of significant wave height (m) for the 5 stations (from January to July 
2005). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 33b Time series of energy transport (W/m) for the 5 stations (from January to July 2005). 

 
The simulations presented show that if renewable energy devices were to be 
introduced to the Gold Coast, they should be implemented in the northern part in 
order to be the most efficient. The actual site would be dependent on a number of 
factors including distance to the energy grid and boating/fishing and surfing 
concerns. However the models indicate that the sites further north at depths of 20 -
30 m, i.e. the Seaway north to Point Lookout, have better wave-focussing and 
exposure to all the wave components from both the north and south. It is thus 
recommended that the more suitable site for the Gold Coast would be north of the 
Seaway. There is also a non-directional buoy present in the vicinity of the Seaway 
that would assist in testing the devices efficiency. 
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6.0 CONSIDERATIONS  FOR THE GOLD COAST 
  
Given recent developments in the technology of wave energy and the recent success 
of devices such as the Pelamis (Section 3.2.3) and testing of Australian technologies, 
there is potential for wave energy to eventually reach a stage of commercial viability 
in Australian waters. Ocean Power Delivery (n.d.) suggests there is the potential to 
generate wave energy at competitive prices within any coastal zone with an average 
wave power level of over 15 kW/m.   
 
Several maps are available that provide an average wave power distribution globally 
(Figure 34). These maps illustrate that wave power levels vary along the Australian 
coastline with higher levels along the southern and south-western coasts (at a rate of 
double those estimated for the eastern coastline). These maps estimate the wave 
power of eastern Australia to be between 10 and 38 kW/m. Results presented in 
Section 5 show that the average energy transport calculated for the Gold Coast 
during the period from January to July 2005 was just below 10 kW/m. Although the 
data is limited to a short time period, it provides a fair representation of the Gold 
Coast wave climate. It can be noted however, that conditions are regularly such that 
the potential energy transport is between 20 and 30 kW/m. This suggests that wave 
energy could only be introduced into Gold Coast waters with further development of 
the technology. 
 
 

 
Figure 34 Global distribution of wave power distribution (Ocean Power Delivery, n.d.).  

 
Based on information gathered as a part of this report, it is possible to give broad 
recommendations on suitable options for renewable energy systems on the Gold 
Coast. The wave climate synopsis suggests that the northern end of the Gold Coast 
is the more suitable based on higher wave energies.  
 
Specific locations are highly dependent on a number of factors such as distance to 
shoreline, safety aspects of infrastructure, aesthetics of infrastructure and marine 
vessel impacts. 
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6.1 Locations 
Factors to consider: 
• Most favourable wave climate 
• Access to electrical grid 
• Cost of laying power cable or pipeline from structure to shoreline 
• Distance to shoreline relative to potential interactions with coastal processes 
• Area for on-site facility (CETO) 
 
Section 5 concluded that the northern end of the Gold Coast would have a more 
consistent and suitable wave climate for a wave energy converter (WEC). The above 
factors would need to be considered for the site selection and extensive stakeholder 
consultation should be undertaken.  
 
6.2 Public Impacts 
Installation of a series of WEC is likely to impact on the public, particularly affecting 
the visual amenity and potentially inhibiting the use of the area. Selection of the 
northern end of the Gold Coast (north of Southport) as a site will also reduce the 
visual impact for many residents and visitors on the Gold Coast. 
 
Factors to consider: 
• Visual amenity  
Using a bank of structures will decrease visual amenity in the use of the Energetec 
prototype, being a floating WEC. Although the commercial structure is proposed to 
be smaller, loss of visual amenity would still be of a concern.  
 
Currently, the CETO prototype has minimal visual impacts with only the 5 m tower 
visible, however this tower will be removed from the final commercial design and 
therefore there would be no direct visual impact. 
 
• Impact of installation 
There is likely to be limited impact to the use of coastal waters during installation, 
similar projects have projected an installation period of less than one week without 
disrupting normal coastal activities, with construction taking place on land and the 
structures towed into position (Energetec, n.d.). 
 
• Conflicts with space 
For either option to be viable a bank of structure will be required, the deployment of 
several large WEC would impede on the use of the local coastal waters in the vicinity 
of the structures and within the exclusion zone. Hagerman and Bedard (2004) 
recommend an exclusion zone of at least 500 m, similar to that of oil and gas 
platform. There is potential for a conflict in the use of ocean waters for commercial 
ship traffic and commercial and recreational boating. 
 
6.3 Safety 
Ensuring the safety of the structures to the coastal community is of utmost 
importance.  
 
• Navigation requirements 
Navigation markers, lighting and reflectors will be required to the meet the Australian 
standards.  
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• Exclusion zone 
An exclusion zone has been recommended by Hagerman and Bedard (2004) at a 
distance of at least 500 m from the structures. Such exclusion zones will also provide 
a protected area for fish species that would be attracted to the structure similar to 
that of an artificial reef.  
 
• Withstand storm events 
The ability for a WEC to withstand storms is a very important factor in their design 
and development. To date, this is a major point in the development of the Pelamis 
WEC, designed by Ocean Power Delivery Ltd (see section 3.2.3), which has been 
designed to withstand storms waves (Discover, 2005).  
 
The WEC will need to be constructed to withstand a 1 in 100 year storm event 
without structural damage or potential for the structure to become unmoored. To 
date, Seapower Pacific’s CETO has withstood a 1 in 40-year storm with no structural 
damage. Although the Energetec prototype has been designed to withstand a 1 in 
100 year event there is currently no recorded data of testing during storm conditions.  
 
 
7.0 ECONOMIC SUMMARY 
 
The economic analysis presented here is based on the limited amount of information 
that is available on the Energetech Device (Port Kembla, NSW) only. No capital cost 
or output data is currently available for the CETO (Fremantle, WA) project. 
 
7.1 Economic analysis of the prototype units 
7.1.1 Costs 
Energetech advise that the initial construction cost of each unit is $3.5 million and the 
unit has annual running costs of approximately 10 per cent of the capital cost. It 
should be noted that this capital cost does not included cabling from the offshore unit 
to an on-shore facility enabling power to be fed into the grid. The costs of this 
installation infrastructure would depend to a very large extent on how close the unit 
was to the end user of the power or to a connection to the electricity grid. 
 
7.1.2 Benefits 
The main benefit of this project is the value of the electricity produced (and to a 
lesser extent the value of the desalinated water produced). 
 
Energetech claim that the unit is capable of producing 500 MWh of electricity per 
annum. It is assumed that a full scale project would sell the output into the National 
Electricity Market (NEM) administered by the electricity wholesaler NEMMCO. The 
average ‘pool price’ (i.e. the price NEMMCO pay producers) for the Queensland 
region during the 2005-2006 financial year was $28.12 per MWh (NEMMCO, 2006). 
Thus, the annual value of output for the project would have been about $14,060 in 
2005-2006. 
 
Alternatively, if the output were valued at the full retail price of approximately $140 
per MWh (Energex, 2006) the annual value of the output for the project would have 
been about $70,000 in 2005-2006. 
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7.1.3 Analysis of discounted cash flows 
Table 2 and 3 provide a standard discounted cash flows analysis of the expected 
costs and benefits associated with this project. 
 
The analysis in Table 2 assumes that the power would be sold into the NEM while 
Table 3 models the data as if the electricity were valued at full retail price. 
 
In both scenarios the Net Present Value of the project is a very large negative value. 
 
Even at the full Queensland retail price of $140 MWh (Energex, 2006) the value of 
electricity produced by the unit would not cover the running costs or make any 
contribution to the initial capital investment. 
 
In its current stage of development, and based on the data supplied, the Energetech 
Device does not appear to be an economically viable project.  
 
Table 2. Scenario 1: Prototype selling output into National Energy Market (NEM) 

Prototype Project data:       
Capital cost ($)  $3,500,000      
Running cost as % of capital 0.10      
Electicity generated p.a. (MWh): 500      
NEM value of output ($/MWh): $28.12      

  Project Costs ($) Project benefits ($) 
Net Cash 

Flow 
Year Capital Running cost p.a. Total Electricity Other Total $ 

0 3,500,000 0 3,500,000 0 0 0 -3,500,000 
1 0 350,000 350,000 14,060 0 14,060 -335,940 
2 0 350,000 350,000 14,060 0 14,060 -335,940 
3 0 350,000 350,000 14,060 0 14,060 -335,940 
4 0 350,000 350,000 14,060 0 14,060 -335,940 
5 0 350,000 350,000 14,060 0 14,060 -335,940 
6 0 350,000 350,000 14,060 0 14,060 -335,940 
7 0 350,000 350,000 14,060 0 14,060 -335,940 
8 0 350,000 350,000 14,060 0 14,060 -335,940 
9 0 350,000 350,000 14,060 0 14,060 -335,940 

10 0 350,000 350,000 14,060 0 14,060 -335,940 
11 0 350,000 350,000 14,060 0 14,060 -335,940 
12 0 350,000 350,000 14,060 0 14,060 -335,940 
13 0 350,000 350,000 14,060 0 14,060 -335,940 
14 0 350,000 350,000 14,060 0 14,060 -335,940 
15 0 350,000 350,000 14,060 0 14,060 -335,940 
16 0 350,000 350,000 14,060 0 14,060 -335,940 
17 0 350,000 350,000 14,060 0 14,060 -335,940 
18 0 350,000 350,000 14,060 0 14,060 -335,940 
19 0 350,000 350,000 14,060 0 14,060 -335,940 
20 0 350,000 350,000 14,060 0 14,060 -335,940 

  Net Present Value at 5% -7,686,555      
  Net Present Value at 8% -6,798,308      
  Net Present Value at 10% -6,360,047      
  Internal Rate of Return #DIV/0!         

 



32 

 

Table 3. Scenario 2: Prototype replacing electricity purchased at full retail price 

Prototype Project data:       
Capital cost ($)  $3,500,000      
Running cost as % of capital 0.10      
Electicity generated p.a. (MWh): 500      
ENERGEX Retail value of output 
($/MWh): $140.00      

  Project Costs ($) Project benefits ($) 
Net Cash 

Flow 
Year Capital Running cost p.a. Total Electricity Other Total $ 

0 3,500,000 0 3,500,000 0 0 0 -3,500,000 
1 0 350,000 350,000 70,000 0 70,000 -280,000 
2 0 350,000 350,000 70,000 0 70,000 -280,000 
3 0 350,000 350,000 70,000 0 70,000 -280,000 
4 0 350,000 350,000 70,000 0 70,000 -280,000 
5 0 350,000 350,000 70,000 0 70,000 -280,000 
6 0 350,000 350,000 70,000 0 70,000 -280,000 
7 0 350,000 350,000 70,000 0 70,000 -280,000 
8 0 350,000 350,000 70,000 0 70,000 -280,000 
9 0 350,000 350,000 70,000 0 70,000 -280,000 

10 0 350,000 350,000 70,000 0 70,000 -280,000 
11 0 350,000 350,000 70,000 0 70,000 -280,000 
12 0 350,000 350,000 70,000 0 70,000 -280,000 
13 0 350,000 350,000 70,000 0 70,000 -280,000 
14 0 350,000 350,000 70,000 0 70,000 -280,000 
15 0 350,000 350,000 70,000 0 70,000 -280,000 
16 0 350,000 350,000 70,000 0 70,000 -280,000 
17 0 350,000 350,000 70,000 0 70,000 -280,000 
18 0 350,000 350,000 70,000 0 70,000 -280,000 
19 0 350,000 350,000 70,000 0 70,000 -280,000 
20 0 350,000 350,000 70,000 0 70,000 -280,000 

  Net Present Value at 5% -6,989,419      
  Net Present Value at 8% -6,249,081      
  Net Present Value at 10% -5,883,798      
  Internal Rate of Return #DIV/0!         

 
 
7.1.4 Moving from prototype to full-scale project 
Energetech claim that “a full-scale project should power up to 1500 homes” 
(Energetech, n.d.). Average household electricity consumption in Australia is 
approximately 6,500 kWh (6.5 MWh) per year (AGL, 2006). Thus, each unit operating 
at annual output of 500 MWh should be capable of supplying the electricity needs of 
approximately 77 households.  
 
A community of 1500 households would require approximately 20 units to supply 
their average power needs (this assumption ignores the problems created by variable 
demand). At current construction costs this would represent a capital construction 
cost of approximately $70 million. This would also raise concerns about the social 
acceptability of 20 large units floating off the coast. 
 
It should be acknowledged that moving from the prototype to a full-scale project 
would be expected to result in some economies of scale in relation to construction 
costs. However, the construction costs for each unit would have to be approximately 
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$350,000 (one tenth of the current cost) with equivalent reductions in running costs 
for the project to approach economic viability. 
 
8.0 EVALUATION 
 
Wave energy technology is still reasonable infantile in terms of the development of 
other renewable energy (e.g. wind power). With the current success of the Pelamis 
device as the first commercial wave farm there is potential for wave energy to 
become a useful form of renewable energy in the future. Advocates of this 
technology claim that wave power may be economically feasible in the near future 
and that harnessing the ocean’s energy is the most environmentally benign means of 
producing energy, even surpassing solar energy. Australian prototypes, along with 
other prototypes around the world are still advancing in technology.  
 
The following table (Table 4) is a summary of the information collected regarding the 
Energetch device (Port Kembla, NSW) and the CETO – Seapower Pacific 
(Fremantle, WA). 
 
Table 4. Comparison of details between the Energetech device and the CETO. 

Details Energetech Device (Port Kembla, 
NSW) 

CETO (Fremantle, WA) 

Est. wave power 
levels in KW/m 
of crest length**  

37 – 38 kW/m 43 –78 KW/m 

Description Moored wave energy conversion 
system 
Converts energy on-site, transfers 
energy through a cable to the shore 

Submerged CETO wave converter 
Transfers high pressured water to 
shoreline facility, where turbine 
produces electricity 

Output Recent testing suggested a 
maximum energy output of 500 kW 
with testing resulting in 321 kW 
during moderate wave conditions. 
 
Full scale project could supply power 
to up to 1500 homes (using multiple 
units*) and 500 MW annual output.  

Current prototype expected to 
generate 100 kW of power 
 
Full scale project could generate 
between 300 MW and 1300 MW 
(using a bank of units*) 

Size 485 T, 36 x 35 m 
Proposed commercial type to be 
smaller 
 

700 T, 20m x 10m x 7m 
Prototype housed in a 20 m steel 
hub, commercial product planned to 
be smaller in size 

Visibility Highly visible (depending on distance 
offshore)  
 
Multiple units would be required. 

Minimal visual impact, 
5 m communications tower visible, 
remainder submerged, although this 
tower will be omitted in the 
commercial product  
 
Multiple units grouped together 
 
Onsite facility (Pelton turbine and 
generator) potentially visible 

Location  Moored offshore  
 

Moored offshore 
 
On-shore land required for on-site 
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Details Energetech Device (Port Kembla, 
NSW) 

CETO (Fremantle, WA) 

Pelton turbine. 
Trial location Open ocean, several hundred metres 

from shore (in floating position for 
several hours) 

250 m from shore in 6.5 – 7 m water 

Direct 
Environmental 
Impacts 

Minimal 
Provides potential habitat for marine 
species 
 

Minimal 
Use of marine grade and sub-sea 
proven materials 
Provides potential habitat for marine 
species 

Noise Pollution Sound baffling 
~73 decibels 
Sound level at a distance of 3 feet is 
similar to a modern vacuum cleaner 
Virtually silent to sea life 

Data regarding noise is currently 
unavailable, although likely to be of 
minimal impact as there is no turbine 
structure offshore.  
However, potential noise for on-site 
facility (Pelton turbine), reduction 
methods would need to be required  

Available Available 

Desalinated 
water  

Full scale with multiple units, 
potentially: 3,000,000 L of water per 
day 
Current prototype 2000 L of 
freshwater per day 

Reverse osmosis filter in on-site 
facility 
Potentially: 330 ML of freshwater per 
day 

Impact of Storms Un-tested Prototype has withstood a 1 in 40 
year storm 

Safety aspects Highly visible in place 
Required to conform to marine safety 
standards with navigation marker, 
reflectors and lights 
 
Exclusion zone required around 
structure 

Minimal above water visibility 
Required to conform to marine safety 
standards with navigation marker, 
reflectors and lights 
 
Exclusion zone required around 
structure  

Marine vessel 
impacts 

Limited impact due to high visibility 
 
Bank of structures will potentially 
impede commercial and recreational 
boat use and shipping traffic within 
the site 

Higher risk of impact, minimal visibly 
 
Bank of structures will potentially 
impede commercial and recreational 
boat use and shipping traffic within 
the site 

Change to wave 
climate / 
interaction with 
coastal 
processes 

Potential for reduction in wave 
energy on the lee of the structure. 
Minimal potential to interact with 
coastal processes.   

Potential for changes to the wave 
climate (similar to an artificial reef). 
Potential to interact with coastal 
processes if placed in close proximity 
to the shoreline.    

* number for bank of units not clearly defined 
** Ocean Power Delivery, n.d. 
 
Limitations 
The data available regarding both prototypes is very limited, much of which does not 
appear to have been peer reviewed and is publicly available on the respective 
companies websites (with both companies were quite guarded in the provision of 
further information). Therefore the information provided in this report is limited to all 
information that was deemed publicly available at this time or was provided directly 
by the companies.  
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Much of Seapower Pacific’s data was described in newspaper articles and similar 
media on their website. At this stage, no reports are available that provide specific 
detail into the energy output of the CETO prototype or of the exact wave conditions in 
which the trials were undertaken.  

Although the east coast of Australia has substantially less wave potential than the 
south western coast of Australia (Figure 34), the Gold Coast wave climate could be 
seem as more similar to that at Port Kembla, where the Energetech prototype was 
tested. Energetech claim that through testing of their device at Port Kembla there is 
up to 500 kW energy potential in average wave conditions with a 7.6 kW/m wave 
front in shallow water. Assessment of limited data from the wave rider buoy off Point 
Danger within the southern waters of the Gold Coast, estimated a wave climate of 
12 kW/m at 60m depth offshore (Kirke, pers. comm.). These comparisons suggest 
that the Gold Coast does have the potential wave climate to utilise wave energy 
technology, although it is not economically viable within the current stage of 
development. The wave climate is also substantially limited compared to the coastal 
waters of southern and southwestern Australia and this must be taken into account 
when making comparisons between test sites. 

A detailed description of estimated wave climate and wave fronts would need to be 
developed for the northern section of the Gold Coast once the current technology 
improves to a point where it could be economically viable. Such information will 
provide additional detail and estimation of the capacity of either WEC potential.  

Energetech 
The major limitations of the Energetec prototype are 

- the considerable visual impact, particularly in the use of a bank of structures 
- the estimated capital costs relative to energy output  
- the structure has not been tested within storm conditions  
- the structure has not been trialled for lengthy periods of time in a moored 

offshore position 
- much of the current data provided is extrapolated from a short trial event 
- the length of the submarine cabling required for electricity transport 

 
CETO 
The major limitations for the CETO prototype are 

- a small energy output during current testing 
- limited data available regarding the testing 
- impact on the local wave climate acting like a submerged breakwater (being a 

submerged structure)  
- on-site space for the turbine and generator facility 
 

  
9.0 CONCLUSION 
 
This report provides an assessment of available data for both the Energetech and the 
CETO (Seapower Pacific) prototypes. Economic analysis was limited to the 
Energetech device as data was not available for the CETO. The analysis concluded 
that the device is not currently economically viable. However, in general, wave power 
worldwide has yet to reach the stage of commercial production that other renewable 
energies such as wind power have achieved (Twidell and Weir, 2006). Nevertheless, 
wind energy costs have fallen by a factor of 6 only over the past 20 years (Thorpe, 
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n.d.) and there is potential for wave energy to follow the same trend. Costs could 
possibly halve in just tens of years through greater deployment, spreading the costs 
over multiple units and improvements in piloting and technology (Twidell and Weir, 
2006). Recent advances in technology and plans to deploy the first commercial wave 
farm in Portugal illustrates that efficient and economic wave energy may not be far 
away. Twidell and Weir (2006) also suggest reducing costs through constructing the 
WEC in conjunction with another purpose such as a conventual breakwater. A bank 
of WEC can absorb energy and potentially leave the waters behind it relatively calm. 
 
Although the Energetech device is currently not economically viable if selling the 
generated electricity to a local provider, it could be a likely energy source for a small, 
isolated coastal community and provides a better alternative to transporting diesel 
fuel. The use of wave power to generate energy for a desalination plant is potentially 
an option if technology continues to improve, especially given the community concern 
regarding energy emission of desalination plants. 

Through undertaking an assessment of the Gold Coast wave climate, it is likely that 
the northern area of the Gold Coast would be considered more suitable for wave 
energy if substantial further technological advancements are made. Sites north of the 
Seaway at 20 - 30 m in depth would be more suitable as these sites have better 
wave-focussing and exposure to all the wave components from both the north and 
south.  

Although Energetech having been developing their prototype for several years and 
have provided data that claims the system could provide electricity to 500 homes, the 
prototype has yet to be tested in a moored position and in heavy seas. The CETO 
prototype has many advantages over the Energetech, however very limited data is 
available.  

The CETO has the advantage of no moving parts (such as turbines) within the 
marine environment, substantially reducing construction and maintenance costs. 
Given that the energy is in fact generated on the land no marine electrical cabling is 
required also reducing costs and maintenance expenses. The CETO has significantly 
less impact to the visual amenity, but has the potential to interfere with coastal 
sediment processes to a much greater extent than the Energetch device. The CETO 
device provides quite a different development of the technology and development of 
the prototype has occurred in a much shorter time frame.  

In summary, although wave power in its current form is not economically viable on 
the Gold Coast to provide electricity to homes, there is potential with the further 
development of prototypes both in Australia and worldwide for wave energy to 
become an efficient renewable energy source.  
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