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F O R E W O R D

Af t er  a l m o s t  t h i r t y  years o f  research and t e c h n o l o g y  d e v e l o p m e n t  on t h e  u t i l i z a t i o n  o f  wave  

e ne rg y and m a r i n e  c u r r e n t  energy,  i t  is r ecognized t h a t  we are g e t t i n g  c lose t o  t h e  e x p l o i t a ­

t i o n  phase o f  t he se  r en e wa b le  ocean e ne rg y resources.

The proposed wave e n e rg y  devices are based on a w i d e  range of  c on ce pt s  and can be c lass i ­

f i ed  acco rd in g t o  l o c a t i o n .  Firs t g e n e ra t io n  devices,  wh i c h  use mor e c o n v e n t i o n a l  t e c h n o l o ­

gy, are f ixed devices loca t ed  at  t h e  s h or e l i n e  w h e r e  access is easier  b u t  t h e  r esource is l o w e r  

due t o  t h e  e n er gy  d iss i pa t i on  in s h a l l o w  wa te rs ,  and t h e  g é o m o r p h o l o g i e  and e n v i r o n m e n t a l  

c o n s t ra i n t s  are h ig h.  Of  t h e  seven f i r s t - g e n e r a t i o n  n earshor e p ro t o t y p e s  b u i l t  s ince 1986,  al l  

(except  one)  are o f  t h e  O sc i l l a t i ng  W a t e r  Co lu mn  (OWC) t y pe .  O t he r  t w o  OWC p r o t o ty p es  have 

T e re s a  P o n te s ,  c h a i r  been b u i l t  n earshor e (second  g e n e ra t io n ) .  S ur v i v a b i l i t y  w h i c h  is a m a j o r  issue f o r  wa ve  ener-

IEA-OES _  o c e a n  E n e rg y  S y s te m s  E x e c u tiv e  C o m m it te e  g y  systems has a l r ea d y  been proved f o r  OWCs. I t  s hou l d  also be m e n t i o n e d  t h a t  t h e  second

g en e r a t i o n  OWC i n co rp o r a t e d  i n t o  t h e  h a r b o u r  o f  Sakata on t h e  NW coast  o f  j ap an  has been 

o p er a t i ng  w i t h o u t  m a j o r  m a i n t e n a n c e  r e q u i r e m e n t s  since 1990.  Of fshore t h i r d  g e n e ra t io n  

devices are in g e ne ra l  mor e  c o m p l e x  t e c h n o l o g i c a l l y  and in a d d i t i o n  requ i r e  m oo r i n g s  and 

long e l ec t r i c a l  cable c o n n e c t i o n  t o  l and.  On t h e  o t h e r  h and,  t h e y  are less d e p e n d e n t  on e n v i ­

r o n m e n t a l  c o ns t r a i n t s  and e x p l o i t  t h e  mor e  e n er g e t i c  d e ep - w a t e r  resource.  They are more 

a p p r o p r i a t e  f o r  t h e  large-scale e x p l o i t a t i o n  of  wave  energy.

The f i r s t  o f f shor e wave e ne rg y p r o t o t y p e  was also o f  t h e  OWC t yp e .  The M i g h t y  W h a l e  was

l a un ch ed  in 1998 in t h e  bay o f  Tokyo and t es t ed  u n t i l  2002 . In 2003 t h e  f i r s t  t w o  t h i r d  g e n e ­

r at ion  g r i d -c o n n e c t e d  wave e ne rg y devices we r e  d e p l oy ed .  They are t h e  i : 4 . 5 - sc a le d  m o d e l  o f
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t h e  Wave Dr agon be ing  t e s t ed  in t h e  Ba l t ic  Sea and t h e  750 kW Pelamis p r o t o t y p e  w h os e  t es ts  

in t h e  M a r i n e  Energy Cent re in Sco t land  are p la n ne d t o  s t a r t  in ear l y  2004.  A n o t h e r  system 

p l a nn ed  t o  be dep l oy ed  in 2004 o f f  P o r t u g a l  is t h e  2 M W  AWS device.  O t h er  p r o t o ty p es  are 

p l a nn ed  t o  be b u i l t  in t h e  s h or t - t e r m .

On w h a t  concerns m ar i ne  c u r r e n t  devices,  in a d d i t io n  t o  t h e  130 kW ENERMAR p ro t o t y pe  tests 

t h a t  s t ar t ed in 2001 in t h e  St ra i t  o f  Mess i na,  I taly,  in 2003 in t h e  UK t h e  hor i zont al -ax i s  Seaf low 

t u r b i n e  was dep loyed and t he  t e s t i n g  o f  t h e  150 kW rec i pr oca t ing  w in g  St ingray  was go ing on.  

The r ev iew o f  n a t i o n a l  a c t i v i t i es  on wa ve  and m a r i n e  c u r r e n t  e ne rg y car r ied  o u t  w i t h i n  t h i s  

A g r e e m e n t  has revealed t h a t  research and d e v e l o p m e n t  on wa ve  e ne rg y and m ar i n e  c u r r e n t  

e ne rg y c o n t i n u e  in 19 c o u n t r i e s .  W i t h i n  t h e  six IEA-OES M e m b e r  Co unt r i es  a l m o s t  t w e n t y  

c o mp a n i e s  deve lop  and c o m m e r c i a l i z e  ocean e n er gy  sys tems.  A b o u t  h a l f  o f  t h e m  have a l r e a ­

dy b u i l t  one or  mor e  wa ve  e ne rg y or  t i d a l  c u r r e n t  p r o t o ty p es  or  have p lans f o r  do i ng  so in t he  

s h o r t  t e r m .  M o s t  o f  t he se  d eve l oper s are SMEs t h a t  have been able t o  a t t r a c t  i n v e s t m e n t  by 

large c omp a n i e s ,  r isk c a p i ta l ,  in a d d i t i o n  t o  n a t i o n a l  and European f u n d i n g .

The e x p l o i t a t i o n  o f  t he se  r e n e wa b l e  ocean resources w i l l  c o n t r i b u t e  t o  reduce t h e  r isks f r o m  

f u e l  su pp ly  cost  u n c e r t a i n t i e s ,  i ncrease t h e  d iv er s i t y  and s e cu r i t y  o f  e l e c t r i c i t y  su pp ly  and 

c o n t r i b u t e  t o  job  c r ea t i on .  Since n e w  t e c h n o l o g y  is r equ i r ed  n a m e l y  f o r  wave energy,  a new 

i n d u s t ry  w i l l  e m er g e  and n ew o p p o r t u n i t i e s  f o r  ex i s t ing  ones,  such as o f fshor e ind us t ry ,  s h i p ­

b u i l d i n g ,  t u r b i n e s ,  h y d ra u l i c  and e l ec t r i c a l  e q u i p m e n t s ,  w i l l  ar i se.

FOREWORD



W A V E  E N E R G Y  S Y S T E M S :  STATE OF T H E  A R T

by Antonio F. de 0 . Falcäo

A l t e r n a t e  m e m b e r  f r o m  P o r t u g a l

It  can be said t h a t  research in wave e ne rg y c onvers ion  based on a d e qu a t e  sc i en t i f i c  b ac k gr o ­

und s t a r te d in t h e  1970s w h e n  t h e  o i l  cr ises p rovoked t h e  e x p l o i t a t i o n  o f  a range o f  r e n e w a ­

ble e n er gy  sources,  i n c l u d i ng  waves.  Based on v a r i ou s e n e r g y - e x t r a c t i n g  m et h o d s ,  a w i de  

v a r i e t y  o f  wa ve  e ne rg y systems has been p roposed b u t  o n l y  a f e w  fu l l - s i zed p r o t o ty p es  have 

been b u i l t  and dep loyed  in open c oa st a l  w a t e r s .  M o s t  o f  t he se  are or  wer e loca t ed  on t h e  

s h or e l i n e  or  near  shore,  and are s o m e t i m e s  n ame d f i r s t  g e ne r a t i o n  devices.  In g e n er a l  t hese 

devices stand on t h e  sea b o t t o m  or  are f i xed t o  a rocky cl i f f .  Shor e l i ne  devices have t h e  a d v a n ­

t a g e  o f  easier  m a i n t e n a n c e  and i n s t a l l a t i o n  and do n ot  requ i r e  d e ep - w a t e r  m o o r i n g s  and 

long u n d e r w a t e r  e l ec t r i c a l  cables.  The less e n er g e t i c  wa ve  c l i m a t e  at  t h e  s h or e l i n e  can be 

p a r t l y  c o mp e n s a t e d  by n a t u r a l  wave e ne rg y c o n c e n t r a t i o n  due t o  r e f r ac t i on  a n d / o r  d i f f ra c ­

t i o n  ( i f  t h e  device is s u i t a b l y  loca t ed  f o r  t h a t  purpose) .  The t y p i c a l  f i r s t  g e ne r a t i o n  device is 

t h e  o s c i l l a t i n g  w a t e r  c o l u m n  (OWC).

Of fshore devices ( s o me t i m es  c lass i f ied as t h i r d  g e ne r a t i o n  devices)  are bas i ca l l y  o s c i l l a t i n g  

bodies,  e i t h e r  f l o a t i n g  or  (mor e rarely)  f u l l y  s u bm e r g e d .  They e x p l o i t  t h e  mor e  p o w e r f u l  wave 

r eg imes ava i la b l e  in deep w a t e r  ( t y p i c a l l y  mor e  t h a n  40m w a t e r  d e p th ) .  Of fshore wave e n e r ­

gy c on ve r t e r s  are in g e ne ra l  mor e c o m p l e x  co mp a re d  w i t h  f i r s t  g e ne r a t i o n  systems.  This,  

t o g e t h e r  w i t h  a d d i t i o n a l  p ro b l em s  assoc ia ted w i t h  m o o r i n g ,  access f o r  m a i n t e n a n c e  and t h e  

need o f  long u n d e r w a t e r  e l ec t r i c a l  cables,  has h in de re d t h e i r  d e v e l o p m e n t ,  and o n l y  r e c e n t ­

ly some systems have r eached,  or  co me  close t o ,  t h e  f u l l - sc a l e  d e m o n s t r a t i o n  s tage.

The o s c i l l a t i n g  w a t e r  c o l u m n  (OWC) device compr ises  a p a r t l y  s u b me r ge d  co nc r e t e  or  s teel  

s t r uc t u re ,  open b e l o w  t h e  w a t e r  sur face,  i ns ide w h i c h  ai r  is t r ap p e d  above t h e  w a t e r  f ree sur-
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f ace.  The o s c i l l a t i n g  m o t i o n  o f  t h e  i n t e r n a l  f ree sur face p roduc ed by t h e  i n c i d e n t  waves 

makes t h e  a i r  t o  f l o w  t h r o u g h  a t u r b i n e  t h a t  dr i ves an e l e c t r i c a l  g en er at or .

Ful l  sized OWC p r o t o ty p es  we r e  b u i l t  and t es t ed  u n d er  real  sea c o n d i t i o n s  in N o r w a y  (in 

T of t es t a l l e n ,  near  Bergen,  1985) ,  |apan (Sakata,  1990) ,  India ( V iz h in j am ,  near  T r i v a n d r u m ,  

Kerala s tate,  1990) ,  P o r t u g a l  (Pico,  Azores,  1999 - f i g . 11), UK ( the LIMPET p l a n t  in Is lay i s land,  

S co t land ,  2000 - f ig .  20). In a l l  t he se  cases, t h e  co nc re te  s t r u c t u r e  is f i xed ( b o t t o m - s t a n d i n g  

or  b u i l t  on rocky s lop ing  w a l l ) .  The i n s t a l l e d  p o w e r  c ap ac i t y  o f  t he se  p r o t o t y p e  OWCs is (or 

was)  in t h e  range 60-500 kW. S m al l e r  s ho re l i ne  OWC p ro t o t y p e s  wer e b u i l t  in Islay, UK ( a bo u t  

1990) ,  and r e ce n t l y  in China.  The so-cal l ed M i g h t y  Wh a l e  ( f ig.  6), b u i l t  in Japan a f e w  years 

ago,  is in f a c t  a f l o a t i n g  vers i on  o f  t h e  OWC.

In an OWC p l a n t ,  t h e  e n er gy  c onvers ion  chain consis ts  o f  t h e  f o l l o w i n g  e l e m e n t s :  wa ve  t o  ai r  

(in w h i c h  t h e  s t r u c t u r e  c o n t a i n i n g  t h e  o s c i l l a t i n g  w a t e r  c o l u m n  plays a m a j o r  role) ;  ai r  t u r ­

b ine;  e l ec t r i c a l  g e n e r a t o r  (and c o m p l e m e n t a r y  e l ec t r i c a l  e q u i p m e n t ) .  The i n t e g r a t i o n  o f  t he  

p l a n t  s t r u c t u r e  i n t o  a b r e a k w a t e r  has several  a d va nt ag es :  t h e  c o n s t r u c t i o n a l  costs are sha­

red,  and t h e  access f o r  c o n s t r u c t i o n ,  o p e ra t i o n  and m a i n t e n a n c e  o f  t h e  wa ve  e ne rg y p l a n t  

be co me  muc h easier .  This has been done success f ul l y  f o r  t h e  f i r s t  t i m e  in t h e  h a r b o u r  of  

Sakata,  japan  (in 1990) .  The o p t i o n  o f  t h e  ‘ b r e a k w a t e r  OWC’ is p r ese nt l y  be ing cons idered  fo r  

several  s i t u a t i o n s  in Europe.

Several  t ypes of  ai r  t u r b i n es  have been proposed fo r  (and in some cases used in) OWCs. The axial -  

f l o w  Wel ls t u rb i ne ,  invented in t he  late 1970s, has t he  advant age of  not  requi r ing rect i f y ing v a l ­

ves. It has been used in a l mos t  al l  prototypes.  The most  p opu l ar  a l te rna t ive  t o  t he  Wel ls t u rb i ne  

seems t o  be th e  sel f - rect i fy ing impul se tu rb i ne ;  its rotor  is basical ly i dent ica l  t o  t he  ro t or  o f  a c on­

v e n t i o na l  s ingle-stage steam t u r b i n e  o f  ax ia l - f l ow impul se t ype ( the classical  de Laval tu rb in e) .

WAVE ENERGY SYS TE MS : STATE OF THE ART
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An Aus t ra l i an  c o mp a ny  proposes a t e c h n o l o g y  using a parabol i c-shaped co l l ec t or  (ab ou t  40- 

met re  wide)  t o  con ce nt r a t e  t h e  wave energy upon t he  OWC st ruc t ur e.  The system uses a sel f -rec­

t i f y i ng  ai r  t u r b i n e  t h a t  is d i f f eren t  f r o m  t he  Wel ls t u r b i n e  and t he  i mpul se t u r b i n e  bu t  shares 

some fea t ur es  of  both.  The Energetech OWC system (f ig.  15) was conceived o r i g i na l l y  as a b ot ­

t o m -s t a nd i ng  s t ruc t ur e,  bu t  a f l o a t in g  vers ion is present l y  being considered.

The Pe nd u l o r  was o r i g i n a l l y  deve lo pe d in Japan as a s ho re l i ne  device.  Its mai n  e l e m e n t  is a 

h in ge d r e c t a n g u l a r  p la t e f a c i ng  t h e  waves,  wh ose  p e n d u l u m - l i k e  o sc i l l a t io n s  dr i ve a h igh-  

pressure h y d ra u l i c  p o we r - t ak e- o f f  sys t em.  A f l o a t i n g  vers i on  o f  t h e  Pe nd u lo r  is p re se nt l y  

being d eve loped in Japan.

There is a s u b s t a n t i a l  v a r i e t y  o f  t y p i c a l l y  o f f shor e wa v e- e n e r g y  devices,  some o f  w h i c h  rea­

ched,  or  are close t o ,  t h e  p r o t o t y p e  st age.  In m o s t  cases, t h e r e  is a m ec h a n i s m  t h a t  ex t rac t s  

e ne rg y f r o m  t h e  r e l a t i v e o s c i l l a t i n g  m o t i o n  b e t w e en  t w o  bodies.

This is t h e  case o f  t h e  Pelamis ( f ig.  23),  deve lo pe d in UK, a snake- l i ke s lack- moor ed  a r t i c u l a ­

ted s t r u c t u r e  comp ose d o f  f o u r  c y l i n d r i c a l  sec t ions  l i nked by h in ge d j o in t s ,  and a l i gn ed  w i t h  

t h e  wave d i r ec t i o n .  The w a v e - i n d uc e d  m o t i o n  o f  t he se  j o in t s  is resisted by h y d ra u l i c  rams,  

w h i c h  p u m p  h igh-pr essure  o i l  t h r o u g h  h y d ra u l i c  m o to r s  d r i v i ng  t h re e  e l ec t r i c a l  gen er a t o r s .  

Sea t r ia l s  of  a fu l l -s ized p ro t o t y pe  (120m long,  3 .5m d iamet er ,  750 kW rated power)  s ta r t ed  in 

t h e  No r th  Sea in March 2004.

The McCabe Wave Pump ( f ig.  7),  deve lo pe d in I r e l and ,  has c o n c e p t u a l  s i m i l a r i t i e s  t o  t h e  

Pe lamis:  i t  consis ts  o f  t h e r e  r e c t a n g u l a r  s tee l  p o n to o n s  h in ge d t o g e t h e r ,  w i t h  h y d ra u l i c  rams 

c o n v e r t i n g  t h e i r  re l a t i v e  m o t i o n s  i n t o usef ul  energy.



The A r ch im ed es  Wave Swing (AWS), bas ica l l y  d eve l oped in H o l l an d ( f ig.  19),  is a f u l l y - s u b m e r ­

ged device c ons is t ing  o f  an o s c i l l a t i ng  u pper  p a r t  ( the f l o a te r )  and a b o t t om - f i x ed  l o we r  p ar t  

( the b ase me nt ) .  The f l o a t e r  is pushed d o w n  u nd er  a wave  crest  and moves up u n d er  a wave 

t r o u g h .  This m o t i o n  is resisted by a l i near  e l e c t r i c a l  mot o r ,  w i t h  t h e  i n t e r i o r  ai r  pressure 

ac t ing  as a spr i ng.  A p ro t o t y pe  o f  AWS was b u i l t ,  rated 2 M W  ( m a x i m u m  i n s t a n t a ne o us  

power ) .  A f t er  unsuccess f u l  t r i a l s  in 2001 and 2002 t o  s ink i t  i n t o p os i t ion  o f f  t h e  n o r t h e r n  coast  

of  Po r t uga l ,  a n ew a t t e m p t  is p l an ned  t o  t ake place in M a y  2004.

The AquaBuOY ( f ig.  16) c o m b i n e s  t w o  c oncept s  dev e l ope d in Sweden in t h e  1980s:  t h e  IPS 

buoy and t h e  hose p u m p .  The A q u a b u o y  consis ts  o f  a s lack- moor ed  ve r t i ca l - ax i s  buoy,  a b o u t  

7m d i ame t er ,  wh os e heave o sc i l l a t io n s  p ro du ce  h igh-pr essure  w a t e r  f l o w  by means o f  a pai r  

o f  hose p ump s.  This is c on ve r t e d  i n t o e l e c t r i c a l  e ne rg y by a c o n v e n t i o n a l  w a t e r  t u r b i n e  d r i v ­

ing an e l ec t r i c a l  ge ner a t o r .  Plans t o  b u i l d  a p r o t o t y p e  have been a n n o u n c e d .

A n o t h e r  sys tem based on a heav ing  b uoy  is t h e  Wa v eb ob,  a bas ica l l y  I r ish c o n c e p t  t h a t  is 

being deve lo pe d in Europe.

The Wave Dragon,  an of fshore f l o a t i n g  system m os t l y  deve loped in Denmar k,  is based on the 

o v e r t o pp i ng  c o nce pt  r at her  t h a n  on t h e  osc i l l a t ing  body con ce pt  ( f ig.  17). The system consists 

o f  a f l o a t i n g  s lack-moored p l a t f o r m  w i t h  t w o  long a rms ac t ing  as wave ref lectors t o  focus t he  

waves t o w a r d s  a ramp.  Behind t h e  r amp t h er e  is a reservoi r  wh e re  t h e  o v er to p p i n g  w a t e r  is 

co l l ec ted and t e m p o r a r i l y  stored.  The p owe r  t ake-o f f  e q u i p m e n t  consists o f  a series of  c on ve n­

t i o n a l  low-head p rope l le r - t ype w a t e r  t u r b i n e s  each one d r i v i ng  an e le c t r i ca l  generator .  A 1:4.5- 

scale m od e l ,  5 7m- wi de ,  e qu i pped w i t h  7 t u rb in es ,  was c on s t r uc t ed .  The m o d e l  tests,  t h a t  i n c lu ­

ded p owe r  g en er a t i on  t o  t h e  gr id,  s t ar t ed in 2003 of f  t h e  Danish coast  in t he  No r t h  Sea.

WAVE ENERGY SYS TE MS : STATE OF THE ART
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Like t h e  M i g h t y  W h a l e  r efer red t o  above,  t h e  Backward Bent  Duct  Buoy  (BBDB) is a f l o a t i n g  

vers i on  o f  t h e  OWC t h a t  has been o b j ec t  o f  c o n s i de ra b l e  i n t e re s t  and d e v e l o p m e n t ,  f i r s t  in 

jap an ,  and mor e r e ce nt l y  also in Europe ( n a m el y  in I re land) .

Un l i ke  in t h e  case o f  w i n d  energy,  t h e  p re se nt  s i t u a t i o n  shows a w i d e  v a r i e t y  of  wa ve  e nergy  

systems,  at  severa l  s tages o f  d e v e l o p m e n t ,  c o m p e t i n g  a g a i n s t  each o ther ,  w i t h o u t  i t  be ing 

c lear  w h i c h  t ypes  w i l l  be t h e  f i n a l  w i n n e r s .

In t h e  las t  t e n  years or  so, m os t  o f  t h e  R&D a c t i v i t y  in wa ve  e ne rg y has been t a k i n g  place in 

Europe,  l a rge ly  due t o  t h e  f i n a n c i a l  s u p p o r t  and c o o r d i n a t i o n  p r ov ided by t h e  European 

C o mmi ss i on  and t o  t h e  pos i t ive  a t t i t u d e  a d op t e d  by some European n a t i o n a l  g o v e r n m e n t s .

In g en er a l ,  t h e  d e v e l o p m e n t ,  f r o m  c o n c e p t  t o  c o m m e r c i a l  s tage,  has been f o u n d  t o  be a d i f ­

f i c u l t ,  s lo w and expens i ve process.  A l t h o u g h  s u b s t a n t i a l  progress has been ach ieved in t h e  

t h e o r e t i c a l  and n u m e r i c a l  m o d e l l i n g  o f  wave e ne rg y c on ve r t e r s  and o f  t h e i r  e n e rg y  c on v er s i ­

on cha i n ,  m o d e l  t e s t i n g  in wave basin æ a t i m e - c o n s u m i n g  and c o n s i de ra b l y  expens i ve t a sk  

- is s t i l l  essent i a l .  The f i n a l  s tage is t e s t i n g  u n d er  real  sea c o n d i t i o n s .  In a l m o s t  every  system,  

o p t i m a l  wa ve  e ne rg y a b s o rp t i o n  involves some k ind o f  r esonance,  w h i c h  i m p l ie s  t h a t  t h e  g e o ­

m e t r y  and size o f  t h e  s t r u c t u r e  are l i nked t o  w a v e l e n g t h .  For the se  reasons,  i f  p i l o t  p la n t s  are 

t o  be t e s t ed  in t h e  open sea, t h e y  m u s t  be fu l l - s i zed s t r uc t u r e s .  For t h e  same reasons,  i t  is 

d i f f i c u l t ,  in t h e  wa ve  e ne rg y t e c h n o l o g y ,  t o  f o l l o w  w h a t  was done in t h e  w i n d  t u r b i n e  i n d u ­

s t ry  ( n am e l y  in De nma rk ) :  r e l a t i ve l y  s m a l l  ma ch i ne s  w h e r e  dev e l ope d f i r s t ,  and we r e  subse­

q u e n t l y  scaled up t o  l a rge r  sizes and po we rs  as t h e  m a r k e t  d ev e l ope d.  The h igh costs o f  c o n ­

s t r u c t i n g ,  d e p l o y i n g ,  m a i n t a i n i n g  and t e s t i n g  la rge p r o t o ty p es  u n d er  s o m e t i m e s  v ery  harsh 

e n v i r o n m e n t a l  c o n d i t i o ns ,  has h in de re d t h e  d e v e l o p m e n t  o f  wa ve  e ne rg y systems;  in mos t  

cases such o p e r a t i o n s  wer e possib le o n l y  w i t h  s u b s t a n t i a l  f i n a n c i a l  s u p p o r t  f r o m  g o v e r n ­

m en t s  (or, in t h e  European case, f r o m  t h e  European Commi ss io n) .



I N T E R N A T I O N A L  E N E R G Y  A G E N C Y

The I n t e r n a t i o n a l  Energy A ge ncy  (lEA) was  es t ab l i sh ed  as an a u t o n o m o u s  body w i t h i n  t he  

O r ga n is a t i o n  f o r  Economic  Co- oper at ion  and D e v e l o p m e n t  (OECD) in 1974 t o  i m p l e m e n t  an 

i n t e r n a t i o n a l  e ne rg y p r o g r a m m e .

The IEA prov ides a s t r u c t u r e  f o r  i n t e r n a t i o n a l  c o - op e ra t i o n  in e ne rg y t e c h n o l o g y  research and 

d e v e l o p m e n t  (R&D) and d e p l o y m e n t .  Its p urpose  is t o  b r i ng  t o g e t h e r  ex pe r t s  in speci f i c  t e c h ­

no l og i es  w h o  w is h  t o  address c o m m o n  c h a l le ng es  j o i n t l y  and share t h e  f r u i t  o f  t h e i r  e f f or t s .

The basic a ims of  t h e  IEA are:

> To m a i n t a i n  and i m p r o ve  systems f o r  cop i ng  w i t h  o i l  su pp ly  d i s r up t i o ns ;

> To p r o m o t e  r a t i o n a l  e n e rg y  po l i c ies  in a g l o b a l  c o n t e x t  t h r o u g h  c oo p er a t i ve  

re l at i ons w i t h  n o n- M e mb e r  count r ies ,  i ndus t ry  and i n t e r n a t i o n a l  o rgan isat ions ;

> To o pe ra te  a p e r m a n e n t  i n f o r m a t i o n  sys tem on t h e  i n t e r n a t i o n a l  o i l  m ar k e t ;

> To i m p r o v e  t h e  w o r l d ’ s e n e r g y  s u p p l y  and d e m a n d  s t r u c t u r e  by d e v e l o p i n g  

a l t e r n a t i v e  e ne rg y sources and inc r eas ing  t h e  e f f i c i enc y o f  e n er gy  use;

> To assist  in t h e  i n t e g r a t i o n  o f  e n v i r o n m e n t a l  and e n er gy  pol i c ies.

The lEA’ s p r o g r a m m e  o f  I n t e r n a t i o n a l  Energy T ec hn o l og y Co- oper at ion  inc ludes  a m ec h a n i s m  

cal led an " I m p l e m e n t i n g  A g r e e m e n t " .  There are c u r r e n t l y  42 I m p l e m e n t i n g  A g r e e me n t s  

u n d er  t h e  IEA I n t e r n a t i o n a l  Energy t e c h n o l o g y  Co- oper at ion  F ra mew or k ,  g ro up e d  in t h e  f o l ­

l o w i n g  d o ma i ns :

> Fossi l  Fuels

> Renewable Energy

> End-use Techno log ies

> I n f o r m a t i o n  Cent res

> Fusion

INTERNATIONAL ENERGY AGENCY
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Nine IEA I m p l e m en t i n g  Agr eement s cover  t he  broad spect rum of  renewable  energy t echno log ies :

> P ho t o v o l t a i c  Power  Systems (PVPS)

> SolarPACES (Solar  Power  and C he mi ca l  Energy Systems)

> Solar  He a t i n g  and Cool ing P r o gr am m  (SHC)

> Wi n d  Tur b ine  Systems

> Ocean Ener gy  Sys t ems

> H y d r o p o w e r

> Hy dr og en

> Advanced Fuel  Cel ls

The lEA’ s i n t e r n a t i o n a l  e ne rg y t e c h n o l o g y  c o-o p er a t i o n  ac t i v i t ie s ,  in g en er a l ,  i n c lu d in g  t ho se  

o f  t h e  I m p l e m e n t i n g  A g r e e m e n t s  are p r o m o t e d  and g u i d ed  by t h e  IEA C o m m i t t e e  on Energy 

Research and T ech no lo gy  (CERT).

The n ew "IEA F r a m e w o r k  on I n t e r n a t i o n a l  Energy Te ch no lo gy  Co - op e ra t io n"  t h a t  p rov ides t h e  

l ega l  m ec h a n i s m  f o r  e s t a b l i sh i ng  t h e  c o m m i t m e n t s  o f  t h e  p a r t i c i p a n t s  and t h e  m a n a g e m e n t  

s t r u c t u r e  t o  gu i de  w o r k  u n d er  each I m p l e m e n t i n g  A g r e e m e n t  was  a pproved in 2003.  I t  r e p l a ­

ces t h e  prev ious  "IEA Gu id ing Pr inc ip les  f o r  Co- oper at ion  in t h e  Field o f  Energy Research and 

D e v e l o p m e n t "  ( the Gu id ing Pr inc ip les) .  The key issues in t h i s  n e w  f r a m e w o r k  are a ch an ge  of  

t h e  po l i c y  and p ro ce du res  f o r  n o n - M e m b e r  c o u n t r y  and p r i va t e  sec t or  p a r t i c i p a t i o n .  This n ew 

rule enab l es  b ro a de r  p a r t i c i p a t i o n  in t h e  I m p l e m e n t i n g  A g r e e me n t s ,  prov ides  mor e  f l e x i b i l i ­

ty,  as w e l l  as l ega l  and a d m i n i s t r a t i v e  c la r i t y  f o r  t h e i r  Execut i ve C o m m i t t e e s  and f o r  p ros­

pec t ive  p a r t i c i p an t s .



T H E  I M P L E M E N T I N G  A G R E E M E N T  ON O C E A N  E N E R G Y  S Y S T E M S

Participating Countries 1.1

ENTITY COUNTRYThe IEA-OES was s ta r t ed  in 2001 by De nma rk ,  P o r t u g a l  and UK. I re land and |apan j o i ned  in 

2002 and Canada and t h e  European Co mmi ss io n j o in ed  in ear l y  2003.  Dur ing  t h is  year  t h e  f o l ­

l o w i n g  c o u n t r i e s  and d es ig n at e d  e n t i t i es  are presen t ed  in t a b l e  1.

The i n t e re s t  in t h e  IEA-OES p a r t i c i p a t i o n  is being e n c ou ra g ed ,  and p ros pec t i ve  m em b e r s  have 

been in v i te d t o  a t t e n d  IEA-OES Execut ive C o m m i t t e e  (ExCo) m ee t in g s .

POWERTECH LABS INC. CANADA

MINISTRY OF ECONOMIC AND BUSINESS AFFAIRS, DANISH ENERGY AUTHORITY DENMARK

COMMISSION OF EUROPEAN COMMUNITIES EUROPEAN COMMISSION

SUSTAINABLE ENERGY IRELAND (SEI) IRELAND

jAMSTEC MARINE SCIENCE AND TECHNOLOGY CENTRE JAPAN

INSTITUTO NACIONAL DE ENGENHARIA E TECNOLOGIA INDUSTRIAL (INETI) PORTUGAL

DEPARTMENT OF TRADE AND INDUSTRY (DTI) UNITED KINGDOM

T a b le  l  | C o n t r a c t in g  P a r t ie s  t o  th e  A g r e e m e n t  IEA-OES (s ta tu s :  e n d  2003 )

IEA-OES Objectives 1.2

This I m p l e m e n t i n g  A g r e e m e n t  was  e s t ab l i shed  w i t h  t h e  m i s s i o n  o f  e n h a nc i n g  i n t e r n a t i o n a l  

c o l l a b o r a t i o n  t o  make ocean e n er gy  te c h n o l o g i e s  a s i g n i f i c a n t  e n e rg y  o p t i o n  in t h e  m i d - t e rm  

f u t u r e .  T h r o u gh  t h e  p r o m o t i o n  o f  research,  d e v e l o p m e n t ,  d e m o n s t r a t i o n  and i n f o r m a t i o n  

e xchange and d i s s e m i n a t i o n ,  t h e  A g r e e m e n t ' s  o b j e c t i v e  is t o  lead t o  s i g n i f i c a n t  d e p l o y m e n t  

and c o m m e r c i a l i z a t i o n  of  the se  t e c h n o l o g i e s .

THE I M P L E M E N T I N G  A G R E E M E N T  ON OCEAN ENERGY SYSTEMS



The p re se nt  w o r k  p r o g r a m m e  focuses on ocean waves  and m a r i n e  c u r r e n t s  w h i c h  are t h e  

ocean e ne rg y t e c h n o l o g i e s  t h a t  have been t h e  o b j ec t  o f  t h e  s t r on g e s t  R&D and d e m o n s t r a t i ­

on e f f o r t  in t h e  last  f i f t e e n  years and are cons idered  t o  p resen t  b e t t e r  prospec t s f o r  c o m p e t i ­

t i ve  d e p l o y m e n t  in t h e  shor t -  t o  m e d i u m - t e r m .

The s t r a t e g y  o f  IEA Ocean Energy P r o g r a m m e  is based on t h e  f o l l o w i n g  o bjec t ives :

> To ac t ive l y  encour age and s u p p or t  t h e  d e v e l o p m e n t  of  ne two rks  o f  pa r t i c i pa nt s  

i n v o l v e d  in r ese ar ch ,  d e v e l o p m e n t ,  d e m o n s t r a t i o n ,  p r o t o t y p e  t e s t i n g  and 

d e p l o y m e n t ,  and t o  p r o v i d e  f o r  t h e  e f f e c t i v e  e x c h a n g e  o f  i n f o r m a t i o n  on 

ocean energy.

> To p r o m o t e  t h e  d e v e l o p m e n t  and u t i l i s a t i o n  o f  t e c h n o l o g i e s  f o r  e n h a n c e d  

s u s t a in ab l e  e ne rg y p r o d u c t i o n  f r o m  t h e  ocean.

> To p r o m o t e  t h e  i n v o l v e m e n t  o f  i n d u s t r y  and u t i l i t i e s  in t h e  IEA Ocean Energy 

Systems P r o g r am me .

> To p r o m o t e  i n t e r a c t i o n s  w i t h  o t h e r  g l o b a l ,  m u l t i l a t e r a l  and n a t i o n a l  e ne rg y 

i m p l e m e n t a t i o n  p ro g r a m m e s .

1.3 IEA-OES Work Programme

The W o r k  P r o g r a m m e  t o  be u n d e r t a k e n  by t h e  C o nt ac t i ng  Par t ies is es t ab l i sh ed  u nd er  

Annexes t o  t h e  I m p l e m e n t i n g  A g r e e m e n t ,  s e t t i n g  o u t  a Task and d esc r i b i ng  an agreed set  o f  

ac t i v i t i es  t o  be u n d e r t a k e n  by t h e  p a r t i c i p a n t s  in t h is  Task. The t e r m s  Task and A nn ex  are 

o f t en  used i n t e rc h an g ea b l y .

P ar t i c ip an ts  in t h e  IEA-OES are c u r r e n t l y  w o r k i n g  on t w o  co o pe ra t i v e  research Tasks:
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Annex I: Review, Exchange and Dissemination of Inform ation on OES
T h e  o b j e c t i v e  o f  T a s k  I s e t  o n  A n n e x  I is t o  c o i  [ a t e ,  r e v i e w  a n d  f a  c i [ ¡ t a t  e t h e  e x c h a n g e  a n d  d i s s e m i n a t i o n  

o f  i n f o r m a t i o n  o n  t h e  t e c h n i c a l ,  e c o n o m i c ,  e n v i r o n m e n t a l  a n d  s o c i a l  a s p e c t s  o f  o c e a n  e n e r g y  s y s t e m s  

h a v i n g  i n v i e w  f a c i l i t a t i n g  f u r t h e r  d e v e l o p m e n t  a n d  a d o p t i o n  o f  c o s t - e f f e c t i v e  o c e a n  e n e r g y  s y s t e m s  

t h r o u g h  t h e  a c c e s s  t o  a v a i l a b l e  i n f o r m a t i o n .

T h e  p a r t i c i p a n t s  i n t h i s  T a s k  u p d a t e  a n d  e x c h a n g e  a n n u a l l y  t h e  i n f o r m a t i o n  o n  o c e a n  e n e r g y  s y s t e m s .  

P a r t i c i p a n t s  f u r t h e r  a n a l y s e  t h i s  i n f o r m a t i o n  t o  d e v e l o p  j o i n t  s u m m a r y  a s s e s s m e n t s  o f  t r e n d s  i n o c e a n  

e n e r g y  e x p l o i t a t i o n  i n c l u d i n g  i n c e n t i v e s  a n d  r e g u l a t i o n s .

T h e  W o r k  P l a n  o f  A n n e x  I s t a r t e d  i n 2 0 0 2 . I t  w a s  d e s i g n e d  f o r  a p e r i o d  o f  f i v e  y e a r s .

T h e  I n s t i t u t o  N a c i o n a l  d e  E n g e n h a r i a  e T e c n o l o g í a  I n d u s t r i a l  ( INETI )  is d e s i g n a t e d  as  t h e  O p e r a t i n g  A g e n t  

f o r  t h i s  A n n e x  a c t i n g  t h r o u g h  AD E N E  ( P o r t u g u e s e  E n e r g y  A g e n c y ) .

Annex II: Development of Recommended Practices for Testing and Evaluating OES
T h e  o b j e c t i v e  o f  T a s k  II s e t  o n  A n n e x  II is t o  d e v e l o p  r e c o m m e n d e d  p r a c t i c e s  f o r  t e s t i n g  a n d  e v a l u a t i n g  

o c e a n  e n e r g y  s y s t e m s  a n d ,  i n t h i s  w a y ,  t o  i m p r o v e  t h e  c o m p a r a b i l i t y  o f  e x p e r i m e n t a l  r e s u l t s .  T h i s  is d o n e  

by  c o l l e c t i n g  a n d  a n a l y s i n g  i n f o r m a t i o n  o n  t e s t i n g  f a c i l i t i e s  a n d  t e s t i n g  p r o c e d u r e s .  S t a n d a r d s  f o r  p r e s ­

e n t a t i o n  o f  t e c h n i c a l  d e s i g n  a n d  d a t a  a n d  f o r  a s s e s s m e n t  o f  s y s t e m  p e r f o r m a n c e  a r e  p r o d u c e d .

T h e  W o r k  P l a n  o f  A n n e x  II w a s  i n i t i a l l y  d e s i g n e d  f o r  t w o  y e a r s  a n d  w a s  p r o l o n g e d  t o  t h r e e  y e a r s  i n t h e  

5 t h  ExCo m e e t i n g .

T h e  D a n i s h  E n e r g y  A u t h o r i t y ,  M i n i s t r y  o f  E c o n o m i c  a n d  B u s i n e s s  A f f a i r s  o f  D e n m a r k  is d e s i g n a t e d  as 

O p e r a t i n g  A g e n t  a c t i n g  t h r o u g h  R A M B O L L .

The i n v o l ve me n t  o f  t he  Par t i c ipants  in t he  t w o  c ur re nt  Annexes d ur i ng  2003 is s hown in Table 2 . 

The Tasks l eadersh ip  is t h e  r es p on s i b i l i t y  of  t h e  respec t ive  O p er a t i ng  Ag en t .

Ef for ts t o  expand t h e  a c t i v i t i e s  in t h e  A g r e e m e n t  have c o n t i n u e d  d u r i n g  2003.  The Execut ive 

C o m m i t t e e  has been c on s i d er in g  a d d i t i o n a l  Annexes.

CONTRACTING PARTIES

O perating A gent: INETI ac ting  th ro u g h  ADENE (Agência para a Energia)

Review, Exchange and D issem ina tion  o f 

In fo rm a tio n  on OES

l . i  C o lla tion , review and p ub lica tio n  o f in fo rm a tio n  on 

ocean waves and m arine  cu rren ts  energy systems

1.2 Exchange o f in fo rm a tio n  on OES

1.3 Analysis and d issem ina tion  o f in fo rm a tio n  on OES

1.4 W ebsite crea tion  and m a in tenance

O perating A gent: Danish Energy A u th o r ity  (Energistyre lsen) a c ting  th rou g h  RAMBOLL

Developm ent o f Recommended Practices fo r 

Testing and Evaluating OES

II.1 Testing fa c ilit ie s  and te s t s ites

11.2 Testing procedures

II.3 P resentation o f resu lts

Tabl e 2 | Par t i c i pa t i on  in OES Tasks (Status:  end  2003 )
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T H E  E X E C U T I V E  C O M M I T T E E

2.1 Meetings

The w o r k  p r o g r a m  w i t h i n  t h e  I m p l e m e n t i n g  A g r e e m e n t  is c o-o r d i n a t ed  by an Execut ive 

C o m m i t t e e  (ExCo) cons i s t ing  o f  a M e m b e r  and an A l t e r n a t e  M e m b e r  f r o m  each M e mb e r -  

Count ry .  The ExCo mee ts  t w i c e  every year  t o  e xchange i n f o r m a t i o n  on ocean e n e rg y  a c t i v i ­

t i es ,  t o  r ev iew o n g o i n g  tasks u n d er  t h e  A g r e e m e n t ,  t o  discuss n e w  Annexes p roposed by p ar ­

t i c i p a n t s  and d e t e r m i n e  o t h e r  speci f i c  a c t i v i t i e s  and t o  a pprov e t h e  b u d g e t  t o  a d m i n i s t e r  t he  

A g r e e m e n t .

A s e c re t a r i a t  assists t h e  ExCo in p l a n n i n g  m e et i n g s ,  ass is t ing t h e  m e mb e rs ,  p r ov id i ng  i n f o r ­

m a t i o n  t o  t h e  IEA Secr e t ar i a t ,  d i s s e m i n a t i n g  i n f o r m a t i o n  and p r ep ar i ng  t h e  a n n u a l  r epor ts .  

The ExCo s e c re t a r i a t  is based in Lisbon,  and is run by Dr. Ana Br i to  Me l o .

Dr. Teresa Pontes f r o m  P o r t u g a l  c o n t i n u e d  t o  be t h e  ch a i r  o f  t h i s  ExCo d u r i n g  2003 and was 

ree lec t ed  at  t h e  5 t h  Execut ive C o m m i t t e e  t o  c o n t i n u e  in 2004.  Mrs .  Kat r i na Polaski ,  t h e  Ir ish 

M e m b e r  was  e lec t ed  t o  serve as Vice-Chai r  in 2004.

The c o n t a c t  de ta i l s  f o r  t h e  ExCo m em b e r s  can be f o u n d  in A p p e n d i x  1.

The f o l l o w i n g  ExCo m e e t i n g s  we re  held d u r i n g  t h e  year  2003:

> 4 t h ExCo m e e t i n g  in Paris,  France on M ar ch  4 t h.

> 5 t h ExCo m e e t i n g  in Cork,  I re land  on Oc t ob er  2 3t h- 24 t h.

4th ExCo meeting

The 4 th  ExCo m e e t i n g  was held j o i n t l y  w i t h  t h e  events  o c c ur r i n g  at  t h e  IEA of f i ces in Paris on 

3 t h -4 t h  M ar c h :  t h e  IEA Renewab le  Energy W o r k i n g  Par ty  (REWP) S e m i na r  " R&D Pr io r i t ies  t o
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Create a H yd rog en  I n f r a s t r u c t u r e " ,  and t h e  REWP 43 M e e t i n g .

Al l  M e m b e r  Count r ies  we re  p resent ed in t h is  m e e t i n g .  The ExCo w e l c o m e d  Canada and t h e  

European Co mmiss ion  wh i c h  had r ec ent ly  f o r m a l l y  j o i ned  t h e  A g r e e m e n t .  The n u m b e r  o f  p ar ­

t i c i p a n t s  was 12, 8 M em b e r s  and 4 Observers (1 f r om  Aus t r a l i a ,  1 f r om  t h e  UK and 2 f r o m  USA).

Dur ing t h i s  m e e t i n g  t h e  f o l l o w i n g  mai n  issues wer e discussed and dec is ions  we r e  t ake n:

> N e w s l e t t e r  - The f i r s t  issue o f  t h e  IEA-OES N e w s l e t t e r  was  a pp roved.

> W e b s i t e  - Ne w  p lans f o r  t h e  d e v e l o p m e n t  o f  t h e  IEA-OES Webs i te  we r e  p re sen t ed ,  n a m e l y  

t h e  i n t e n t i o n  o f  c r ea t i ng  a " M e m b e r s  Ar ea " ,  accessible t h r o u g h  an i n d i v i d u a l  password t o  be 

used as a t o o l  f o r  d i s s e m i n a t i o n  o f  d o c u m e n t s  a m o n g  t h e  M e m b e r s .

> R e l ev an t  e v e n t s  - The ExCo discussed its p a r t i c i pa t i on  in t he  IEA Technology Col labora t ion Fair 

t o take place dur ing t he  IEA M i n is t er i a l  mee t i ng  on 28th-2gth Apr i l ,  as a means t o  cal l  t h e  a t t e n ­

t i o n  of  these very  high level  v is i tors t o  t he  need of  research and t he  w o r k  a l ready carr ied ou t  

w i t h i n  t he  IEA-OES. The M em be rs  were also encouraged to s u b m i t  papers regard ing t he  ac t i v i ­

t ies of  t h e  I m p l e m e n t i n g  A g r e e m e n t  in app ro pr i a t e  conferences such as t he  Fi f th European Wave 

Energy Conference t o  be held at  Un iver s i t y  Col lege Cork, I reland,  in September2003.

> IEA-OES P u b l i c a t i o n s  - The Pu b l i ca t io n  o f  A n n e x  I r e p o r t  " S t a t us  and Research Pr io r i t ies  fo r  

Ocean Energy t e c h n o l o g y "  and A n n e x  II r e p o r t  " D e v e l o p m e n t  o f  R e co mm en d ed  Pract i ces fo r  

Test ing and Eva lua t ing  Ocean Energy Sys t ems"  was  a pp rov ed.

> Sp on so rs  - Sponsorsh ip  as means f o r  p a r t i c i p a t i o n  in t h e  A g r e e m e n t  o f  c o mp a n i e s  f r o m  

c o u n t r i e s  w h os e  g o v e r n m e n t s  w o u l d  n o t  be in t e r es t ed  t o  b ec ome  C o n t r ac t i n g  Par t ies was  d i s ­

cussed.  No dec is ion on t h e  c o n d i t i o n s  t o  spon sor sh ip  was dec ided.

> A n n e x  II - The O p er a t in g  A g e n t  p roposed t h e  e x t e ns i on  f o r  one year  ( f r om t w o  t o  t h re e  

years)  w h i c h  was  a pp ro ve d.  Fur ther ,  t h e  p o ss ib i l i t y  o f  t h e  w o r k  p r o g r a m m e  t o  proceed w i t h  

t h e  c o l l a b o r a t i o n  o f  w o r k i n g  g ro up s was  a ccep ted .

F ig u re  1 | 4 t h  ExCo m e e t in g  p a r t i c ip a n ts

From le ft to  right:

In front: Katrina Polaski (Ireland ExCo member)

Ya sushi Tsuritani (Japan ExCo member)

Ana Brito Melo (Portugal ExCo secretary) 

Teresa Pontes (Portugal ExCo member, chair) 

Gouri Bhuyan (Canada ExCo member)

Behind: Kim Nielsen (Denmark ExCo member)

Alla We i stein (Ireland ExCo observer)

David Bramble (UK ExCo member)

Jan Bunger (Denmark ExCo alternate) 

Philippe Schild (UE ExCo observer)

Cynthia Rudge (Australia ExCo observer)

John Spurgeon (UK ExCo observer)
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F ig u re  2  | 5 th  ExCo m e e t in g  p a r t i c ip a n ts

From le ft  to  rig h t:

In f ro n t:  Gouri Bhuyan (Canada m em ber)

Katrina Polaski (Ire land  m em ber)

Teresa Pontes (P o rtuga l member, chair) 

Ph ilippe  Schild (UE ExCo)

Robert Tresher (USA observer)

Behind: Tsuyoshi M iyazaki (J a pa n mem ber)

Yasushi Tsu ritan i (Japan mem ber) 

Yasuyuki Ikegam i (Japan m em ber)

Peter Goldman (USA observer)

Ana B rito  M e lo  (P o rtug a l secretary)

Kim N ielsen (Denm ark a lte rna te )

A lla  W eiste in  (USA observer)

John O verton (UK m em ber)

H iroyuk i Osawa (Japan mem ber)
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> N e w  A n n e x es  - The o p p o r t u n i t y  and i n t e re s t  o f  t w o  n ew Annexes:  An n ex  III - M a r k e t  

Fac i l i t a t i on  f o r  Ocean Energy Systems and A nn e x  IV - Data Base Resource we r e  a pp roved.

5th ExCo meeting

The 5t h ExCo m e e t i n g  was  held in Cork,  I re l and ,  p r i o r  t o  t h e  5 th  European Wave Energy 

Conference,  a r e l e va n t  e ve n t  in t h e  f ie ld  o f  Wave Energy U t i l i s a t i o n .  Fi f teen M e m b e r s  and 

Observers p a r t i c i p a t e d  in t h e  ExCo m e e t i n g :  8 M e m b e r s  and 7 Observers:  4 f r o m  USA (1 r ep re ­

s en t i ng  t h e  State o f  Ha wa i i ) ,  2 f r o m  Japan and 1 f r o m  I taly.

Dur ing  t h i s  m e e t i n g  t h e  f o l l o w i n g  c hanges  on ExCo m em b e r s  wer e p roposed and a pp roved:

> Ch ange o f  ExCo m e m b e r s  - M r  John Ove r t on  ( f rom DTI) r ep laced M r  David Br amb le  ( f rom 

DTI) as ExCo M e m b e r  f o r  Un i te d  K in g do m .  Dr. Tony Lewis ( f rom Hy dr au l i cs  and M a r i t i m e  

Research Cent re U n i ve r s i t y  Col lege Cork) rep laced Mr.  Godf rey Bevan ( f rom Sus ta in ab le  

Energy I re land)  as A l t e r n a t e  M e m b e r  f r o m  I re land .

> Ch ange o f  C o n t r a c t i n g  Pa r t y  - The Japanese M e m b e r  a n no un c ed  t h e  i n t e n t i o n  o f  JAMSTEC to 

w i t h d r a w  as Co nt rac t i ng  Par ty t o  t h is  I m p l e m e n t i n g  A g r e e m e n t  due t o  t h e  f a c t  t h a t  t h e  R&D 

w o r k  on wave e nergy  had s topped at  JAMSTEC w i t h  t h e  f i n a l i s a t i o n  of  t h e  M i g h t y  W ha le  p r o j ­

ect .  However ,  Japan a n no u n c e d  t h e  i n t e n t i o n  of  t h e  I n s t i t u t e  o f  Ocean Energy (I0 ES), Saga 

Un iv er s i t y  t o  rep lace JAMSTEC as Co nt ra c t in g  Par ty  t o  t h is  IA. This change was approved.

The ExCo discussed t h e  " IEA F r a m e w o r k  f o r  I n t e r n a t i o n a l  Ener gy  T e c h n o l o g y  C o - o p e r a t i o n "

ap prov ed by t h e  IEA Govern ing  Board in A p r i l  2003,  w h i c h  replaces t h e  f o r m e r  Guid ing 

Pr inc ip les  (see above) .  To f o l l o w  t h i s  F r a m ew o rk  t h e  IEA Secr e t ar i a t  r e c o m m e n d e d  a set  o f  

p rov is i ons  t o  be a m e n d e d  in t h e  IEA-OES Gu id ing Pr inc ip les  .These wer e ana l i sed  by t h e  ExCo



i t  be ing dec ided t o  c i r cu l a t e  a s u m m a r y  d o c u m e n t  a m o n g  t h e  M e m b e r s  w i t h  t h e  proposed 

m o d i f i c a t i o n s ,  t o  be d iscussed in t h e  f i r s t  2004 ExCo m e e t i n g .

Fur ther ,  t h e  ExCo t o o k  t h e  f o l l o w i n g  m ai n  i n i t i a t i ve s :

> N a t i o n a l  A c t i v i t i e s  - To p roduc e a c o u n t r y  r ev i ew q u e s t i o n n a i r e  t o  c o l l e c t  i n f o r m a t i o n  on 

n a t i o n a l  a c t i v i t i e s  o f  M e m b e r  Count r i es .

> R&D Long t e r m  - In o r de r  to  s u m m a r i s e  t h e  needs f o r  l o n g - t e r m  R&D an ExCo s u b g ro u p  was 

set  up.  This w o r k  is t o  be made based on t h e  A n n e x  I Repor t  " S t a tu s  and Research and 

D e v e l o p m e n t  Pr io r i t ies .  Wave and M a r i n e  C u r r en t  Energy S t at us "  p ro duced by DTI u n d er  t h e  

An n ex  I. The Danish M e m b e r  Kim Nie l sen and t h e  EC M e m b e r  Ph i l i ppe  Schi ld v o l u n t e e r e d  t o  

p roduce  t h is  s u mm a ry .

> Exp er t  m e e t i n g  u n d e r  A n n e x  II - I t  was  dec ided t o  o rgan i se  an e x p e r t  m e e t i n g  t o  es t abl i sh  

t h e  base l i ne  t o  proceed w i t h  t h e  w o r k  u n d e r  t h e  A nn e x  II, p re sent ed  in t h e  r e p o r t

" D e v e l o p m e n t  o f  r e c o m m e n d e d  pract ices f o r  t e s t i n g  and e v a l u a t i n g  ocean e n er gy  sys t ems"

pu b l i s he d by t h e  IEA-OES in A p r i l  2003.  I t  was  su gges t ed  t h a t  t h is  e x p e r t  m e e t i n g  shou l d  be 

held on t h e  occas ion o f  t h e  k i ck-of f  m e e t i n g  o f  t h e  n ew EC c o n t r a c t  " C o o r d i n a t i o n  A c t io n  on 

Ocean Ener gy" .  Kim Nie l sen and Ph i l i ppe  Schi ld v o l u n t e e r e d  t o  o r ga n i se  t h i s  m e e t i n g .

> N e w  A nn e x e s  - A revised p r op os a l  f o r  An n ex  III - " M a r k e t  Fac i l i t a t i on  f o r  Ocean e nergy  

Systems"  p resen t ed  by t h e  I r ish M e m b e r  Kat r i na Polaski  was discussed and a pp ro v ed .  The 

c o l l e c t i o n  o f  i n f o r m a t i o n  on n a t i o n a l  a c t i v i t i es  t o  be o b t a i n e d  u n d er  t h e  scope o f  Su bt ask  I -  

" C o u n t r y  Review of  M a r k e t  Dynami cs  f o r  Ocean Waves and M a r i n e  Cur rent s Energy Systems"  

is a f i r s t  c o n t r i b u t i o n  f o r  t h e  a c t i v i t i es  on m a r k e t  issues. A s u mm a r i s e d  d r a f t  p ro p os a l  fo r  

An n ex  IV -  "Resource,  I n f r a s t r u c t u r e  and E n v i r o n m e n t a l  Asse ssme nt "  was present ed  by t he  

Po r t ugues e M e m b e r  Teresa Pontes.  I t  was agreed t o  be a p p r o p r i a t e  t o  c ons ider  s e t t i n g  a n ew 

An n ex  on t h is  t o p i c .  A c o m p l e t e  d ra f t  s hou l d  be p re sen t ed  later .

THE EXECUTIVE COMMITTEE



2.2 New Participants

The E ur op ea n C o m m i s s i o n  and Canada signed t h i s  I m p l e m e n t i n g  A g r e e m e n t  in ear l y  2003.  

I n t e r es t  f r om  p o t e n t i a l  M e m b e r  Count r ies  c o n t i n u e d  t o  be s t r on g a lo ng  t h i s  year.  An Observer  

f r o m  I t a l y  p a r t i c i p a t e d  in t h e  5 t h ExCO m e e t i n g  and t h e  C ha i r ma n o f  t h e  European Se mi na r  

" Of f shor e Wi n d  Energy in M e d i t e r r a n e a n  and o t h e r  European Seas" i nv i t ed  and t h e  IEA-OES 

ExCo Chai r  t o  p resen t  t h e  IEA-OES at  t h is  e v en t  t h a t  was  held in Naples in A pr i l  2003.

Observers f r o m  USA a ct i ve ly  p a r t i c i p a t e d  in t h e  4 t h and 5 t h ExCo m e et i n g s .  These Observers 

i nc lude  a d e v e l o pe r  o f  a wave e ne rg y device,  t h e  US A l t e r n a t e  Delega t e t o  t h e  IEA Renewab le  

Energy W o rk i n g  Par ty  ( wh o  is w i t h  t h e  DoE) and a Re present at ive  o f  t h e  State o f  Ha wa i i  

(Ass is tant  M i n o r i t y  Floor  Leader  of  t h e  House o f  Represent at ives)  w h o  expressed t h e  s t rong  

w i l l  o f  t h e  House o f  Represent at ives  f o r  t h e  d e v e l o p m e n t  of  wa ve  p o w e r  a s a  r e n e wa b l e  e n e r ­

gy r esource f o r  t h is  State.  She showed i n t e n t i o n  in p a r t i c i p a t i n g  in f u r t h e r  m ee t in g s .

Researchers f r o m  N o r w a y  also expressed t h e  i n t e re s t  o f  t h e i r  c o u n t r y  t o  j o in  t h e  A g r e e m e n t .  

Cont ac ts  have been s us t a i ned  w i t h  A u s t r a l i a ,  N e w  Z ee l an d  and M ex i c o .

2.3 New Initiatives

A l t h o u g h  ocean e n e rg y  t e c h n o l o g i e s  are s t i l l  in a p r e - c o m m e r c i a l  s tage,  i t  had been dec ided 

t o  s t a r t  p re pa r i ng  a n e w  A n n e x  " M a r k e t  Fac i l i t a t i on  f o r  Ocean Energy Sys t ems"  as a means  t o  

s u p p o r t  and speed up t h e  c o m m e r c i a l  up take  o f  t he se  t e c h n o l o g i e s .  The d r a f t  w o r k  p r o g r a m ­

me c o n c en t r a te s  on t h e  analys is  o f  t h e  t e c h n i c a l ,  m a r k e t  and po l i cy  bar r ie rs  t o  t h e  c o mm e r -
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c i a l i sa t i on  and broad up tak e o f  ocean e ne rg y sys tems and on r e c o m m e n d i n g  s t ra t eg ie s  to  

o v er co me  t he se  bar r i ers .

The Subt as k I " C o u n t r y  Review o f  M a r k e t  Dynami cs  f o r  Ocean Waves and M a r i n e  Cur rents  

Energy Systems"  can be cons idered  as a p r e pa r a t i o n  mea su re  f o r  t h is  n e w  Ann ex .  For t h is  p u r ­

pose a q u e s t i o n n a i r e  was  prepar ed  r e qu es t in g  i n f o r m a t i o n  on g o v e r n m e n t a l ,  c o m m e r c i a l  and 

u t i l i t y  ac t i v i t i es  on ocean e n er gy  systems.  I t  i nc ludes  t h e  f o l l o w i n g  t op ics  :

> De scr ip t i on  o f  po l i cy  i n i t i a t i v e s  and p r o g r a m m e s  t h a t  s u p p o r t  ocean e n er gy  systems,  and 

t h os e  i n i t i a t i v e s  and p r o g r a m m e s  t h a t  s u p p o r t  o t h e r  r e n e wa b l e  e ne rg y sys tems b u t  do no t  

spec i f i ca l l y  i nc lu de  ocean e n er gy  systems.

> List o f  e n t i t i e s  c o n d u c t i n g  research on ocean e ne rg y systems and t h e  w i t h  a d e s c r i p t i o n  of  

t h e i r  ac t i v i t i es .

> List o f  c o mp a n i e s  crea t ed  t o  deve lop  and c o m m e r c i a l i s e  ocean e n er gy  systems,  i n c l ud in g 

t h e  t y pe  o f  t e c h n o l o g y  and i ts p o t e n t i a l  f o r  m a r k e t  a d o p t i o n ,  c o m p a n y  p ro f i l e ,  business d eve­

l o p m e n t  p lan and sources o f  c o rp o ra t e  f u n d i n g  and p ro j ec t  f u n d i n g  f o r  t h e  p ro jec t s  u nd er  

d e v e l o p m e n t .

> List o f  c o mp a n i e s  and agenc i es  c apab l e  o f  p ro v id i ng  p ro du c t s  and servi ces t h a t  w i l l  enab l e  

or  are c o m p a t i b l e  w i t h  t h e  d e v e l o p m e n t  and u t i l i s a t i o n  o f  c o m m e r c i a l l y  dep loyed  ocean 

e ne rg y systems,  i n c lu d in g  t h e  i d e n t i f i c a t i o n  o f  t h e  services and p ro d uc t s  a va i l ab le .

> Genera l  m a r k e t  p o t e n t i a l  f o r  ocean e n e rg y  systems based on a s t an da rd iz ed  m e t h o d o l o g y ,  

t o  be deve lo pe d using p u b l i c l y  ava i la b l e  ocean e n e rg y  r esource data f o r  each g e ne ra l  ocean 

en er gy  system -  wa ve  ( shor e l i ne  and o f fshor e) ;  m a r i n e  c u r r e n t s ;  t i d a l  and ocean t h e r m a l .

The s t r u c t u r e  o f  t h e  q u e s t i o n n a i r e  is presen t ed  on t h e  r ig ht :

> O rgan isa tions su pp orting  ocean energy

> N a tion a l Policy fo r  Renewables

> N a tion a l Policy fo r  Ocean Energy

> Targets fo r  renewable  energy

> Targets fo r  ocean energy

> Specific  program m es in place to  d e live r ocean energy ta rge ts

> Programm es th a t  su pp o rt o th e r RE tech n o lo g ie s  b u t are n o t ava ilab le  to  ocean energy

FORM B - ESTIMATED RESOURCE AND TECHNICAL, PRACTICAL A N D  ECO NO M IC BARRIERS TO OCEAN 

ENERGY SYSTEMS IM PLEM EN TATIO N

> Estim ated resource on Ocean Wave S hore line, Ocean Wave O ffshore, M arine  Currents, T ida l and OTEC

> Technical, p ra c tica l and econom ic cons tra in ts  considered in th e  above resource estim a tion s

> Technical, p ra c tica l and econom ic barrie rs  NOT considered in th e  above resource estim a tion s

FORM C - ORGANISATIONS RESEARCHING OCEAN ENERGY SYSTEMS

> O rgan isa tion  researching Ocean energy Systems

> O u tline  o f a c tiv ity  focus

> P rior experience w ith  ocean energy research (s ig n if ic a n t p ro jects  only}

> Fundam enta l and App lied  Research

> Testing fa c ilit ie s  e x is ting  fo r  ocean energy research

> P ilo t p lan ts /P ro to typ e s

> P rom otion  o f ocean energy

> N um ber o f s ta ff engaged

> P rim ary sources o f fun d ing

FORM D - COM PAN IES FORMED TO C O M M ERCIALISE OCEAN ENERGY SYSTEMS

> Companies fo rm ed  to  com m ercia

> Id e n tific a tio n  o f th e  device

> S ta tus o f device deve lopm ent

> P o te n tia l m arke t

> Business deve lopm en t p lans

> Source o f co rpora te  fun d ing

> Source o f p ro jec t fun d ing

FORM E - COM PAN IES A N D  STATE AGENCIES CAPABLE OF PROVIDING SERVICES OR PRODUCTS THAT ENA­

BLE OCEAN ENERGY EXPLOITATION AND DEVICE DEVELOPMENT

> Companies and s ta te  agencies capable  o f p rov id ing  services o r products

> C u rren t links w ith  ocean energy research in s titu te s  o r com m erc ia l e n tit ie s
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Fund Administration

Two m e t h o d s  ex is t  f o r  f i n a n c i n g  I m p l e m e n t i n g  A g r e e me n t s :

> C o s t - s ha r i n g :  t h e  M e m b e r  C o u n t r i e s  c o n t r i b u t e  t o  a c o m m o n  f u n d  f o r  c o n ­

d u c t i n g  research p ro jec t s and i n f o r m a t i o n  e xchange.

> Task -s ha r i ng :  t h e  M e m b e r  C o u n t r i e s  d e v o te  spec i f i ed  resour ces  and p e r s o n ­

nel  t o  c o n d u c t  an agreed w o r k  p r o g r a m m e .

Al l  a c t i v i t i es  u n d er  t h e  t w o  Annexes o f  t h i s  I m p l e m e n t i n g  A g r e e m e n t  are task-shared.  

M e m b e r  Co unt r i es  share t h e  cost  o f  a d m i n i s t r a t i o n  f o r  t h e  ExCo t h r o u g h  a n n u a l  c o n t r i b u t i ­

ons t o  t h e  c o m m o n  f u n d .  This f u n d  s u p p or t s  t h e  Sec re ta r i a t  and o t h e r  e x pe nd i t u r e s  approved 

by t h e  ExCo in t h e  a n n u a l  b u d ge t .  These e x pe nd i t u r e s  in c l ud e t h e  t r a v e l  expenses f o r  t h e  

Secre t ary  p a r t i c i p a t i o n  in t h e  ExCo m ee t i n g s ,  t r a v e l  expenses o f  t h e  Chai r  r e p r es e n t in g  t h e  

IEA-OES in r e l e va n t  m ee t i n g s  f o r  d i s s e m i n a t i o n  o f  t h e  ac t i v i t ie s ,  t h e  p r o d u c t i o n  o f  IEA-OES 

p u b l i c a t i o n s  i n c l u d i n g  t h e  N e w s l e t te r ,  A n n u a l  Repor t  and o t h e r  m a t e r i a l  f o r  d i s s e m i n a t i o n  of  

t h e  g e ne ra l  a ct i v i t i es .

Tota l  f u n d s  received in 2003 a m o u n t  t o  42000 Euros w i t h  a n n u a l  c o n t r i b u t i o n  o f  7000 Euros 

by each o f  six m e m b e r s  ( D e n m a r k ,  P o r t u g a l ,  UK, j a p a n ,  I r e l a nd  and t h e  Eu ro pea n 

Co mmi ss io n) .
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3D I S S E M I N A T I O N

Participation in relevant Conferences and Seminars 3.1

OWEMES 2003

Offshore Wind Energy in M ed iterran ean  and o ther European Seas - Resources, Technology and

Applications

April 10th  -  12 th ,  2003

Naples, Ita ly

The a i m of  t h is  European s e m i n a r  was t o  make a spec i f i c  and up - t o - da t e  r ev i ew o f  o n g o i n g  

a ct i v i t i es  and p r o g r a m m e s  in o r de r  t o  e xchange i n f o r m a t i o n  and p r o m o t e  c o- op er a t i on  

a m o n g  European,  M e d i t e r r a n e a n  and o t h e r  c o u n t r i e s  w o r l d - w i d e  in t h e  p ro m i s i n g  f i e ld  of  

w i n d  and o t h e r  m a r i n e  e n er gy  a p p l i c a t i o ns .

The Chai r  was  in v i t ed  t o  and m ad e t h e  p re s e n t a t i o n  "IEA I m p l e m e n t i n g  A g r e e m e n t  on Ocean 

Energy Sys t ems" .

Energy Technology Fair - IEA M in is ter ia l  M eet ing

April 28th  - 29 th ,  2003  

Paris, France

The I n t e r n a t i o n a l  Energy Agenc y w e l c o m e d  t h e  Energy M i n i s t e r s  o f  IEA M e m b e r  Count r ies  fo r  

t h e i r  b i e n n i a l  m e e t i n g  in Paris and o rgan i zed  a t  t h e  same per iod o f  t i m e  t h e  Energy 

T ech no lo gy  Fair. This was  an o p p o r t u n i t y  t o  e x h i b i t  t h e  s t a r t i n g  w o r k  o f  t h e  I m p l e m e n t i n g  

A g r e e m e n t s  t o  t h e  Energy M i n i s t e r s  and o t h e r  h igh level  p o l i t i c i a ns .  H i g h l i g h t s  o f  t h e  a c h i e ­

v e m e n t s  o f  t h e  IEA Energy T ech no lo gy  C o l la b or a t i o n  P r o g r am me ,  i n c l u d i n g  I m p l e m e n t i n g  

A g r e e m e n t s  and W o r k i n g  Par t ies as w e l l  as some N a t i o n a l  P r o g ra m me s  on t e c h n o l o g y  de ve ­

l o p m e n t  we re  p resen t ed .

Fi gur e  3 I Par t i c i pa t i on  o f  t h e  IEA-OES a t  t h e  Energy Techno l ogy  Fair
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The I m p l e m e n t i n g  A g r e e m e n t  on Ocean Energy Systems p a r t i c i p a t e d ,  p r es en t i ng  i ts 2002 

A n n u a l  Repor t ,  t h e  f i r s t  issue o f  t h e  IEA-OES N e w s l e t t e r  and an i l l u s t r a t i v e  p os t er  t h a t  is a va i ­

lab le at  t h e  IEA-OES w e bp a g e .

SUSTAIN 2003

M ay 13th  -  15th , 2003  

Am sterdam , The Netherlands

The f o u r t h  e d i t i o n  o f  t h e  i n t e r n a t i o n a l  t r ad e  W or l d  Sus t a i na b l e  Energy E xh ib i t i o n  f ocused on 

t h e  p r o d u c t i o n  and a p p l i c a t i o n  o f  s u s t a in ab l e  energy.  The co nf er en ce  d e a l t  w i t h  s t ra t eg ic  

and c o m m e r c i a l  aspects and case s t ud ies  in t h e  area o f  s us t a i n ab l e  e n er gy  g e n e r a t i o n ,  a p p l i ­

ca t ions  and CO2 e mi ss ion  r e du c t i o n  in t h e  d i f f e r e n t  i ndus t r i es .

The Chai r  was i nv i t ed  and presen t ed  a s t at e o f  t h e  a r t  on ocean e n er gy  t e c h n o l o g i e s ,  w i t h  

spec ia l  f ocus on wa ve  and m a r i n e  c ur re nt s .  The p re s e n t a t i o n  " U t i l i s a t i o n  o f  t e c h n o l o g i e s  fo r  

e nh an ce d s u s t a in ab l e  e ne rg y p r o d u c t i o n  f r o m  t h e  o c ea n"  was  i nc l uded in t h e  session "St at e 

o f  t h e  A r t  T echno l og i es  I - Cases in Biomass &  Wave Energy" .

OMAE 2003

june  8 th -13th, 2003  

Cancún, Mexico

In t h e  22nd I n t e r n a t i o n a l  Conf erence on Of fshore  M ec h an i cs  and Ar ct ic  Eng in ee r i ng  t h e  Chai r  

made an o ra l  p r e se n t a t i o n  o f  t h e  a c t i v i t i e s  o f  t h e  IEA-OES.

Fifth European Wave Energy Conference 2003

Septem ber 17th  -  20 th,  2003  

Cork, Ireland

The Fi f th European Wave Energy Conf erence was t h e  l a t es t  in a ( g en er a l l y  b i an n u a l )  ser ies



s t ar te d in 1993 f oc u s i n g  Wave and M a r i n e  Cur rent s Energy d e v e l o p m e n t s .  The p r o g r a m m e  

of fered a range o f  t op ics  in a l l  aspects o f  Ocean Energy Research and D e v e l o p me n t :

> Publ i c  Pol i cy & I n t e r n a t i o n a l  Coopera t ion

> Speci f i c  Device M o d e l l i n g

> Ful l  Scale Devices

> P n e u m a t i c  Device M o d e l l i n g

> T ida l  Energy

> Ful l  Scale C o m p o n e n t  Tr ials

> Power  Take-of f  Systems

> H y d r o d y n a m i c s  and Device M o d e l l i n g

> Ne w  Concepts  and Test ing M e t h o d s

> Wave Energy R e s o u r c e / E n v i r o n m e n t a l  Issues

This co nf er en ce  has be co me  an i n t e r n a t i o n a l  f o r u m  w h e r e  t ho s e  act i ve  in t h e  f ie ld  p resent  

t h e i r  w o r k  and resul ts ,  i t  be ing a r e l e va n t  e ve n t  to  a l l  i nvo lved in ocean e n e rg y  d e v e l o p m e n t .  

The n u m b e r  o f  p a r t i c i p a n t s  was  a b o u t  170 f r o m  20 c o un t r i es ,  i n c lu d in g  researchers,  device 

deve loper s,  sys tem m a n u f a c t u r e r s ,  u t i l i t i e s ,  g o v e r n m e n t  agenc i es  o f f i c ia l s  and c o mp a n i e s .  In 

t h e  European Wave Energy Conferences t h e  n u m b e r  o f  p a r t i c i p a n t s  f r o m  c o mp a n i e s  has been 

i nc reas ing i t  be ing a b o u t  50% in t h is  l as t  one.  The Chai r  present ed  a p aper  e n t i t l e d  

" I n t e r n a t i o n a l  Energy Agenc y -  Co opera t ive  R&D on Ocean Energy"  by M.  T. Pontes and A. 

B r i t o -M e l o  w h i c h  p rov ides an o v e r v i e w  o f  t h e  ac t i v i t ie s  car r ied o u t  u n d er  t h e  A g r e e m e n t .

Other related events

PNWER - Pacific N o r th w e s t  Economic Region Sum m it  

Iu ly 13th  - 17th , 2003, Calgary, A lb erta ,  Canada
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lEA I OES

3 .2

F igu re  4 I Issue 1 _  Feb rua ry 2003 

F ig u re  5 I Issue 2 _  S e p te m b e r 2003

PNWER ho lds at  l east  one m e e t i n g  every  year  w h e r e  a l l  t h e  w o r k i n g  groups ,  counc i l s ,  and 

c o m m i t t e e s  m e e t  t o  discuss c u r r e n t  issues o f  r e g i o n a l  co nc er n  and deve lo p a c t i on  p lans r e l a ­

ted t o  t he se  concerns .  T hr o u g ho u t  t he  year, o t her  smal le r  meet ings  may occur,  such as ind i v i ­

dua l  wo r k i n g  g roup meet ings,  special  c o m m i t t e e  meet ings,  or  a mee t i ng  o f  t he  PNWER Execut ive 

Commi t t ee .  The Canadian M e m b e r  o f  t he  IEA-OES presented in th i s  S u m m i t  an overv iew on ocean 

energy t echno l og i es  and a br ief  i n t r od u c t io n  to t his  I m p l e m en t i n g  Ag r ee me n t  act iv i t ies.

Renewables 2003

December 1st -  2 nd, 2003, Calgary, A lberta ,  Canada

The t h e m e  o f  t h is  N a t i o n a l  S u m m i t  was  " C o m m e r c i a l i z i n g  Renewab le  Power  Projects - 

Bu i ld i ng  Rel iab le Energy Po r t f o l i os " ,  in w h i c h  t h e  Canadian M e m b e r  o f  t h is  A g r e e m e n t  has 

also presen t ed  an o v e r v i e w  on ocean e n er gy  t e c h n o l o g i e s  and a b r i e f  i n t r o d u c t i o n  t o  t h e  

I m p l e m e n t i n g  A g r e e m e n t  ac t i v i t i es .

Promotion and Communication  

New sletter

The b i - an n ua l  N e w s l e t t e r  o f  t h e  IEA Ocean Energy c o n t a i n i n g  i n f o r m a t i o n  t a r g e t e d  at  a u d i ­

ences w h o  are u n f a m i l i a r  w i t h  t h i s  issue has been w i d e l y  d i s t r i b u t e d  b ot h  w i t h i n  t h e  M e m b e r  

Count r i es  and at  m a j o r  co nf er ences  and semi na rs .  It  is ava i l a b l e  at  t h e  IEA-OES w e b s i te .

The N e w s l e t t e r  is a c o l l a b o r a t i v e  p u b l i c a t i o n  o f  t h e  M e m b e r  Count r i es  w h o  p rov ide  c o n t r i b u ­

t i o n s  on r ef erence,  o n g o i n g  and p l a nn ed  a c t i v i t i es  and p r o g r a m m e s .  The last  page o f  t h e  

N e w s l e t t e r  is d e d i ca te d t o  i n f o r m a t i o n  on t h e  IEA-OES ac t i v i t i es ,  r e l e va n t  events  and inc ludes  

t h e  M e m b e r s  c on t ac t s .
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To t h e  f i r s t  issue Canada c o n t r i b u t e d  w i t h  a s u m m a r y  o f  t h e  V an co uve r  Is land Wave 

D e m o n s t r a t i o n  Projects,  t h e  Danish M e m b e r  sugges t ed t o  c o n t a c t  d e v e l o pe r  o f  t h e  wave 

e ne rg y c o n v e r t e r  Wave Dr agon w h o  pr ov ided an a r t i c le  on r ec en t  d e v e l o p m e n t s  o f  t h i s  d e v i ­

ce and t h e  Japanese M e m b e r  p r ov ided a d e s c r i p t i o n  o f  t h e  " M i g h t y  W h a l e "  R&D pro je c t .  This 

is an o f f shor e device w h os e  d e v e l o p m e n t  and t e s t i n g  was  c o m p l e t e d  in 2002 (Fig. 6).

To t he  second issue, t he  Irish M e m b e r  prov ided an ar t i c le  on t he  r ecent  d e ve l o p m e n t  o f  t he  

McCabe Wave Pump t h a t  is a wave energy  device speci f i cal l y  designed fo r  desa l in i za t ion (Fig. 7). 

P or t u ga l  has c o n t r i b u t e d  w i t h  a p re s e n t a t i o n  o f  t h e  wave p o w e r  p l a n t  on t h e  i s land o f  Pico, 

Azores and t h e  UK s ugges t ed  t o  c o n t a c t  t h e  d e v e l o pe r  o f  t h e  " S e a f l o w "  (an o f f shor e t i d a l  c u r ­

r en t  t u r b i n e )  w h o  pr ov ided a s h o r t  r e p o r t  on t h i s  p ro j ec t  (Fig. 8).

Website

As dec ided in t h e  4 t h ExCo m e e t i n g ,  d u r i n g  2003 t h e  w e b s i t e  (w w w . i e a . o c e a n s . o r g ) was u p g ­

raded t h e  mai n  n e w  f e a t u r e  being t h e  M e m b e r s  Area d es igned t o  be used f o r  Execut ive 

C o m m i t t e e  d o c u m e n t s .

This n ew f e a t u r e  is accessible t h r o u g h  an i n d i v i d u a l  password .  I t  is a t o o l  f o r  d i s s e mi n a t i o n  

o f  d o c u m e n t s  a m o n g  t h e  M e m b e r s  n a m e l y  t o  ena bl e  c o n s u l t i n g  agendas ,  m i n u t e s  and o t h er  

i n t e r n a l  d o c u m e n t s .

Reports and publications

The f o l l o w i n g  IEA-OES rep or ts  we re  pu b l i sh ed  in 2003:

WAVE AND MARINE CURRENT ENERGY - STATUS AND RESEARCH AND DEVELOPMENT PRIORITIES | 2003 

The a i m o f  t h i s  r e p o r t  is t o  gu i de  t h e  e s t a b l i s h m e n t  o f  n e w  R&D a c t i v i t i es  w i t h i n  t h i s  

A g r e e m e n t ,  be ing also u se f ul  f o r  s e t t i n g  up n a t i o n a l  and i n t e r n a t i o n a l  R&D p ro g r a m m e s .

F igure  6 | M ig h ty  W ha le  (c o u rte s y  o f  JAMSTEC)

F igu re  7 I The McCabe W ave Pum p (H ydam  T ech no lo gy  Ltd.)

F igu re  8 | S e a flo w  p ro je c t (c o u rte s y  o f  M a rin e  C u rre n t T u rb ines  Ltd)
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STATUS AND RESEARCH AND DEVELOPMENT PRIORITIES | 2003 

WAVE AND MARINE CURRENT ENERGY

ANNEX II REPORT | 2003 

DEVELOPMENT OF RECOMMENDED PRACTICES 
FORTESTINGAND EVALUATING OCEAN ENERGY SYSTEMS

9

10

F ig u re  9 I A n nex  I R eport 

F ig u re  10 | A nnex II R eport
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It  was  deve lo pe d w i t h i n  t h e  scope o f  t h e  A n n e x  I o f  t h e  IEA-OES and was prepared u n d er  c o n ­

t r a c t  by AEA Technology,  Future Energy S o l u t i o ns  as p a r t  o f  Ne w  and Renewab le  Energy 

P ro g r a m me  o f  t h e  Un i te d  K in gd om  D e p a r t m e n t  o f  Trade and Indust ry .

It  c o n t a i n s  i n f o r m a t i o n  on t h e  t e c h n i c a l ,  e c o no mi c ,  e n v i r o n m e n t a l  and soc ia l  aspects of  

ocean e ne rg y sys tems (wave and t i d a l  c ur re nt s ) ,  a l i s t  o f  n a t i o n a l  and r e g i o n a l  R&D p r o ­

g r a m m e s  on a g l o b a l  level  ( cons i der ing  resource,  f u n d i n g ,  a c t i v i t i es  and status)  and presents  

Ocean Energy System R&D p r i o r i t i e s  w i t h  spec ia l  f ocus on ge ner ic  research.

DEVELOPMENT OF RECOMMENDED PRACTICES FOR TESTING AND EVALUATING OCEAN ENERGY 

SYSTEMS I 2003

This r e p o r t  was deve lo pe d w i t h i n  in t h e  scope o f  t h e  A n n e x  II o f  t h e  IEA-OES and prepared by 

t h e  O p er a t i ng  A g e n t  o f  t h i s  An ne x.  The p u b l i c a t i o n  was f u n d e d  by t h e  IEA-OES c o m m o n  f u n d .

In a d d i t i o n  t o  p ro v id i ng  an o v e rv i e w  o f  t e s t i n g  f a c i l i t i es  in M e m b e r  Co unt r i es  w h e r e  e x p e r i ­

m en t s  o f  wa ve  and m ar i ne  cu r r e n t s  e ne rg y sys tems can be car r ied  ou t ,  i t  p rov ides g u i de l in es  

f o r  s t an da rd s f o r  t e s t i n g ,  p r e l i m i n a r y  costs assessment  and p re s e n t a t i o n  o f  resu l t s.  The g u i ­

de l i nes  have been prepar ed  based on p r i nc i p l es  d eve l oped as p a r t  o f  t h e  Danish Wave Energy 

Program 1997 -  2001.

These r epor ts  as w e l l  as t h e  A n n u a l  Repor ts  are ava i la b l e  e i t h e r  f r o m  t h e  IEA-OES w e bs i t e  

(w w w . i e a - o c e a n s . o r g ) or  f r o m  t h e  Execut ive Secre t ary  ( i e a . o e s @ i n e t i . p t ).

D i ss e mi n a t io n  o f  p u b l i c a t i o n s  by t h e  IEA-OES is also made t h r o u g h  The IEA OPEN Energy 

T ech no lo gy  B u l l e t i n .

http://www.iea-oceans.org
mailto:iea.oes@ineti.pt
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In t h e  ye ar  2003 t h e  ExCo dec ided t o  s t a r t  i n c l u d i n g  in i ts A n n u a l  Repor t  a sect ion  on N a t i o n a l  

Ac t i v i t i es ,  d es cr i b i ng  t h e  ocean e n e rg y  ac t i v i t i es  in t h e  M e m b e r  Count r ies ,  n a t i o n a l  pol i c ies,  

research,  d e m o n s t r a t i o n  and ( p r e ) - c o mm e r c i a l  a ct i v i t i es .

A l l  M e m b e r  Co unt r i es  p rov ided  t h e i r  c o n t r i b u t i o n  e xcept  |apan  wh o se  a c t i v i t y  on t h e  t e c h n o ­

logies p re s en t l y  covered by t h e  IEA-OES ( the M i g h t y  Wh a l e  pro jec t )  had been c o m p l e t e d  in 

2002 . (As m e n t i o n e d  above,  Saga Un i v e r s i t y  w h o  deve lops  a c t i v i t y  on OTEC w i l l  b ec ome  t he  

n ew Japanese C o nt ra c t i n g  Party.)

N ational Policy

Canada

R e ne wa bl es

Pol icy is focused in ass is t i ng e m e r g i n g  r en e wa b le  e n er gy  sources t o  b ec ome  f u l l - f l e d g e d  c o m ­

p e t i t o r s  in t h e  m a r k e t p l a c e .  M a i n  po l i cy  d r i vers  are:

> E n v i r o n m e n t a l  - c l i m a t e  c hange,  s u s t a in ab l e  d e v e l o p m e n t ,  c lean ai r

> E c o n o m i c / E n e r g y  - i n n o v a t i o n  ( t e c h n o l o g y  d e v e l o p m e n t ,  m a n u f a c t u r i n g  and 

e x p o r t  o p p o r t u n i t i e s )  and e n su r i ng  long t e r m  e n er gy  se cu r i t y

No n a t i o n a l  t a r g e t  f o r  r e n e wa b l e  e n e rg y  exists in Canada.  Some prov inces  are co ns id er in g 

t h e  e s t a b l i s h m e n t  o f  Re newab le  P o r t fo l io  S t andards .

Ocean Energy

No speci f i c  n a t i o na l  pol i cy  exists f o r  ocean energy.  However ,  t h er e  has been g ro w i ng  in t eres t  

t o  e x p l o i t  t he  p o t e n t i a l  wave and t i d a l  c u r re n t  resources in Br i t i sh Co lumbi a.  Encouraged by

29 N A T IO N A L  ACTIV IT IE S

4 .1

BRITISH COLUMBIA MINISTRY OF ENERGY AND MINES WWW.GOV.BC.CA/E M
BRITISH COLUMBIA HYDRO WWW.BCHYDRO.COM
NOVA SCOTIA POWER CORP. (ANNAPOLIS TIDAL GENERATING STATION) WWW.NSPOWER.CA
POWERTECH LABS INC. WWW.POWERTECHLABS.COM

DANISH ENERGY AUTHORITY THROUGH THE NATIONAL DANISH 
ENERGY RESEARCH PROGRAMME (APPLIED R&D)______________ WWW.ENS.DK
ELECTRICITY TRANSMISSION SYSTEM OPERATOR - ELTRA 
(VESTERN PART OF DENMARK)________________________ w w w .eltr a . dk

ELECTRICITY TRANSMISSION SYSTEM OPERATOR - ELKRAFT SYSTEM 
(EAST) THROUGH THE CLEANER ELECTRICITY PRODUCTION R&D 
PROGRAMME (PSO -  PUBLIC SERVICE OBLIGATION PROGRAMME) WWW.ELKRAFT-SYSTEM.DK

SUSTAINABLE ENERGY IRELAND
THE MARINE INSTITUTE WWW.MARINE.IE
ENTERPRISE IRELAND WWW.ENTERPRISE-IRELAND.COM

PORTUGAL MINISTRY OF ECONOMY WWW. PRIM E. M 1N-ECONOM lA.PT
PORTUGUESE FOUNDATION FOR SCIENCE AND TECHNOLOGY w w w . fct.m c e s . pt

w w w .a d i . pt

UNITED DEPARTMENT OF TRADE AND INDUSTRY w w w . d t i.g o v .u k

KINGDOM ENGINEERING AND PHYSICAL SCIENCES RESEARCH COUNCIL w w w . ep sr c .a c .u k

THE CARBON TRUST w w w .t h e c a r b o n t r u s t .c o .u k

Tab le  3 I O rg a n isa tio n s  s u p p o rt in g  O cean Energy

http://WWW.GOV.BC.CA/E
http://WWW.BCHYDRO.COM
http://WWW.NSPOWER.CA
http://WWW.POWERTECHLABS.COM
http://WWW.ENS.DK
http://www.eltra.dk
http://WWW.ELKRAFT-SYSTEM.DK
http://WWW.MARINE.IE
http://WWW.ENTERPRISE-IRELAND.COM
http://www.fct.mces.pt
http://www.adi.pt
http://www.dti.gov.uk
http://www.epsrc.ac.uk
http://www.thecarbontrust.co.uk
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t h e  r ising e l ec t r i c i t y  d e ma n d fo r  Vancouver  Is land and as p ar t  o f  t h e  i n i t i a t i ves  on green e ne r ­

gy t ec h no l og i es ,  BC Hydro exa mi ne d t h e  f e as ib i l i t y  o f  e xp l o i t i n g  wave and t i d a l  c u r re n t  energy 

in t he  prov ince and developed r el evant  resource maps.  In 2002, BC Hydro signed m e m o r a n d u m  

of  un de rs t an d in g  (MOU)  w i t h  Energetech Aust ra l i a  and Ocean Power  Del i very o f  UK t o  bu i l d  t w o  

wave d e m o n s t r a t i o n  p lants  in Vancouver  Islands.  T ho ug h t hese MOUs were cancel led in 2003 

because o f  t h e  i m p l e m e n t a t i o n  of  a new pro v i nc ia l  e nergy  pol i cy  r es t r i c t ing  BC Hyd ro ’ s d i rec t  

i n v o l v e m e n t  in n ew energy  g en er a t i o n ,  e f for ts  by pr i vate c omp an ie s  t o  enabl e d e v e l o p m e n t  of  

ocean e nergy  in BC are c o n t i n u i n g .  Present l y  th e re  are f i ve d i f f e re n t  c omp an ie s  w h o  are in t he  

process o f  deve l op i ng  wave & t i d a l  c u r re n t  t e c h n o l o g y  a n d / o r  p ro jec t  in t h e  prov ince.

Specific program m es in place to de liver  ocean energy targets:

There is no speci f i c  p r o g r a m  on ocean e n e rg y  d e v e l o p m e n t ,  h o w e v e r  some p ro gr ams  cou ld  

s u p p o r t  R&D and d e m o n s t r a t i o n  p ro jec t s  r e l at ed t o  ocean energy.  Examples i nc lude :

> Cl i ma te  Change T ec hn o l og y and I n n ov a t i on  I n i t i a t i v e :  Created in 2003 by t h e  f e d er a l  g o v e r ­

n m e n t .  t h is  5-year  p ro g ra m w i l l  s u p p o r t  c o l l a b o r a t i v e  p ro jec t s w i t h  p ar tn er s  in f ive  s t ra t eg ic  

areas,  i n c l u d i n g  d e c ent r a l i z ed  e n e rg y  p r o d u c t i o n .  The o b je c t i ve  o f  t h i s  p r o gr a m  is t o  a cce le ­

rate research,  d e v e l o p m e n t  and d e m o n s t r a t i o n  o f  l o ng e r  t e r m  t e c h n o l o g i e s  t o  achieve GHG 

r ed u c t i on s .  For f u r t h e r  i n f o r m a t i o n  on t h e  R&D c o m p o n e n t  o f  t h is  p r o g r a m ,  please c o n t a c t  

M i l en a  Sejnoha (m s e j n o h a @ n r c a n . g c . c a ). For a d d i t i o n a l  i n f o r m a t i o n  on t h e  d e m o n s t r a t i o n  

c o m p o n e n t ,  please v i s i t  t h e  T ec hn o l og y Ear ly A c t io n  Measur es  (TEAM) w e bs i t e  

h t t p : / / w w w . c l i m a t e c h a n g e . g c . c a / e n g l i s h / a c t i o n s / a c t i o n _ f u n d / t e c h n o . s h t m l )

> S us t a i na b l e  D e v e l o p m e n t  T ec hn o l og y Canada:  an a r m ’ s l e n g t h  f o u n d a t i o n  w h i c h  was de ve ­

l oped t h r o u g h  a n a t i o n a l  g o v e r n m e n t  i n i t i a t i v e  t o  f o s te r  t h e  rapid d e v e l o p m e n t ,  d e m o n s t r a ­

t i o n  and p r e - c o m m e r c i a l i z a t i o n  o f  t e c h n o l o g i c a l  s o lu t io n s ,  w h i c h  address c l i m a t e  change and 

ai r  q u a l i t y  (h t t p : / / w w w . s d t c . c a ).

mailto:msejnoha@nrcan.gc.ca
http://www.climatechange.gc.ca/english/actions/action_fund/techno.shtml
http://www.sdtc.ca


P r o g r a m m e s  t h a t  s u p p o r t  o t h e r  RE t e c h n o l o g i e s  b u t  are n o t  a v a i l a b l e  t o  ocean e n e rg y :  

Examples o f  such p ro g ra ms  are:

> Wi n d  Power  P r o du c t i o n  I nc en t i v e  (WPPI):  Establ i shed in 2002,  t h i s  i n i t i a t i v e  w i l l  p rov ide 

f i n a n c i a l  s u p p o r t  f o r  t h e  i n s t a l l a t i o n  o f  1 ,000 m e g a w a t t s  o f  n ew c a pa c i t y  over  f ive years.  

(h t t p : / / w w w . c a n r e n . g c . c a / p r o g r a m s / i n d e x . a s p ? C a l d = i 0 7 & P g l d = 6 2 2 ).

> Re newab le  Energy D e p l o y m e n t  I n i t i a t i ve  (REDI): The purpose  o f  t h i s  p r o g r a m  is t o  s t i m u l a ­

t e t h e  m a r k e t  d e m a n d  f o r  c o m m e r c i a l l y  r e l iab l e,  cos t -e f fec t ive  r en e wa b le  e ne rg y systems 

f o r  space and w a t e r  h e a t i n g  and co o l in g  

(h t t p : / / w w w 2 . n r c a n . g c . c a / e s / e r b / e r b / e n g l i s h / V i e w . a s p ? x = 4 5 5 ).

Denmark

R e ne wa bl es

From t h e  N a t i o n a l  Danish p o i n t  o f  v i e w  rene wa bl es  can play an i m p o r t a n t  role to  secure a cost  

e f fec t i ve e ne rg y supp ly  in t h e  m e d i u m  and long t e r m ,  t o  imp ro ve  bo t h e c o n o m i c  g r o w t h  and 

t h e  e n v i r o n m e n t  - no t  least  t h r o u g h  rene wa bl es  c o n t r i b u t i o n  t o  f u l f i l l  D e n m a r k ’ s i n t e r n a t i o ­

nal  C02  e mi ss ion  r e du c t i on  c o m m i t m e n t s .  The po l i cy  f o r  i m p l e m e n t i n g  r en ewa bl es  in 

D e nma r k  is t h a t  t h e  f u r t h e r  expans i on  o f  t h e  use of  rene wa bl es  s ha l l  be f a c i l i t a t e d  w i t h i n  t h e  

c o m m o n  EU- f r ame wo rk  -  t h a t  is t h e  EU Quota  Di rect i ve f o r  C02  emi ss ions  and t h e  Renewable 

Energy Di rect i ve i n t e r  a l ia.  Renewables sha l l  be i n t e g ra t ed  in t h e  l ibera l i sed e l e c t r i c i t y  m ar k e t  

t h r o u g h  m a r k e t  i n s t r u m e n t s .  The f o r m e r  specia l  e c o n om i c  s u p p o r t  schemes f o r  r enewab les  

are t o  a h i gh e r  degree being co nver t ed  i n t o m a r k e t  based f r a m e w o r k  c o nd i t i o ns .  The pol i cy 

i nc ludes t h e  use o f  p u b l i c  s u p p o r t  p ro g r a m m e s  f o r  p r e - c o m m e r c i a l  research and d e v e l o p m e n t  

w i t h i n  n ew e ne rg y t e ch no l o g i e s .  By law,  t h e  e l ec t r i c i t y  p ro d u c t i o n  f r o m  t h e  f i r s t  p lan t s o f  a 

n ew e ne rg y t e c h n o l o g y  may  receive a f i xed ( no t  m a r k e t  based) pr ice w h e n  sold t o  t h e  gr id.
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http://www.canren.gc.ca/programs/index.asp?Cald=i07&Pgld=622
http://www2.nrcan.gc.ca/es/erb/erb/english/View.asp?x=455


There is one o f f i c ia l  t a r g e t  fo r  2003 -  20 % of  t h e  e l ec t r i c i t y  c o n s u mp t i o n  in D e nm ar k  shal l  be 

del i vered f r o m  r enewables .  The t a r g e t  w i l l  be more t h a n  f u l f i l l ed  -  t h e  a c tu al  prognos is  is up 

t o  25 %.  Onwards t h e  m ar k e t  -  u nder  t h e  a p pr op r i a t e  f r a m e w o r k  c o nd i t i o ns  -  w i l l  decide t he 

a c t ua l  a m o u n t  of  e l ec t r i c i t y  based on renewab les  in t h e  overa l l  Danish m i x  o f  e le c t r i c i t y  o r i g i n.

Ocean Ener gy

There is no d e d i ca te d po l i c y  f o r  ocean e n e rg y  and no spec i f i c  t a r g e t .  I t  is s u p p or t e d  u n d e r t h e  

c o m m o n  f r a m e w o r k  f or  s u p p o r t i n g  n ew e n er gy  t e c h n o l o g i e s .

Spec i f ic  p r o g r a m m e s  in p lace t o  d e l i v e r  ocean e n e r g y  t a r g e t s :

There is no spec i f i c  ocean e n er gy  p ro g r a m m e s .

P r o g r a m m e s  t h a t  s u p p o r t  o t h e r  RE t e c h n o l o g i e s  b u t  a re  n o t  a v a i l a b l e  t o  ocean e n e r g y :  

None.  Al l  p r o g r a m m e s  may  s u p p o r t  q u a l i f i e d  ocean e ne rg y p ro jec t s.

Ireland

R e ne wa bl es

The Green Paper  on S us t a i na b l e  Energy set  po l i cy  f o r  I re land  on r e n ew a b l e  energy.  The key 

po l i cy  e l e m e n t s  i nc l ud e a t a r g e t  t o  increase t h e  c a p ac i t y  o f  r e n e wa b l e  e n er gy  by 500 M W  

ins t a l l e d  f r o m  e xis t ing  c ap ac i t y  in 2000 by t h e  year  2005.  No s p ec i f i c a t i o n  o f  t e c h n o l o g i e s  t o  

be used was  i d e n t i f i e d .  The t a r g e t  was t o  be m e t  by a n n u a l  r ou nd s o f  t h e  c o m p e t i t i v e  t e n ­

der  p r o g r a m m e  " t h e  A l t e r n a t i v e  Energy R e q u i r e m e n t "  and by r en ewa b le s  se l l i ng  d i re c t l y  t o  

e n er gy  c u s t o me r s .  The m a r k e t  f o r  e ne rg y in I re land is o p e n i n g  p rogr ess ive ly  t h r o u g h  t h i s  

t i m e  per iod w i t h  f u l l  o p e n i n g  exp ec te d by end 2005.  Re newab le  e ne rg y g e ner a t ed  e l e c t r i c i ­

t y  was g iven access t o  t h e  e n t i r e  m a r k e t  in 2000, t h u s  can access c u s t om er s  t h a t  o t h e r w i s e



w o u l d  o n l y  have access t o  buy e l e c t r i c i t y  f r o m  t h e  i n c u m b e n t  m o n o p o l i s t .  Two r ound o f  AER 

have been l a un ch ed  since t h e  d o c u m e n t  release.  Bidders r ep re s en t i n g  a t o t a l  o f  578 M W  of  

c a pa c i t y  we r e  of fered p o w e r  purchase a g r e e m e n t s  w i t h  t h e  i n c u m b e n t  m o n o p o l i s t  u n d er  t he  

p r o g r a m m e .  Ocean e n er gy  was n o t  i n c l ud ed  in e i t h e r  o f  t h e  AER cal l s f o r  t en der .

The key t a r g e t  in place is t h e  Green Paper  t a r g e t  t o  increase t h e  c a pa c i t y  o f  r e n e wa b l e  e n e r ­

gy by 500 M W  i n s t a l l e d  f r o m  ex is t ing  c ap ac i t y  in 2000 by t h e  year  2005.  This t a r g e t  has also 

been co nv e r t e d  t o  a c arbon a b a t e m e n t  f r o m  r e n e wa b l e  e n e rg y  t a r g e t  in t h e  N a t i o n a l  C l i ma te  

Change St rategy.  Final l y,  t h e  EU d i r ec t i v e  on t h e  p r o m o t i o n  of  r e n e wa b l e  e ne rg y in t h e  i n t e r ­

nal  e l e c t r i c i t y  m a r k e t  gave an in d ic a t i ve  t a r g e t  f o r  I re land t o  have 13. 2% o f  e n er gy  c o n ­

s u m p t i o n  co me  f r o m  r en e wa b le  e ne rg y sourced e l e c t r i c i t y  by t h e  y ea r  2010.

Ocean Energy

There c u r r e n t l y  is no speci f i c  n a t i o n a l  po l i cy  f o r  ocean e ne rg y in I re land.  A c o n s u l t a t i o n  

d o c u m e n t  was  l a un ch ed  in 2002 on o p t io ns  f o r  t h e  d e v e l o p m e n t  o f  ocean e n er gy  in I re land .  

The c o n s u l t a t i o n  process,  w h i l e  n o t  r e su l t i n g  in a g o v e r n m e n t  c o m m i t m e n t  to  an ocean e n e r ­

gy pol icy,  did resu l t  in t h e  i n f o r m a l  o r g a n i s a t i o n  o f  a c oo p er a t i ve  a pp roac h t o  research in t o  

an a p p r o p r i a t e  po l i c y  a pp roach  a m o n g s t  t h e  e n e rg y  age ncy  in I re land and t h e  a ge nc y  res­

pons i b l e  f o r  m a r i n e  a ct i v i t i es .

No targets exist for  Ocean Energy and no Specif ic programmes in place to del iver ocean energy targets.

Specific p rogram m es in place to de liver  ocean energy targets:

No speci f i c  t a r g e t s  f o r  ocean e n er gy  exist .

Program mes th a t  support o th er  RE technologies but are not ava ilab le  to ocean energy:

The A l t e r n a t i v e  Energy R e q u i r e m e n t  c o m p e t i t i v e  t e n d e r  p r o g r a m m e  has been used m os t
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r ec en t l y  t o  s u p p o r t  w i n d  e ne rg y o ns hor e and o f fshor e,  b iomass  l a n d f i l l  gas,  b iomass  CHP, b i o ­

mass a n a er o b i c  d i g e s t i o n ,  and s m a l l  scale hydro.  Cal ls f o r  t e n de r s  u n d er  t h e  p r o g r a m m e  

d e s i gn at e  a spec i f i c  a m o u n t  o f  c a pa c i t y  f r o m  speci f i c  t e c h n o l o g i e s  f o r  w h i c h  t e n d e r s  are 

being s o u gh t .  The t e n de r s  received are ranked acco rd in g t o  bid pr i ce in each t e c h n o l o g y  and 

c o n t r ac t s  are of fered t o  t h e  p ro jec t s  w i t h  t h e  l o w e s t  bid pr i ces up t o  t h e  a m o u n t  o f  cap ac i t y  

d e s i gn at ed  in t h e  cal l .  Ocean e n e rg y  was  in c l ud ed  in a p rev ious AER r o un d,  h o we v e r  t h e  

w i n n i n g  b i dd e r  did n o t  b u i l d  and su r r en de re d t h e  c o n t ra c t .  It  is l i ke l y  t h a t  s hou l d  f u r t h e r  

r ounds  o f  t h e  A l t e r n a t i v e  Energy R e q u i r e m e n t  p r o g r a m m e  be l a un ch ed  t h a t  ocean e nergy  

w o u l d  be i nc lu de d in f u t u r e  r ounds .

Portugal

R e ne wa bl es

The Por t ugu ese  Energy Pol i cy pursues a set  o f  o b j ec t i v es  t h a t  inc ludes,  a m o n g  ot her s:

> t h e  r ed u c t i o n  o f  en er gy  d ep en d en c e  and t h e  d e v e l o p m e n t  of  en d o g e n o u s  e ne rg y resources;

> t h e  r e du c t i o n  o f  t h e  e n v i r o n m e n t a l  e f fects o f  t h e  p r o d u c t i o n  and use o f  energy.

The n a t i o n a l  po l i c y  measur es  ass igned p r i o r i t y  t o  c reate f a vo u r a b l e  c o n d i t i o n s  f o r  r en e wa b le  

e ne rg y sources and t o  e nc o ur a ge  p r i va t e i n v e s t m e n t ,  t h r o u g h  p ro j ec t  s u p p o r t  p ro g r a m m e s .  

The l ega l  basis f o r  s u p p o r t i n g  t h e  i m p l e m e n t a t i o n  o f  RE p r o d u c t i o n  was  i n t r o d u c e d  in 1989 

e s t a b l i s h i n g  r e g u l a t o r y  ru l es  f o r  i n d e p e n d e n t  e l e c t r i c i t y  p r o d u c t i o n .  Since 1995 t h e  

Po r t ugu es e e l e c t r i c i t y  m a r k e t  is l i be r al i sed .  The p re se nt  r e m u n e r a t i o n  scheme was i n t r o d u ­

ced in 1999,  w h i c h  t akes i n t o a c c o u n t  t h e  e n v i r o n m e n t a l  benef i t s  o f  RE e l e c t r i c i t y  and i n t r o ­

duces mor e t r a n s p a r e n t  p ro ce du res  r eg ar d i ng  t h e  p er mi ss i on  process and t h e  i n t e r c o n n e c ­

t i o n  p oi n t s  f o r  RE p o w e r  p la nt s .  F inal l y  in 2001,  t h e  e x is t ing  l ega l  d i p l o m a  was  revised,  u p d a ­

t i n g  and f u r t h e r  d i f f e r e n t i a t i n g  t h e  t a r i f f  rates by t e c h n o l o g y  and o p e r a t i n g  r eg i me.



The Po r t ugu es e s t r a t e gy  f o r  t h e  p r o m o t i o n  o f  r en e wa b le s  is f o r m u l a t e d  in t h e  E4 P r o g ra m me  

(Energy Ef f i c iency and En dogenous  Energies)  l a un ch ed  in O c to ber  2001 by t h e  M i n i s t r y  of  

Economy.  One ma i n  l ine o f  a c t i on  is focused on RES: p r o m o t i n g  t h e  use o f  e n d o g e n o u s  e n e r ­

gy sources by e s t a b l i sh i ng  a h i g h l y  d y n a m i c  c o m p r o m i s e  b e t w e e n  t e c h n i c a l  and e c o n o m i c  

f e a s i b i l i t y  and e n v i r o n m e n t a l  c on st ra in s .  W i t h  t h e  E4 P ro g r a m m e  and s u b s e qu e n t  l e g i s la t io n ,  

t h e  Po r t ugu ese  G o v e r n m e n t  set  up a n u m b e r  o f  measur es  f o r  t h e  c o u n t r y  t o  p roduc e in 2010 

39% o f  p o w e r  g e ne r a t i o n  f r o m  r en e wa b le  sources t h a t  had been agreed w i t h i n  t h e  European 

Di rec t i ve f o r  E lec t r i ca l  Energy.

The m ai n  i n s t r u m e n t s  t o  p r o m o t e  r e n e wa b l e  e n e rg y  in P o r t u g a l  are:

> N a t i o n a l  i n v e s t m e n t  subsid ies ( i n c l u d i n g  t a x  i ncent ives)

> The l ega l  f r a m e w o r k  f o r  f eed- in  t a r i f f s  f o r  t h e  p r o d u c t i o n  o f  e l e c t r i c i t y  f r o m  RES.

A r e l a t i ve  n ew p r o g r a m m e  was l a un ch ed  by t h e  M i n i s t r y  o f  Eco no my  c o mp r i s i n g  a c o m p l e t e  

set  o f  f u n d i n g  i nce nt i ve s t o  t h e  p r o m o t i o n  o f  r e n e wa b l e  energy,  t h e  O p e r a t i o n a l  Pr ogram fo r  

Economic  A c t i v i t ie s  -  POE (Pr ogr ama O p e ra c io n a l  da Economía)  - u n d er  t h e  t h i r d  C o m m u n i t y  

S u p p o r t  F r a m ew o rk  (QCA III). This p r o g r a m m e  was r e - f o r m u l a t e d  t o  t h e  a c t u a l  i n ce nt i ve  sche­

me PRIME (Progr ama de I nc ent i vo s à M o d e r n i z a ç i o  da Economía) ,  f o r  t h e  per iod 2000-2006.

Ocean Energy

A pu b l i s he d l a w  in 2001 es t ab l i sh ed  d i f f e r e n t i a t e d  p a y me n t s  based on t h e  t yp e  o f  t e c h n o l o g y  

and an o p e r a t i n g  r eg im e f o r  e l e c t r i c i t y  p r o d u c t i o n  f r o m  r e n e wa b l e  sources w h i c h  n o w  d e f i ­

nes and p o s i t io ns  wa ve  e ne rg y a m o n g  o t h e r  r en ewa bl es .  As a r es u l t  a feed- in  t a r i f f  in t h e  

r ange o f  0.22-0.25 Euro can t y p i c a l l y  be ach ieved by wave p o w e r  p lant s.

A r e ce n t l y  pu b l i sh ed  Reso lu t ion  o f  t h e  Counc i l  o f  M i n i s t e rs  i nd i ca te s  a 50 M W  t a r g e t  o f  i n s t a l ­

led wave p o w e r  by 2010.
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Specific program m es in place to de liver  ocean energy targets:

P o r t u g a l  does n o t  have speci f i c  p r o g r a m m e s  f o r  ocean energy.  The ava i la b l e  p r o g r a m m e s  are 

g en er i c  f o r  RE t e c h n o l o g i e s .

W i t h i n  t h e  PRIME p r o g r a m m e  ( Pr ogr ama de I nce nt i vo s à M o d e r n i z a ç i o  da Economía)  l a u n ­

ched by t h e  M i n i s t r y  o f  Eco no my f o r  2000-2006,  t h e re  exists measures t h a t  can be used t o  

s u p p o r t  R&D on ocean energy.  R&D pro jec t s  are also fu n d e d  by t h e  Po r t ugu ese  Fou n da t io n  fo r  

Science and T ec hn o l og y u n d er  t h e  P r o g r a m m e  POCTI - O p e r a t i o n a l  P ro g r a m me  f o r  Science,  

T ech no lo gy  and I n no v a t i o n ,  co - f inanced by C o m m u n i t y  f un ds ,  u n d er  t h e  p r o g r a m m e  QCAIII.

Program mes th a t  support o th er RE techno log ies  but are  not ava ilab le  to ocean energy:

It  is c u r r e n t l y  ava i l a b l e  a measur e es t ab l i sh ed  in o r de r  to  enf or ce t h e  i n t e g r a t i o n  o f  ‘ m a t u r e ’ 

RE in t h e  n a t i o n a l  e l e c t r i c i t y  sys tem w h i c h  is p re se nt l y  l i m i t e d  t o  w i n d  energy,  g e o t h e r m a l ,  

b iomass,  so lar  and m i n i - h y d r o  power .

United Kingdom

Renewables

The UK’ s Energy W h i t e  Paper  ( pu b l i sh ed  in February  2003) " O ur  e n er gy  f u t u r e  -  c r ea t i ng  a l ow 

c arbon  e c o n o m y "  r ecogn ized t h a t  t h e  e n er gy  sec t or  requ i res  ve ry  l o n g- te r m i n v e s t m e n t  and 

looked ahead t o  2050 t o  set  t h e  o ve ra l l  c o n t e x t  o f  e ne rg y pol i cy.  The paper  set  o u t  t h e  c h a l ­

lenges t h e  UK faces on t h e  e n v i r o n m e n t ,  t h e  d ec l i ne  o f  i n d i g e n o u s  e n er gy  supp l ies ,  t h e  need 

t o  u p da te  t h e  e n e rg y  i n f r a s t r u c t u r e ,  and t h e  po l i c ies  req u i re d t o  pursue t he se  ch a l le ng es  

over  n e x t  t w e n t y  years and b eyond.  I t  set  f o u r  goals f o r  t h e  UK’ s e ne rg y pol i cy:

> To p u t  t h e  UK on t h e  pat h t o  c u t  c arbon  d i ox i de  e mi ss ions  by some 60% by a b o u t  2050 w i t h  

real  progress by 2020;

> To m a i n t a i n  t h e  r e l i a b i l i t y  o f  e n e rg y  supp l ies ;



> To p r o m o t e  c o m p e t i t i v e  mar ke ts  in t h e  UK and be yo nd ,  h e lp i ng  t o  raise t h e  rate o f  s u s t a i n ­

able e c o n o m i c  g r o w t h  and t o  i m p r o ve  o ur  p r o d u c t i v i t y ;  and

> To ensure t h a t  every h o me  is a d e q u a t e l y  and a f f o rd a b l y  hea ted .

The G o v e r n m e n t  has set  i t se l f  a t a r g e t  o f  secur ing  10% o f  e l e c t r i c i t y  f r o m  e l i g ib l e ,  r e ne wa bl e  

sources by 2010,  and 15% e l i g ib l e ,  r e n e wa b l e  sources by 2015.  There are f o u r  e l e m e n t s  to  

t h e  n ew s t r a t e g y  in s u p p o r t  o f  r en e wa b le  energy.

> The Renewables Ob l ig a t i o ns

> C l im at e  Change Levy Exemp t i on

> Cap i t a l  Grants and P l an t i ng  Grants f o r  Energy Crops

> Research and D e v e l o p m e n t  P r o g r am me .

The Re newab le  O b l i g a t i o n  and t h e  Research and D e v e l o p m e n t  P r o g r a m m e  are p a r t i c u l a r l y  

r e l e va n t  t o  Ocean Energy Systems.

The Renewab les  O b l i g a t i o n  requ i r es  e l e c t r i c i t y  s upp l ie rs  t o  source a spec i f i c  p r o p o r t i o n  of  

t h e i r  e l e c t r i c i t y  f r o m  r en ewa bl es .  This p r o p o r t i o n  r ises each year  s t a r t i n g  w i t h  3% in 2 002/ 3 

and r each i ng  10. 4% in 2 01 0/ 11 .  This w i l l  s h o r t l y  be increased t o  15% in 2015.  Proof  o f  m e e ­

t i n g  t h e  r e q u i r e m e n t  is by p r es en t i ng  c e r t i f i c a t es  f o r  each u n i t  o f  r e n e wa b l e  e l ec t r i c i t y .  This 

has led t o  t h e  d e v e l o p m e n t  o f  a m a r k e t  in " R en ewa bl es  O b l i g a t i o n  C e r t i f i ca t es " ,  or  ROCs, 

f r o m  w h i c h  r en e wa b le  g e ner a t o r s  can der i ve  i n co me .

The UK has a r e n ew a b l e  e ne rg y R&D p r o g r a m m e  t h a t  spends a p p r o x i m a t e l y  15M GBP a n n u a l ­

ly on a w i d e  r ange o f  p ro jec t s  on m os t  RE t e c h n o l o g i e s .

The Energy W h i t e  Paper  stated t h e  UK’ s asp i ra t i on  f o r  rene wa bl es  t o  m e et  20% o f  i ts e l e c t r i ­

c i t y needs by 2020 . The UK has set  a l ega l  t a r g e t  f o r  t h e  e l e c t r i c i t y  s upp ly  i n d u s t ry  t o  g e n e­
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rate i o  per c en t  o f  i ts e l e c t r i c i t y  f r o m  r en ewa bl e  sources by 2010, rece nt l y  increased t o  15% 

in 2015,  t o  move t o w a r d s  t h is  a sp i r a t i on .  The UK is c u r r e n t l y  in t h e  process o f  d ev e l o p i n g  a 

set  o f  r eg i on a l  r en ewa bl e  e nergy  s t r at eg ies  t h a t  w i l l  i nvolve se t t i n g  t a rg e t s  at  a r eg i on a l  level .

Ocean Energy

The UK has a r e l a t i ve ly  large R&D p r o g r a m m e  in wave  and t i d a l  energy,  w i t h  several  large p r o j ­

ects c u r r e n t l y  being f u n de d .  These i nc l ude  t h e  Seaf low pro jec t ,  t h e  St ingr ay  and t h e  Pelamis,  

as w e l l  as several  o t her s.  A p a r t  f r o m  t h e  c a p i t a l  g ran t s p r o g r a m m e  -  f o r  o f fshore  w i n d  and 

b iomass - t h e  UK’ s s u p p o r t  m ec h an i sm s f o r  r en e wa b le  e ne rg y do no t  d i f f e r e n t i a t e  b e twe en  

t e ch no l o g i e s .  I f  ocean e ne rg y approaches  c o m m e r c i a l  r ea l i ty  t h e n  i t  is possible t h a t  ca p i t a l  

g ran t s  s im i l a r  t o  t ho se  f o r  of fshore  w i n d  cou ld  be cons idered .  The UK has c o m m i t t e d  in excess 

o f  £15 m i l l i o n  s ince 1998 t o  t h e  d e v e l o p m e n t  o f  wave  and t i d a l  s t r eam e ne rg y devices.

The UK has t a r g e t s  f o r  r e n e wa b l e  e ne rg y as a w h o l e ,  b u t  c u r r e n t l y  does n o t  b r e a k t h e s e  d o w n  

t o  t h e  level  o f  speci f i c  t e c h n o l o g i e s .

Specific program m es in place to de liver  ocean energy targets:

The UK does n o t  have speci f i c  t a r g e t s  f o r  ocean energy,  b u t  does have a n u m b e r  o f  r e l a t i v e ­

ly l a rge R&D pro jec t s  u n d e r w a y  (see sec t ion on " N a t i o n a l  Po l i cy " ,  above) .  In a d d i t i o n  t h e  

G o v e r n m e n t  has r e ce n t l y  u n d e r t a k e n  a Renewab les  I n n ov a t i on  Review,  cov er i ng  a l l  r e n e w a ­

ble e ne rg y t e c h n o l o g i e s .  One aspec t  o f  t h e  Review has been lo ok i ng  a t  h o w  t h e  f u t u r e  f r a ­

m e w o r k  set  by G o v e r n m e n t  can best  s u p p o r t  wa ve  and t i d a l  t e c h n o l o g i e s  t h r o u g h  t h e i r  

v a r i ou s stages o f  d e v e l o p m e n t .

Program mes th a t  support o th er RE techno log ies  but are  not ava ilab le  to ocean energy:

The c a p i t a l  g ra nt s  schemes are c u r r e n t l y  o n l y  a va i l ab le  t o  o f f shor e w i n d ,  b iomass  b u r n i n g ,  

e ne rg y crops and p h o t o v o l t a i c s .  However ,  i f  ocean e n er gy  t e c h n o l o g i e s  a pp ro ach  c o m m e r c i ­

al  r ea l i t y  t h e n  i t  is possib le t h a t  t h e  scheme may be e x t en de d  t o  i n c l ud e i t .



Overview of Research Activities

Aalborg University, Denmark

The a c t i v i t y  in ocean e ne rg y a t  Aa lb or g  Un i v e r s i t y  is focused on m o d e l  t e s t i n g  o f  scale mode l s  

o f  wa ve  e ne rg y c on ve r t e r s  and f ie ld  t e s t i n g  in she l t e r ed  open sea. Pr ior  exp er i en ce  w i t h  

ocean e n e rg y  research was d evo ted  t o  t h e  f o l l o w i n g  pro jec t s :

> Wave Dr agon 1:4.5 (EU-proj :  ENK5-CT-2002-00603)

> Low-Pressure Turbine and Cont rol  Equipment  for  Wave Energy Converters (EU-proj: IOR3-CT98-7027)

> C o m me r c i a l  m o d e l  t e s t i n g  o f  a pp ro x.  20 d i f f e r e n t  wave  e ne rg y devices.

> St a t e - o f - th e- ar t  r e p o r t  a b o u t  wave  e ne rg y f o r  S t a t k r a f t .

F u n d a m e n t a l  and Ap p l ie d  Research has co nc er ne d wa ve  analys is ,  wa ve  forces on m a r i t i m e  

s t r uc t u r e s  and o v e r t o p p i n g  o f  m a r i t i m e  s t r uc t u r e s .  The f o l l o w i n g  t e s t i n g  f a c i l i t i es  ex i s t  fo r  

ocean e n er gy  research:  a Wave Basin (8.5 m e t e r  x 15.5 m et e r )  f o r  s h o r t  crested waves,  a Wave 

Basin (18 m e t e r  x 14 met er )  f o r  s h o r t  crested waves  and 3 Wave Flumes.

Hydraulics and M ar it im e  Research Centre of the  University College Cork, Ireland

The Hy dr au l i cs  and M a r i t i m e  Research Cent re (HMRC) o f  t h e  Un i v e r s i t y  Col lege Cork (UCC) is 

p r i n c i p a l l y  a d e d i ca te d research f a c i l i t y  t h a t  also of fers a t e a c h i n g  and e d u c at i o n  f u n c t i o n ,  

e s t ab l i shed  in UCC in 1979.  I t  houses t h e  o n l y  f a c i l i t i e s  f o r  wave  s i m u l a t i o n  in I re l and .  The 

m a j o r  f a c i l i t y  is t h e  Ocean Wave Basin,  w h i c h  is 2 0 m l ong and 18m w i d e  and l m  deep w i t h  

40 i n d e p e n d e n t  w a v e - g e n e r a t i n g  paddl es.  O t h er  t a n k s  i nc lude  t w o  wa ve  f l u m e s  and a sh a l ­

l o w  c oa st a l  basin w h i c h  are a l l  c o m p u t e r  c o n t r o l l e d .

The staf f  at  t h e  Centre has w i de  exper ience m ai n l y  in e x pe r i m e n t a l  t a n k  t e s t in g  of  wave energy

COUNTRY ORGANISATION WEBPAGE

DENMARK AALBORG UNIVERSITY w w w .c iv il .a u c . dk

IRELAND HYDRAULICS AND MARITIME RESEARCH 

CENTRE OF THE UNIVERSITY COLLEGE CORK 

QUEENS UNIVERSITY OF BELFAST

WWW.UCC.IE/RESEARCH/HMRC/

w w w .q u b .a c .u k

PORTUGAL 1ST - INSTITUTO SUPERIOR TÉCNICO,

TECHNICAL UNIVERSITY OF LISBON

INETI -  INSTITUTO NACIONAL DE ENGENHARIA

E TECNOLOGIA INDUSTRIAL

WEC -  WAVE ENERGY CENTRE

w w w . is t .u t l . pt

w w w . in e t i. pt

WWW.WAVE-ENERGY-CENTRE.ORG

UNITED

KINGDOM

THE ROBERT GORDON UNIVERSITY 

LANCASTER UNIVERSITY 

EDINBURGH UNIVERSITY

w w w .r g u .a c .u k

w w w .en g in eer in g .lancs .ac .u k

w w w .m e c h .ed.a c .u k / research/ w avepo w er /

Tab le  4 I O rg a n isa tio n s  w ith  research on  O cean Energy
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devices,  coasta l  and of fshore s t ruc tures.  The HMRC have been involved in t h e  physica l  t a n k  

t es t ing  o f  several  wave energy  systems,  n ame ly  t he  A.W.S. Device, WavePlane,  I .P.S. Buoy, Wave 

Dragon,  Azores O.W.C., McCabe Wave Pump,  Backward Bent  Duct  Buoy, SPERBOY, Rock OWC, 

SEKE Device, WaveBOB. HMRC co l labora t es c losely w i t h  t he  D e p a r t m e n t  of  Appl ied M a t h em a t i c s  

o f  UCC, w h o  has extensive exper ience in m a t h e m a t i c a l  m od e l l i ng  of  wa ve -e ne rg y related tasks.

Queens University of Belfast, Ireland

The wave p o w e r  t e a m  at  Qu e en ' s  was f o r m e d  in 1976.  The t e a m  has been e ng ag ed  w i t h  al l  

aspects o f  wa ve  e n er gy  convers ion  and has c o - o r d in a te d  t h e  research,  des ign ,  c o n s t r u c t i o n  

and o p e r a t i o n  o f  t w o  s h or e l in e  wa ve  p o w e r  p l a n t  c o mm i s s i o n e d  in 1989 and 2000 r es p ec t i v e ­

ly. The t e a m  was a wa rd e d  t h e  Royal  Soc ie t y  ESSO Energy pr ize in 1994 in r ec o g n i t i o n  o f  t h e  

m e r i t  o f  t h e i r  p i on e e r i n g  w o r k  on t h e  f i r s t  p la n t ,  a 75kW u n i t  loca t ed  on t h e  Isle o f  Islay o f f  

t h e  We st  coast  o f  Sc ot la nd ,  UK.

The l a t t e r  p la n t ,  k n o w n  as LIMPET is o w ne d  by an SME, Wa ve ge n,  b u t  QUB have access t o  t h e  

p l a n t  and are c o n t r a c t e d  t o  acq u i re  data and m o n i t o r  i ts p e r f o r m a n c e .  The t e a m  has t h e  l a r ­

gest  data base in t h e  w o r l d  ac qu i re d f r o m  w o r k i n g  wave p o w e r  p l a n t  b e t w e e n  1989 and 1996 

( i s t  Plant )  and since 2000 (LIMPET p lan t ) .

1ST - Instituto Superior Técnico, Portugal

Research on wave energy  star ted in Po r t uga l  in 1978 at  1ST. The osc i l l a t ing  w a t e r  c o l um n (OWC) 

was chosen fo r  mos t  o f  t h e  R&D wo rk ,  bu t  in 1997 co l l ab or a t io n  star ted w i t h  t he  AWS B.V. to  

develop t he  AWS device.  At  t h e  M ec ha n i ca l  Engineer ing D e p ar tm en t ,  t he  studies wer e devoted 

t o  t he  h ydrodynami cs  o f  t he  wave energy  a bsorp t ion  ( the or e t i ca l  and e x pe r i me nt a l ) ,  deve lo p­

m e n t  o f  mech an ic a l  e q u i p m e n t  fo r  wave energy conver ters  (especial l y a i r  t u r b i n es  of  Wel ls 

t ype) ,  co n t r o l  s t rategies,  i nc lud ing phase c on t ro l  and c on ce pt ua l  design of  wave energy  devices.



IST was r espons ib le  for ,  and c o -o r d i n a t ed ,  t h e  basic s tud ies ,  des ign and c o n s t r u c t i o n  of  a 

wave  e n e rg y  p i l o t  p l a n t  (400 kW) a t  t h e  i s land o f  Pico, Azores,  w h i c h  s ta r t ed  c o m m i s s i o n i n g  

t es ts  in Oc t ob er  2001.  The 1ST t e a m  has had a s u b s t a n t i a l  e x pe r i en ce  in c o -o r d i n a t i n g  and 

p a r t i c i p a t i n g  in EU pro jec t s .  W i t h i n  t h e  scope o f  one o f  t he se  pro jec t s ,  1ST was invo lved in t he  

c o n c e p t u a l  design and n u m e r i c a l  h y d r o d y n a m i c  m o d e l l i n g  of  LIMPET OWC p l a n t  in Islay.

INETI -  Instituto Nacional de Engenharia e Tecnología Industrial,  Portugal

Research on wave e n er gy  has been car r ied  o u t  at  INETI s ince 1983 and i ts a c t i v i t i es  we r e  i n i t i ­

a l l y  focused on resource assessment .  F ur t he r  ac t i v i t i es  i nvo lve m o d e l l i n g  ( t he o r e t i c a l ,  n u m e ­

r ical  and t a n k  t e s t i n g )  o f  OWC wave e n e rg y  devices,  p l a n t  c o n t r o l ,  and m o n i t o r i n g  and o v e r ­

a l l  device p e r f o r ma n c e .

INETI a c t i v e ly  p a r t i c i p a t e d  in t h e  s t ud ies  f o r  t h e  d e v e l o p m e n t  o f  t h e  Pico p i l o t  p l a n t  i n c lu d in g  

m o n i t o r i n g .  A m o n g  t h e  p a r t i c i p a t i o n  in jOULE pro jec t s  on wa ve  energy,  INETI co -o r d i n a t ed  

t h e  WERATLAS - European Wave Energy At las  p ro j ec t  and deve lo pe d ONDATLAS - a nearshor e 

wave at las f o r  Po r tu ga l .

WEC -  Wave Energy Centre, Portugal

The Wave Energy Cent re (WEC) was es t ab l i sh ed  in M ar ch  2003 as a n o n - p r o f i t  o rg a n i z a t i o n  

c ons is t i ng  o f  c o mp a n i e s  and R&D i n s t i t u t i o n s .

The o bj ec t i ves  o f  t h e  Wave Energy Cent re are t o  assist  i ts m e m b e r s  in d e ve l o p i n g  wa ve  e n e r ­

gy t e c h n o l o g y  n a m e l y  by p r o m o t i n g ,  m a n a g i n g  and d e ve l o p i n g  p ro jec t s,  t r a i n i n g  sc ient is t s 

and t e ch n i c i a n s ,  and i n f o r m a t i o n  d i s s e mi n a t i o n  t o  t h e  p ub l i c .

Staf f  o f  t h i s  Centre has previous exper ience in var i ous areas o f  wave energy  u t i l i za t ion  inc lud ing 

design,  h yd ro dyn ami c ,  wave- t o- wi r e  mo de l l i n g  and c o n t ro l  and also on wave energy  economics.

Figure 12 | WERATLAS
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F igu re  13 I Tank te s t in g  o f  th e  PS Frog M k  5 (Lancas te r U n iv e rs ity )
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The Robert Gordon University, UK

The a ct i v i t y  focus of  The Rober t  Gordon Un i ver s i ty  is p r i m a r i l y  research of  t h e  e x t ra c t io n  of  

energy  f r o m  t i d a l  cur r en t s and ocean waves,  in par t icu la r ,  t h e  g ro up  research is d i rected 

t o w ar ds  u nd er s ta n d i n g  t h e  in te ra c t io ns  b e twe en  t h e  energy  e x t ra c t io n  t e c h n o l o g y  and t he  

e n v i r o n m e n t .  Pr ior  exper ience in ocean energy  research was devoted t o  t h e  f o l l o w i n g  projects:

> O p t i m i s i n g  t h e  P er f or ma nce  of  T ida l  C u r r en t  Turb ines;

> O p t i m i s a t i o n  o f  T ida l  Farms;

> T i da l  Cu r r en t  Resource Ass essment  and Assoc ia t ed Pa r ame t r i c  Design and I m p l e m e n t a t i o n  

Plan f o r  t h e  Pen t l an d Fi r th;

> H y d r o d y n a m i c  M o d e l l i n g  o f  Yel l  Sound in S he t l an d;

> E n v i r o n m e n t a l  I mpa ct s  f r o m  T ida l  St ream De ve l op me n ts ;

> M a r k e t  Survey i n t o  t h e  D e v e l o p m e n t  P o t e n t i a l  f o r  T ida l  Cu r r en t  Power ;

> Pr o t o t ype  S u p p o r t  S t r u c t u re  f o r  Sea Bed M o u n t e d  T ida l  Cu r r en t  Turb ines;

> D e v e l o p m e n t  o f  a T idal  Hyd rog en  Gener at ion  System j o i n t  w i t h  t h e  Un ive rs i t y  o f  St Andr ews;

> Su pe rge n M a r i n e  Energy C o n s o r t i u m  w i t h  t h e  U n i v e r s i t y  o f  E d in b ur gh ,  H e r i o t - W a t t  

U n i ve r s i t y  and t h e  Un i v e r s i t y  o f  Lancaster

The m os t  f u n d a m e n t a l  research being c o nd uc t ed  relates t o  assessing t h e  i m p a c t  o f  energy  

e x t ra c t i o n  upon t h e  n a tu r e  o f  r eg i on a l  and a m p h i d r o m i c  t i d a l  e n v i r o n m e n t s .  This w o r k  is

being c on d uc t ed  in p ar a l l e l  w i t h  an assessment  o f  t h e  i m p o r t a n c e  o f  c o h e re n t  t u r b u l e n c e  and

eddy  lock- in upon t h e  design o f  ex te nd ed  t i d a l  c u r r e n t  e ne rg y devices and s u p p o r t  s t r uc tu r es .

Lancaster University, UK

The Eng in ee r i ng  D e p a r t m e n t  at  Lancast er  has been e ng aged in wa ve  p o w e r  research c o n t i ­

n uo us l y  s ince 1976.  A n u m b e r  o f  devices have been i n ve nt ed  and in v es t ig a te d  in Lancaster



Univer s i t y .  These have in c l ud ed  t h e  Lancas t er  Bag,  Frog and Frond.  The l a t es t  des ign,  PS Frog 

M k 5 ,  p romises  increased e ne rg y c ap tu r e  and reduced costs.

Besides t h e  w o r k  on devices,  ge ner ic  research i n t o  t h e  t h e o r y  o f  Wave Energy Conver t ers  and 

t h e i r  s ys t e ma t i c  des ign has been car r i ed  o u t  l ea d i ng  t o  t h e  i d e n t i f i c a t i o n  o f  p r o m is i n g  d ev i ­

ces f o r  wa ve  e ne rg y c onvers i on .  Ac ce p t i n g  t h e  v i e w  t h a t  t h e  m o s t  p r o m is i n g  f o r m  was a 

t u n e d  p o i n t  absorber ,  t h e  c r uc i a l  p ro b l e m  o f  p r ov id in g a rea ct i on  t o  t h e  wa ve  force has been 

addressed,  o p t i n g  f o r  an i n t e g r a l  mass-spr ing sys tem w i t h  t h e  a d va n t a g e  o f  no e x t e r n a l  w o r ­

king par t s.  Speci f i c  a t t e n t i o n  has been paid t o  t h e  t as k  o f  keep ing t h e  device in resonance,  

essent i a l  t o  e c o n o m i c a l  p o w e r  c ap tu r e .

Edinburgh University, UK

The a c t i v i t y  f ocus  o f  t h e  Ed in bu rgh  U n i ve r s i t y  is t h e  Eng in ee r i ng  des ign and t e s t i n g  o f  wave 

and t i d a l  s t r eam e n e rg y  devices.  The Wave Power  Group has been r esear ch ing wave e nergy  

since 1974,  and has m or e  r ec en t l y  b egun t o  deve lop  ideas f o r  t i d a l  s t r eam e ne rg y devices.  

S i g n i f i c a n t  p ro jec t s  i n c l ud e t h e  d e v e l o p m e n t  o f  t h e  " Du ck "  wave  e ne rg y device,  t h e  Sloped 

IPS Buoy wave e ne rg y device and a nov el  t i d a l  c u r r e n t  rotor .

The g ro up  has a n ew Curved Wave Tank t h a t  was f i n i shed  in j une 2002. This t a n k  is p r i ma r i l y  

designed fo r  t e s t in g  solo wave energy  devices.  Ab s or b in g- w av e ma k er  paddles are ar ranged in 

a 90-degree arc ra t her  t h a n  in a l i near  ar ray so as t o  increase t h e  a n g u l a r  spread of  f u l l y  rea l i ­

st ic t h r e e - d i m e n s i o n a l  sea-states and to  reduce long per iod cross- tank " se iche"  waves.  Compact  

beach modu le s  based on an i mproved design have been i ns t al l ed  a l ong one side of  t h e  t an k.

The g ro u p  has r e ce n t l y  c o n s t r uc t e d  a 360-Degree F low Table w i t h  C on t r o l  o f  V e l oc i t y  Gr ad i en t  

t o  i n v es t i ga te  wave  c u r r e n t  i n t e r ac t io n s .

F igu re  14 | Curved Wave Tank fo r  te s tin g  so lo  wave e n e rg y  devices (E d inbu rgh  U n ive rs ity )
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3 .2

COUNTRY I  ORGANISATION I  NAME OF DEVICE I  TYPE OF DEVICE

CANADA Energetech Energetech W ave O sc illa tin g  w a te r co lum n 
w w w .e n e rg e te ch .co m .a u  Energy System  w ave ene rgy  device

AquaEnergy Canada, Ltd. AquaBuOY S lack-m oored buoy 
(W h o lly  ow ned sub s id ia ry  o f  
AquaEnergy G roup L td ., USA) 
http://www.aquaenergygroup.com

Blue Energy Canada Inc. Davis T urb ine  Ocean cu rre n ts  and tid e s  
h t tp ://w w w .b lu e n e rg y .c o m  con ve rte r

DENMARK W ave Dragon A pS /L td  W ave Dragon O ve rtopp ing  wave energy 
w w w .w a ve d ra g o n .n e t device

W ave S tar Energy A /S  W ave S tar M u lt ip le  P o in t Absorbers 
w w w .w ave-sta r-energy.com

W ave P lane In te rn a tio n a l A /S  W avePlane O ve rtopp ing  wave energy 
w w w .w avep lane .com  device

IRELAND Hydam Technology Ltd. McCabe W ave Pump O ffshore f lo a tin g  w ave device

C learpow er W avebob O ffshore w ave energy device

PORTUGAL OCEANERGIA AW S-Archimedes W ave O ffshore subm erged wave 
Swing ene rgy  device

ENERWAVE -  P roduçâo de VIPRE device O ve rtopp ing  sh o re line  w ave 
Energía, Lda ene rgy  device

UNITED

KINGDOM

W avegen LIMPET S hore line  o s c illa t in g  w a te r 
w w w .w avegen .com  co lum n  w ave ene rgy  device

T ida l Energy Business S tin g ra y  T id a l s tream  
w w w .tid a l-e b .co .u k

The E ng ineering  Business Ltd EB Frond Seabed m oun ted  nearshore 
w w w .engb .com  w ave ene rgy  device

M a rin e  C urren t Turb ines L im ited  SeaGen T id a l tu rb in e  
w w w .m a rin e tu rb in e s .co m

Ocean Power D e livery  Ltd Pelam is F loa ting  o ffsho re  a tte n u a to r 
w w w .oceanpd .com

QjnetiQ. C yclo ida l T id a l S tream  T id a l s tream  
w w w .Q ine tiQ .com  G enerator

SMD TidEI T id a l s tream  
w w w .sm d-uk.com

T ida l H yd rau lic  G enerators Ltd T ida l S tream  G enerator M u lti tu rb ines on common a 
w w w .eu ropus .com  frame w ith  no seabed foundations

Tab le  5 I O rg a n is a tio n s  to  c o m m e rc ia lis e  O cean Energy System s

Overview of Commercialisation

In t h e  last  years e m e r g i n g  c o mp a n i e s  have been d eep l y  i nvo lved in t h e  d e v e l o p m e n t  o f  wave  

and m a r i n e  c u r r e n t  e ne rg y devices and are p rogr ess ing  w i t h  t h e i r  f i r s t  d e m o n s t r a t i o n  p lan t s .  

H o we v er  Ocean Energy Convers ion has s t i l l  t o  face g r e a t e r  t e c h n i c a l  cha l l en ges  t h a t  requ i re  

c o n t i n u a t i o n  o f  research and d e v e l o p m e n t  t o  a s i g n i f i c a n t  e x t en t .  Some c onc ept s  have a l r e a ­

dy d e m o n s t r a t e d  t h e i r  o p e r a b i l i t y  b u t  t h e r e  is a need f o r  t he se  t e c h n o l o g i e s  t o  d e m o n s t r a t e  

l o n g - t e r m  p e r f o r m a n c e  and r e l i ab i l i t y ,  and cost  r ed u c t i o n  t o  prove c o mm e r c i a l l y .

The c o mp a n i e s  t h a t  ex i s t  in t h e  M e m b e r  Count r i es  t o  d ev el op  and c o m m e r c i a l i s e  ocean e n e r ­

gy systems,  t h e  t y pe  of  t e c h n o l o g y  and t h e  d e v e l o p m e n t  s t a t us  are b r i e f l y  p resen t ed  be low.

Status of d ev ice /pro jec t  developm ent by companies involved in Ocean Energy:

E n er g et e ch  Wa v e Ener gy  Sys tem > First ful l -scale demonst rat ion p l a n t í o  be commiss ioned

by year-end 2004 near Sydney, Austral ia.  A 2 M W  p lant  

is being p lanned t o  be si ted on Vancouver  Island.

Aq ua Bu OY > AquaEnergy Canada,  a subsidiary of  AquaEnergy Group

Ltd. ,  has proposed a p r o j e c t  t o  p r e - c o m m e r c i a l l y  

demo ns t r a t e  a 250 kW AquaBuOY in Br i t ish Columbia.  

Once t h e  t e c h n o l o g y  is d e m o n s t r a t e d ,  Aq uaEner gy  

Canada plans t o  develop a 5 M W  co mm er c ia l  of fshore 

wave e ne rg y p l a n t  in Br i t i sh Co lu mbi a .
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http://www.energetech.com.au
http://www.aquaenergygroup.com
http://www.bluenergy.com
http://www.wavedragon.net
http://www.wave-star-energy.com
http://www.waveplane.com
http://www.wavegen.com
http://www.tidal-eb.co.uk
http://www.engb.com
http://www.marineturbines.com
http://www.oceanpd.com
http://www.QinetiQ.com
http://www.smd-uk.com
http://www.europus.com


Davis Turbine

Wave Dragon

Wave Star

W avePlane

AWS-Archimedes Wave Swing

> The t e c h n o l o g y  has c o m p l e t e d  t h e  p r o o f  o f  c on c ep t  

w i t h  six w o r k i n g  p r o t o t y p e s  and has ach i ev ed  c o m ­

m e r c i a l  e x t r a c t i o n  e f f i c ienc ies .  Blue Energy Canada 

is in t h e  process o f  f u n d i n g  a 500 kW c o m m e r c i a l  

d e m o n s t r a t i o n  pro jec t .

> Prototype test ing at  1:4.5 scale star ted in 2003. Veri f ica­

t i on  of  wave energy absorpt ion  and power  take-of f  ef f i ­

c iency predic t i ons cont inues  t h r o u g h o u t  2004.

> Successfu l  1:40 scale t a n k t e s t  done in 2001.  Design 

o f  5 M W  system in progress,  scaled d o w n t o  1:10 f o r  

sea t r i a l s .

> M o d e l  t e s t i n g  and smal l - sca le  open sea t ests .

> 2M W  bu i l t  and ready to be deployed of fshore Por tugal .

15
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F igu re  15 I Port Kem bla Wave Energy P ro je c t (E nerge tech)

F igu re  16 | The AquaBuO Y (A quaE nergy G roup Ltd)

F igu re  17 I Wave D ragon p ro to ty p e  in N issum  B redd ing , D e nm a rk  (co u rte sy  o f  W ave D ragon Aps) 

F igu re  18 | W aveP lane in  th e  sea (co u rte sy  o f  W ave P lane In te rn a t io n a l A /S )
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F igu re  19 I The 2M W  AWS device  (c o u rte s y  o f  T ea m w ork  Techno logy) 

F igu re  20 | L im p e t p o w e r p la n t  (W avegen)
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VIPRE dev ice > Sm al l  scale ( l : 20) m o d e l  t e s t i n g  in wa ve  t a nk .

LIMPET > D e mon st r a t io n  s hore l i ne p la n t  op er a t in g  in Scot land

on t h e  i s land o f  Islay s ince late 2000 . C o m m e r c i a l  

o p p or t u n i t i es  fo r  shore l i ne  and near  shore OWC p la nt  

n o w  be ing d e ve lo pe d.  F loat ing  o p t i o n s  u n d er  d ev e ­

l o p m e n t .

S t i n g r a y  > Ful l -scale 150kW d e m o n s t r a t o r  has been operat ed in

Yel l  Sound ( t he S h e t la n d  Is lands,  Sc ot la nd )  d u r i n g  

2002 and 2003. Analysis o f  resul ts is progressing.

EB Frond > Smal l - sca le  ( 1/ 25)  m o d e l  t e s t i n g  is u n der wa y,  w i t h

t h e  i n t e n t i o n  o f  m o v i n g  on t o  i n t e r m e d i a t e - s c a l e  

( 1 / 5 )  t e s t i n g .

SeaGen > First f u l l  scale p ro t ot ype device instal led of f  t he  nor t h 

coast  o f  Devon,  and w o r k  is progressing w i t h  t h e  sec 

ond co mm er c ia l  scale, gr id connect ed pro t ot ype  uni t .



Pelamis > Bui ld ing of  f i rs t  ful l -scale (750kW), pre-product ion pro­

t o t y p e  was near ing c o mp l e t i o n  f o r  tests at  th e  Euro­

pean Mar ine Energy Centre (EMEC), Orkney dur ing 2004.

Cycloidal Tidal Stream Generator >

TidEl >

Tidal Stream Generator >

I n i t i a l  f e a s i b i l i t y  s t ud y  o f  g e n e r a t o r  c o nc ept .

Sma l l -sc a l e  (1 / 10)  m o d e l  be i ng  t e s t e d  a t  t h e  Ne w  

and Renewab le  Energy Cent er  at  Bly t h.

The s ing le  t u r b i n e  p r o t o t y p e  was b u i l t  and t e s t ed  in 

a t i d a l  s t r eam in 2002 . A m o d u l a r  f r a m e  des ign c o n ­

cept ,  r o t a t i n g  t u r b i n e  p e des t a l  des ign and i n s t a l l a ­

t i o n  and l i f t i n g  t e c h n i q u e  has been c o m p l e t e d  in 

D ec emb er  2003.  Det a i l  o p t i m i s a t i o n  / d e s i g n  f o r  t he  

m a n u f a c t u r e  o f  t h e  f r a m e  and t u r b i n e s  fo r  i ns ta l l i n g  

in a 3m/ s f l o w is planned to commence in February 2004.

21
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Figure 21 | Stingray in Yell Sound, Shetland Islands, Scotland (Tidal Energy Business) 

Figure 22 | Preliminary Concept o f the EB FROND (courtesy o f Engineering Business Ltd) 

Figure 23 | The Pelamis firs t full-scale being towed from Rosyth to  Leith Docks, Edinburgh 

(Ocean Power Delivery Ltd)
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