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Figure 1: Schematics of wave move-
ments

Wave movement
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Figure 2: Water movement near a 
vertical plane versus a horizontal 
plane

Wave movement

Multidirectional movement of 
water in other directions

Parallel movement of water per-
pendicular to wave movement

1// INTRODUCTION TO TECHNOLOGY
The purpose of this document is to introduce the reader to the WavePiston principle. A 
unique principle that will enable commercial exploitation of ocean surface waves on a yet 
unseen scale.

The key benefits of the novel energy harvesting strategy are:

• Lower installation costs and higher energy output compared to known technologies

• Massively reduced mooring forces due to force cancellations between the individual 
energy harvesting (plates) sections

• Use of simple, cheap and rugged mechanical solutions

• Modular design reducing the cost of development, production and logistics

• The machine is semi-submerged, which reduces its visual profile and makes it less 
vulnerable to storms

The WavePiston concept radically differs from existing wave energy technologies by the fact 
that each energy harvesting unit employs  a multitude of vertical energy collectors, which as 
explained below is highly beneficial. Wavepiston ApS owns a patent that has been granted in 
most countries with wave energy potential.

2// THE INVENTION
The basic strategy employed by the Wavepiston concept  is to convert the horizontal compo-
nent of the oscillating movement of ocean waves into usable energy. 

Contrary to popular belief, an object floating in the ocean surface will not merely move in a 
vertical direction; the object will make a rotating movement as depicted in Figure 1.

Thus, in a wave there is a vertical as well as an equal horizontal movement, both having the 
potential for extracting usable energy. The magnitude of the rotating movement decreases 
with depth. The decreasing movement of waves with depth is well understood and is easily 
described using Airy’s wave equations. cf. Figure 2.
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Figure 3: Multiple vertical energy 
collectors that serve as each others 
static element hence facilitating
energy production without the need 
for a static reference.

Although decreasing with depth, the motion of all water  particles near the surface are largely 
moving in parallel. Hence, a vertical plate immersed in the sea will be subjected to a pure 
horizontal force trying to shift the plate from side to side. 

When a multitude of plates are immersed in the sea they will all be subjected to a different 
load due to the stochastic nature of ocean waves. Depending on the phase of the waves act-
ing on the individual plates the force will either be in the direction of the waves or against the 
direction of the waves. Thus, the sum of the forces acting on all plates will be relatively small 
as the force on counter-moving plates will tend to cancel each other out. 

The defining feature of the Wavepiston concept is to harvest energy along a string mounted 
with numerous vertical plates, said string having a length larger than a typical wave length. 
The energy is harvested by shunting energy from the horizontally moving plates, said plates 
energized by the horizontal component of the oscillatory wave movement.

 Due to the stochastic nature of the ocean waves acting on each plate the forces on the 
individual plates will tend to cancel each other out with the net result that even very long 
WavePiston systems can be moored using only moderate means, thus making the WavePiston 
system relatively cost-efficient to install.

SYSTEM CONSIDERATIONS

A generic Wavepiston wave energy converting system is build up from energy collectors. Each 
energy collector comprising multiple vertical plates. 
For optimal cost-efficiency the size and density of vertical plates should be adapted to the 
waters in which the system is ultimately going to operate. The optimal depth range for a wave 
energy farm depends on the nature of the sea conditions and can be deduced from Airy’s 
wave equations from knowledge on local wave height, water depth and wave period.
Thus, no universal design can be given, however, it is possible to give rules of thumb, on 
which parameters that determine the exact system configuration.  

As a rule of thumb larger plates will be more cost effective as the system will yield more pow-
er for each installed plate. However, large plates exert high local forces on the string. Smaller 
plates will on the other hand reduce the localized structural loads on the system. 

Another rule of thumb is, that many small plates distributed evenly over multiple wave-
lengths will result in smaller structural forces compared to a system with the same plate area 
distributed over fewer but larger plates.

Hence, the optimal system configuration should be designed to the specific waters in which 
the system is deployed, adapting the size and number of plates for optimal cost-efficiency,

MOORING

In any wave power system a high percentage of the building cost is mooring.  
In any known wave power concept there is proportionality between installed power and the 
necessary mooring forces.
In contrast, the Wavepiston allows for deployment of many energy collecting plates with only 
a modest mooring due to the force cancelling effect discussed above. 

Due to the cancelling effect the mooring will be minimal compared to a similar system based 
on point absorbers. The force cancelling is important, because the major obstacle to extract-
ing wave energy is the brute force of waves during high seas.



To put the forces in perspective: The energy level from when a wind turbine starts to produce 
energy, to the maximum energy level of a storm is roughly 1 to 100. For a wave power system, 
the same calculation on a collector element will be 1 to 1,000,000. Hence, for conventional 
wave power systems the anchoring becomes very costly, compared to the amount of energy 
the plant can produce.

Although most forces from the collector elements are cancelled out, the Wavepiston system 
still needs to be moored to the seabed to compensate for residual forces as well as current 
and wind.

PROTECTION

Two important dangers threaten wave power systems, these being storms and freak waves. 

When wind speed increases so does the wave energy. As long as the waves are regular waves, 
it is a matter of sufficient dimensions in the system design. But at a certain energy level, the 
waves will start to break. At this point the speed and force of water increases dramatically at 
surface level. This is a major concern in more conventional wave energy systems as these are 
often anchored structures located at surface. In contrast to these systems the Wavepiston 
system is almost fully submerged and therefore less vulnerable to violent weather .

An important advantage of the Wavepiston system is that it is possible to submerge the sys-
tem if a storm approaches and hence bring the whole system out of harms way. Submerging 
is an option due to the simplicity of the Wavepiston system.
The flooding is simply executed by flooding some or all of the flotation modules. Most of the 
existing wave generators do not have this option as they are large structures placed at surface 
level.

As a further protection measure the energy collecting plates can be made such that they re-
duce their effective area if the forces on the plates exceed the design envelope. A patent has 
been applied for this unique feature, covering not only systems similar to Wavepiston, but any 
system employing vertical plates. 
An added advantage of the variable area plates is that the system can be operated closer to 
its design envelope, hence optimizing the power produced.

ENERGY PRODUCTION

In the simplest implementation, the Wavepiston works by the mechanical movement of the 
plates pumping pressurized sea-water into a string upon which the plates are mounted. The 
pressurized water can easily be used for power generation using standard turbine/generator 
technology due to the fact that numerous plates result in a steady flow of pressurised water.

If the Wavepiston system is deployed in coastal waters, the necessary turbine and power 
conversion systems could be placed onshore, thereby making the generator system service-
able under all conditions, cf. Figure 4. Note that the system is very robust. If failure appears 
on a string the other strings of the system will continue to produce pressurized water for the 
turbines.

To adapt the system to different weather conditions the water pressure and thus the load on 
the energy producing plates can be controlled on shore by shunting the flow from the incom-
ing pipes.

4

Figure 4: WavePiston system with
collector elements and salt-water
string leading on shore for power
generation.



Figure 5: WavePiston module 
design. The modules consists of a 
resistance element and pumps. The 
movement of the resitance element 
pumps water into the pipe in the 
structure. 
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Figure 6: A WavePiston system con-
sists of several lines with modules 
placed in parallel.

Figure 7: The pumps sucks seawater 
through filters and in to the main 
pipe.
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Although the generation of power via pressurized water is the simplest and perhaps the best 
implementation of the Wavepiston concept, the patent claims are not limited to this use but 
cover numerous alternative strategies for extraction of energy from the moving collector 
plates.

3// DESIGN
Based on the patent and data obtained during experiments, a simple, robust system was 
designed to illustrate the potential of a real working Wavepiston system.

MODULARITY

The system is  build from prefabricated modules that can be produced at a low cost. Each 
module consists of an energy collector and two pumps. The energy collector is a plate that 
can slide back and forth. The pumps consists of a cylindrical chamber with a piston inside that 
is powered by the movement of the energy collector.

The modules are mounted on a linear structure. This structure consists of a polyethylene pipe 
for power transfer and 2 steel wires that provides the structural strength.  The structure is 
stretched out between to mooring points. cf. Figure 5.

Building the system from modules makes it easy to transport, deploy, and repair.

If a module fails, it will not compromise the entire system. Faulty modules can be replaced or 
fixed on location, when weather allows. The modules are purposely designed to be as simple 
and robust as possible, in order to keep the cost low and cope with wear and corrosion en-
countered in marine environments.

THE WAVEPISTON SYSTEM

The core of the system is a pipe for transporting pressurized sea-water to a turbine station. 
Along this pipe the plates are located that moves parallel to the pipe. When these elements 
move back and forth with the waves, they each drive pistons in cylindrical volumes placed on 
the pipe. The cylindrical volume and the piston thus forms a very simple pump that pushes 
sea-water at high pressure into the pipe, cf. Figure 7.
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Figur 8:  Representation of the 
average efficiency of one plate 
tested at the different wave states 
in irregular waves. The blue line is 
dependent on the efficiency (left 
side) where the red line belongs to 
the  Probability×Pwave scale on the 
right. Note, that a system will com-
prise many plates and hence the 
efficiency of the system will be very 
much higher (reference AAU test 
report : Experimental Study on the
WavePiston Wave Energy Converter 
by  A. Pecher, J. P. Kofoed & E. An8

When a plate gets near the movement limit means should slow down the plate. For this pur-
pose the hydraulic pressure in the pump is raised at the end of the travel making the pump 
self centering.

The pipe bore does not have to be very big to transport a lot of energy if a high feed pressure 
is used. The maximum capacity of the system can easily be calculated from the diameter of 
the pipe and simple flow calculations.

In the section of the pipe, where the plates are operating, the system needs to be anchored. 
This will have to be done taking into account the number of plates, maximum wave height 
and frequency and direction of currents.

For mooring standard techniques, used routinely in the off-shore industry is applied. 

The mooring system will keep the central string taught and in tension.

In a commercial system the energy collecting area should be as large as possible. The limiting 
factors are sea depth and the overall strength of the system.

4// EFFICIENCY
Experimental as well as well theoretical studies has been carried out on the Wavepiston sys-
tem. The theoretical studies were carried out by NIRAS which is a well estimated engineering 
company. The experimental work was carried out by the university of Aalborg, widely regard-
ed as the leading Danish authority on wave power converters.

Both the theoretical and experimental studies showed, that each energy absorber could har-
vest 5% in average of the energy consisted in the waves depending on wave size. 

The experiment described below was carried out at the experimetal facilities at Aalborg 
University at simulated sea conditions comparable to those found in Danish waters (average 
power density = 13 kW/m).

Figure 8 is taken from page 17 in the AAU test report which can be found on our website 
www.wavepiston.dk. On the x-axis wavestate denotes the waveheight, such that wavestate 1 
denotes a situation with waves less than 1 meter waves, wavestate 2 denotes a situation with 
waves between 1 and 2 meters and so on. Obviously the energy content in waves at higher 
wavestates is high whereas the energy content in lower wavestates is lower. 

Not all wavestates are equally likely to appear. The red line represents the available energy at 
different wavestates. The red line is specific for Danish waters, and should be calculated for 
any new depolyment site as part of the design process.   

The blue line represents the amount of energy a single plate is able to extract from a wave at 
different wavestates. 
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Figur 9 : Summary of the perform-
ance and the estimated energy  
output from one plate (15m wide) 
in the Danish part of the North 
Sea. (reference AAU test report : 
Experimental Study on the
WavePiston Wave Energy Converter 
by  A. Pecher, J. P. Kofoed & E. An-
gelelli)
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Figur 10:  The effect of directional 
waves on the performance of the 
WavePiston model for irregular 
waves of wave state 2 and 3 (refer-
ence AAU report)

An important result from the experimental work is that the efficiency of the energy col-
lecting plates depend on the wave height. This can be understood from the fact that (very) 
small waves basically are surface phenomenon whereas large oceanic swells are very deep. 
Hence, a larger part of small waves will interact with the plates compared to larger waves. The 
increased interaction with smaller waves is a highly beneficial feature of the system as this 
allows for efficient energy production over a larger range of wave states.

The experimental studies also showed that many energy absorbers could be placed after each 
other, thus validating the Wavepiston concept.

Wave State Pwave
[kw/plate]

Prob 
[%]

Prob*Pwave
[kW/plate]

Efficiency
[-]

Energy prod.
[kw/plate]

Pgen
[kw/plate]

1 36 46.8 16.81 0.13 2.14 4.57

2 180 22.6 40.58 0.07 2.68 11.87

3 485 10.8 52.35 0.04 1.86 17.19

4 1005 5.1 51.28 0.02 1.09 21.38

5 1795 2.4 43.09 0.01 0.52 21.55

Overall efficiency[-]

Average Power[kw/plate]                            204.10

Yearly production/plate[MWh/y/plate]

Max. Pgen[kw/plate]

Load factor [-]

0.04

8.29

72.63

21.55

0.38

Figure 9 is taken from page 18 in the AAU test report which can be found on our website 
www.wavepiston.dk The table is split in a left and a right part. The left part describes sea con-
dition in the waters in which a plate is deployed whereas the right side of the figure describes 
the performance of the plate. Note that the numbers in the table are specific to a certain plate 
dimension immersed in Danish waters.

Column 2-4 describe the specific Danish sea conditions. Note that Danish waters are calm, 
and wavestate 1 (up to 1 m waves) occur 48% of the time. 

Column 5 represents the measured efficiency of a single plate in the different wave  states. In 
column 7 is the estimated power production at different wavestates. Note that the predicted 
power yield is quite stable over three wavestates (wavestate 2 – 4). This is an exceptional re-
sult, at this indicates that the Wavepiston will yield a steady power production in a large range 
of wave heights. The numbers which are grayed out indicates that energy production is not 
anticipated at the highest wavestate.

Waves do in most locations not come from a single direction but from a range of angles de-
pending on weather conditions and current. Hence the Wavepiston concept was also tested 
at different angles of the incoming wave.

In figure 10 is shown the relative performance of a Wavepiston system subjected to various 
angles of the incoming wave. Note that even at an 30o angle around 70% performance is to 
be expected.
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This is an important result leading to the conclusion that the Wavepiston concept is insensi-
tive to the direction of the waves. Hence, the Wavepiston concept will allow energy produc-
tion even during less than optimal wave conditions.

5// COST EFFICIENCY
The experimental results from Aalborg University as well as the theoretical calculations from 
NIRAS reports on power efficiency was used to calculate a first rough estimate on the price/W 
for a system produced in Europe and deployed in the Danish part of the North Sea.

WavePiston price estimate   
   
Plate element definition   
Plate cost   1,600 € Estimated production cost of plate and pump module.
Deployment cost  800 € Deployment of a module.
Maintenance cost  200 €/year Maintenance per module per year.
Plate width  10 m 
Plate efficiency  5 % Efficiency depends on wave size. (5% is a system   
      average).
   
String definition   
String cost   80 €/m Estimated production cost of wire and pipe as cost per  
      meter structure.
Deployment cost  30 €/m Deployment of a string.
Anchors   10,000 € Price for 2 anchors.
Anchor chain  30.000 € 300m chain
Number of wings per string 30  The number of wings can vary from 10 to 50 depending  
     on size.
Distance between plates 15 m Can vary from 5 to 40 meters depending on wave and  
     plate size.
Distance to coast  600 m The system should be located outside the surf zone.
   
Generator/turbine definition   
Turbine/generator price 790,000 € Cost of a standard turbine and power generator.
   
System definition   
Number of strings  25  Size of the system.
Distance between strings 50 m Density of the system (has effect on efficiency)).
   
Coast/water definition   
Wave power density  13 kW/m Av. Wave power (13kW/m is an example from the north  
     sea).
   
Calculations   
System production
Max   6,893 kW Calculated from total number of plates, plate efficiency  
Average (North Sea)  2,818 kW and average local wave power density.

System cost  6,164,250 € Calculated from total cost of plates, string, deployment,  
      mooring and turbine.
Price per installed watt 0.89 €/W Calculated from total system cost divided with system  
      production.
Energy price (North Sea) 0.027 €/kWh (Target price for offshore wind turbines is 0.1 €)

System width  1,250 m Calculated from number of strings and distance be  
      tween them.
System length  450 m Calculated from number of plates per string and  
      distance between them.

According to this first calculation the price will less than 1 €/W which is equal to the cost of 
land based wind turbines and far more cost efficient than sea based wind turbines.

Hence, it is firmly believed that Wavepiston is a commercially viable alternative wind turbines. 



6// INTELLECTUAL PROPERTY RIGHTS
The Danish Patent Authorities have issued the first WavePiston patent DK 176883 filled 
19.09.2008

The patent application covers the use of three or more vertical plates moving along a struc-
ture covering more than half a wavelength. It also cowers multiple embodiments of the 
Wavepiston concept, including central power generation (example), de-central power gen-
eration using linear generators as well as the possibility for desalination of seawater.

The patent has since been granted in Europe, USA, Brazil, Australia, India, Canada and South 
Africa

7// OFFSHORE TEST

A 1:9 scale system was tested at test center Nissum Bredning from February to September in 
2013. The system was 50 meters long and had 8 plates mounted. Water pressure and volume 
was measured constantly and the system worked flawlessly without any maintenance until it 
was taken up for examination. A slight drop in efficiency was measured over time due to wear 
on some of the pistons. The results were:

• Deployment strategy worked as planed. Two days to assemble and deploy the system.

• Energy production as predicted with nummerical model durring the full test period.    
  Peak output reached 120 watt. 

• System for self centering pumps worked as predicted. Together with the force cancela-
tion system this proved valuable as no sign of stress could be detected after the 7 
month test period.

• Marine growth had no impact on system efficiency, even though conditions on test site 
were extreeme with small waves and warm water.

8// CONCLUSION
The new and unique use of vertical energy harvesting plates will for the first time make it
possible to harness and exploit the vast energy resources of the ocean waves.

The key benefits compared to readily available technologies are:

• Lower installation costs and higher energy output

• Massively reduced mooring forces due to force cancellations between the
  individual energy harvesting plates

• Use of simple, cheap, and rugged technical solutions

• Modular design redusing the cost of development, production and logistics

9

Figur 11:  Test system seen from at 
shore before deployment, at test 
center Nissum Bredning. 
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• The machine is semi-submerged, which reduces its visual profile and makes it less
vulnerable to storms

It is therefore believed that the owner of this particular technology will have a massive advan-
tage in the forthcoming race for a viable technology suitable for extracting wave energy on 
an industrial scale.

9// QUESTIONS AND 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% -10% 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.

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. The use of slack mooring 
gives that flexibility. The weight of the anchor chain works as a spring when forces get to high. 
A wire is the most efficient way to make a structure between the two mooring points. In the 
project design the wire has a break load of 118 tons and is stretched between the two moor-
ing points with a preload of 20 tons. It might look thin, but it can handle the dynamic forces of 
the sea a lot better than any of its “fat” competitors.

Will marine growth damage the system?
No - Marine growth on the string and plates has no effect as the plates move with the water. 
Marine growth does not happen in the hydraulic system as pumps are opaque.

Will the flexibility of the wire  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 ap-
pear stiff and static due to the high preload of the wire. 

Will the pressure loss in the pipe not drain most of the energy?
No - The pipes are polyethylene water pipes. Cheap and well suited for offshore use. Using 
pipes of large diameter reduces the pressure loss to below 5%. In the project design this 
diameter is 100mm.

Figur 12:  Test system seen from 
the shore, at test center Nissum 
Bredning. 
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WAVEPISTON IS INVENTED BY:

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

Frank Daniel Mersebach, MSc (Mech. Eng.)
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
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