
Symphony	  	  and..	  
“the	  insight	  of	  a	  wave	  technology	  development	  experiance”	  	  
by	  Fred	  Gardner	  	  



Where	  do	  we	  come	  from?	  
	  

•  Started	  1993	  

•  1997	  prototype	  1:20	  in	  Deltaflume	  

 

 

Some	  history	  

ArJst	  impression	  of	  one	  of	  
the	  first	  designs.	  



Concept development 
1993 – 1995 - 1997 

1995 Netherlands - 1:20 
model test  

Teamwork Technology bv                                             AWS Ocean energy LTD 

1998 Cork - 1:50 model test  

principle	  

1:	  50	  scale	  
tesJng	  1:	  20	  scale	  

tesJng	  
Next step = pilot plant with: 

 
Real size components 
 (generator and grid connection) 
No membrane (open gap) 
Proof of technology. 



Being	  towed	  to	  the	  AtlanJc	  Ocean	  in	  Portugal	  



Submerging	  @	  may	  2004	  
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Learning experience from prototype testing at 
sea 

 

•  Easy to control / natural behaviour. 
•  Can be switched off.  (For survival.) 
•  Underwater is good accessible by diver or ROV < Hs 2.5m. 
•  Theory fits, and can be used for future design. 
•  For submerge use a semi autonomous system< Hs. 2.5m 
•  No mechanical connections between vessels, dynamics are 

dominant. 
•  Standard offshore technology was not suitable for installation. 
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 presented at : EC Coordinated Action in Ocean Energy    
   EPSRC Supergen Marine 

Oct 2007 

Conclusions	  presented	  at	  conference	  in	  20017	  



Learning experience from prototype 
testing at sea for design next system.	  

•  No pontoon (it was specific for the pilot plant) 
•  Build horizontal. 
•  All controls at the outside, to be able to exchange. 
•  All electric, avoid Christmas-tree constructions. 
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 presented at : EC Coordinated Action in Ocean Energy    
   EPSRC Supergen Marine 

Oct 2007 

Conclusions	  presented	  at	  conference	  in	  20017	  



Conclusion and next steps 

•  Results are good enough, technology is proven 
•  Next device is first of a park 
•  Park development has started 
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 presented at : EC Coordinated Action in Ocean Energy    
   EPSRC Supergen Marine 

Oct 2007 

Conclusions	  presented	  at	  conference	  in	  20017	  
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 EC Coordinated Action in Ocean Energy                     EPSRC Supergen Marine 

What does the next system look like? 

	  
 

Fixed construction 

Flexible construction 

< 90m 

50m 

SuggesJons	  for	  next	  design	  as	  
presented	  in	  2007	  



AWS	  technology	  is	  taken	  over	  by	  company	  AWS	  Ocean	  ltd.	  
New	  design	  suggested	  by	  AWSocean	  ltd.	  	  



Concepts	  AWS	  ocean	  is	  working	  on	  

Source	  :website	  	  AWSocean	  
ltd	  



AWSocean	  design.	  

Source	  :	  AWSocean	  ltd	  

These	  designs	  converge	  from	  the	  original	  design	  
route	  from	  the	  original	  AWS	  design	  as	  a	  verJcal	  
heaving	  submerged	  system.	  



2014	  
New	  start	  for	  old	  Idea.	  

•  symphony	  wave	  power	  
–  a	  “new”	  Dutch	  -‐	  Portuguese	  wave	  energy	  project.	  	  
–  With	  a	  new	  strategy	  

In	  2014	  the	  originators	  of	  the	  
“old	  AWS	  systems	  took	  up	  the	  
original	  design	  path.	  	  
They	  were	  granted	  an	  EU	  
subsidy	  to	  develop	  several	  key	  
technologies	  



New	  setup	  from	  20	  years	  of	  experience.	  

•  AnJcipate	  learning	  curves	  
•  Start	  small	  and	  learn	  

•  Do	  not	  follow	  the	  money,	  let	  the	  money	  follow	  you	  
•  Partner	  as	  much	  as	  possible	  within	  the	  triple	  helix	  

Comment:	  
Apart	  from	  the	  new	  technology	  the	  developers	  added	  to	  the	  old	  concept	  a	  new	  
strategy	  was	  introduced.	  In	  the	  basics	  this	  is	  based	  on	  de-‐risking	  components	  and	  
the	  whole	  technology	  on	  the	  smallest	  possible	  scale.	  	  With	  this	  small	  device	  
extensive	  experience	  will	  be	  archived	  before	  larger	  and	  more	  costly	  systems	  are	  
build.	  Since	  at	  this	  scale	  energy	  producJon	  against	  a	  commercial	  price	  is	  
impossible,	  the	  project	  is	  considered	  a	  R&D	  project.	  



ArJst	  impression	  
Symphony	  wave	  power	  

The	  system	  works	  as	  a	  damped	  
mass	  spring	  system.	  The	  ais	  
inside	  acts	  as	  a	  spring	  the	  
turbine	  as	  a	  damper	  

air	  

turbine	  



Symphony	  wave	  power	  output.	  
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Our	  
focus	  

THINK	  SMALL	  !!!	  &	  de-‐risk	  before	  develop.	  



Our	  
focus	  



EU	  weeeet	  program	  
Development	  needed	  on	  key	  components	  
R&D	  project	  developing	  technology	  



Our	  focus	  



Cocoon	  design	  



Membrane	  	  
performance	  
as	  a	  bearing	  

Maximum	  displacement	  during	  operaJon:	   	   	   	   	   	  10	  [mm]	  
Seastate:	  Hs=5[m]	  Period	  Jme	  band	  :	  10-‐20[s]	  
	  
Maximum	  displacement	  during	  severe	  weather	  condiJons:	   	  12.5[mm]	  
Seastate:	  Hs=10[m]	  Period	  Jme	  band	  :	  12.5-‐25	  [s]	  
	  
to	  move	  the	  cylinder	  0,01	  meter	  26	  [kN]	  is	  needed	  	  	   	   	   	  K=	  2,7MN/m	  
	  
the	  membranes	  own	  frequency	  is	  about 	   	   	   	   	  	  5	  hertz.	  

Thesis	  by	  Hans	  van	  Noorloos	  
University	  of	  applied	  science	  Inholland	  
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Nominal	  pressure	  of	  the	  
interior	  is	  15bar.	  This	  gives	  
extensive	  forces	  on	  the	  
construcJon	  	  



Thesis	  Aart	  Kooiman	  	  	  
Technical	  university	  	  Twente	  

For	  the	  geometry	  of	  the	  membrane	  shape	  a	  patent	  applicaJon	  is	  filed	  

Assisted	  by	  Miguel	  Prado	  	  pHd	  student	  TU-‐Dell	  
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Results	  from	  shaping	  the	  membrane	  
W
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The	  spring	  has	  
become	  linear	  
for	  one	  specific	  
frequency.	  
For	  other	  
frequencies	  it	  is	  
almost	  linear.	  



Difference	  in	  mass	  floater	  W
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The	  system	  behaves	  
as	  a	  wide	  banded	  
resonator.	  
ParJally	  this	  is	  
because	  it	  is	  relaJve	  
small	  to	  the	  waves.	  
Larger	  systems	  will	  
have	  a	  different	  
behavior	  

At	  a	  0.2	  m	  wave	  the	  
system	  already	  
moves	  over	  its	  full	  	  	  
2	  m	  stroke	  



SimulaJon	  
	  off	  the	  brakes	  
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The	  work	  is	  not	  
finished	  yet,	  but	  
changing	  the	  shape	  at	  
the	  end	  of	  the	  
membrane	  has	  a	  
huge	  effect	  for	  
stopping	  the	  moJon.	  
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Power	  diagram	  for	  
the	  small	  device.	  
Larger	  devices	  will	  go	  
up	  to	  <	  1	  MW	  of	  
power	  





Technology	  performance	  versus	  TRL	  

hops://www.dropbox.com/s/
b64vpbju9tkucu6/TLP_TRL%20paper.

%20.pdf?dl=0	  
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TRL	  levels	  
Symphony	  wave	  power	  

2010	  

AWS	  has	  been	  a	  huge	  learning	  
experience	  from	  this	  the	  new	  
concept	  is	  derived,	  that	  will	  have	  to	  
prove	  itself	  



NASA	  -‐	  ESA	  

Technology	  readiness	  levels,	  and	  risk	  decrease	  
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full	  scale	  doesn’t	  mean	  it	  is	  
economic	  viable.	  

…..and	  you	  do	  not	  want	  to	  be	  
there	  if	  it	  is	  not	  

IdealisJc.	  
	  
Reconsider	  the	  
value	  of	  TRL	  
Technology	  readiness	  levels	  

introduce	  TPL	  
Technology	  performance	  levels	  

Technical	  Performance	  Levels	  



The	  valley	  of	  death	  

Reconsider	  the	  financing	  mechanism	  for	  new	  
capital	  intensive	  technologies,	  like	  marine	  
energy.	  



Strategy	  to	  bridge	  the	  funding	  gap;	  
	  R&D	  funding,	  by	  developing	  key	  technology	  @	  early	  stage	  
	  &	  small	  scale	  demonstraJon.	  	  

Develop	  
key	  

technology	  

Demonstrate	  
proven	  

technology	  	  
Living	  labs	  

Only	  demonstrate	  large	  system	  once	  spall	  system	  is	  extensively	  tested	  





The	  choice	  is	  yours	  !!!	   pracJce	  

Improving	  by	  early	  stage	  technology	  development	   Including	  (general)	  experience	  



Renewable	  energy	  is	  harvested	  with	  large	  numbers	  
of	  devices.	  	  This	  gives	  the	  chance	  to	  reduce	  cost	  by	  
increase	  of	  experience.	  Wave	  energy	  will	  follow	  the	  
same	  learning	  curves	  



22%	  learning	  curve	  solar	  panels	  
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cost/MW	   investment	  Bilion	  €	  



Support	  programs,	  how	  to	  
parJcipate	  ?	  

•  Build	  small.	  
•  Test	  components,	  systems	  and	  array’s.	  

–  Several	  years	  
–  Scale	  up	  with	  CO2	  support	  mechanism.	  

•  Low	  cost	  Lean	  organizaJon	  with	  support	  off	  
–  UniversiJes	  and	  UniversiJes	  for	  applied	  science	  

•  Phd.	  
•  Thesis	  
•  Research	  programs	  

–  InsJtutes	  (ECN)	  
•  ImplementaJon.	  
•  Financers	  support	  

–  Branch	  organizaJon.	  
•  Oil	  and	  gas.	  
•  Shipbuilding.	  
•  OEM	  

Public	  	  
Private	  
Partnerships	  

Only	  cooperaJon	  within	  
the	  triple	  helix	  will	  make	  
the	  development	  possible	  



How	  to	  parJcipate?	  
Join	  forces	  



Our	  
focus	  



Future	  work	  

•  Design	  and	  build	  (2016)	  
–  Membrane	  
–  Turbine	  
–  Control	  cocoon.	  

•  Design	  and	  build	  and	  test	  anchoring	  
–  Scale	  model	  at	  Edinburgh	  university.	  

•  Design	  build	  and	  test	  prototype	  (1,5m	  –	  40kW)	  
–  @	  Sinus	  harbor	  Portugal	  and/or	  	  Netherlands??	  

•  Research	  on	  PTO	  for	  up	  scaling.	  
•  Research	  on	  array	  and	  grid	  control.	  
•  Development	  of	  niche	  applicaJons.	  
•  Time	  domain	  model	  validaJon.	  



Contact.	  

•  Fred	  Gardner	  
•  Fred.gardner@teamwork.nl	  

•  Teamwork.nl	  

•  or	  Henk	  Pollinder	  @	  TU	  –	  Dell.	  



Symphony	  	  and..	  
“the	  insight	  of	  a	  wave	  technology	  development	  experience”	  	  
by	  Fred	  Gardner	  	  


