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OVERVIEW 
There is a continuing and increasing need to develop renewable energy technologies that are 
efficient, cost-effective and produce usable forms of energy. Wave energy converters (WECs) 
have an opportunity to play a key and significant role in the integration of renewable energy 
technologies on a commercial scale.  

It is estimated that waves off the United States coast could provide ~64% of U.S electricity 
generation in 2018 [1]. A priority requirement to assist marine energy development is a better 
understanding what types of WECs are currently being developed and their current associated 
power production performance estimates.  

This report explains the key differences between different WECs and the various power take-off 
(PTO) systems within then. Overviews of how the WEC operates, basic dimensions of the WEC, 
and a performance matrix are provided for each WEC archetype. The performance matrices 
illustrate the amount of power generated based on the significant wave height and the wave 
energy period, as per the International Electrotechnical Commission TC-114 Technical 
Specifications.  
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POWER TAKE-OFF (PTO) SYSTEMS  
 All information retrieved from R. Ahamed et al. [2]. 

Direct Electrical Drive System 
Direct Electrical Drive Systems generally consist of a stator, wire coils, permanent magnets, and 
a translator. As waves come into contact with the WEC, the translator moves the permanent 
magnets through the stator, which leads to the flow of current through the wire coils.  

Direct Mechanical Drive System 
Direct Mechanical Drive Systems generally consist of a mechanical transmission system, a 
gearbox, and an electric generator. As waves come into contact with the WEC, the motion of the 
WEC causes the electric generator to directly convert the movement into electricity.  

Hydraulic Motor System 
Hydraulic Motor Systems generally consist of a hydraulic cylinder or ram, a hydraulic motor, an 
accumulator, and a generator. Waves drive the hydraulic cylinder within WECs, which increases 
the pressure of a hydraulic fluid. The pressurized hydraulic fluid is the driving force that will run 
the hydraulic motor, which in turn, will run a generator.  

Hydro Turbine Transfer System 
Hydro Turbine Transfer Systems use water pressure from waves coming into contact with the 
WEC to produce electricity. The waves spin a hydro turbine, which directly drives a generator to 
produce electricity.  

Pneumatic Air Turbine Transfer System 
Pneumatic Air Turbine Transfer Systems use the changing air pressure as waves come into 
contact with the WEC. The changing air pressure causes a turbine to spin, which is generally 
directly attached to a generator, which produces electricity.  

Triboelectric Nanogenerators 
Triboelectric Nanogenerators produce electricity due to the process of electrostatic induction. 
The motion of waves displaces one of the materials within the triboelectric nanogenerator, which 
is attached to the WEC. That displacement helps to transfer charge between electrodes and a 
polymer.  
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POINT ABSORBER WECS 
Point Absorber WECS generally consist of two main components, which are the surface float and 
the spar buoy. Power is generated due to the relative motion between the two components.  

Accumulated Ocean Energy (AOE) 
All information and specifications retrieved from E. Thacher [3].  

Specific Functionality 

AOE uses a Pneumatic Air Turbine Transfer PTO system. For AOE, air is compressed and sent 
onshore where it can be stored for later use or used immediately by driving an electric generator.  

Table 1: Accumulated Ocean Energy Dimensions  

 

Performance Matrix 

 

 

Property Value Unit 

Length 
(Diameter of 

the buoy) 
10.97 m 

Height (of the 
column)  

8.43 m 

Width 
(Diameter of 

the buoy) 
10.97 m 

Total Mass 217.29 Mg 



 

 

6 

 

CETO (BREF-SHB) 
All information and specifications retrieved from A. Babarit et al. [4]. 

Specific Functionality 

BREF-SHB uses a Hydraulic Motor PTO system. For this WEC, the buoy is submerged and attached 
to a wire that is fixed to the seabed.  

Table 2: BREF-SHB Dimensions  

 

 

 

 

 

 

 

Performance Matrix  

 

 
 

 

 

 

 

Property Value Unit 

Length 
(Diameter of 

the buoy) 
7.0 m 

Height  18.5 m 

Width 
(Diameter of 

the buoy) 
7.0 m 

Total Mass (of 
the buoy) 

35.0 Mg 
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Pontoon Power Converter (F-HBA) 
All information and specifications retrieved from A. Babarit et al. [4]. 

Specific Functionality 

F-HBA uses a Hydraulic Motor PTO system to convert wave energy into electricity. F-HBA consists 
of many floats that are connected to a single submerged structure.  

Table 3: F-HBA Dimensions  

 

Performance Matrix  

 

 
 

 

 

 

 

Property Value Unit 

Length 
(Diameter of 

the float) 
8.0 m 

Height  87.5 m 

Width 
(Diameter of 

the float) 
8.0 m 

Total Mass (of 
the float) 

364.0 Mg 
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Seabased (BREF-HB) 
All information and specifications retrieved from A. Babarit et al. [4]. 

Specific Functionality 

BREF-HB uses a Hydraulic Motor PTO system. For this WEC, the buoy is floating on the ocean 
surface and moving under a surge and heave motion, which drives the linear generator attached 
to the seabed.   

Table 4: BREF-HB Dimensions  

 

Performance Matrix  

 

 

 

 

 

Property Value Unit 

Length 
(Diameter of 

the buoy) 
3.0 m 

Height  40.63-100.63 m 

Width 
(Diameter of 

the buoy) 
3.0 m 

Total Mass (of 
the buoy) 

1.0 Mg 
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Wavebob (F-2HB) 
All information and specifications retrieved from A. Babarit et al. [4]. 

Specific Functionality 

Wavebob is an axisymmetric WEC that uses a Hydraulic Motor PTO system. Wavebob also uses a 
mooring system, which is attached to the seabed and provides stability to the entire structure.  

Table 5: Wavebob Dimensions  

 

 

 

 

 

 
 

Performance Matrix 

 

 
 

 

 

 

Property Value Unit 

Length 
(Diameter of 

the float) 
20.0 m 

Height  52.0 m 

Width 
(Diameter of 

the float) 
20.0 m 

Total Mass (of 
the buoy) 

4960.0 Mg 
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Wavestar (B-HBA) 
All information and specifications retrieved from A. Babarit et al. [4]. 

Specific Functionality 

B-HBA uses a Hydraulic Motor PTO system. The device consists of many floats that are connected 
to a single structure standing on the seabed. The single structure provides the fixed reference for 
the B-HBA.  

Table 6: B-HBA Dimensions  

 

Performance Matrix  

 

 

 

 

Property Value Unit 

Length 
(Diameter of 

the float) 
5.0 m 

Height (of the 
float)  

2.5 m 

Width 
(Diameter of 

the float) 
5.0 m 

Total Mass (of 
the float) 

35.0 Mg 
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OSCILLATING WATER COLUMN WECS 
Oscillating Water Column WECs generally consist of a large hollow structure that contains an air 
chamber. Power is generated due to waves changing the pressure within the air chamber, which 
results in air to flow across a turbine.  

Ocean Energy (BBDB_OWC) 
All information and specifications retrieved from H. Bailey et al. [5]. 

Specific Functionality 

BBDB_OWC uses a Pneumatic Air Turbine Transfer PTO system. A Variable Radius Turbine is used 
as part of the PTO system of the WEC. BBDB_OWC has a three-point mooring system attached to 
the seabed.  

Table 7: BBDB-OWC Dimensions  

 

 

 

 
 

Performance Matrix 

 

 

Property Value Unit 

Length 35.0 m 

Height  27.5 m 

Width 27.0 m 

Total Mass 2027.0 Mg 
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SURGING FLAP WECS 
Surging Flap WECs generally consist of a hinged rectangular flap that is attached to a pivot at its 
base. Power is generated due to waves applying forces on the flap that, when oscillating, 
compresses and expands a working fluid.  

Langlee (F-3OF) 
All information and specifications retrieved from A. Babarit et al. [4]. 

Specific Functionality 

F-3OF uses a Hydraulic Motor PTO system. F-3OF uses four hinged flaps which are connected to 
one structure, which is attached to the seabed via mooring lines.  

Table 8: F-3OF Dimensions 

 

Performance Matrix  

 

 

 

Property Value Unit 

Length  25.0 m 

Height  8.5 m 

Width (of the 
flap) 

9.5 m 

Total Mass 1451.5 Mg 



 

 

13 

 

Oyster2 (B-OF) 
All information and specifications retrieved from A. Babarit et al. [4].  

Specific Functionality 

B-OF uses a Hydraulic Motor PTO system, which is placed at the base of the entire structure. The 
particular PTO system used for the B-OF pumps the hydraulic fluid onshore, which drives an 
onshore generator.  

Table 9: B-OF Dimensions 

 

 

 

 

 
 

Performance Matrix  

 

 
 

 

 

 

 

Property Value Unit 

Length 2.0 m 

Height  16.0 m 

Width 
(Diameter of 

the float) 
2.0 m 

Total Mass (of 
the float) 

150.0 Mg 
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Resolute Marine Energy’s (RME) Flap  
All information and specifications retrieved from H. Bailey et al. [6]. 

Specific Functionality 

RME’s Flap uses a Hydraulic Motor PTO system, which is placed at the base of the entire structure. 
RME’s Flap operates well in nearshore locations, which allows for a reduction in expenses. 

Table 10: RME Flap Dimensions  

 

Performance Matrix 

 

 

 

 

 

 

 

 

 

Property Value Unit 

Length 8.0 m 

Height  7.5 m 

Width 3.0 m 

Total Mass (of 
the flap) 

4.5 Mg 
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RM5 OSWEC  
All information and specifications retrieved from Y. Y.-H et al. [7]. 

Specific Functionality 

RM5 OSWEC uses a Hydraulic Motor PTO system. RM5 OSWEC was designed to perform 
optimally in deep waters ranging from 50 meters to about 100 meters while being attached to 
the seabed via cables.   

Table 11: RM5 OSWEC Dimensions 

 

 

 

 

 

Performance Matrix  

 

 
 

 

 

 

 

 

 

Property Value Unit 

Length 45.0 m 

Height  19.0 m 

Width 29.0 m 

Total Mass 725.7 Mg 
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BUOYANT RAFT WECS 
Buoyant Raft WECS generally consist of a large floating platform that is attached to a hydraulic 
cylinder. Power is generated due to waves applying forces on the Raft that, when rotating about 
the fixed point, compresses and expands a hydraulic cylinder.  

SURFPOWER RAFT (1B-PA) 
All information and specifications retrieved from H. Bailey et al. [6]. 

Specific Functionality 

1B-PA uses a Hydraulic Motor PTO system. 1B-PA is attached to the seabed via a hydraulic 
cylinder and is able to rotate and move in 5 Degrees of Freedom.  

Table 12: 1B-PA Dimensions  

 

Performance Matrix  

 

 

 

 

 

Property Value Unit 

Length (of the 
raft) 

24.0 m 

Height (of the 
raft) 

1.0 m 

Width (of the 
raft) 

7.0 m 

Total Mass -- Mg 
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ATTENUATOR WECS 
Attenuator WECS generally consist of large cylindrical sections that are connected together via 
joints. They are also generally aligned parallel to the wave direction, with a PTO in each section 
producing electricity.   

Pelamis  
All information and specifications retrieved from R. Yemm et al. [8].  

Specific Functionality 

Pelamis uses a Hydraulic Motor PTO system. Pelamis consists of multiple cylindrical sections, 
which are connected by hinged joints. Pelamis was designed for survivability, which is shown in 
its streamlined form. Due to its structure, Pelamis is able to be protected against the extreme 
amounts of hydrodynamic loading present in the ocean.  

Table 13: Pelamis Dimensions 

 
 

Performance Matrix  

 

 

 

Property Value Unit 

Length (of the 
float) 

180.0 m 

Height 
(Diameter of 

the float) 
4.0 m 

Width 
(Diameter of 

the float) 
4.0 m 

Total Mass 1300.0 Mg 
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