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The “Etymol Wave Power Plant” 
is an energy converter based on 
a submarine vessel. It has a low 
initial investment and 
operational cost in comparison 
to a fossil fuel power generation, 
or any other electric power 
generation system. The unique 
features are:  operation below 
sea surface  in deep-water.  The 
Etymol technical cost efficiency is 
explained by  it  is a third-
generation  wave energy 
converter, see page 40. 

1. INTRODUCTION 
  F ig ure 1.1 "E tymol 4 MW Model Wave P ower P lant ".

It operates underwater, submerged 7m below ocean surface, this is why the "Etymol 
Wave Power Plant"  has no visual impact. Developing offshore wave power plant in 
order to harness clean energy from oceans. The plant weight is 920 tons, the rated 
power output is 4 MW, and the capacity factor is 49%, according to the results of the 
simulation for the locality of reference, see figure #5.2 and graph #5.3.



This technical note is 
partially based on the 
presentation made by 
Etymol in “Monthly Ademar 
Meeting” -  www.ademar.cl -  
held on 7 April 2016. The 
technical note´s objective is 
to introduce the “Etymol  
Wave Power Plant” 
technology and to highlight 
its strengths in comparison 
to the other WEC 
Technologies. This technical 
study produced the updated 
data base carried out in 
January 2018 by Etymol. 

 

 

  

1. INTRODUCTION 

 R E F E R E NC E S  [1,2&11]  R E F E R E NC E S  [1,3&13] R E F E R E NC E S  [1,4&15] [2,20]  R E F E R E NC E S  [4]  R E F E R E NC E S  [2,18]

R E F E R E NC E S  [2,26] [5,12&56]  R E F E R E NC E S  [1,4&14]  R E F E R E NC E S  [2,20] R E F E R E NC E S  [1,2&52] [2,22]  R E F E R E NC E S  [1,3&12]

R E F E R E NC E S  [1,4&16] [2,28]   R E F E R E NC E S  [9] [10]  R E F E R E NC E S  [3]

WAVEBOB 1 MW PPC 3.36 MW LANGLEE 0.25 MW PELAMISP2 0.75 MWWAVEROLLER 0.1 MW

WAVEGEN 0.5 MW OYSTER2 0.8 MW OPTPB40 0.04 MW WAVESTAR 3 MWBUOY 0.03 MW

OE BUOY 2.8 MW ANACONDA 1 MW ETYMOL 4 MW

FIGURE 1.2  Selection of Thirteen WEC´s. The source document is indicated below of the image of the each WEC.
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This report has been divided into the following sections:  

1. Introduction (page #2). 

2. Etymol Technology and Working Principle (page #5). 

3. Project Progress and Etymol Technology Readiness Level (page #9). 

4. State of the Art and WEC Classification (page #12). 

5. Etymol Wave Plant Benchmarking (page #22). 

6. Where’s the Future of the WEC´s Industry Going (page #40). 

7. Conclusions (page #44). 

8. References (page #45). 

 

 

 

 

  

1. INTRODUCTION 



The main advantages of ”Etymol Power Plant” technology 
are the following:  

• LARGER LIFESPAN: It works protected, 7 meters 
submerged, offshore in deep waters. 

• HIGHER ENERGY-EFFICIENCY: Working principle based in 
the absorption of  the wave of pressure in order to drive  
a seawater flow in a natural and direct way. This working 
principle is highly energy-efficient, because it works 
driving the pressure wave across the WEC vessel hull  
turning it naturally and directly into kinetic energy 
without any moving parts. 

• HIGHER COST-EFFECTIVE SOLUTION: It has no moving 
parts in the energy conversion process itself.  

2.  ETYMOL TECHNOLOGY AND WORKING PRINCIPLE 

       F ig ure 2.1  "E tym ol 4 MW Model

                            Wave P ower P lant ".



• The difference between high 
and low-pressure zones 
generates a seawater flow inside 
the structure. 

• There is a flow in the wave 
direction (“Direct Flow”) and a 
flow in the opposite direction 
(“Reverse Flow”), both of which 
reach up to 2 m/s speeds.  

• Every 60 m, inside the structure, 
there are vertical axis turbine 
arrays that generate electricity.  

2.  ETYMOL TECHNOLOGY AND WORKING PRINCIPLE 

                          F ig ure 2.2  E tymol working  princ iple. Not to s cale. 



The engineering process is divided in two technical studies, which include technical 
notes, calculation reports and logs, technical drawings and description for two 
different models of “Etymol 4 MW Model Wave Energy Plants” and “Etymol 1 MW 
Model Wave Energy Plants” , see figures #2.3, #2.4 and #2.5. 

2.  ETYMOL TECHNOLOGY AND WORKING PRINCIPLE 

  F ig ure  2.3 "C F D " s imulation of the "E tymol 4 MW Model Wave P ower P lant "  is  developed, in the “F requenc y Domain ”.



2.  ETYMOL TECHNOLOGY AND WORKING PRINCIPLE 



The International Search 
Report of the “European 
WIPO Search Office” 
(www.wipo.int), qualifies 
the Etymol’s third patent 
application 
WO2015192258A1 with 
A’s, maximum standard 
for industrial 
applicability and novelty 
for our patent 
application. 

3.  PROJECT PROGRESS AND ETYMOL TECHNOLOGY READINESS LEVEL 

  F ig ure 3.1  "E tymol 4 MW Model Wave P ower P lant ".

http://www.wipo.int/
http://www.wipo.int/
http://www.wipo.int/
http://www.wipo.int/
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Etymol has the proven experience of developing and building a wave energy project. The 

prototype components have been proved in see deep water, in lakes and in the towing tank of 

the “National Hydraulics Institute”. Calculations of KPI, OPEX and CAPEX were achieved by a 

team of Civil engineers and technicians coming from Chile's top universities and with more 

than 20 years of professional experience each. 

3.  PROJECT PROGRESS AND ETYMOL TECHNOLOGY READINESS LEVEL 

  F ig ure 3.2  “E tymol 1:5 S cale Model Wave P ower P lant”, "P ower T ake Off " tes ting, water tank trial of the "Axial T urbine ", "WE C  Ves s el " tes ting 

                   and "Damper G ates  for S eawater E ntrance " tes ting.  In the photography tes ting, the "Damper G ates " pos ition is  c los ed.



According to the state of 
maturity of a technology or 
“Technology Readiness Level”  
(TRL), references [2,12], the 
ETYMOL Technology has 
reached a TRL-5 level, having 
already built a “Etymol 1:5 
Scale Model Wave Power 
Plant”, ready to be used in 
the towing tank, which is 
scheduled in the near future. 
This test will certify this 
project as a TRL-6 stage. 

3.  PROJECT PROGRESS AND ETYMOL TECHNOLOGY READINESS LEVEL 

  F ig ure 3.3  "E tymol 1:5 S cale  Model Wave P ower P lant".



The aim of this study is to estimate the 
mean annual power absorption of the 
“Thirteen WEC´s Selection” with different 
working principles. It is necessary to 
define “WEC-KPI” in order to simplify the 
WEC State of the Art Study and  to 
establish a way to measure energy-
efficiency. The “WEC-KPI” is calculated as 
a quotient from the WEC´s weight and the 
average annual power produced by a 
specific WEC and for specific site. The 
“WEC-KPI” is a characteristic mass per 
absorbed energy  [ton/MW]. 

 

4.  STATE OF THE ART AND WEC CLASSIFICATION 

T able 4.1   F ull power matrix for "E tymol 4 MW Model Wave P ower P lant ",
                  S catter s heet for latitude 41°25'N, longitude 8°50'W, P ortugal .  

WAVE 'S  S IG NIF IC ANT  P E R IO D

        S E C O NDS

7 8.2 9.4 10.5 11.6 12.8 14

7.6-6.4 7.6-8.8 8.8-10 10-11 11-12.2 12.2-13.4 13.4-14.6

WAVE 'S  S IG NIF IC ANT  HE IG HT

             ME T E R S

0.5 [ 0.25-0.75 ] 0.18% 0.33% 0.23% 0.08% 0.02% 0.02% 0.00%

1,710 1,197 869 664 515 395 305

1 [ 0.75-1.25 ] 1.37% 2.89% 2.87% 1.42% 0.35% 0.76% 0.00%

2,043 1,429 1,038 793 615 472 365

1.5 [ 1.25-1.75 ] 2.52% 4.87% 5.02% 3.48% 1.83% 2.13% 0.18%

2,758 1,930 1,402 1,071 830 637 492

2 [ 1.75-2.25 ] 2.08% 3.96% 4.08% 3.71% 3.02% 2.64% 0.96%

3,370 2,358 1,713 1,308 1,014 778 601

2.5 [ 2.25-2.75 ] 0.94% 2.56% 3.10% 2.82% 2.64% 2.00% 1.91%

3,624 2,536 1,842 1,407 1,091 837 647

3 [ 2,75-3.25 ] 0.18% 1.30% 2.26% 2.13% 1.91% 1.24% 1.85%

4,000 3,632 2,639 2,015 1,563 1,199 926

3.5 [3.25-3.75] 0.00% 0.43% 1.24% 1.52% 1.39% 0.76% 1.11%

4,000 4,000 4,000 4,000 3,319 2,546 1,967

4 [3.75-4,25] 0.00% 0.00% 0.50% 0.99% 0.99% 0.54% 0.66%

4,000 4,000 4,000 4,000 4,000 4,000 4,000

4.5 [4,25-4.75] 0.00% 0.00% 0.18% 0.54% 0.61% 0.41% 0.54%

4,000 4,000 4,000 4,000 4,000 4,000 4,000

     WE C  Model E tymol 4 MW

     R ated P ower Output 4,000 kW

     Average Annual P ower 1,964 kW

     C apacity F actor 49 %

     Average Annual Hs 2.4 m

     Average Annual Ts 10.7 s



Depending on the level of energy-efficiency, 

WEC´s industry falls into the tree following 

categories: 

• FIRST-GENERATION WEC: It is very  energy-

inefficient WEC´s category, since WEC-KPI is 

greater than 10,000 ton/MW. 

• SECOND-GENERATION WEC: It is low  

energy-efficient WEC´s category, since WEC-

KPI is greater than 1,000 ton/MW . 

• THIRD-GENERATION WEC: It is the only 

profitable WEC generation, since WEC-KPI is 

lower than 1,000 ton/MW. 

4.  STATE OF THE ART AND WEC CLASSIFICATION 

    F ig ure 4.2  An example of the "F irs t-G eneration WE C ":  "P E L A MIS P 2 0.75 MW "

    F ig ure 4.3  An example of the "S econd-G eneration WE C ": "WAVE S T AR  3 MW " 

    F ig ure 4.4  An example of the "T hird-G eneration WE C ": "A NA C O NDA  1 MW " 

FIRST-GENERATION WEC   
WEC-KPI   >   10,000 ton/MW

THIRD-GENERATION WEC 
WEC-KPI   <   1,000 ton/MW

SECOND-GENERATION WEC  
WEC-KPI = 1,000 @ 10,000 ton/MW



4.  STATE OF THE ART AND WEC CLASSIFICATION 
    F ig ure 4.5   An example of WE C -K P I calculation

F igure is a view of the "O P T P B 40 Model"

WE C . Its weight is 114,220 kg and Its

power rated is 40 kW . As for O P T P B 40

Model WE C located in latitude 41°25'N,

longitude 8°50'W, P ortugal, the WE C  

capac ity factor has a value es timated at

around 30% . T hus , its average annual

power is 12 kW (40kW x 30% ). As for this

WE C , an example of a WE C -K P I 

calculation method is  as  follows :

Note: The reference for power and weight WEC data is “The Ocean Power Technologies 
Inc.” website – 2016: www.oceanpowertechnologies.com/powerbuoy, “The average 
annual output power from a single OPTPB40 40 KW Model, site dependent, 9 kW to 15 
kW. The OPTPB40 weight  is 114,220 kg”. Other references [2,20]. Moreover, the power 
and weight WEC data corresponding to the theoretical performance for a WEC located in 
latitude 41°25'N, longitude   8°50'W, Portugal. In this area, the annual average wave 
energy flux is 33.7 kW/m. By providing estimates of annual energy absorption in realistic 
conditions for the structure proposed for wave energy conversion, the first aim of this 
technical note is to contribute to clarifying what can reasonably be expected as the 
mean output of a similar wave energy converter. 

WEC-KPI =
Weight of WEC structure [ton] 

average annual power [MW]

WEC-KPI =
114 [ton] 

0.012 [MW]

WEC-KPI =   9,500
ton
MW

SECOND-
GENERATION 

WEC 



4.  STATE OF THE ART AND WEC CLASSIFICATION 

  G raph 4.6 G lobal annual mean wave power dens ity . The units  of the Wave P ower D ens ity  are kW/m ,

                      references  [12,10].

As  s tated on the map, the maximum wave energy flux is  found in high s eas , where the wave energy flux  is  greater 

than 90 kW/m . Nevertheles s , the wave energy flow  near the coas t is  lower than 40 kW/m . As  a paradox, the 

“T echnology G lobal Wave P otential ” is  quantified by calculating the energy flux acros s  a line 30 nautical miles  
offs hore, references  [14,1].



4.  STATE OF THE ART AND WEC CLASSIFICATION 

        F ig ure 4.7  T wo B ody WE C , reference [7,6]

The “Technology Global Wave Potential” 

considers the scientific paper “Gunnar Mørk 

et al. – Assessing the Global Wave Energy 

Potential Year – 2010”, reference [7,6]. This 

scientific paper calculate that the present 

“Technology Global Wave Potential” is 2.7 

TW (1 TW = 1,000 GW), for the “Two Body 

WEC”. For this “Two Body WEC”, the radius 

of the cylinder is 6.5m and the radius of the 

inner cylinder is 4 m, see figure #4.7.  

 



4.  STATE OF THE ART AND WEC CLASSIFICATION 

The 2.7 TW calculation is quantified 

using the followings assumptions: 

• Considering the “SECOND-

GENERATION WEC” 

• Considering energy across a line 30 

nautical miles offshore, discarding 

reserved areas for other uses, for 

example: Ports, Sea transport routes,  

Fishery area, Archaeological sites, 

biosphere reserves. 

T a ble  4.8 “P res ent Technology G lobal Wave P otential” is  2.7 T W.

            R eferences : S c ientific  paper “G unnar Mørk et al. – As s es s ing the 


            G lobal Wave E nergy P otential Y ear – 2010”


         G E O G R AP HIC AL  WE C  AR E A T WO  B O DY  F AR M

G W

1 E urope (N & W) 286

2 North Atlantic  Archipelagos 111

3 North America (W) 207

4 C entral America 171

5 S outh America (E ) 202

6 S outh America (W) 324

7 Africa (S ) 178

8 Africa (E ) 127

9 As ia ( E ) 157

10 As ia (S E ) and Melanes ia 283

11 As ia (W and S ) 84

12 Aus tralia and New Zealand 574

  G lobal Wav e P otenc ial (G W) 2,704



4.  STATE OF THE ART AND WEC CLASSIFICATION 

The present “Technology Global 

Wave Potential” for a “SECOND-

GENERATION WEC” is 2.7 TW. 

Nevertheless, the Technology Global 

Potential for a “THIRD-GENERATION 

WEC” is 28.4 TW. And considering 

the possibility of WEC stationed in 

the high seas, the “Technology 

Global Wave Potential” largely 

exceeds the value 28.4 TW. 

 

T a ble  4.9 “P res ent Technology G lobal Wave P otential” is  28.4 T W.

            R eferences : *3+ The “B as ic  E ngineering of the E tymol 4 MW Model

            Wave P ower P lant – 2016”.


         G E O G R AP HIC AL  WE C  AR E A E T Y MO L  F AR M

G W

1 E urope (N & W) 3,006

2 North Atlantic  Archipelagos 1,167

3 North America (W) 2,176

4 C entral America 1,797

5 S outh America (E ) 2,123

6 S outh America (W) 3,405

7 Africa (S ) 1,871

8 Africa (E ) 1,335

9 As ia ( E ) 1,650

10 As ia (S E ) and Melanes ia 2,974

11 As ia (W and S ) 883

12 Aus tralia and New Zealand 6,033

  G lobal Wav e P otenc ial (G W) 28,419



The “IEA” estimates that year’s 2013  
world average power consumption 
was 18 TW, reference [8], see figure 
4.10. This world energy consumption 
includes all the industries and sources: 
hydro power, fossil fuels, nuclear 
power, thermoelectric generation, 
transport fuel, mining industry, 
chemical industry, food, heating, 
amongst other uses. 

Therefore, the 28.4 TW Technology 
Global Wave Potential largely exceeds 
the global needs. 

4.  STATE OF THE ART AND WEC CLASSIFICATION 

    G raph 4.10  World average power cons umption of 18 T W, reference [8]



This report explores the 
existing wave energy 
technologies across a 
variety of design types  
classified by location. 
Each wave energy 
converter analyzed is 
benchmarked against 
the “Etymol Wave Power 
Plant”. Then, this is a 
theoretical energy-
efficiency study of 
“Thirteen WEC´s 
Selection”. 

4.  STATE OF THE ART AND WEC CLASSIFICATION 

  F ig ure 4.11  C las s ification by WE C  L ocation

ONSHORESHALLOW WATERDEEP WATER



This report explores the existing wave 
energy technologies across a variety 
of design types  classified by WEC 
working principle. Each wave energy 
converter analyzed is benchmarked 
against the “Etymol Wave Power 
Plant”. Then, this is a theoretical 
energy-efficiency study of “Thirteen 
WEC´s Selection”. The classification of 
WEC working principle must be 
defined. For this purpose, we will use 
the classification used by “EMEC” 
(www.emec.org.uk). 

4.  STATE OF THE ART AND WEC CLASSIFICATION 

                Table 4.12  WE C  class  by it´s  working  principle
WE C  C L AS S Working  P rinc iple WE C  example

A Attenuator

B P oint Abs orber

C O s c illating Wave S urge C onverter

D O s c illating Water C olumn

E O vertopping/Terminator

F S ubmerged P res s ure D ifferential

G O ther - B ulge Wave

H R otating Mas s

I O ther

http://www.emec.org.uk/
http://www.emec.org.uk/
http://www.emec.org.uk/
http://www.emec.org.uk/
http://www.emec.org.uk/
http://www.emec.org.uk/
http://www.emec.org.uk/


Because of the different WEC features 
such as location and working principle, 
the following questions arises:  

• What is the ideal location that allows for 
a greater energy-efficiency? 

• What is the working principle with the 
lowest WEC-KPI? 

To answer both questions, the energy-
efficiency of the “Thirteen WEC´s 
Selection” will be analyzed. 

 

5.  ETYMOL WAVE POWER PLANT BENCHMARKING 

  F ig ure 5.1  "E tymol 1:5 S cale  Model Wave P ower P lant".



According to the “ceteris paribus 
principle” the “Thirteen WEC´s 
Selection” are located on the same 
latitude and  sea conditions, see 
figure #5.3 and graph #5.4. The 
power and weight data correspond 
to the theoretical performance of a 
WECs located in latitude 41°25'N, 
longitude   8°50'W, Portugal. In this 
site, the annual average wave 
energy flux is 33.7 kW/m. 

5.  ETYMOL WAVE POWER PLANT BENCHMARKING 

  F ig ura 5.2  T his  is  a locality of reference for a theoretical energy-effic iency 

                     s tudy of thirteen s elected WE C s  with different working  princ iples .  

                     T he WAV E  HUB  location is  latitude 41°25'N, long itude   8°50'W, P ortugal



The power and weight 

data correspond to the 

theoretical 

performance of the 

Selection of “Thirteen 

WEC´s Selection” 

located in latitude 

41°25'N, longitude   

8°50'W, Portugal. In 

this area, the annual 

average wave energy 

flux is 33.7 kW/m, see 

the Graph #5.4.  

5.  ETYMOL WAVE POWER PLANT BENCHMARKING 

  G raph 5.3  S catter s pread s heet for latitude 41°25'N, long itude   8°50'W, P ortugal.  

                     T he annual average wave energy flux per unit of wave-cres t length for

                     this  point is  33.7 kW/m, references  [1,5].



5.  ETYMOL WAVE POWER PLANT BENCHMARKING 

 R E F E R E NC E S  [1,2&11]  R E F E R E NC E S  [1,3&13] R E F E R E NC E S  [1,4&15] [2,20]  R E F E R E NC E S  [4]  R E F E R E NC E S  [2,18]

R E F E R E NC E S  [2,26] [5,12&56]  R E F E R E NC E S  [1,4&14]  R E F E R E NC E S  [2,20] R E F E R E NC E S  [1,2&52] [2,22]  R E F E R E NC E S  [1,3&12]

R E F E R E NC E S  [1,4&16] [2,28]   R E F E R E NC E S  [9] [10]  R E F E R E NC E S  [3]

WAVEBOB 1 MW PPC 3.36 MW LANGLEE 0.25 MW PELAMISP2 0.75 MWWAVEROLLER 0.1 MW

WAVEGEN 0.5 MW OYSTER2 0.8 MW OPTPB40 0.04 MW WAVESTAR 3 MWBUOY 0.03 MW

OE BUOY 2.8 MW ANACONDA 1 MW ETYMOL 4 MW

FIGURE 5.4  Selection of Thirteen WEC´s. The source document is indicated below of the image of the each WEC.



5.  ETYMOL WAVE POWER PLANT BENCHMARKING 
    F ig ure 5.5   T he WAV E B O B  1 MW model MO D E L

WAVE B O B  1 MW

B R ANC H

WAVE B O B  L T D.

C O UNTR Y

E ME C  C LAS S

(B ) P oint Abs orber

WE C -K P I [ton/MW]

28,663

WE IGHT (ton)

5,704

AVE R AGE  ANNUAL  P O WE R   (kW)

199

C AP AC ITY  F AC TO R

20%

R E F E R E NC E S

[1,2&11]

Note: The reference for power and weight WEC data is the scientific paper “A. Babarit et al. – Numerical Benchmarking study of a selection of 
wave energy converters – 2011”, references [1,2&11]. Moreover, the power and weight WEC data corresponding to the theoretical performance 
for a WEC located in latitude 41°25'N, longitude   8°50'W, Portugal. In this area, the annual average wave energy flux is 33.7 kW/m. By providing 
estimates of annual energy absorption in realistic conditions for the structure proposed for wave energy conversion, the first aim of this 
technical note is to contribute to clarifying what can reasonably be expected as the mean output of a similar wave energy converter. 

FIRST-GENERATION WEC   



5.  ETYMOL WAVE POWER PLANT BENCHMARKING 
    F ig ure 5.6  T he P P C  3.36 MW model MO D E L

P P C  3.36 MW

B R ANC H

P O NT O O N P O WE R  AS

C O UNTR Y

E ME C  C LAS S

(B ) P oint Abs orber

WE C -K P I [ton/MW]

16,508

WE IGHT (ton)

5,233

AVE R AGE  ANNUAL  P O WE R   (kW)

317

C AP AC ITY  F AC TO R

9%

R E F E R E NC E S

[1,3&13]

Note: The reference for power and weight WEC data is the scientific paper “A. Babarit et al. – Numerical Benchmarking study of a selection of 
wave energy converters – 2011”, references [1,3&13]. Moreover, the power and weight WEC data corresponding to the theoretical performance 
for a WEC located in latitude 41°25'N, longitude   8°50'W, Portugal. In this area, the annual average wave energy flux is 33.7 kW/m. By providing 
estimates of annual energy absorption in realistic conditions for the structure proposed for wave energy conversion, the first aim of this 
technical note is to contribute to clarifying what can reasonably be expected as the mean output of a similar wave energy converter. 

FIRST-GENERATION WEC   



5.  ETYMOL WAVE POWER PLANT BENCHMARKING 
    F ig ure 5.7   T he L ANG L E E  0.25 MW model MO D E L

L ANG L E E  0.25 MW

B R ANC H

L ANG L E E  WAVE  P O WE R

C O UNTR Y

E ME C  C LAS S

(C ) O s c illating  Wav e S urg e C onv erter

WE C -K P I [ton/MW]

15,596

WE IGHT (ton)

1,622

AVE R AGE  ANNUAL  P O WE R   (kW)

104

C AP AC ITY  F AC TO R

42%

R E F E R E NC E S

[1,4&15] [2,20]

Note: The reference for power and weight WEC data is the scientific paper “A. Babarit et al. – Numerical Benchmarking study of a selection of wave 
energy converters – 2011”, references  [1,4&15] [2,20]. Moreover, the power and weight WEC data corresponding to the theoretical performance for a 
WEC located in latitude 41°25'N, longitude   8°50'W, Portugal. In this area, the annual average wave energy flux is 33.7 kW/m. By providing estimates of 
annual energy absorption in realistic conditions for the structure proposed for wave energy conversion, the first aim of this technical note is to contribute 
to clarifying what can reasonably be expected as the mean output of a similar wave energy converter. 

FIRST-GENERATION WEC   



5.  ETYMOL WAVE POWER PLANT BENCHMARKING 
    F ig ure 5.8   T he WAV E R O L L E R  0.1 MW model MO D E L

WAVE R O L L E R  0.1 MW

B R ANC H

AW E NE R G Y

C O UNTR Y

E ME C  C LAS S

(C ) O s c illating  Wav e S urg e C onv erter

WE C -K P I [ton/MW]

13,333

WE IGHT (ton)

280

AVE R AGE  ANNUAL  P O WE R   (kW)

21

C AP AC ITY  F AC TO R

21%

R E F E R E NC E S

[4] 

Note: The reference for power and weight WEC data is the http://aw-energy.com “A first in independent verification the electricity output from a 
single waveroller 100kW-unit during a 24-hour period with significant wave height of 2.5m, typical at the Peniche project site in Portugal was 500 
kWh”, WaveRoller 100kW-unit weight 280 tonnes, references [4]. Moreover, the power and weight WEC data corresponding to the theoretical 
performance for a WEC located in latitude 41°25'N, longitude   8°50'W, Portugal. In this area, the annual average wave energy flux is 33.7 kW/m. 
By providing estimates of annual energy absorption in realistic conditions for the structure proposed for wave energy conversion, the first aim of 
this technical note is to contribute to clarifying what can reasonably be expected as the mean output of a similar wave energy converter. 

FIRST-GENERATION WEC   



5.  ETYMOL WAVE POWER PLANT BENCHMARKING 
    F ig ure 5.9   T he P E L AMIS P 2 0.75 MW model MO D E L

P E L AMIS P 2 0.75 MW

B R ANC H

P E L AMIS  WAVE  P O WE R

C O UNTR Y

E ME C  C LAS S

(A) Attenuator

WE C -K P I [ton/MW]

12,857

WE IGHT (ton)

1,350

AVE R AGE  ANNUAL  P O WE R   (kW)

105

C AP AC ITY  F AC TO R

14%

R E F E R E NC E S

[2,18]

Note: The reference for power and weight WEC data is the report "SI Ocean Strategic Iniciative for Ocean Energy – 2012", elaborated and signed by "The 
European Ocean Energy” agency and “The University of Edinburgh”, references [2,18]. Moreover, the power and weight WEC data corresponding to the 
theoretical performance for a WEC located in latitude 41°25'N, longitude   8°50'W, Portugal. In this area, the annual average wave energy flux is 33.7 
kW/m. By providing estimates of annual energy absorption in realistic conditions for the structure proposed for wave energy conversion, the first aim of 
this technical note is to contribute to clarifying what can reasonably be expected as the mean output of a similar wave energy converter. 

FIRST-GENERATION WEC   



5.  ETYMOL WAVE POWER PLANT BENCHMARKING 
    F ig ure 5.10   T he WAV E G E N 0.5 MW model MO D E L

WAVE G E N 0.5 MW

B R ANC H

VO IT H

C O UNTR Y

E ME C  C LAS S

(D) O s c illating  Water C olumn

WE C -K P I [ton/MW]

11,111

WE IGHT (ton)

1,000

AVE R AGE  ANNUAL  P O WE R   (kW)

90

C AP AC ITY  F AC TO R

18%

R E F E R E NC E S

[2,26] [5,12&56]

Note: The  reference for power and weight WEC data is the  report "SI Ocean Strategic Iniciative for Ocean Energy – 2012", elaborated and signed by "The 
European Ocean Energy” agency and “The University of Edinburgh”, references [2,26] [5,12&56]. Moreover, the power and weight WEC data 
corresponding to the theoretical performance for a WEC located in latitude 41°25'N, longitude   8°50'W, Portugal. In this area, the annual average wave 
energy flux is 33.7 kW/m. By providing estimates of annual energy absorption in realistic conditions for the structure proposed for wave energy 
conversion, the first aim of this technical note is to contribute to clarifying what can reasonably be expected as the mean output of a similar wave energy 
converter. 

FIRST-GENERATION WEC   



5.  ETYMOL WAVE POWER PLANT BENCHMARKING 
    F ig ure 5.11   T he O Y S T E R 2 0.8 MW model MO D E L

O Y S T E R 2 0.8 MW

B R ANC H

AQUAMAR INE  P O WE R

C O UNTR Y

E ME C  C LAS S

(C ) O s c illating  Wav e S urg e C onv erter

WE C -K P I [ton/MW]

10,201

WE IGHT (ton)

5,233

AVE R AGE  ANNUAL  P O WE R   (kW)

513

C AP AC ITY  F AC TO R

64%

R E F E R E NC E S

[1,4&14]

Note: The reference for power and weight WEC data is the scientific paper “A. Babarit et al. – Numerical Benchmarking study of a selection of wave 
energy converters – 2011”, references [1,4&14]. Moreover, the power and weight WEC data corresponding to the theoretical performance for a WEC
located in latitude 41°25'N, longitude   8°50'W, Portugal. In this area, the annual average wave energy flux is 33.7 kW/m. By providing estimates of 
annual energy absorption in realistic conditions for the structure proposed for wave energy conversion, the first aim of this technical note is to 
contribute to clarifying what can reasonably be expected as the mean output of a similar wave energy converter. 

FIRST-GENERATION WEC   



5.  ETYMOL WAVE POWER PLANT BENCHMARKING 
    F ig ure 5.12   T he O P T P B 40 0.04 MW model MO D E L

O P T P B 40 0.04 MW

B R ANC H

O C E AN P O WE R

C O UNTR Y

E ME C  C LAS S

(B ) P oint Abs orber

WE C -K P I [ton/MW]

9,500

WE IGHT (ton)

114

AVE R AGE  ANNUAL  P O WE R   (kW)

12

C AP AC ITY  F AC TO R

30%

R E F E R E NC E S

[2,20]

Note: The reference for power and weight WEC data is the  report "SI Ocean Strategic Iniciative for Ocean Energy – 2012", elaborated and signed by "The 
European Ocean Energy” agency and “The University of Edinburgh” , references [2,20]. Moreover, the power and weight WEC data corresponding to the 
theoretical performance for a WEC located in latitude 41°25'N, longitude   8°50'W, Portugal. In this area, the annual average wave energy flux is 33.7 
kW/m. By providing estimates of annual energy absorption in realistic conditions for the structure proposed for wave energy conversion, the first aim of 
this technical note is to contribute to clarifying what can reasonably be expected as the mean output of a similar wave energy converter. 

SECOND-GENERATION WEC 



5.  ETYMOL WAVE POWER PLANT BENCHMARKING 
    F ig ure 5.13   T he B UO Y  0.03 MW model MO D E L

B UO Y  0.03 MW

B R ANC H

S E AB AS E D

C O UNTR Y

E ME C  C LAS S

(B ) P oint Abs orber

WE C -K P I [ton/MW]

8,857

WE IGHT (ton)

31

AVE R AGE  ANNUAL  P O WE R   (kW)

4

C AP AC ITY  F AC TO R

14%

R E F E R E NC E S

[1,2&52] [2,22]

Note: The reference for power and weight WEC data is the scientific paper “A. Babarit et al. – Numerical Benchmarking study of a selection of wave 
energy converters – 2011”, references [1,2&52] [2,22]. Moreover, the power and weight WEC data corresponding to the theoretical performance for a 
WEC located in latitude 41°25'N, longitude   8°50'W, Portugal. In this area, the annual average wave energy flux is 33.7 kW/m. By providing estimates of 
annual energy absorption in realistic conditions for the structure proposed for wave energy conversion, the first aim of this technical note is to 
contribute to clarifying what can reasonably be expected as the mean output of a similar wave energy converter. 

SECOND-GENERATION WEC 



5.  ETYMOL WAVE POWER PLANT BENCHMARKING 
    F ig ure 5.14   T he WAV E S T AR  3MW model MO D E L

WAVE S T AR  3 MW

B R ANC H

WAVE  S T AR  E NE R G Y

C O UNTR Y

E ME C  C LAS S

(B ) P oint Abs orber

WE C -K P I [ton/MW]

5,281

WE IGHT (ton)

1,600

AVE R AGE  ANNUAL  P O WE R   (kW)

303

C AP AC ITY  F AC TO R

10%

R E F E R E NC E S

[1,3&12]

Note: The reference for power and weight WEC data is the scientific paper “A. Babarit et al. – Numerical Benchmarking study of a selection of wave 
energy converters – 2011”, references [1,3&12]. Moreover, the power and weight WEC data corresponding to the theoretical performance for a WEC
located in latitude 41°25'N, longitude   8°50'W, Portugal. In this area, the annual average wave energy flux is 33.7 kW/m. By providing estimates of 
annual energy absorption in realistic conditions for the structure proposed for wave energy conversion, the first aim of this technical note is to 
contribute to clarifying what can reasonably be expected as the mean output of a similar wave energy converter. 

SECOND-GENERATION WEC 



5.  ETYMOL WAVE POWER PLANT BENCHMARKING 
    F ig ure 5.15   T he O E  B UO Y  2.8 MW model MO D E L

O E  B UO Y  2.8 MW

B R ANC H

MAR INE  R E NE WAB L E  E NE R G Y

C O UNTR Y

E ME C  C LAS S

(D) O s c illating  Water C olumn

WE C -K P I [ton/MW]

4,905

WE IGHT (ton)

1,800

AVE R AGE  ANNUAL  P O WE R   (kW)

367

C AP AC ITY  F AC TO R

13%

R E F E R E NC E S

[1,4&16] [2,28]

Note: The reference for power and weight WEC data is the scientific paper “A. Babarit et al. – Numerical Benchmarking study of a selection of wave 
energy converters – 2011”, references [1,4&16] [2,28]. Moreover, the power and weight WEC data corresponding to the theoretical performance for a 
WEC located in latitude 41°25'N, longitude   8°50'W, Portugal. In this area, the annual average wave energy flux is 33.7 kW/m. By providing estimates of 
annual energy absorption in realistic conditions for the structure proposed for wave energy conversion, the first aim of this technical note is to 
contribute to clarifying what can reasonably be expected as the mean output of a similar wave energy converter. 

SECOND-GENERATION WEC 



5.  ETYMOL WAVE POWER PLANT BENCHMARKING 
    F ig ure 5.16   T he ANAC O ND A 1 MW model MO D E L

ANAC O NDA 1 MW

B R ANC H

C HE C K MAT E  S E AE NE R G Y  L T D.

C O UNTR Y

E ME C  C LAS S

(G ) O ther - B ulg e Wav e

WE C -K P I [ton/MW]

746

WE IGHT (ton)

500

AVE R AGE  ANNUAL  P O WE R   (kW)

670

C AP AC ITY  F AC TO R

67%

R E F E R E NC E S

[9] [10]

Note: The report “Impact assessment of a new wave energy converter, Anaconda – 2009”, thesis work done at "The University of Southampton", 
references [9] [10]. Moreover, the power and weight WEC data corresponding to the theoretical performance for a WEC located in latitude 41°25'N, 
longitude   8°50'W, Portugal. In this area, the annual average wave energy flux is 33.7 kW/m. By providing estimates of annual energy absorption in 
realistic conditions for the structure proposed for wave energy conversion, the first aim of this technical note is to contribute to clarifying what can 
reasonably be expected as the mean output of a similar wave energy converter. 

THIRD-GENERATION WEC



5.  ETYMOL WAVE POWER PLANT BENCHMARKING 
    F ig ure 5.17   T he E T Y MO L  4 MW model MO D E L

E T Y MO L  4 MW

B R ANC H

E T Y MO L  O C E AN P O WE R  S P A

C O UNTR Y

E ME C  C LAS S

(I) O ther

WE C -K P I [ton/MW]

468

WE IGHT (ton)

920

AVE R AGE  ANNUAL  P O WE R   (kW)

1,964

C AP AC ITY  F AC TO R

49%

R E F E R E NC E S

[3]

Note: The “Basic Engineering of the Etymol 4 MW Model Wave Power Plant – 2016”, elaborated and signed by the "Etymol Ocean Power SpA”, 
references [3]. Moreover, the power and weight WEC data corresponding to the theoretical performance for a WEC located in latitude 41°25'N, 
longitude   8°50'W, Portugal. In this area, the annual average wave energy flux is 33.7 kW/m. By providing estimates of annual energy absorption in 
realistic conditions for the structure proposed for wave energy conversion, the first aim of this technical note is to contribute to clarifying what can 
reasonably be expected as the mean output of a similar wave energy converter. 

THIRD-GENERATION WEC 



5.  ETYMOL WAVE POWER PLANT BENCHMARKING 

    T able 5.18  The B enchmarking  of Thirteen WE C ´s  S election
                                                                    Table 1. WE C -K P I =   weight WE C  vers us  it́ s  annual average powerWE C  MO DE L WE C  B R ANC H C O UNT R Y E ME C  

WE C  

C L AS S

WE C -K P I WE IG HT R AT E D 

P O WE R  

O UT P UT

C AP AC IT Y  

F AC T O R

AVE R AG E  

ANNUAL  

P O WE R

R E F E R E NC E

ton/MW ton kW % kW

WAVE B O B  1 MW WAVE B O B  LTD . IR E LAND B 28,663 5,704 1,000 20% 199 [1,2&11]

P P C  3.36 MW P O NTO O N P O WE R  AS NO R WAY B 16,508 5,233 3,620 9% 317 [1,3&13]

L ANG L E E  0.25 MW LANGLE E  WAVE  P O WE R NO R WAY C 15,596 1,622 250 42% 104 [1,4&15] [2,20]

WAVE R O L L E R  0.1 MW AW E NE R GY F INLAND C 13,333 280 100 21% 21 [4] [3,4]

P E L AMIS P 2 0.75 MW P E LAMIS  WAVE  P O WE R S C O TLAND A 12,857 1,350 750 14% 105 [2,18]

WAVE G E N 0.5 MW VO ITH GE R MANY D 11,111 1,000 500 18% 90 [2,26] [5,12&56]

O Y S T E R 2 0.8 MW AQ UAMAR INE  P O WE R S C O TLAND C 10,201 5,233 800 64% 513 [1,4&14]

O P T P B 40 0.04 MW O C E AN P O WE R  INC US A B 9,500 114 40 30% 12 [2,20]

B UO Y  0.03 MW S E AB AS E D S WE D E N B 8,857 31 25 14% 4 [1,2&52] [2,22]

WAVE S T AR  3 MW WAVE  S TAR  E NE R GY D E NMAR K B 5,281 1,600 3,000 10% 303 [1,3&12]

O E  B UO Y  2.8 MW MAR INE  R E NE WAB LE  E NE R GY IR E LAND D 4,905 1,800 2,800 13% 367 [1,4&16] [2,28]

ANAC O NDA 1 MW C HE C K MATE  S E AE NE R GY LTD UK G 746 500 1,000 67% 670 [9] [10]

E T Y MO L  4 MW E TYMO L O C E AN P O WE R  S P A C HILE I 468 920 4,000 49% 1,964 [3]

FIRST-GENERATION WEC   > 10,000 ton/MW

SECOND-GENERATION WEC  1,000 @ 10,000 ton/MW

THIRD-GENERATION WEC  < 1,000 ton/MW



6.  WHERE’S THE FUTURE OF THE WEC´S INDUSTRY GOING 
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GRAPH 6.1       WEC-KPI  [ton/MW annual average power]
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The two most efficient technologies: Anaconda and 
Etymol, have five similar features: 

• Efficiency of the working principle(< 1,000 ton/MW)  

• Geometry, long (>150 m) and narrow structures, 
oriented to the wave direction. 

• Operation: Underwater devices (> 5 m). 

• Devices that work in deep waters (depths > 40 m) 

• Working principle based in the absorption of  the wave 
of pressure in order to drive  a seawater flow (or  flow 
of oil) in a natural and direct way. This working principle is 
highly energy-efficient, because this type of WEC works 
driving the pressure wave across the WEC vessel hull  
turning it naturally and directly into kinetic energy 
without any moving parts.  

 

6.  WHERE’S THE FUTURE OF THE WEC´S INDUSTRY GOING 

    F ig ure 6.2  "T HIR D -G E NE R AT IO N WE C "  <1,000 ton/MW

ETYMOL
1:5 PROTOTYPE 

ANACONDA
1:50 PROTOTYPE 



The question then is “Where’s the Future of the 
WEC´s Industry Going”. To answer this question, we 
think that the evidence points  to “Third-Generation 
WEC”, that by definition are those whose WEC-KPI 
coefficient is less than 1,000 [ton/MW]. The only 
known wave energy plants described in the state of 
the art analysis that qualify as a “Third-Generation 
WEC´s” are: 

• “Anaconda Wave Energy Plant” 

• “Etymol Wave Energy Plant” 

 

6.  WHERE’S THE FUTURE OF THE WEC´S INDUSTRY GOING 

    F ig ure 6.3  E tymol 4 MW Model Wave P ower P lant

    F ig ure 6.4  Anaconda 1 MW Model Wave P ower P lant

"THIRD-GENERATION WEC"
WEC-KPI   =  468 ton/MW

"THIRD-GENERATION WEC"
WEC-KPI   =  746 ton/MW



Updated information is scarce, so for each WEC described in this report, both the source 
and its release date is particularly listed, see the following section. Moreover, the power 
and weight WEC data corresponding to the theoretical performance. Some of the WEC 
model are from the year 2011. Nowadays, in 2016, many of the technologies listed on this 
document have evolved and developed new prototypes and even in some cases, they 
may have increased their wave power converting principle efficiency. 

6.  WHERE’S THE FUTURE OF THE WEC´S INDUSTRY GOING 

    F ig ure 6.5  E tymol 1:5 Model Wave P ower P lant, P ower Take O ff Testing 




 

“Etymol Power Plant” has a low initial investment and operational cost in comparison to 
a fossil fuel power generation, or any other electric power generation system. The 
unique features are:  operation below sea surface (submerged) in deep-water, 
generating electricity from the waves differential pressure.  Finally, we firmly believe 
that “Etymol Technology” is the most profitable and sustainable form of wave energy in 
the known state of the art. 

7.  CONCLUSIONS 

    F ig ure 7.1  E tymol 1:5 Model Wave P ower P lant
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