
DOING IT RIGHT

HOW
  to deploy and run a Wavepiston system



1// INTRODUCTION
This document describes how a Wavepiston system is deployed and running. The parts used in 
this description are designed for a Commercial Pilot. A commercial system would be identical but  
scaled with larger plates, more Energy Converters (ECs) and several strings.

In the table below is a list of parts needed to build and deploy a test system

Part 
 

Details Supplier QTY Weight

Wavepiston 
modules

Nurmi and other 8 8 x 340 kg

Steel cable Galfan Coated Spiral Strand, 
35 mm, MBL: 1187 kN

Bridon 150 m 1155 kg

Anchors Stevpris Mk6 0,5 mT Vryhof 2 500 kg

Anchor chain 40mm stud link anchor 
chain, Shackles and chain 
fittings

Sotra 2 x 150 m 2 x 4800 kg

Buoys Min. 5000 kg buoyancy, 
batteries, navigation light 
and data communication.

Buoytech and 
other

2 2 x 1400 kg

PE Pipe PE100 PN 16 SDR11, 
110x10and  with connec-
tion sockets

KWHPipe 600 m 1200 kg

Turbine 
Generator

Pelton type turbine, 60 kW Canyon Hydro 1

Further more a small deployment ship with a crane, a dinghy and a hydraulic hoist are needed 
for the deployment procedure.

2// LOCATION
A Wavepiston system is designed for near shore conditions. It should be placed outside the surf 
zone, but at limited depth to reduce the mooring costs. 

The system is static and does not follow the wave direction. It is however efficient in wave direc-
tions of ±35°.

To reach a commercially viable output a minimum average wave energy density of 8 - 10 kW/m is 
necessary, but the system is efficient at all wave states.

With these conditions in mind, a preferable location has waves in mainly one direction and a 
depth between 25 -100 meters. The turbine station should be placed within 3 kilometres of the 
system, but the closer the better.

Primary wave direction

Wavepiston strings
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Figure 1: Wavepiston strings illus-
trated on a sea chart to show how 
a system should be placed with 
regards to water depth and wave 
direction.



The EC’s are mounted on the steel cable with two simple connections. This enables fast mount-
ing in calm weather.

The pump valves are connected to the pipes.

A string in correct tension, with ECs mounted.

3// DEPLOYMENT 

The two anchors are positioned on the seabed. The positions are planned from local wave data, 
sea depth and string design. 

The string, which at this moment consists of the steel cable and the air filled pipes, is connected 
between the two buoys. In one end the connection is temporarily done with a hydraulic hoist.

The hydraulic hoist is used to increase the tension in the steel cable and the anchors dig into 
position.

When the mooring load shackle shows the required tension, the steel cable is connected directly 
to the buoy and the hoist is removed.

Pump connected 
to Pipes

Pump connected 
to Pipes

Hydraulic Hoist
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Note that the EC module below is designed for easy manufacture and modification and does not 
reflect the final production system, which will be designed for manufacture. Hence, the module 
below should be regarded as a platform enabling rapid modification of key components like 
seals, valves and bearings. The module is designed such that it is easy to engage and dis-engage 
from the main-structure.  

One of the two pump cylinders has an exit valve at the centre . This way the force the plate must 
overcome is doubled when the stroke passes midway. The result is a self-centring pump.

4// RUNNING THE SYSTEM
The module design used in this description is the simplest of current designs. The pumps are 
stainless steel pipes fitted with POM end fittings. The plates are a sandwich of rubber, fiberglass, 
plywood and PU foam.

The back and forth movement of the plates caused by the waves will pump pressurised water 
from the low pressure pipe to the high pressure pipe. 

16kN

8kN
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Pump outlet/inlet

Valves - Pipe outlet/inlet

               High pressure pipe

Low pressure pipe

Piston

Water outlet at the centre of the pump 
to make it self centering. This feature is 
only on one of the two pumps

Pump chamber

Pump 1      pump 2

Floatation block, to make the Energy 
Converter neutraly boyant

Plate that adopts the 
wave movement.



The steel cable is fitted with 3 polyethylene pipes. A low pressure pipe, a high pressure pipe and 
a floatation pipe. This third pipe is filled with compressed air in normal conditions. In case of 
storms the pipe is flooded by pressurised water from the high pressure pipe. This causes the EC’s 
to sink to calmer waters. When the storm has passed air is injected into the pipe again. A “pig” 
is used to push the water out of the pipe. Pigging of a pipe is a well-known procedure adapted 
from the off-shore industry.
Flooding of the pipe can be set to happen automatically when system pressure exceeds a speci-
fied limit.   

5// MAINTENANCE
The modules are subjects to wear and tear. Hence repairs and optimisation is part of running the 
system. This happens by replacing faulty modules with a new, and then service the faulty mod-
ules in the factory workshop.

6// SYSTEM EFFICIENCY
The hydraulic pressure can be adjusted for the system. 10 bars is the target pressure. Pressure 
loss in valves is defined by the supplier and depends on valve size and flow. Under normal condi-
tions the pressure loss in valves are <0.2 bars. The following calculations will show the pressure 
loss in the test pipe and in a commercial size system.

Pressure loss in pipes

System size Max flow 
(m3/sek)

Ave. flow 
(m3/sek)

Pipe diam.
(m)

Pressure loss 
per 100m 
max. (bar)

Pressure loss 
per 100m 
ave. (bar)

Pilot 0.021 0.007 0.066 1.00 0.13

230 kW string 0.3 0.13 0.258 0.95 0.19

2 MW system 2.9 1.1 0.705 0.69 0.10

These numbers where calculated using http://beregn.wavin.dk/colebrookwhite/colebrookwhite

What remains is the conversion loss in the turbine and generator. Pressure and flow here are 
similar to hydro power plants. These have a total efficiency of more than 80%. 

7// QUESTIONS & ANSWERS
Will the first plates not take the energy in the waves, leaving little or nothing to the next?    No - each 
plate has an efficiency of 2% -13% depending on wave size. Energy passing beside or below the 
plates will spread and make up for the lost energy. The loss from one plate to the next is only 1% 
- 2%.

Will the system produce energy when waves come from the side?   Yes and no - If waves come at an 
angle of 90° the system will not produce any energy. Test made with waves from different angels 
show an efficiency of 80% when the angle is 30°. The concept is designed to lay perpendicular to 
the coast thus waves directly from the side are not very big.

Can the system handle sideways current?    Sideways current can be an issue. We aim to do the first 
test in an area without heavy current. We believe 1- 1.5 knots won’t be a problem as we have 
made calculations on that. The test will reveal if we must have an extra mooring point at the mid-
dle of the string to handle currents above 2 knots.

The system looks very thin; will it not break during storms?   No - The best way to survive in the 
dynamic forces of the sea is being flexible. Static structures will experience forces that are much 
higher than flexible structures. As an example you do not see large static plants in the sea. A tree 
would not survive in waves, but flexible plants raise 30 meters from the seabed in coasts with 
energetic waves.
The use of slack mooring gives that flexibility. The weight of the anchor chain works as a spring 
when forces get to high. 
A steel cable is the most efficient way to make a structure between the two mooring points. In 
the project design the steel cable has a break load of 118 tons and is stretched between the two 
mooring points with a preload of 15 tons. It might look thin, but it can handle the dynamic forces 
of the sea a lot better than any of its “bulky” competitors.

Will marine growth damage the system?     Biofouling has not been an issue in our tests so far. 
Pipe and pumps are opaque hence marine growth will only happen on external surfaces of the 
Wavepiston system. Our tests show that weight neutral growth is not affecting the function of 
the plates and we have mitigated extensive growths like mussels by covering the plates with 
industrial rubber.

Will the flexibility of the steel cable and mooring not lower the efficiency of the system?     No - The 
structure will appear flexible in very big waves and in strong sideways current when seen from a 
distance, but from the perspective of the power converting modules it will appear stiff and static 
due to the high preload of the steel cable. 
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The flooded string.

Replacing a module.



WAVEPISTON IS INVENTED BY:

Martin von Bülow, BSc (Mech. Eng.)
Kristian Glejbøl, MSc (Mech. Eng.); PhD (Mat. Sci.)

Paul Harder Cohen (Naval designer)

For further information
please visit our website: 

www. wavepiston.dk
 or 

contact CEO Michael Henriksen
Email: mh@wavepiston.dk

Phone: +45 4099 4040


