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General instructions for this question:  
 

Only the prior art that is referred to is to be taken into account in 

your answer. You must not take into account any prior art that 
you are separately aware of.  
 
This exam has only one question with two parts for a total mark 
of 100 for the paper.  
 

An additional set of drawings is provided at the end of this 
question that you may use in your answer. 

 
 
Your client Nicola is an ocean energy engineer. She has developed a new type of 
device to generate electricity from ocean waves. She wants you to protect her 
device with a New Zealand patent and she asks you for assistance.  
 
Nicola’s invention will harness the energy of waves using a device that converts 
a wave’s energy into airflow that causes a propeller to rotate. The propeller in 
turn drives a generator to generate electricity.    
 
She explains that the closest prior art to her device is known as the Waterfall 
Turbine™, currently in use off the coast of Maui in Hawaii.  

 
She shows you a drawing of the Waterfall Turbine™ (Figure 1). The Waterfall 
Turbine™ is a device that floats on the surface of the ocean and is anchored to 
the ocean floor, or may be secured on top of a concrete pillar that sits on the 
ocean floor. The Waterfall Turbine™ has a trough into which waves can spill. The 
trough can drain to the ocean through a pipe that has a propeller in it. Each time 

a wave spills into the trough, the water level in the trough rises. But because the 
trough is connected to the surrounding ocean via the pipe, the water level in the 
trough will drop to move to an equilibrium position by draining from the trough 
through the pipe.  The draining water causes a water flow through the pipe that 
causes the propeller to rotate.  The propeller is mounted on a shaft of an 
electricity generator. When the propeller rotates, the generator is caused to 
rotate. The generator consequently generates electricity that is then transmitted 

via a power cable to the shore where it is fed into Maui’s electricity grid.  
 
The problem with the Waterfall Turbine™ is that all of the device is in contact 
with the ocean. Whilst Maui is known for big waves, the big wave season lasts 
only for the winter months. This means that the Waterfall Turbine™ sits on the 
ocean idle for quite a few months of the year. Further, sitting idle for long 
periods of time causes a build-up of foul such as barnacles and seaweed that 

attach to the various components of the device. This fouling of the device can 
cause damage and can prevent the propeller from operating.  The Waterfall 
Turbine™ therefore requires a lot of maintenance.  There are also issues with 
sealing of the generator to prevent seawater entering it.   
 
Other than the Waterfall Turbine™ all other research and development and 
commercialisation of technology in the wave energy sector has been about 
turning the motion of waves into movement of articulated pontoons and 
extracting energy from the relative movement of adjacent pontoons.  Nicola 
shows you a US patent (attached as US 4,686,377) to help explain what she 
means.  



 
Nicola shows you a few drawings of her invention (Figures 2-5). Her device also 
uses a propeller and an electricity generator like the Waterfall Turbine™ but 
these components are not exposed to seawater.  This means that they require a 

lot less maintenance.  
 
Nicola’s invention can work in both the open ocean and as a shoreline mounted 
version.  
 
Nicola explains the basic form of her shoreline mounted version with reference to 

Figure 2. Her invention has a chamber that is partially located in the ocean and 
is ideally secured to land. The chamber is exposed to the ocean so that when a 
wave rolls in, the level of the water in the chamber rises. The chamber has air in 
it that can only exhaust to the outside air via a chimney. Forcing air out through 
a chimney by incoming water is a phenomenon that can be seen in nature at 
rock formations along the coast line where there is a blow-hole in the rocks.  
 
Inside the chimney is a propeller and a generator. The propeller is like an aircraft 
propeller. Nicola has found that a 4-bladed propeller works best. Due to the 
shape of the chamber, and that the propeller and generator are located well up 
the chimney, the water in the chamber is highly unlikely to reach the propeller 
and the generator. In fact in one version of her invention the generator is 
located outside the chamber and chimney and is connected by a chain and 
sprocket connection to the propeller in the chimney.   

 
The airflow out of the chimney causes the propeller and the generator to turn in 
one rotational direction to generate electricity. When the wave retreats, air is 
sucked back into the chamber via the chimney. This causes the propeller to 
reverse rotational direction and again electricity is generated.  The generator is 
connected by a power cable so that the electricity can be transmitted to a power 

grid or to another electrical device.   
 
Figure 3 shows the open ocean version of Nicola’s invention. The chamber may 
be mounted on a concrete pillar secured to the ocean floor or may float at the 
ocean surface while anchored to the ocean floor.  The main difference between 
the shoreline mounted version and the open ocean version is that the waves 
hitting the open ocean device are typically not breaking like they are for the 

shoreline mounted version.  So, when a wave peak enters the chamber of the 
open ocean version, the water level rises inside the chamber. This causes air to 
be pushed out of the chamber via the chimney. The airflow in the chimney 
causes the propeller and the generator to turn thereby generating electricity. 
When the water level drops in the chamber, such as when the trough of the 
wave enters the chamber, air is sucked back into the chamber. This causes the 
propeller to turn in the opposite direction and again the generator generates 

electricity.  A power cable is connected to the generator so that electricity can be 
transmitted to, for example, a power grid or to an electrical device.  
 
Nicola explains that the diameter of the chamber cannot be too big because 
otherwise both a trough and peak of a wave may be inside the chamber at any 
one time. This would cancel out the effect and very little airflow would be 
generated.  
 
Nicola has made some improvements to the basic form of her device. She has 
realised that the generator and propeller take quite a bit of time to slow down 
and change directions when the airflow changes direction in the single chimney. 



This means that some energy is lost. So she has created two versions of a dual 
chimney variation. Each chimney has its own propeller and generator connected 
by a cable to the electricity grid.  
 

In one version, as seen in Figures 4A and 4B, there is a plate that can selectively 
close off a chimney to the chamber. This is done by a pneumatic cylinder that is 
actuated for movement by an airflow sensor. In Figure 4A, the left chimney is 
closed to the chamber. Air is sucked into the chamber via the right chimney 
when a wave peak exits the chamber. In Figure 4B, the plate has moved across 
to close the right chimney and open the left chimney to the chamber.  When a 

wave peak enters the chamber air is forced out of the chamber via the left 
chimney. Nicola’s alternative version has a plate for each chimney as seen in 
Figure 5.  
 
Nicola also explains a variation to the dual chimney examples of Figures 4A and 
4B and 5.  She explains that the cost of the dual chimney set up is quite high. So 
she has designed a propeller that has propeller blades that can reverse their 
pitch. This avoids the need for two chimneys. Figure 6 shows a sequence of 
propeller configurations for a 4-bladed propeller (taken from Figure 5). Each 
blade is mounted on the propeller hub by an axle. The axle can be rotated by a 
mechanism inside the hub. When the airflow in the chimney changes direction, 
the propeller blades reverse their pitch, meaning that the propeller and hence 
the generator keep rotating in the same rotational direction.   
 

The propeller configuration shown on the left side of Figure 6 shows the blades 
rotated in one direction. Airflow going out the chimney causes the generator to 
turn anti-clockwise. The propeller configuration shown on the right side of Figure 
6 shows the blades rotated in the opposite direction. Airflow going into the 
chimney causes the generator to also turn anti-clockwise.  The propeller 
configuration in the middle of Figure 6 shows the blades in a neutral position in 

transition. This addresses the same inefficiency problem that Nicola has 
described above in relation to Figures 2 and 3 because the propeller and hence 
the generator can keep rotating in the same rotational direction. 
 
Nicola tells you that variable pitch propeller mechanisms have been in use for 
many years, for example in boat propellers. She says that whilst old, the 
mechanism will work just fine for her invention. An airflow sensor inside the 

single chimney will detect the airflow direction in the chimney. It is connected to 
a controller to control an hydraulic pump that can cause the pitch of the 
propeller blades to change and reverse as required. The airflow sensor, 
hydraulics and control system can be purchased off the shelf and are simple to 
set up.   
 
At the end of the meeting, Nicola mentions that she has a friend who is a world 

expert and a design engineer in the windfarm technology space. Her friend told 
Nicola about a US patent (attached as US 7,315,093) on which he is named as 
inventor. Nicola tells you that she was very surprised to see that companies are 
making improvements to wind turbines by channelling the wind flow over the 
blades.   
 

1. Prepare a complete specification for filing at the Intellectual Property 
Office of New Zealand.    

 
(90 marks out of 100)  [Part 2 of question over page] 

     



 
2. Briefly explain to Nicola, in a series of short statements or bullet points, 

the purpose of each of the different parts of a complete specification, and 
outline your reasoning or approach to the claims including an explanation 

of how the claims you drafted protect Nicola’s invention.    
  
(10 marks out of 100) 

 
 
END OF QUESTION 
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