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I am pleased t o  br i ng  t o  y o u r  a t t e n t i o n  t h i s  n ew i n t e r n a t i o n a l  research and d e v e l o p m e n t  p r o ­

g r a m m e  on Ocean Energy Systems.

The oceans c o n ta i n  an e n o r m o u s  source o f  e ne rg y t h a t  can be e x p l o i t ed  c o n t r i b u t i n g  in a 

s us t a i n ab l e  m a n n e r  t o  m e e t  t h e  in c r ea s in g ly  g l o b a l  e n e rg y  d e m a n d .  The m o s t  deve lo pe d c o n ­

vers i on  systems c oncern  t i d a l  energy,  ocean t h e r m a l  e n e rg y  convers ion  (OTEC), ocean waves 

and m ar i ne  c ur re nt s .  This IEA-OES p r o g r a m m e  focuses on ocean waves  and m a r i n e  c ur re nt s  

t e c h n o l o g i e s  as a s t a r t i n g  o p t i o n  s ince t he se  are t h e  t e c h n o l o g i e s  t h a t  have deserved mos t  

a t t e n t i o n  d u r i n g  t h e  last  15 years.  However ,  t h e i r  d e v e l o p m e n t  is s t i l l  a t  p r o t o t y p e  stage.  

The p o t e n t i a l  o f  ocean waves  and m ar i ne  c u r r e n t s  is e s t i m a t e d  t o  be 1-10 TW and 5 TW, res­

pect i ve l y ,  w h i c h  is o f  t h e  o r de r  o f  t h e  p re se nt  g l o b a l  e l ec t r i c a l  e n e rg y  c o n s u m p t i o n .

Research and d e v e l o p m e n t  on wave e ne rg y t e c h n o l o g i e s  s t a r te d 30 years ago.  Tog et he r  w i t h  

m a r i n e  c ur re nt s ,  t h e y  have been t h e  o b j ec t  o f  t h e  g re a te s t  R&D e f f o r t  in a b o u t  h a l f  of  t h e  IEA 

m e m b e r - c o u n t r i e s  and in o t h e r  c o u n t r i e s  i n c l u d i n g  China,  India and Mex i co .  This has been 

s u p p or t e d  by 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  and o t h e r  s u p p o r t  measures,  and 

i n v e s t m e n t  by an e m e r g i n g  indus t ry .

The f i r s t  e i g h t  (and m os t  o f  t h e  t es t ed)  wave e ne rg y p r o t o ty p es  rated up t o  0.5 M W  are o f  t h e  

O s c i l l a t i n g - Wa te r -C o lu mn  (OWC) t y pe .  They have been erec t ed  m o s t l y  on t h e  shore l i ne ,  a l t ­

h o u gh  t w o  wer e dep lo yed  in t h e  n earshor e and one o f fshor e.  The l a rge r  o f f shor e resource 

and t h e  a p p a r e n t l y  f e w e r  e n v i r o n m e n t a l  c o n s t ra i n t s  are l ead i ng  t o  ser ious c o n s i d e ra t i o n  of



t h e  o f f shor e c oncept s .  P r ot ot ypes  o f  v ar i ou s sys tems rated up t o  2 M W  are being t es t ed ,  are 

ready f o r  d e p l o y m e n t  or  t h e i r  c o n s t r u c t i o n  is p l a n ne d.  No c o n s o l i d a t i o n  in t h e  t e c h n o l o g y  

has been reached yet .

M a r i n e  c u r r e n t s  p r o t o t y p e s  s t a r te d  t o  be t e s t e d  r ecent ly .  The e x p l o i t a t i o n  o f  t h i s  mor e  p re ­

d ic ab le  r esource is s i m i l a r  t o  t h a t  o f  t h e  w i n d  energy,  b u t  v a r i o u s  device t y pe s are being 

d eve lo pe d.

A f t e r  t h e  f i r s t  year  o f  t h e  IEA-OES ac t iv i t y ,  t h e  p erspec t ives  f o r  t h e  near  f u t u r e  can be c o ns i ­

dered p ro m i s i n g .  S t ar ted  by De nma rk ,  P o r t u g a l  and UK at  t h e  end o f  2001,  in 2002 I re land 

and jap an  j o in ed  o ur  g r ou p,  and Canada and t h e  European Co mmi ss io n w i l l  s ign t h e  a g re e ­

m e n t  at  t h e  b e g i n n i n g  o f  2003.  Compan i es  f r o m  Au st r a l i a  and N e t h e r l a n d s  have been ob se rv ­

ing t h e  IEA-OES ac t i v i t ie s ,  and USA and I ta l y  are also s h ow i n g  i n t e re s t  in t h e  resu l ts  o b t a i n e d .  

I n f o r m a t i o n  c o l l e c t i o n  and d i s s e m i n a t i o n  t h r o u g h  o ur  w e b s i t e ,  t h e  N e ws l e t t e rs  and t h e  

Execut ive C o m m i t t e e  a n n u a l  r e p o r t  and o t h e r  r epor ts  are a m a j o r  o b je c t i v e  o f  t h i s  p r o g r a m ­

me.  In a d d i t i o n  t o  t h e  d e v e l o p m e n t  o f  s t an da rd s f o r  m o d e l  and p r o t o t y p e  t e s t i n g ,  i t  is e xp ec ­

ted t o  s t a r t  in 2003 j o i n t  w o r k  on r esource assessment  and m a r k e t  f a c i l i t a t i o n  issues. The 

close c o l l a b o r a t i o n  w i t h  t h e  European Commi ss io n R&D P r og ra mme s  is expec ted  t o  c o n t i n u e  

n a m e l y  t h r o u g h  t h e  EC n e t w o r k s .  M o s t  i m p o r t a n t l y ,  we hope t h a t  in 2003 t h e  t e s t i n g  o f  wave  

and t i d a l  cu r r e n t s  p ro t o t y pe s  deve lo pe d by i n d u s t r y  r e i n f or ce  t h e  m o m e n t u m  o f  t h i s  n ew l y  

r en e wa b le  e ne rg y t e c h n o l o g y .



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 nc y (lEA) was  e st ab l i shed  in 1974 and is m a n a g ed  w i t h i n  t h e  f r a ­

m e w o r k  o f  t h e  O r ga n i sa t i on  f o r  Ec onomi c  Co- oper at ion  and D e v e l o p m e n t  (OECD) 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 n e rg y  p r o g r a m m e .

The IEA f os t ers  c o - op e ra t i o n  a m o n g s t  i ts 26 m e m b e r  c o un t r i es ,  and w i t h  o t h e r  c o un t r i es ,  in 

or de r  t o  increase e n e rg y  s ec u r i t y  by i m p ro v ed  e f f i c i enc y o f  e ne rg y use, d e v e l o p m e n t  o f  a l t e r ­

n at ive  e n e rg y  sources and 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  on m a t t e r s  o f  e ne rg y 

s up p l y  and use. This is ach ieved t h r o u g h  t h e  a c t i v i t i e s  u n d e r t a k e n  by t h e  40 c u r r e n t  

I m p l e m e n t i n g  A g r e e me n t s .

I m p l e m e n t i n g  A g r e e m e n t s  cover  a w id e  range o f  e ne rg y t e c h n o l o g i e s  in foss i l  f ue l s ,  r e n e w a ­

ble energy ,  n u c l e a r  f u s io n  r esearch,  e n e r g y  end-use,  e l e c t r i c i t y  and t r a n s p o r t .  M o s t  

I m p l e m e n t i n g  A g r e e m e n t s  invo lve i n f o r m a t i o n  e xchange t o g e t h e r  w i t h  f o r m a l  or  i n f o r m a l  c o ­

o r d i n a t i o n  o f  R&D ac t i v i t i es .  Several  IEA e ne rg y t e c h n o l o g y  i n f o r m a t i o n  cen t res  or  services 

have been set  up t o  d i s s em i na t e  research and d e m o n s t r a t i o n  resu l ts  in v a r i ou s f i e lds .

The IEA Ocean Energy Systems is one o f  t he se  I m p l e m e n t i n g  A g r e e m e n t s .  Pr esent l y  t h e  m e m ­

ber  c o u n t r i e s  are:

> D e nm ar k

> I re land

> Japan

> Po r tu ga l

> U n i t e d  Ki ng do m

The p resen t  r ep o r t  gives an o v e rv i e w o f  t h e  s t a t us  and progress o f  t h e  w o r k  p r o g r a m m e  of  

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  d u r i n g  t h e  year  2002 .
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I EA O C E A N  E N E R G Y  S Y S T E M S

l . l  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 and its M e m b e r s

The 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 Systems (IEA-OES) is t h e  m os t  rec en t l y  

e st ab l i sh ed  o f  t h e  n ine i m p l e m e n t i n g  a g r e e m e n t s  on Renewab le  Energy Techno log ies .  The 

o ther s  are:

> B i oener gy

> G e o t h e r m a l  e nergy

> Hy dr og en

> H y d r o p o w e r

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

> Solar  He a t i n g  and Cool ing

> Solar  Power  and C he mi ca l  Energy Systems

> Wi nd  Energy

The IEA-OES was set  up in Oc to ber  2001 w i t h  t h e  s ig n a t u r e  o f  th r e e  c o n t r a c t i n g  Par t ies:

> M i n i s t r y  o f  E n v i r o n m e n t  and Energy,  Danish Energy Agency  on b e h a l f  o f  th e  

G o v e r n m e n t  of  Denm ark

> I n s t i t u t o  Na c io n a l  de Engenhar ia  e Tecnología I n d u s t r i a l  (INETI) d e s i gn at ed  

by t h e  G o v e r n m e n t  o f  Portugal

> D e p a r t m e n t  of  Trade and I n d us t ry  (DTI) on b e h a l f  o f  t h e  G o v e r n m e n t  o f  t h e  

U nited Kingdom

From 2002 t h e  c o n t r a c t i n g  p a r t y  o f  D e n ma r k  has ch an ge d t o  M i n i s t r y  o f  Ec onomi c  and 

Business Af fa i rs ,  Danish Energy A u t h o r i t y .
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Dur ing 2002 |apan  and Ire land have j o in ed  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 .  The G o v e r n m e n t  of  

j apan has d e s i gn at ed  jap an  M a r i n e  Science and T ec hn o l og y Cent re ( jAMSTEC),  w h i c h  have a 

r ecogn ised M a r i n e  T ech no lo gy  D e p a r t m e n t  c o n d u c t i n g  research and d e v e l o p m e n t  on wave 

e ne rg y systems since t h e  70 's .  The g o v e r n m e n t  o f  I re land  has d es ig n at e d  t h e  Su st a i nab l e  

Energy I re land ( f o r m e r l y  I r ish Energy Cent re) ,  w h i c h  is e ng aged in a r ange o f  a c t i v i t i es  t o  

assist  and p r o m o t e  t h e  d e v e l o p m e n t  o f  a s u s t a i nab le  e n e rg y  e conomy.

It is e xpec ted  t h a t  in ear l y  2003 t h e  European Comm ission, t h a t  has p a r t i c i p a t e d  f r o m  t he  

b e g i n n i n g  in t h e  e s t a b l i s h m e n t  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  w i l l  jo in  i t .  P r ep ar a t o r y  w o r k  

t o  secure t h e  p a r t i c i p a t i o n  o f  t h e  European C ommi ss io n has been c o m p l e t e d  w i t h  t h e  s i g n a­

t u r e  by t h e  d i re c t o r  g e ne ra l  o f  DG Research,  n o m i n a t i n g  a r ep r es e n t a t i v e  in t h e  EC d e l e g a t i ­

on t o  t h e  OECD t o  sign t h e  a g r e e m e n t .

A f t e r  t h e  G o v e r n m e n t  o f  Canada has also agreed t o  j o in  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 ,  i ts f o r ­

m a l  e n t r y  m i g h t  be a c c om pl i s h ed  w i t h i n  a s h o r t  per iod o f  t i m e .  I t  is expec ted  t h a t  t he  

Canadian G o v e r n m e n t  d es ig na t es  Po we r t ec h Labs Inc.  (BC Hydro)  as a c o n t r a c t i n g  p a r t y  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 .

Contacts  t o  I taly,  Mex ic o,  France,  Ne w  Zee land and USA are s us ta i ned .

The W o r k  Program t o  be u n d e r t a k e n  by t h e  c o n t a c t i n g  pa r t i es  is e s t ab l i shed  u n d 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  of  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 ar t i c ip an ts  in t h e  Task. The t e r m s  Task and An n ex  are o f t en  used 

i n t e r ch a ng e ab l y .  The o ve ra l l  p r o g r a m  is m o n i t o r e d  by t h e  Execut ive C o m m i t t e e  c on s i s t i ng  of  

one r e p r es e n t a t i v e  f r o m  each o f  t h e  m e m b e r  c o un t r i es  and an a l t e r n a t e  m e mb e r .  The Tasks 

l eadersh ip  is t h e  r es p o n s i b i l i t y  o f  O p er a t in g  Agent s.  The f o l l o w i n g  t a b l e  l i sts t h e  Co nt ra c t i n g  

Par t ies at  t h e  end o f  t h e  year  2002, w i t h  r espec t ive  Execut i ve C o m m i t t e e  M e m b e r s  and t h e i r

COUNTRY CONTRACTING PARTY EXCO MEMBER EXCO ALTERNATE MEMBER

DENMARK MINISTRY OF ECONOMIC AND BUSINESS 

AFFAIRS, DANISH ENERGY AUTHORITY

JAN BÜNGER KIM NIELSEN

IRELAND SUSTAINABLE ENERGY IRELAND (SEI) KATRINA POLASKI GODFREY BEVAN

JAPAN JAPAN MARINE SCIENCE AND 

TECHNOLOGY CENTRE (JAMSTEC)

YASUSHI TSURITAN 1 HIROYUKI OSAWA

PORTUGAL INSTITUTO NACIONAL DE ENGENHARIA E 

TECNOLOGIA INDUSTRIAL (INETI)

TERESA PONTES ANTONIO FALCÄO

UNITED KINGDOM DEPARTMENT OF TRADE AND INDUSTRY (DTI) DAVID BRAMBLE

Table l  | Contracting Parties to  the  Agreem ent IEA-OES (status: end 2002)
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Al t e r na te s.  Cor responding addresses and c o n t a c t  n umb er s  are g iven in Chapt er  6 of  t h i s  repor t .  

Good progress has been m ad e d u r i n g  t h e  y ea r  2002 on t h e  w o r k  p ro g ra m and t h e  m e m b e r s  of  

t h e  Execut ive C o m m i t t e e  w i l l  c o n t i n u e  t h e i r  e f f or t s  t o  b r i ng  t o g e t h e r  and t o  c o or d i n a t e  t h e  

w o r k  on t h e i r  c o un t r i es .  Ef for ts t o  e xpand 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  and in t h e  i n d i v i ­

d u a l  Annexes w i l l  c o n t i n u e .

1.2 Ob jec t ives and S t ra tegies

M igh ty Whale Prototype, Japan
(Courtesy o f lAMSTEC) This I m p l e m e n t i n g  A g r e e m e n t  was es t ab l i sh ed  w i t h  a miss ion o f  e n h a n c 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  t e c h n o l o g i e s  a s i g n i f i c a n t  e n er gy  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 g h  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  

exchange 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 je c t i ve  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 t h e  c o m m e r c i a l i z a t i o n  o f  t he se  Technolog ies .

The P r o g ra m me  t o  be car r ied o u t  by t h e  C o n t r ac t in g  Par t ies w i t h i n  t h e  f r a m e w o r k  o f  t h is  

A g r e e m e n t  cons is ts  of  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 ,  analys is  and i n f o r m a t i o n  

exchange r e l at ed t o  ocean e ne rg y sys tems.

The p resent  W o r k  P r o g r a m m e  focuses on ocean waves and m a r i n e  cu r r e n t s  w h i c h  are t h e  

ocean e n er gy  te 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  g r e a t e s t  R&D and D e m o n s t r a t i o n  

e f f o r t  in t h e  last  decade and are cons idered  t o  p re se nt  b e t t e r  prospect s f o r  c o m p e t i t i v e  

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

The S t r a t e gy  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  Object i ves:
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1 > To a c t i ve ly  e nc o ur a ge  and s u p p o r t  t h e  d e v e l o p m e n t  o f  n e t w o r k s  of  p a r t i c i p a n t s  i nvolved 

in 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 ,  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 rov ide 

f o r  t h e  e f f ec t i ve  exch ang e o f  i n f o r m a t i o n  on ocean energy.

2 > 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  en han ce d s u s t a i nab le  

e ne rg y p r o d u c t i o n  f r o m  t h e  ocean.

3 > 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 og ra m me .

4 > 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 ba 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 .

W o r k  Program 1.3

The W o r k  Pr ogram 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  on Ocean Energy Systems was  es t ab l i shed 

u n d er  t h e  o p e r a t i o n  o f  t w o  Annexes:

> A n n e x  I: Review, Exchange and D i ss e mi n a t i o n  o f  I n f o r m a t i o n  on OES (4 Subtasks) .

The W o rk  P lan o f A n n e x  I is d e s ig n e d  fo r  a p e r io d  o f  f iv e  y e a rs .

The In s t i tu to  N a c io n a l de E n g e n h a r ia  e T e c n o lo g ía  In d u s tr ia l  (INETI) is d e s ig n a te d  as th e  

O p e ra tin g  A g e n t fo r  th is  A n n e x  a c t in g  th ro u g h  ADENE (P o r tu g u e s e  E ne rgy  A g e n cy ).

> Annex  II: D e ve lo pme nt  of  Recommended Pract ices fo r  Test ing and Evaluat ing OES (4 Subtasks).

The W o rk  P lan o f A n n e x  II is d e s ig n e d  fo r  tw o  y e a rs .

The M in is t r y  o f  E co n o m ic  and  B us iness  A ffa irs , D an ish  E ne rgy A u th o r it y  a c t in g  th ro u g h  

RAMBOLL, D e n m a rk , is d e s ig n a te d  as O p e ra tin g  A g e n t o f th is  A n n e x .
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SUBTASK TITLE

1/1 C o lla tion , Review and P ub lica tion  o f In fo rm a tio n  on Ocean Waves and 

M arine  C u rren t Energy Systems

1/2 Exchange o f In fo rm a tio n  on Ocean Energy Systems

1/3 Analysis and D issem ination o f In fo rm a tio n  on Ocean Energy Systems

1/4 W ebsite Creation and M a in tenance

Table 2 | Description o f Subtasks under Task I

Com m erc ia l, g ove rn m e n t 

and u t i l i t y  a c tiv it ie s

re la ted  to  waves and cu rren ts  systems, in c lud ing  (w here ava ilab le ) th e  

d escrip tion  o f th e  a c tiv it ie s  and th e  budgets involved

D e m o nstra tio n  schem es 

a lre ad y  dep loyed  in  th e  sea

inc lu d in g  a d escrip tion  and perform ance o f th e  device, its  com po­

nents, th e  c a p ita l and ope ra ting  costs, its  c u rre n t s ta tus  and th e  les­

sons learned fro m  its  design, d ep lo ym e nt and opera tion

Systems u nder deve lo pm en t 

fo r  d ep lo ym e n t

w ith in  th e  next tw o  years, inc lu d in g  a d escrip tion  o f th e  device, p r in ­

c ip les o f design, m ethod  o f energy captu re , p red ic ted  perform ance 

and c u rre n t s ta tus

G enera l tech n o lo g ie s em ployed in waves and cu rren ts  system s, in c lu d in g  m ethods o f energy 

cap tu re , s tru c tu ra l design, em p lacem ent and m ooring  as w e ll as ener­

gy tra n s fo rm a tio n , storage  and in teg ra tion

A va ilab le  resources inc lu d in g  average wave pow er levels and cu rren ts  ve loc ity , sources o f 

in fo rm a tio n  and m ethods o f descrip tion  and p red ic tion

Legal and in s t itu t io n a l 

fac to rs

a ffe c ting  th e  adoption  o f waves and cu rre n ts  system s, in c lu d in g  incen ­

tive s  and regu la tions

P ublic percep tions o f in s ta lled  and p lanned waves and cu rren ts  energy systems

Im pacts  o f m a n u fa c tu re  and 

in s ta lla t io n

o f waves and cu rren ts  energy system s on th e  e nv iron m e n t

Table 3 I Items fo r co llec tion  o f in fo rm a tion  on OES under Task I
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A g e n er a l  d e s c r i p t i o n  and n o t a b l e  a c h i e v e me n t s  o f  t h e  p r o g r a m ' s  w o r k  d u r i n g  2002 are m e n ­

t i o n e d  on Ch ap ter  2 . The de ta i l s  o f  t h e  w o r k  u n d e r t a k e n  u n d er  t h e  t w o  annexes  are covered 

by t h e  i n d i v i d u a l  repor ts .

W ork Program of Annex I

The o b je c t i ve  o f  Task I set  on A n n e x  I is t o  c o l l a te ,  r ev i ew and f a c i l i t a t e  t h e  e xchange and 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  on t h e  t e c h n i c a l ,  e c o n om i c ,  e n v i r o n m e n t a l  and social  aspects of  

ocean e n er gy  sys t ems.  This Task leads t o  t h e  a im o f  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  and 

a d o p t i o n  o f  cos t -e f fec t ive  ocean e ne rg y sys tems t h r o u g h  t h e  access t o  a va i l ab le  i n f o r m a t i o n .  

Ocean waves and m a r i n e  c u r r e n t s  e ne rg y sys tems ( "wa ve s and cu r r e n t s  sys tems" )  are t h e  c u r ­

r en t  p r i o r i t y .  The w o r k  p r o g r a m  is o rgan i zed  acco rd in g t o  t h e  f o l l o w i n g  Subtasks p resent ed  

in Table 2 . I n f o r m a t i o n  on Ocean Waves and M a r i n e  Cur rent s Energy Systems is c o l l ec t ed  and 

rev i ewed a cc or d i ng  t o  t h e  i tems  p re sent ed  in Table 3 .

P ar t i c ip an ts  in t h i s  Task u pd at e  t h e  i n f o r m a t i o n  on ocean e ne rg y sys tems and exch ang e t h i s  

i n f o r m a t i o n  at  a n n u a l  m e e t i n g s .  P ar t i c ip an ts  f u r t h e r  ana lyse t h i s  i n f o r m a t i o n  t o  deve lop  

j o i n t  s u m m a r y  assessments  o f  t r e n d s  in ocean e n er gy  e x p l o i t a t i o n  i n c lu d in g  i ncen t iv es  and 

r e gu l a t i o n s .

W ork Program of Annex II

The o b je c t i ve  o f  Task II set  on A nn e x  II is t o  deve lop  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 va l u a t i n g  ocean e n e rg y  systems and,  in t h i s  way,  t o  i m p r ov 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 esul ts .  This is done by c o l l e c t i n g  and ana l ys in g i n f o r m a t i o n  on t e s t i n g  f a c i l i t i es  and 

t e s t i n g  procedur es .  St andards  f o r  p re s e n t a t i o n  o f  t e c h n i c a l  des ign and da t a,  and f o r  asses­

s m e n t  o f  sys tem p e r f o r m a n c e ,  are p ro d uc e d .  Ocean waves and m a r i n e  c u r r e n t s  e nergy



SUBTASK TITLE DESCRIPTION

systems are also t h e  c u r r e n t  p r i or i t y .

To pursue t h is  Task i n f o r m a t i o n  was co l l ec t ed  f r o m  ex pe r t s  and i n s t i t u t e s  in t h e  P ar t i c ip an ts  

c o u n t r i e s  and in o t h e r  IEA M e m b e r  and n o n - M e m b e r  co u n t r i e s ,  prev ious l y  and p rese nt l y  

e ng aged in t h e  t e c h n o l o g i e s .  The w o r k  has been u n d e r t a k e n  acco rd in g t o  t h e  Subtasks p re ­

sent ed in Table 4.

l l / l Testing F a c ilitie s  and 

Test S ites

C om pila tion  o f a database describ ing  th e  e x is ting  te s tin g  

fa c ilit ie s  and te s t s ites fo r  ocean energy system s in the  

P artic ipa n ts ' and o th e r coun tries .

11/2 Testing Procedures Co llection  o f s tandards fo r  te s tin g  wave energy system s to  

fo rm  th e  basis fo r  genera l standards.

11/3 P resen ta tion  o f 

Results

D e fin ition s  o f th e  re levan t ocean param eters and ocean ene r­

gy conve rting  system s param eters, and standard  fo rm a t p ro ­

posal fo r  th e  p resen tation  o f resu lts.

M/ 4 P erfo rm ance

Assessm ent

Use o f th e  standardized  p resen tation  o f th e  perfo rm ance  d e fi­

ned in Subtask I I /3  to  ca lcu la te  th e  ann ua l energy p roduction  

o f va rious ocean energy system s a t d iffe re n t s ites.

Table 4 | Description o f Subtasks under Task II

N a t u r e  and scope o f  coopera t ion

A m a j o r  p a r t  o f  t h e  co -o pe ra t i ve  a c t i v i t y  is f ocused on c u r r e n t  and p o t e n t i a l  s ta t us  and m a r ­

kets f o r  ocean e n e rg y  systems.  In a d d i t i o n ,  t h e  co- op er a t i ve  a c t i v i t y  i nc ludes  w o r k  on aspec­

ts o f  ocean e n er gy  sys tems,  w h i c h  are r e l e va n t  in t he se  mar ke ts ,  such as o p e r a t i o n a l  p er ­

f o r m a n c e  o f  ocean e ne rg y schemes and c o m p o n e n t s ,  as w e l l  as i n f o r m a t i o n  e xchange on 

ocean e ne rg y t e c h n o l o g y ,  e co nom ic s ,  and i mp ac t s .  The w o r k  is c lose ly  c o o r d i n a t ed  w i t h  t he  

w o r k  o f  t h e  Wave Energy N e t w o r k  (a European T h e m a t i c  N e t w o r k  f u n d e d  by t h e  European 

C o m m u n i t i e s  u n d er  i ts Energy,  E n v i r o n m e n t  and S us t a i na b l e  Energy P r o g ra m me ) .

The i n v o l v e m e n t  o f  t h e  P ar t i c ip an ts  in t h e  t w o  c u r r e n t  Annexes is sh o wn  in Table 5. Two 

f i n a n c i a l  m e c ha n i sm s  ex is t  t o  c o n d u c t  t h e  w o r k  p r o g r a m m e .  Task sh ar in g ,  in w h i c h  p a r t i c i ­

pants  devo te  speci f ied resources and p e rs o nn e l  t o  c o n d u c t  p a r t  o f  a c o m m o n  w o r k  p r o g r a m ­

me is t h e  m e c h a n i s m  used by 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 .  The o t h e r  m ec h a n i s m  a va i lab le  

is cost  sh ar i ng  in w h i c h  p a r t i c i p a n t 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  ac t i v i t i es .  □  ta b le  5 I P artic ipation in oes tasks (s ta tus: end 2002)

1.4

CONTRACTING PARTIES

U S  ID S  B 2 B  k is
O perating A gent: INETI ac ting  th ro u g h  ADENE (Agência para a Energia)

AN
NE

X 
1

1 Review, Exchange and D issem ina tion  o f 

In fo rm a tio n  on OES
X X X X

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

AN
NE

X 
II

II Developm ent o f Recommended Practices fo r 

Testing and Evaluating OES
X X X X

I I .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

II.4 Perform ance assessment
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A C H I E V E M E N T S  D U R I N G  2 0 0 2  A N D  P R O S P E C T S

2.1 Task l :  Review,  exchange  and d isse mina t ion  o f  i n f o rm a t i o n  on OES

Achievem ents

Dur ing  t h e  ye ar  2002 t h e  Subt as k l . i  -  " C o l l a t i o n ,  r ev i ew and p u b l i c a t i o n  o f  i n f o r m a t i o n  on 

ocean waves and m a r i n e  c u r r e n t s  e ne rg y sys t ems"  -  has been c o m p l e t e d .

The o u t c o m e  o f  t h is  is t h e  r e p o r t  " Wave and M a r i n e  C u r r en t  Energy"  w h i c h  i nc ludes  an o v e r ­

v i e w  o f  t h e  t e c h n i c a l ,  e c o n om i c ,  e n v i r o n m e n t a l  and soc ia l  aspects  o f  ocean e n e rg y  systems 

(wave and t i d a l  c u r re nt s ) ,  and proposes Research and D e v e l o p m e n t  (R&D) p r i o r i t i e s  f o r  t hese 

t e c h n o l o g i e s .  This r e p o r t  has been prepar ed  by AEA T ec hn o l og y Future Energy S o l u t io ns  fo r  

t h e  U n i t e d  K i ng do m D e p a r t m e n t  o f  Trade and I ndust ry .

I n f o r m a t i o n  has been c o l l ec t ed  by means  o f  pu b l i sh ed  m at e r i a l s  and c o n s u l t a t i o n  w i t h  over  

100 i n t er es t ed  pa r t i e s  i n c lu d in g  t h e  m a j o r i t y  o f  d eve l oper s w o r l d w i d e .  This a c t i v i t y  has been 

in close c o - op e ra t i o n  w i t h  t h e  Wave Energy N e t w o r k .  Its d ra f t  has been s u b m i t t e d  f o r  t he  

a p p ro v a l  o f  t h e  P ar t i c ip an ts  and u p da te d  acc ord in g t o  t h e i r  c o m m e n t s .

In Ch ap ter  3 an exec ut i ve  s u m m a r y  o f  t h e  r e p o r t  " Wave and M a r i n e  C u r r en t  Energy"  is p re ­

sen t ed .  The r e p o r t  w i l l  be pu b l i s he d and m ad e ava i l ab le  t h r o u g h  t h e  Webs i t e .

F ur t he r  means  o f  e xchange and 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  on Ocean Energy Systems 

u n d e r t a k e n  d u r i n g  t h e  year  2002 are p re sent ed  in sec t ion  2.3.  Those i nc l ud e (i) t h e  d e s c r i p t i ­

on o f  t h e  IEA-OES Webs i te  c r ea t io n  and a c t u a l  m a i n t e n a n c e  as w e l l  as f u r t h e r  d e v e l o p m e n t s  

p la n ne d t o  be i m p l e m e n t e d  on t h e  page d u r i n g  t h e  n e x t  year ;  (i i) t h e  I n t e r n a t i o n a l  Wo rk s ho p  

j o i n t l y  o rgan i zed  by 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  and t h e  Un i te d  K in gd om  D e p a r t m e n t  of
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Trade and I n d us t r y  t o  p r o m o t e  t h e  d i s s e m i n a t i o n  on c u r r e n t  ocean e ne rg y s ta t us  i n c l u d i n g  a 

b r i e f l y  d e s c r i p t i o n  o f  t h e  p r e se n ta t io n s  and (i i i ) o u t l i n e  o f  t h e  t w o  a n n u a l  m e e t i n g s  o f  t he  

Execut ive C o m m i t t e e  in 2002 w i t h  r e l ev a n t  e xchange o f  i n f o r m a t i o n .

Prospects for 2003

In 2003 t h e  w o r k  p r o g r a m m e  o f  t h i s  A n n ex  w i l l  p roceed w i t h  t h e  f o l l o w i n g  d e v e l o p m e n t s  i n t e ­

g ra t ed  in t h e  subtasks:

> Su bt ask  1.2 - D e v e l o p m e n t  o f  s t an da rd  f o r m a t  f o r  c o l l e c t i on  o f  i n f o r m a t i o n  on 

n a t i o n a l  a ct i v i t i es .

> Subt as k 1.3 - Analys i s  and s u m m a r y  o f  t r en d s  on n a t i o n a l  a c t i v i t i es ,  t h e  o r g a ­

n is a t io n  of  m e e t i n g s  and p u b l i c a t i o n  o f  a Ne ws le t te r .

> Subt as k 1.4 - We b s i t e  m a i n t e n a n c e  and d e v e l o p m e n t  o f  a m e m b e r  area f o r  

e xchange o f  i n f o r m a t i o n  b e t w e e n  m e mb e rs .

"S tingray" t id a l cu rren t system in Yell Sound o ff the  Shetland Islands 

(Courtesy o f The Engineering Business, Ltd.)

Task 2: D e v e lo p m e n t  o f  Re co mm en de d  Pract ices for  Test ing and Eva lua t ing  OES 2.2  

Achievem ents

C o m p i l a t i o n  o f  s t an da rd s f o r  t a n k  t e s t i n g  o f  wa ve  e n er gy  device m od el s  has been done by Kim 

Nie l sen,  Ope ra t i ng  A g e n t  o f  t h i s  Task. A l l  o t h e r  p a r t i c i p a n t s  in t h e  Task and exp er t s  on ocean 

e ne rg y systems we r e  asked t o  give t h e i r  c o n t r i b u t i o n .  The o u t c o m e  o f  t h i s  w o r k  is a d et ai l ed  

r ep o r t  on 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  OES. See c h a p t e r  5 f o r  g en er a l  

c onc lus ions .

ACHIEVEMENTS DURING 2002 AND PROSPECTS



The r e p o r t  is o rgan i sed  acc ord in g t o  t h e  f o l l o w i n g  subt asks o f  A nn e x  II:

> I I . l  I n s t i t u t i o n s

> 11.2 Test ing procedur es

> 11.3 P re se nt a t i o ns  o f  resul ts

> 11.4 P er f o r ma nc e assessment

In I I . l  a l i s t  o f  f a c i l i t i e s  su i ta b le  f o r  t e s t i n g  ocean c u r r e n t  and wa ve  e ne rg y m o d e l  systems 

prov ides an o v e rv i e w o f  ava i la b l e  f a c i l i t i es  in v ar i ou s c o u n t r i e s .  This l i s t  i nc ludes :

> Type o f  f a c i l i t y  (wave basin,  f l u m e ,  t o w i n g  t a n k  or  c a v i t a t i o n  t u n n e l )

> D i mens ions

> Selected p a r am e t er s  f o r  c h ar ac t e r i z i n g  waves  and cu r r en ts

LIMPET power p lan t a t Islay, Scotland 

(Courtesy o f Wavegen)

Pr ospec ts  f o r  2003

In 2003 w i t h i n  Task II t h e  a c t i v i t y  w i l l  c o n t i n u e  f oc u s i n g  on p r o t o t y p e  t ests .

2.3 Exchange and  d isse mina t ion  o f  in f o rm at io n

Di ss e mi n a t io n  o f  i n f o r m a t i o n  is a key o b je c t i v e  o f  t h e  W o r k  P r o g r a m m e  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 .  Dur ing  t h e  ye ar  2002 e xchange and 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  was m a i n l y  c ar ­

r ied o u t  by t h e  f o l l o w i n g :

> i. Webs i t e  IEA-OES

> i i . I n t e r n a t i o n a l  W o r k s h o p  w i t h  an o v e r v i e w  o f  t h e  w o r k  u n d e r t a k e n  u n d e r  

t h e  IEA-OES.
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> i i i .  A n n u a l  M e e t i n g s  o f  t h e  Execut ive C o m m i t t e e

From 2003 on t w o  N e w s l e t t e r s  f o r  d i s s e m i n a t i o n  o f  r e c e n t  i n f o r m a t i o n  on 

Ocean Energy are env isaged t o  be pu b l i sh ed  year ly.

2. 3.1 Websi te

The IEA-OES w e b s i t e  has been deve lo pe d as a t o o l  f o r  i n f o r m a t i o n  and p r o m o t i o n .  Its address 

is: h ttp ://w w w .ie a -o c e a n s .o rg  and t h e  i ndex  page is s h ow n  in f i g u r e  1 .

The IEA-OES w e b s i t e  i n t en ds  t o  f a c i l i t a t e  t h e  exch ang e o f  i n f o r m a t i o n  e spec i a l l y  r egar d ing

w o r k  p r o g r a m m e s  and n ew i n i t i a t i v e s  and t o  serve as a v e h i c l e  o f  c i r c u l 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 em be rs .

The w e b s i t e  i nc ludes  t h e  f o l l o w i n g  areas:

> A b o u t  IEA-OES . d e s c r i p t i o n  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 ,  i ts b a ck gr ou nd ,  

miss ion and s t rategy,  t h e  v i s ion  f o r  Ocean Energy,  as w e l l  as t h e  o bjec t ives .

> Tasks _ ob jec t ives ,  subt asks,  t i m e  schedul e,  o p e ra t i n g  a g e n t  and p a r t i c i p an t s .

> News &  Events _ news and events on Ocean Energy such as t h e  ExCo meet ings ,  

Seminars ,  Wo r ks ho ps  and Conferences.

> Co nt ac t  us _ h o w  t o  reach Execut i ve C o m m i t t e e  M e mb e rs ,  Execut ive Secret ary  

and O p er a t in g  Agent s.

> P ub l i ca t i on s  _ ava i l a b l e  o n l i n e  papers,  rep or ts  and o t h e r  d o c u m e n t s

> Links _ t o  o t h e r  r e l a t ed  si tes.

Fur t he r  d e v e l o p m e n t s  in 2003 w i l l  i n c l ud e a FAQ & Forum area and a M e m b e r s  Area w i t h

r es t r i c t ed  access via an i n t e r n a l  p as swo rd - p r o t e c t e d  t o o l .

■CT1 t r r r J? Err»

rfy- «mm »  a «ios jre L ii d  « i j t ï  ("fí cpi r.<  t.pMK-?
f :.t i t i (  » o : r  DcnvnDn v o n * :  c w t in  s n p
™ - ;  ■ tfw v n ÿ .n s ig v  .i« ™ * .* .■ «  n v t  r .  En* '? ,1 •

Figure 1 | Home Page o f Website
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1. The IEA Im p lem en ting  Agreem ent on Ocean Energy Systems

The IEA|OES Achievem ents and Prospects 
Teresa Pontes, Chair, Portugal
Teresa Pontes has described th e  a im  o f th e  IEA under w h ich  a fra m e w ork  fo r  th e  c o lla bo ra tive  R&D pro­
gram m es (Im p le m e n tin g  Agreem ents) is provided. A genera l overview  o f th e  IEA-OES, its  ob jectives and 
tasks w ere  presented.

Wave and M arine  Current Energy - S tatus and R&D P rio ritie s  
Richard Boud, Future Energy S olu tions, UK
This p resen ta tion  was based on th e  resu lts  o f th e  w o rk  developed under th e  scope o f th e  Subtask l . i  
described above. I t  focused on th e  conclusions on th e  a c tu a l s ta tus o f Ocean Energy e x p lo ita tio n , the  
R&D S trategies and presented a lis t  o f o p p o rtu n it ie s  fo r  in te rn a tio n a l co lla b o ra tio n .

General O verview o f Recommended Practices fo r OES M odel Testing 
Kim N ielsen, RAMB0LL, Denmark
Results o f th e  w o rk  developed under th e  scope o f th e  Task II s ta r tin g  by a p roposal fo r  eva lu a ting  and 
com paring  Ocean Energy Systems w ith ,  a lso th e  in d ica tio n  o f th e  com parab le  param eters and focused 
on recom m endations fo r  ta n k  te s tin g  procedures fo r  ocean energy device m odels.

The Hydraulics M a ritim e  Research Centre Experience 
Tony Lewis, U n ive rs ity  College Cork, Ire land
The p resen ta tion  has focused on th e  HMRC fa c ilit ie s  in Cork show ing a series o f wave energy device 
tes ts  undertaken  by th is  labora tory .

M igh ty  W hale Open Sea Testing 
H iroyuki Osawa, JAMSTEC, Japan
The wave ta n k  experim ents o f the  scale m odel o f M igh ty  W hale pro to type  were in it ia lly  presented. This 
was fo llow ed  by an o u tlin e  o f th e  open sea tests o f th e  pro to type, inc lud ing  results o f th e  to ta l energy con­
version e ffic iency and examples o f t im e  series o f wave he igh t, ro ta tio n a l speed and generated ou tpu t. 
Main conclusions on th e  e ffic iency o f conversion and es tim ation  o f th e  generated o u tp u t were presented.

2. The EC FP6 Programme

The EC FP6 Programme
P hillippe  Schild, European Commission DG Research
The m ain com ponen ts  and basic p rin c ip le s  o f  th e  S ix th  F ram ew ork Program m e w ere  presented  fo cus ing  on th e  
gene ra l ru les fo r  p a rt ic ip a tio n .

New Ins trum en ts : Integrated Projects and Networks o f Excellence 
P h illippe  Schild, European Commission Research DG
This p re se n ta tio n  has focused on th e  m ain to p ic s  o f  th e  new  in s tru m e n ts , in c lu d in g  its  purpose , in te g ra tio n , 
scale, a c tiv it ie s , f in a n c ia l reg im e and co n tra c t (gene ra l d e ta ils , n e g o tia tio n  and m anagem ent)

3. UK Projects in Ocean Energy Systems

The UK Programme in Wave and Tidal Energy 
David Bram ble, DTI
An o ve rv iew  o f  th e  Renewable Energy Incen tives in th e  UK w as presented  fo llo w e d  by a de sc rip tio n  o f  th e  aim s 
o f  th e  W ave Energy P rogram m e, h ow  th e  p rogram m e a im s are to  be achieved and th e  c a ll fo r  p roposals process. 
A de sc rip tio n  o f  w h a t has been achieved in th e  UK on w ave and t id a l energy conc luded th e  p re se n ta tio n .

Developing S tandards fo r a New Industry  
By John G riffiths , JWG Consulting Ltd
This presentation included an explanation on th e  necessity o f developing standards fo r assessment o f  wave energy con­
verters perform ance, fo llow ed by a descrip tion o f  th e  required standards fo r both scale models and open sea tes ting .

The S tingray Tidal Stream Energy Device: lessons from  its  f ir s t  m arine  dep loym ent 
Tony Trapp, The Engineering Business
The S tin g ra y  concep t w as described as w e ll as th e  des ign , co n s tru c tio n  and in s ta lla t io n  o f  a p ro to typ e .

Table 7 I Presentations on the  IEA-DTI workshop
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2. 3. 2 W o r k s h o p

A o ne-day  w o r k s h o p  e n t i t l e d  "OCEAN ENERGY - The I n t e r n a t i o n a l  Energy Agency,  Un i t ed  

K i ng do m and European Co mmi ss i on  P r o g r a m m e s "  was  j o i n t l y  o rgan i sed  by 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  and t h e  UK D e p a r t m e n t  o f  Trade and I n d us t r y  (DTI).

This w o r k s h o p  was  held in B r i g t h o n ,  UK, on Oc t ob er  30, 2002, f o l l o w i n g  t h e  Open Day 

M e e t i n g  on f u t u r e  research and d e v e l o p m e n t  (R&D) in t h e  ocean e ne rg y f i e ld ,  o rgan i sed  by 

t h e  European T h e m a t i c  N e t w o r k  on Wave Energy (WAVENET).

It was a t t e n d e d  by a p p r o x i m a t e l y  60 p a r t i c i p a n t s  c o mi n g  f r o m  indu st ry ,  u t i l i t i e s ,  research 

i n s t i t u t i o n s  and u n i ve rs i t ie s  f r o m  10 c o un t r i es .

The speakers we r e  t e c h n o l o g y  exp er ts  and key r e g i o n a l  r ep re se nt a t i v es  w h o  descr ibed p r o ­

g rams on Ocean Energy in UK, Europe and ja p an .  The w o r k s h o p  p ro g ra m is p res en te d in 

A p p e n d i x  1.

The p r e s e n t a t i o n s  w e r e  m a d e  a v a i l a b l e  on t h e  IEA-OES W e b s i t e  (h t t p : / / w w w . i e a -  

o c e a n s . o r g / n e w s / 02 / i n d e x . h t m ) .

The p r e se n ta t io n s  cover  t h e  t h re e  t op ic s  p resen t ed  in t a b l e  7.

2. 3. 3 M ee t i ng s of  the ExCo

P a r t i c i p a t i o n  in t h e  ExcO m e e t i n g s  is a mea ns  f o r  d i s s e m i n a t i o n  a m o n g  m e m b e r  c ou nt r i es .  

The l i s t  o f  t h e  c u r r e n t  ExCo m em b e r s  and a l t e r n a t e s  is presen t ed  in Ch ap te r  6 . Two ExCo m e e ­

t i n g s  wer e held in 2002 :

> 2nd M e e t i n g  - H a r w e l l ,  UK, 21-22 M ar ch  2002

> 3rd M e e t i n g  - B r i g t h o n ,  UK, 31 Oc to ber  2002

http://www.iea-


In bo t h m e e t i n g s  a l l  t h e  c o n t r a c t i n g  pa r t i es  p a r t i c i p a t e d  as w e l l  as observers  b e l o n g i n g  t o  

c o u n t r i e s  and t h e  European Co mmi ss io n p l a n n i n g  t o  b ecame m e m b e r s  o f  t h e  IEA-OES.

Highligths From The 2002 Executive C om m ittee M eetings

2nd ExCo M ee tin g

H a rw e ll, UK, 21-22 M arch 2002

P ar t i c ip an ts

M em bers

Teresa Pontes INETI (Chair) Portugal

David Bramble DTI UK

Kim Nielsen Ramboll Denmark

Observers

Cynthia Rudge Global Business Development Austra lia

Hans Breugel Teamwork Netherlands

Katrina Polaski Irish Energy Centre Ireland

Philippe Schild European Commission EU

Tony Lewis University College Cork Ireland

> The s i tuat ion fo r  renewable energy as conceived by t he par t i c ipants was presented and discussed.

> The major  top ic  at this meet ing was the discussion of  the draf t  of  Annexes I and II and t he budget .  

> T h e  d ra f t  IEA-OES w e b s i t e  was  presen t ed  and a pp roved.

Figure 2 | A ttendees o f th e  2nd Executive Com m ittee M eeting | 21 March 2002, H arwell, UK
From le ft  to  rig h t:

David B ram ble (UK ExCo mem ber)

Katrina Polaski (Ire land  ExCo observer)

Hans B reugel (N e therlands  ExCo observer)

P hilippe Schild (EU ExCo mem ber)

Tony Lewis (Ire land  ExCo observer)

Teresa Pontes (P o rtuga l ExCo member, chair)

Kim Nielsen (Denm ark ExCo mem ber)

Cynthia Rudge (A ustra lia  ExCo observer)
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Figure 3 I Attendees o f the  3rd Executive Com m ittee M eeting | 31 October 2002, Brigthon, UK
From le ft  to  rig h t:

Behind:

David B ram ble (UK ExCo mem ber)

Godfrey Bevan (Ire land  ExCo mem ber)

Philippe Schild (EU ExCo observer)

Tony Lewis (Ire land  ExCo observer)

Cynthia Rudge (Austra lia  ExCo observer)

Richard Boud (UK ExCo observer)

Kim N ielsen (Denm ark ExCo mem ber)

Gouri Bhuyan (Canada ExCo observer)

A t fro n t:

H iroyuki Osawa (Japan ExCo mem ber)

Yasushi Tsu ritan i (Japan ExCo mem ber)

Teresa Pontes (P o rtuga l ExCo member, cha ir)

Ana B rito  M e lo  (ExCo secretary)
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3 rd ExCo M ee t i ng  

Brigthon,  UK, 31 October 2002

This m e e t i n g  has been real i zed f o l l o w i n g  t h e  WAVENET Open Day M e e t i n g  on 29 October ,  

and t h e  DTI / IEA w o r k s h o p  on 30 October .

Par t i c i pa nt s

Membe rs

Teresa Pontes INETI (Chair) Portugal

David Bramble DTI UK

Godfrey Bevan Sustainable Energy Ireland Ireland

Yasushi Tsuritani jAMSTEC Japan

Hiroyuki Osawa jAMSTEC Japan

Kim Nielsen Ramboll Denmark

Observers

Cynthia Rudge Global Business Development Australia

Gouri Bhuyan Powertech Labs Inc. Canada

Philippe Schild European Commission EU

Tony Lewis University College Cork Ireland

Richard Boud DTI UK

Secretar iat

Ana B rito-M elo IA-OES ExCo Secretary

Rick Sellers Head o f IEA Renewable Energy U nit



> In t h i s  m e e t i n g  t h e  g o v e r n m e n t s  o f  Au st r a l i a  and Canada and t h e  European Commi ss io n 

have been i nv i t ed  by t h e  ExCo t o  p a r t i c i p a t e  in 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 Ocean Energy 

Systems.

> Ne w  m em b e r s  -  |apan and I re land -  t h a t  have j o in ed  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  d ur in g  

t h e  year  2002 w e re  w e l c o m e  by t h e  chai r .

> The d o c u m e n t  p ro duced by t h e  CERT " O u t l i n e  f o r  Discussion on The Future o f  IEA 

I m p l e m e n t i n g  A g r e e m e n t s "  has been s u b m i t t e d  f o r  d iscuss ion on t h e  m e e t i n g .  The head of  

t h e  IEA Re newab le  Energy U n i t  expressed t h e  wi sh  o f  t h e  IEA s e c re t a r i a t  t o  e nh an c e  c o l l a b o ­

r at ion  w i t h  t h e  I m p l e m e n t i n g  A g r e e me n t s .

> The d o c u m e n t  " Cr i te r ia  and Review Process f o r  t h e  Extens ion o f  I m p l e m e n t i n g  A g r e e m e n t s "  

deve loped by t h e  IEA C o m m i t t e e  on Energy Research and T ech no lo gy  (CERT), t o  be used as a 

g u i d e l i n e  f o r  t h e  o r i e n t a t i o n  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  ac t i v i t i es ,  has been s u b m i t t e d  

f o r  d i scussion

> Sugges t i ons  f o r  n e w  Annexes have been made.

2 . 3. 4 N e w s l e t t e r

A b i a n n u a l  4-page N e w s l e t t e r  w i l l  be p ro du ce d as a n o t h e r  t o o l  f o r  i m p r o v i n g  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  on wave and m ar i ne  c u r r e n t s  e ne rg y p ro jec t s,  p ro v id i ng  h i g h l i g h t s  on r ecen t  

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

At  t h e  3rd ExCo m e e t i n g  jap an  and Canada wer e i nv i t ed  t o  p rov ide i n f o r m a t i o n  on t h e  f l o a ­

t i n g  OWC M i g h t y  W h a l e  p r o t o t y p e  and on t h e  Va nc ou ve r  Is land p ro jec t ,  respect i ve l y .

The N e w s l e t t e r  w i l l  be d i s se mi n a t ed  t h r o u g h  t h e  IEA-OES w e b s i t e .  A p r i n t e d  vers i on  w i l l  be 

m ai l ed  t o  a w i de  l i s t  o f  s t a ke ho ld er s  and par t ies  p o t e n t i a l l y  i n t er es t ed  on Ocean Energy 

Systems u t i l i s a t i o n  and i t  w i l l  be d i s t r i b u t e d  at  c on f er ences  and m ee t i n g s .  □

Pico Power Plant a t Azores, Portugal
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3 R E P O R T  A N N E X  I :  E X E C U T I V E  S U M M A R Y

Richard Boud

Future Energy So l u t ions  

AEA Tech no lo gy  

UK

The a t t r a c t i o n  t o w a r d s  ocean e n e rg y  is clear.  There is a massive k n o w n  r esource and huge 

m a r k e t  p o t e n t i a l  f o r  a c lean r e n e wa b l e  e ne rg y source.  The o p p o r t u n i t i e s  f o r  i n v e s t m e n t  and 

t e c h n o l o g y  are g re at .  The t e c h n o l o g y  t o  e x p l o i t  t h is  m a r k e t  and t o  c o n t r i b u t e  t o  s u s t a i nab le  

w o r l d  e ne rg y d e ma n d  is s t i l l  a t  t h e  p r o t o t y p e  stage.  This r e p o r t  cons iders  t h e  s ta t us  o f  t h e  

t e c h n o l o g y  and research and d e v e l o p m e n t  (R&D) r e q u i r e m e n t s  o f  t h e  e m e r g i n g  indus t ry .

There are t w o  f o r m s  o f  ocean e n e rg y  cons idered  in t h is  s tudy:

> T ida l  s t r ea ms  are m a i n l y  caused by t h e  m o v e m e n t s  o f  oceans and are dr i ven 

by t h e  i n t e r a c t i o n  o f  t h e  g r a v i t a t i o n a l  f ie ld s  o f  t h e  e a r t h ,  sun and m oo n .  The 

p o t e n t i a l  resource f o r  t i d a l  s t r ea m is e s t i m a t e d  as 5 TW.

> Wave p o w e r  is der i ved f r o m  w i n d s  b l o w i n g  across la rge expanses o f  sea. 

These w i n d s  g e n er a te  sea waves t h a t  c o n t a i n  s i g n i f i c a n t  q u a n t i t i e s  o f  energy.  

The t o t a l  w o r l d  wave  e ne rg y r esource is e s t i m a t e d  t o  be 1-10 TW.

This r e p o r t  de ta i l s  t h e  s ta t us  o f  t h re e  g en er i c  t i d a l  s t r ea m c oncept s  and f o u r  p r o t o ty p es  — t he  

M a r i n e  C u r r en t  Turb ines rotor ,  t h e  ENERMAR des ign ,  t h e  Eng in ee r i ng  Business St i ng ra y c o n ­

c ep t  and t h e  Ed in bu rgh  U n iv e rs i t y  rotor .  Even in such a c o n c e p t u a l l y  s t r a i g h t f o r w a r d  r es ou r ­

ce as m a r i n e  cu r r en ts ,  t h e r e  is c on s i de ra b l e  v a r i e t y  o f  device c on ce pt .

There are even mor e c oncept s  p roposed f o r  wave  e ne rg y e x t r a c t i o n .  Over  t w e n t y  p r o t o t y p e  

des igns are discussed and d e t a i l ed  here.  W i t h  t h e  e xc e p t i on  o f  s h or e l i n e  o s c i l l a t in g  w a t e r

I E A |0 ES - ANNUAL REPORT 2002



c o l u m n s  t h e r e  is ve ry  l i t t l e  c o n s o l i d a t i o n  o n t o  a f e w  good ideas.  There is g re a t  v a r i e t y  and 

each prototype developer  faces an a lmost  unique set of  engineer ing and env i ro nme nt a l  chal lenges.

Several  c o u n t r i e s  in t h e  w o r l d  have s u p p or t e d  ocean e n er gy  d e v e l o p m e n t  t h r o u g h  R&D p r o ­

g r a m m e s  and o t h e r  s u p p o r t  measur es .  Deta i l s  o f  t h e  p r o g r a m m e s  run in e i g h te en  c o un t r i es  

w o r l d w i d e  are i n c lu de d.  M o s t  o f  t h e  a c t i v i t y  is c o n c e n t r a t e d  in Europe a l t h o u g h  t h e r e  is 

o n g o i n g  w o r k  in |apan  and Aus t r a l i a  and e ls ewh er e .  The European C ommi ss io n is p l ay in g an 

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

W i t h  such v a r i e t y  in ocean e n er gy  t e c h n o l o g i e s ,  i t  is d i f f i c u l t  t o  make m a n y  g en er i c  r e c o m ­

m e n d a t i o n s  f o r  t h e  R&D r e q u i r e m e n t s .  Ho wever ,  a l l  t h e  t e c h n o l o g i e s  need s u p p o r t  in e s t a ­

b l i s h i ng  good r esource assessment s and m a r k e t  size p r e d i c t i o n s .  Al l  o f  t h e  t e c h n o l o g i e s  w i l l  

requ i r e  t e s t i n g  and e v e n t u a l l y  c e r t i f i c a t i o n  i f  t h e y  are t o  a t t r a c t  t h e  i n v e s t m e n t  needed to 

e x p l o i t  t h e  ma rk e ts  f u l l y .  This r e p o r t  c on t a i n s  severa l  p roposa ls  f o r  m e c ha n i sm s  and a c t i v i ­

t ies t o  s u p p o r t  t h i s .

If e x p l o i t e d  f u l l y  t he se  t e c h n o l o g i e s  w i l l  be dep l oy ed  in l a rge n u m b e r s  in a m a r i n e  e n v i r o n ­

m e n t .  The e n v i r o n m e n t a l  i m p l i c a t i o n s  o f  t h i s  can c u r r e n t l y  o n l y  be e s t i m a t e d .  As t h e  t e c h ­

n o l og y  deve lops  and p ro t o t y p e s  and c o m m e r c i a l  schemes are d e p l oy ed ,  due care s hou l d  be 

paid t o  t h e  e n v i r o n m e n t .  Research i n t o t h e  mai n  i m pa c t s  and h o w  t he se  m i g h t  be p red i c t ed  

f or  f u t u re  schemes needs to con t inue  and unders tand ing of  t he  e n v i ro nm en ta l  impacts developed.

There are some issues t h a t  are c o m m o n  t o  a l l  t h e  t e c h n o l o g i e s  b u t  f o r  wh i c h  g en er i c  research 

is d i f f i c u l t .  These issues i nc lu de  m o o r i n g  t e c h n o l o g y ,  e l ec t r i c a l  c o n n e c t i o n ,  p o w e r  c o n d i t i o ­

n ing ,  p o w e r  f o r ec a s t i n g ,  o p e r a t i o n  and m a i n t e n a n c e  m et h o d s .  W h i l s t  t h e  issues t h e m se l v es  

are c o m m o n  t h e  p ro b l em s  m a n i f e s t  t h e m s e l v e s  in d i f f e r e n t  ways f o r  each o f  t h e  w i d e  v a r i e t y

Archimedes Wave Swing Prototype tow ed to  be insta lled  offshore Portugal
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of  c oncept s .  Gener ic  research f o r  these  issues is o f  l i m i t e d  a p p l i c a b i l i t y  and t h e r e f o r e  o f  l i m i ­

ted w o r t h .

It  is i m p o r t a n t  t o  ena bl e  c o n ce p t  d eve l oper s t o  prove t h e i r  devices.  They m u s t  be a l l o w e d  t o  

w o r k  t h r o u g h  t h e  c o m p l e x  des ign and e c o n o m i c  assessments  and t a ck le  t h e  m a n y  t e c h n i c a l  

c h a l le ng es  t h e y  w i l l  face.  They also need t o  be a f fo rded  s u f f i c i en t  f r e e d o m  and s u p p o r t  t o  be 

able t o  d ev el op  t e c h n o l o g i e s  t h a t  make o p t i m u m  use o f  m at e r i a l s ,  t e c h n o l o g y ,  r esource and 

f i n a n c i n g  t o  ena bl e  t h e  d e v e l o p m e n t  o f  e c o n o m i c  t e c h n o l o g i e s .  I t  is t h e r e f o r e  r e c o m m e n d e d  

t h a t  e mp ha s i s  be placed on s u p p o r t i n g  t h e  d e v e l o p m e n t  o f  i n d i v i d u a l  device c onc ept s  r a t h er  

t h a n  o n l y  on g en er i c  s tud ies .

Of  c r i t i ca l  i m p o r t a n c e  in t h is  is t h e  a b i l i t y  t o  be able t o  assess des igns f o r  t h e i r  m er i t s  and t o  

es t ab l i sh  w h i c h  des igns and d eve l oper s are c red ib le  and w h i c h  t o  pursue.  As sessment  o f  t h e  

d i f f e r e n t  t e c h n o l o g i e s  t h e r e f o r e  needs t o  be c o n s i s t e n t  and re l i a b l e .  I t  is t h e r e f o r e  r e c o m ­

m en d ed  t h a t  r o bu s t  a ssessment  m e t h o d o l o g i e s  be deve lo pe d and a pp l i ed  t o  device concept s 

p r i o r  t o  t h e i r  f u l l  s u pp o r t .

This r ep o r t  co nc l udes  by s u m m a r i s i n g  a n u m b e r  o f  key aspects of  ocean energy,  s ta t i ng  

w h e r e  t h e  p o t e n t i a l  l ies and h o w  t h e  R&D p r i o r i t i e s  s ugges t ed  can he lp  t h e  d e v e l o p m e n t  of  

t h i s  p ro mi s i n g  t e c h n o l o g y .  □



Kim Nielsen

RAMBOLL, D e nma r k  

W o r k  r ep o r t e d  by Op er a t i ng  A g e n t  o f  Task II

How can w e help com parisons betw een  d iffe ren t Ocean Energy Systems

One of  t h e  m ai n  c h a l le ng es  w i t h i n  t h e  d e v e l o p m e n t  o f  Ocean Energy Systems is t h e  f a c t  t h a t  

t h e r e  is p re s en t l y  no l ead i ng  t e c h n o l o g y  and several  d i f f e r e n t  a pproac hes  are t r y i n g  to 

a t t r a c t  f u n d i n g  and inves t ors .  The c o m m o n  g oa l  t o  deve lop  t e c h n o l o g i e s  able t o  p roduce  

p owe r  f r o m  t h e  Ocean Waves and T idal  Cur rents at  a l o w  cost  seems o nly  possible i f  developers 

on an i n t e r n a t i o n a l  level  can be m ot i va t ed  t o  prov ide and share c o mp ar ab le  data and resul ts.

Up t o  now i t has been d i f f i cu l t  to  compare d i f ferent  systems, as t he  under l y ing assumpt ions w i t h  

regards t o  power  p roduc t ion,  g enerat or  capaci ty  and cost are based on very d i f ferent  assumpt ions.

In o r de r  t o  o ve rc o me  t h is  p ro b l e m  t h e  An n ex  II o f  t h e  IEA OES I m p l e m e n t i n g  A g r e e m e n t  is 

f ocused t o  p rov ide  g u id e l i n e s  t h a t  cou ld  b eco me  s tandar ds  f or :

> Test ing

> P r e l i m i n a r y  cost  assessment

> P r es en ta t i on  o f  resul ts

The cos t ing  p rocedur es  are based on a cos t ing  m e t h o d o l o g y  o r i g i n a l l y  deve lo pe d as p a r t  o f  

t h e  p r e l i m i n a r y  ac t i on s on wa ve  e n e rg y  u n d er  t h e  EU 1991-93,  s im p l i f i ed  and c o m b i n e d  w i t h  

s t andar d t e s t  p rocedur es  deve lo pe d d u r i n g  t h e  Danish Wave Energy Program 1997 -  2002 .

Un l i ke  any o t h e r  wa ve  e n er gy  p r o g r a m  t h e  Danish p ro g ra m e nc ou ra g ed  g e n e r a t i o n  o f  new 

ideas and t h e  need f o r  s ta nda rd  r o u t i n e s  f o r  t e s t i n g  and e v a l u a t i o n  was esse nt i a l  in o rd er  t o  

c o mp a re  resul ts .

It is t h e  hope t h a t  t h e  i n t r o d u c t i o n  o f  c o m m o n  g u i d e l i ne s  at  an i n t e r n a t i o n a l  level  can help 

u n i te  t h e  e f f or t s  in t h e  d e v e l o p m e n t  o f  cost  e f f ec t i ve  Ocean Energy Systems.
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Topics to d eba te

Reference d is tribu tion  of sea conditions

The f i r s t  basic c o n d i t i o n  f o r  c o m p a r i n g  d i f f e r e n t  sys tems is t o  de f ine  and agree on a r e f e re n ­

ce d i s t r i b u t i o n  o f  sea c o n d i t i o n s .  This w i l l  make t h e  c o mp a r i s o n  o f  resu l ts  possib le in t e r m s  

o f  a n n u a l  e n er gy  p r o d u c t i o n  and su rv i va l  des ign (and does no t  exc lude a d d i t i o n a l  t e s t i n g  i f  

r equ i r ed  f o r  p ro jec t s loca t ed  at  a spec i f i c  s i te w i t h  a d i f f e r e n t  d i s t r i b u t i o n  o f  sea c o n d i t i o ns . )  

The s h o r t  t e r m  c o n d i t i o n s  o f  t h e  ocean waves  on t h e  sur f ace can be d ef ined  in t e r m s  o f  t w o  

p ar am et er s ,  t h e  s i g n i f i c a n t  wa ve  h e i g h t  Hs and t h e  average wave per iod Tz.

Averaged over  t h e  year  t h e  n u m b e r  o f  hours  sea s tates w i t h i n  ce r t a in  l i m i t s  occu r  can be 

descr ibed in so-cal l ed s c at t er  d i a gr am s .  A sca t t e r  d i a g ra m  shows h o w  m a n y  hours  or  p er ce nt  

per  y e a r  a c e r t a i n  c o m b i n a t i o n  o f  t h e  s i g n i f i c a n t  w a v e  h e i g h t  Hs and t h e  a ve ra ge  wa ve  

p er io d  Tz occurs w i t h i n  set  l i m i t s .  The l i m i t s  are t y p i c a l l y  i n t e r va ls  o f  one second o f  t h e  a ve r ­

age wave per iod and in te rv a l s  o f  one m et r e  f o r  t h e  s i g n i f i c a n t  wave  h e i gh t .

In troduction  of Power Curves

Power  Curves w i t h  reference t o  t h e  d ef ined  c o m b i n a t i o n s  o f  s i g n i f i c a n t  wa ve  h e i g h t  Hs and 

average wave per iod Tz are i n t r o d u c e d  t o  f u r t h e r  s i m p l i f y  c o m p ar i s o ns  b e t w e en  systems and 

t o  de f ine  t h e  m a x i m u m  average p o w e r  o u t p u t  f r o m  t h e  systems.

In o r de r  t o  p resen t  a p o w e r  curve a n u m b e r  o f  sea s tates w i t h  a spec i f i c  r e l a t i o n  b e t w e en  Hs 

and Tz is req u i re d.  Tz is chosen as t h e  c e n t ra l  e s t i m a t e  w i t h i n  each i n t e r v a l  o f  Hs. For t h e  

Danish p ar t  o f  t h e  N o r t h  Sea a l i n ea r  r e l a t i on s h i p  has been f o u n d  in t h e  f o r m :

Tz = Hs * [ s /m ]  + B [s]

This mea ns  t h a t  i f  t h e  s i g n i f i c a n t  wa ve  h e i g h t  is l  m e t e r  t h e n  t h e  average wa ve  per iod is 4 

seconds,  h o we v e r  at  o t h e r  l o ca t io n s  ( i .e.  w h e r e  s we l l  is d o m i n a t i n g )  t h e  average wave p e r i ­

od m i g h t  be l o n g e r  f o r  t h e  same s i g n i f i c a n t  wave  h e i g h t .



A nnual energy production , E

From t h e  r eference s ca t t e r  d i a g ra m  t h e  a n n u a l  d i s t r i b u t i o n  o f  sea s tates can be expressed 

o n ly  in t e r m s  o f  Hs assoc ia ted w i t h  t h e  c e n t r a l  e s t i m a t e  o f  t h e  p er i od .  The a n n u a l  e n er gy  p r o ­

d uc t i o n  can be c a l c u l a t e d  c o m b i n i n g  t h e  p o w e r  curve and t h e  wa ve  d i s t r i b u t i o n .  The p o w e r  

curve is r e l a t ed  t o  a spec i f i c  device des ign and t h i s  des ign f o r m s  t h e  basis f o r  t h e  e s t i m a t i o n  

o f  t h e  w e i g h t  o f  c o n s t r u c t i o n .

Rated Power, P

Rated power  P is def ined as t he  average absorbed power  in sea state Hs = 5m over a per iod of  20 

minut es  (in f u l l  scale). This def in i t ion  is chosen fo r  comparat i ve  reasons and t he  ac t ual  generator  

m i g h t  in some cases be larger  in order  to  cope w i t h  peak power  depending on the storage opt ions.

C apita l cost, K

The system des ign assoc ia ted w i t h  t h e  p o w e r  curve has a s t r u c t u r a l  w e i g h t  and in f u l l  scale 

i t  w i l l  be b u i l t  t y p i c a l l y  in s tee l  or  con cr e t e .  This can be expressed in t e r m s  o f  cost ,  p r ov ided 

t h a t  we agree on u n i t  costs r e f l ec t i ng  r ea l i t y  as a p r e l i m i n a r y  assessment .  Depend i ng  on t h e  

stage of  d eve l opment  t he s t ruc tura l  design of  the ful l -scale st ructure can be more or less accurate.  

To p rov ide  a basic idea o f  t h e  cost  o f  t h e  spec i f i c  device des ign ,  t h e  w e i g h t  and m at e r i a l s  

i nc l uded in t h e  s t r u c t u r a l  des ign are c o m b i n e d  w i t h  s t an da rd ise d u n i t  costs.

Com parative figures

These f ig u re s  are u se f ul  in o r de r  t o  e s t ab l i sh  a c o m p a r a b l e  and s y s t e ma t ic  p re s e n t a t i o n  of  

t h e  resul ts  in t h e  f o r m  of:

> K/E " En er gy  cost "

> K/ P Cost per  kW r ated p o w e r

> E/P Ful l  load hours  per  year  □

Steel construction  o f the  Prototype Wave Dragon ready fo r deploym ent 

(Courtesy o f SPOK)
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5 F U T U R E  PR OJ E C T S

The f o l l o w i n g  p r op os a l  f o r  f u r t h e r  Annexes have been discussed in t h e  3 rd Execut ive 

C o m m i t t e e  M e e t i n g  in B r i g t h o n ,  31 Oc t ob er  2002 .

1 > P o w e r  Take-Of f  E q u i p m e n t

W i t h  a g e ne ra l  f ocus on p o we r- t ak e- o f f  sys tems i n c o r p o r a t i n g  a r ev i ew of  

w a ve - e n e r g y  e x t ra c t i ng  sys tems ( hyd ra u l i c ,  p n e u m a t i c ,  m ec h a n i c a l ,  e lec t r i  

cal  con ve r t e r s) .

2 > M a r k e t  F ac i l i t a t i o n

Analysis o f  t h e  t ech ni ca l ,  m ar k e t  and pol i cy barr iers to  t h e  c o mm er c i a l i za t i on  

and b road u p t ak e  o f  Ocean Ener gy  Sys t ems and r e c o m m e n d  s t r a t e g i e s  t o  

o ve rc om e t h e  bar r ie rs .  □
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