
lEA I OES
Ocean Energy Systems

A N N U A L  R E P O R T  > 2 0 0 4
IN T E R N A C IO N A L ENERGY AGENCY IM P L E M E N T IN G  AGREEMENT ON OCEAN ENERGY SYSTEMS





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

A N N U A L  R E P O R T  > 2 0 0 4
I M P L E M E N T I N G  A G R E E M E N T  O N  O C E A N  E N E R G Y  S Y S T E M S



P ub lished  by 

A c tin g  E d ito r 

D esigned by 

C irc u la t io n  

P rin te d  by

IEA-OES E xecu tive  C om m itte e  

IEA-OES

2 &  3 D Design e P roduçâo , Ltd

500 e xem p la rs

T a lig ra f



C O N T E N T S

FOREWORD 4
1. THE IM P LE M E N TIN G  AGREEMENT ON OCEAN ENERGY SYSTEMS

l . i  In troduction  

1.2 P artic ipa ting  Countries

1.3 IEA-OES Objectives 

1.4 IEA-OES Work Programme

2. THE EXECUTIVE COM M ITTEE IO

2.1 M eetings IO

2.2 Changes in ExCo m em bership and New Members 11
2.3 Fund A dm in is tra tion  12

3 . AN NEX I ACTIVITIES

3.1 Events organized by the  IEA-OES 13
3.1.1 Open Session on N ationa l ac tiv ities  on the  IA-OES M em ber countries

3.1.2 Expert M eeting on "Grid In teg ra tion  o f Ocean Energy Systems". 15
3.2 P artic ipa tion  in re levant Conferences and Workshops 16

3.3 Prom otion and Com m unication 17
3.3-1 IEA-OES N ew slette r 17

3.3.2 Website 1 9

3.3.3 The IEAOPEN Energy Technology Bu lle tin  1 9

4. ANNEX II ACTIVITIES 2 0

5. RESEARCH AND TECHNOLOGICAL DEVELOPMENT FOR OCEAN ENERGY SYSTEM 22

5.1 Current Technology Status 22
5.2 Research and Development (Past, Present and Future) 2 4

5.2.1 Wave energy systems 3 0

5.2.2 Tidal Stream Current Systems 33
5.2.3 S a lin ity  G radient 35

5.2.4 Ocean Therm al Energy Conversion 3 6

5.3 Costs and benefits o f  a d d itio na l R&D 37
6. NATIONAL POLICIES 3 8

6.1 European Commission 3 8

6.2 Canada 4 0

6.3 Denmark 44
6.4 Ireland 45

6.5 Ita ly  4 6

6.6 Portugal 47
6.7 United Kingdom 4 8

6.8 United States o f America 52
EXCO M EM BERS AND ALTERNATES 54



F O R E W O R D

by Teresa Pontes

2 0 0 4  C h a i r  o f  t h e  I EA-OES

Teresa Pontes, Chair 2004

IEA-OES _ Ocean Energy Systems Executive Com m ittee

In 2004 progress to w a rd s  m a rk e t  d e p lo y m e n t  o f  wave  e n e rg y  and m a r in e  cu r re n ts  en e rg y  t e c h ­

no lo g ie s  c o n t in u e d  to  be w i tn e s s e d .  I m p o r ta n t  a ch ie v e m e n ts  w ere  th e  sea te s ts  o f  t h e  f i r s t  

th re e  o f fsho re  p ro to ty p e s .  These are th e  750kW Pe lam is  in S co t la n d ,  th e  l M W  AWS p ro to ty p e  

o f f  n o r th e rn  P o r tu g a l  and th e  1 :4.5 scaled Wave Dragon p ro to ty p e  te s ts  in D enm ark  t h a t  had 

s ta r te d  d u r in g  th e  p rev ious  year. In A u s t ra l ia  th e  p re p a ra t io n  fo r  th e  d e p lo y m e n t  o f  t h e  n ea r ­

shore p a ra b o l ic -w a l l  o s c i l la t in g -w a te r - c o lu m n  in Por t  Kembla  app roached  th e  end, its  d e p lo y ­

m e n t  be ing  p la n n ed  fo r  2005. D e m o n s t ra t io n  o f  m a r in e  c u r re n t  tu rb in e s  c o n t in u e d .  In th e  UK 

th e  b o t to m - f ix e d  h o r iz o n ta l  axis S ea f low  300 kW t u rb in e  pu rsued  te s ts  in N o r th  Devon as w e l l  as 

th e  re c ip ro c a t in g  w in g  St r ing  ray. In I ta ly  th e  t e s t in g  o f  th e  130 kW ENERMAR v e r t i c a l  axis tu rb in e  

in th e  S t ra ig h t  o f  M ess ina  c o n t in u e d  p ro v id in g  f u r t h e r  d e v e lo p m e n t .  Except fo r  th e  S t ingray ,  

th e  resu l ts  o f  t h e  above te s ts  gave th e  deve lope rs  reasons to  p lan s ta r t in g  soon p re -c o m m e r ­

c ia l  a c t iv i ty ,  hav ing  in v ie w  to  app roach  c o m p e t i t i v e n e s s  w i t h  e le c t r i c i t y  p ro d u c t io n  f ro m  o th e r  

ren e w a b le  e n e rg y  sources such as w in d .

In a d d i t io n  to  th e  d e m o n s t ra t io n  o f  th e  above systems t h a t  has been w id e ly  p u b l ic iz e d ,  d e v e l ­

o p m e n t  o f  o th e r  wave ene rgy  and m a r in e  c u r re n t  e n e rg y  devices is ta k in g  p lace in severa l 

c o u n tr ie s ,  in some cases reach ing  even th e  sea t e s t in g  o f  p ro to ty p e s .  It  is t h e n  expec ted  t h a t  

in fo rm a t io n  on these  new  te c h n o lo g ie s  w i l l  s ta r t  t o  be d is s e m in a te d  in th e  near te rm .

As a consequence  o f  th e  r ise o f  o i l  and gas pr ices, th e  in c reas ing  s igna ls  o f  c l im a te  change  due 

to  CO2 em iss ions  and th e  progress o f  wave and m a r in e  c u r re n t  e n e rg y  te c h n o lo g ie s ,  la rge  c o m ­

pan ies and fu n d in g  in s t i t u t io n s  are s ta r t in g  to  be a t te n t i v e  and inves t in these  te c h n o lo g ie s .  

This is a change  f ro m  prev ious  years w h e n  th e  le a d in g  ro le  o f  th e  in d u s t r ia l  d e v e lo p m e n t  was
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ta ke n  by SMEs. R ecent ly  g o v e rn m e n ts ,  n a m e ly  th e  UK a t  n a t io n a l  and re g io n a l  levels , res ta r te d  

to  set up po l ic ies  and m easures  to  s u p p o r t  t e c h n o lo g y  d e v e lo p m e n t  and m a rk e t  c re a t io n  w h ich  

had n o t  happened  s ince th e  ea r ly  phase o f  wave  ene rgy  R&D in th e  1970s and ea r ly  1980s.

M o s t  o f  wave ene rgy  and m a r in e  c u r re n t  e n e rg y  d e v e lo p m e n t  is be ing  p e r fo rm e d  in Europe 

w h ic h  is p a r t l y  a re s u l t  o f  th e  fu n d in g  and c o -o rd in a t io n  by th e  European C om m iss ion .  However,  

d e v e lo p m e n t  also takes  p lace e lsew he re  n a m e ly  in Asia and in N o r th  and S outh  A m erica  in a d d i ­

t io n  to  A u s t ra l ia .

The oceans c o n ta in  e n e rg y  f ro m  sources o th e r  th a n  w in d -g e n e ra te d  waves and m a r in e  c u r re n ts .  

The m os t  deve loped  te c h n o lo g ie s  concern  t id e s  and ocean t h e r m a l  v e r t i c a l  g ra d ie n t .  The t i d a l  

en e rg y  resource  is m apped  and th e  te c h n o lo g y  is cons ide red  m a tu re  s ince in France th e  La Ranee 

240 M W  t id a l  p o w e r  p la n t  in N o rm a n d y  becam e o p e ra t io n a l  in 1968, and tw o  s m a l le r  schemes 

ope ra te  in Canada and Russia. There is news t h a t  in one or m ore  Asian c o u n tr ie s  th e  c o n s t ru c ­

t io n  o f  t i d a l  p la n t  is be ing  p la n n ed .  The Ocean T h e rm a l  Energy G rad ie n t  (OTEC) can be harnessed 

in t r o p ic a l  areas w h e re  th e  a n n u a l  average o f  th e  te m p e ra tu re  d i f fe re n ce  b e tw e e n  surface  and 

deep w a te r  reaches m ore  th a n  220 C. D e m o n s t ra t io n  s ta r te d  in th e  1930s by France, and c o n t in ­

ued in USA and |apan  t i l l  th e  end o f  1980s. A renew ed  in te re s t  has been a n n ou n ce d  by USA and 

|apan .  Saga U n ive rs i ty ,  th e  new  |apanese  c o n t ra c t in g  p a r ty  to  th is  Im p le m e n t in g  A g re e m e n t ,  

has been ve ry  a c t ive  in th is  te c h n o lo g y  th u s  b r in g in g  a new  ca p a c i ty  fo r  th e  IEA-OES.

I t  is th e n  w i t h  good hope t h a t  we are fa c in g  th e  nea r  f u tu re .
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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

Introduction

The I n te rn a t io n a l  Energy Agency  (IEA) was es ta b l ish ed  as an a u to n o m o u s  body  w i t h in  th e  

O rg a n is a t io n  fo r  E conom ic  C o-ope ra t ion  and D e v e lo p m e n t  (OECD) in 1974 to  im p le m e n t  an in te r ­

n a t io n a l  e n e rg y  p ro g ra m m e .

The IEA prov ides  a s t r u c tu re  fo r  in te r n a t io n a l  co -o p e ra t io n  in ene rgy  te c h n o lo g y  research and 

d e v e lo p m e n t  (R&D) and d e p lo y m e n t .  Its purpose  is to  b r ing  to g e th e r  e xpe r ts  in spec i f ic  t e c h ­

no lo g ie s  w h o  w ish  to  address c o m m o n  c h a l le n g es  jo i n t l y  and share th e  f r u i t  o f  t h e i r  e f fo r ts .

The lEA’ s p ro g ra m m e  o f  In te rn a t io n a l  Energy T echno logy  C o-ope ra t ion  inc ludes  a m echan ism  

ca l led  an “ Im p le m e n t in g  A g re e m e n t ” . There are c u r re n t ly  40 Im p le m e n t in g  A g re e m e n ts  u nder  

th e  IEA In te rn a t io n a l  Energy te c h n o lo g y  C o-ope ra t ion  F ram ew ork ,  g rouped  in th e  f o l lo w in g  

do m a in s :

> Fossil Fuels

> R e n e w a b le  Energ ies  and  H y d ro g e n

> End-use Techno log ies  (B u i ld in g s ,  In d u s t r y  and T ranspo r t )

> Fusion Power

> C ross-sec t iona l a c t iv i t ie s

N ine  IEA Im p le m e n t in g  A g re e m e n ts  cover th e  broad sp e c t ru m  o f  ren e w a b le  e n e rg y  te c h n o lo g ie s :

> B ioene rgy  > G e o th e rm a l

> H yd rogen  > H y d ro p o w e r

> Ocean Energy  S ys tem s > P h o to v o l ta ic  Power Systems

> Solar  H e a t in g  and Coo l ing  > SolarPACES

> W ind  Energy Systems



Participating Countries

The IEA-OES was s ta r te d  in 2001 by D enm ark ,  P o r tu g a l  and th e  UK. I re land  and |apan jo in e d  in 

20 02  and Canada and th e  European C om m iss ion  jo in e d  in ea r ly  2003. Dur ing  2004 th e  f o l lo w in g  

c o u n tr ie s  and de s ig n a te d  e n t i t ie s  w ere :

C ontracting  Parties

ENTITY COUNTRY

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

SAGA UNIVERSITY(l) JAPAN

INSTITUTO NACIONAL DE ENGENHARIA TECNOLOGIA E INOVAÇÀO I.P. (1NETI) PORTUGAL

DEPARTMENT OF TRADE AND INDUSTRY (DTI) UNITED KINGDOM

In te re s t  in inc reas ing  IEA-OES p a r t i c ip a t io n  is be ing  e n c o u ra g e d ,  and p ro sp e c t ive  m em b e rs  have 

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

jo in  th e  Im p le m e n t in g  A g re e m e n t  in 2004 and is expec ted  to  c o m p le te  th e  process o f  s ign ing  

th e  A g re e m e n t  in 2005.

1.2

Table l  | Contracting Parties to  the  Agreem ent IEA-OES (sta tus: end 2004)

(1) JAMSTEC, the in it ia l contracting party from Japan, w ithdrew  from the IA-OES during 2004, and the process o f change 

o f contracting party to  IOES - Saga University was begun.
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1.3 IEA-OES Objectives
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This Im p le m e n t in g  A g re e m e n t  was e s ta b l ish ed  w i t h  th e  m iss io n  o f  e n h a n c in g  in te rn a t io n a l  

c o l la b o ra t io n  to  make ocean e n e rg y  te c h n o lo g ie s  a s ig n i f i c a n t  en e rg y  o p t io n  in th e  m id - te rm  

fu tu re .  T h ro u g h  th e  p ro m o t io n  o f  research , d e v e lo p m e n t ,  d e m o n s t ra t io n  and in fo rm a t io n  

exchange  and d is s e m in a t io n ,  t h e  A g re e m e n t ’ s o b je c t iv e  is to  lead to  s ig n i f ic a n t  d e p lo y m e n t  and 

c o m m e rc ia l iz a t io n  o f  ocean e n e rg y  te c h n o lo g ie s .

The p re se n t  w o rk  p ro g ra m m e  focuses on ocean waves and m a r in e  c u r re n ts  w h ic h  are th e  ocean 

ene rgy  te c h n o  log ies  t h a t  have been th e  o b je c t  o f  th e  s t ro n g e s t  R&D and d e m o n s t ra t io n  e f fo r t  in 

th e  las t  f i f t e e n  years and are cons ide red  to  p re se n t  th e  best p rospec ts  fo r  c o m p e t i t i v e  d e p lo y ­

m e n t  in th e  sho rt-  to  m e d iu m - te rm .

The s t r a te g y  o f  th e  IEA Ocean Energy Systems Im p le m e n t in g  A g re e m e n t  P ro g ra m m e  is based on 

th e  f o l l o w in g  o b jec t ives :

> To a c t iv e ly  enco u ra g e  and s u p p o r t  t h e  d e v e lo p m e n t  o f  n e tw o rk s  o f  p a r t ic ip a n ts  invo lved  in 

research , d e v e lo p m e n t ,  d e m o n s t ra t io n ,  p ro to ty p e  te s t in g  and d e p lo y m e n t ,  and to  p rov ide  fo r  

th e  e f fe c t ive  exchange  o f  i n fo rm a t io n  on ocean energy.

> To p ro m o te  th e  d e v e lo p m e n t  and u t i l i s a t io n  o f  te c h n o lo g ie s  fo r  enhanced  su s ta in a b le  ene rgy  

p ro d u c t io n  f ro m  th e  ocean.

> To p ro m o te  th e  in v o lv e m e n t  o f  in d u s t ry  and u t i l i t i e s  in th e  IEA Ocean Energy Systems 

P ro g ra m m e .

> To p ro m o te  in te ra c t io n s  w i t h  o th e r  g lo b a l ,  m u l t i l a t e r a l  and n a t io n a l  en e rg y  im p le m e n ta t io n  

p ro g ra m m e s .



IEA-OES Work Programme 1.4

The W o rk  P ro g ra m m e  to  be u n d e r ta k e n  by th e  C o n ta c t in g  Part ies  is e s ta b l ish ed  u n d e r  Annexes 

to  th e  Im p le m e n t in g  A g re e m e n t ,  s e t t in g  o u t  a Task and de sc r ib in g  an agreed set o f  a c t iv i t ie s  to  

be u n d e r ta k e n  by th e  p a r t ic ip a n ts  in th is  Task. The te rm s  Task and A nnex  are o f te n  used in te r ­

ch a n g e a b ly  by th is  Im p le m e n t in g  A g re e m e n t .

P a r t ic ip a n ts  in th e  IEA-OES are c u r re n t ly  w o rk in g  on tw o  c o o p e ra t ive  research Tasks:

A n n e x  I: R ev iew , E xch an g e  an d  D is s e m in a tio n  o f In fo r m a t io n  on OES

O p e ra t in g  A g e n t :  I n s t i t u to  N a c io n a l  de E ngenhar ia  Tecno log ía  e I n o v a ç io  I.P. (INETI).

The W o rk  Plan o f  A nnex  I s ta r te d  in 20 02  and was des igned  to  run fo r  a pe r iod  o f  f ive  years.

A n n e x  II:  D e v e lo p m e n t o f R e c o m m e n d e d  P ra c tic es  fo r  T e s tin g  an d  E v a lu a tin g  OES

O p e ra t in g  A g e n t :  Danish Energy A u th o r i t y ,  M in is t r y  o f  Econom ic  and Business A ffa irs  o f  D enm ark  

is d e s ig n a te d  as O p e ra t in g  A g e n t  a c t in g  th ro u g h  RAMBOLL.

The W o rk  Plan o f  A nnex  II was in i t i a l l y  des igned  fo r  tw o  years and was p ro lo n g e d  to  th re e  years 

in th e  5 th  ExCo m e e t in g .

Efforts to  expand th e  ac t iv i t ie s  in the  A g re e m e n t  have co n t in ue d  du r ing  2004. The Executive 

C o m m it tee  is cons ide r ing  a d d i t io n a l  task  proposals under  th is  Annex.

THE IMPLEMENTING AGREEMENT ON OCEAN ENERGY SYSTEMS

A n n ex  II: D e v e lo p m e n t o f R eco m m en d ed  P ractices fo r  Testing  and  
E va lu a tin g  OES
The o b j e c t i v e  o f  A n n ex  II is t o  d ev e l o p  r e c o m m e n d e d  p r ac t i c e s  f o r  t e s t i n g  and  

e v a l u a t i n g  o cean  e ne r g y  s y s t e ms  a nd ,  in t h i s  way ,  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 esu l t s .  Th i s  is d on e  by c o l l e c t i n g  and  a na l y s i ng  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 e s  and  t e s t i n g  p r oc ed u r e s .  S t a n da r d s  f o r  p r es e n t a t i o n  o f  t e c h n i ­

ca l  des i gn  and  da t a  a nd  f o r  a s s es s m en t  o f  sy s t e m p e r f o r m a n c e  are p r od uc e d .

A n n ex  I: R ev iew , Exchange an d  D is s e m in a tio n  o f In fo rm a tio n  on  OES
The o b j e c t i v e  o f  A n n e x  I is t o  c o l l a t e ,  r ev i e w  and  f a c i l i t a t e  t h e  e x ch a ng e  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 o m i c ,  e n v i r o n m e n t a l  and  

s o c i a l  a spec t s  o f  o cean  e ne r g y  s y s t e m s  w i t h  a v i e w  t o  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  co s t - e f f e c t i v e  o cean  e n e r g y  s y s t e ms  t h r o u g h  i mp r o v e d  

access t o  a va i l a b l e  i n f o r m a t i o n .

The p a r t i c i p a n t s  in t h i s  Task u p d a t e  a nd  e x c h a ng e  a n n u a l l y  i n f o r m a t i o n  on 

o cean  e ne r g y  s y s t e ms  r esear ch ,  d e v e l o p m e n t ,  d e p l o y m e n t s  and  o t h e r  a c t i v i t i e s  

o f  i n t e r e s t .  P a r t i c i p a n t s  f u r t h e r  ana l ys e  t h i s  i n f o r m a t i o n  t o  d ev e l o p  j o i n t  s u m ­

m a r y  a ss es sme n t s  o f  t r e n d s  in o cean  e ne 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 nc e n t i v e s  

a nd  r e g u l a t i o n s .



2.1

Figure i  | 6th  ExCo m eeting partic ipants  

From le ft to  right:

In front: Tony Lewis (Ire land  ExCo a lte rn a te )

K atrina Polaski (Ire land  ExCo member) 

Yasushi Tsu ritan  i (Japa n ExCo mem ber) 

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

Petter Hersle th  (N orw ay ExCo observer) 

2dn lin e : Cynthia Rudge (A ustra lia  ExCo observer)

Robert Tresher (USA ExCo observer)

Gouri Bhuyan (Canada ExCo member) 

Behind: Peter G oldm an (USA observer)

Philippe  Schild (EC ExCo mem ber)

A lla  W eiste in  (Ire land  ExCo observer) 

A n to n io  Falcäo (P o rtug a l ExCo a lte rna te )

lE AI OE S - A N N U A L  REPORT 2 0 0 4

T H E  E X E C U T I V E  C O M M I T T E E

Meetings

The w o rk  p ro g ra m  w i t h in  th e  Im p le m e n t in g  A g re e m e n t  is c o -o rd in a te d  by an Executive  

C o m m it te e  (ExCo) co n s is t in g  o f  a M e m b e r  and an A l te rn a te  M e m b e r  f ro m  each M em b e r-C o u n t ry .  

The ExCo m ee ts  tw ic e  every  yea r  to  exchange  in fo rm a t io n  on ocean ene rgy  a c t iv i t ie s ,  to  rev iew  

o n g o in g  tasks  u n d e r  th e  A g re e m e n t ,  t o  discuss new  Annexes p roposed by p a r t i c ip a n ts  and to  

approve  th e  b u d g e t  to  a d m in is te r  th e  A g re e m e n t .

The f o l lo w in g  ExCo m e e t in g s  w e re  he ld  d u r in g  th e  yea r  2004:

> 6 th EXCO MEETING IN LISBON, PORTUGAL ON FEBRUARY 26th  - 2 7 th

Twelve  p a r t ic ip a n ts  a t te n d e d  in c lu d in g  5 M em b e rs  and 7 Observers (1 f ro m  A u s t ra l ia ,  1 f ro m  

Japan, 1 f ro m  Bras i l ,  1 f ro m  N o rw a y  and 3 f ro m  USA). D enm ark  and th e  U n i te d  K ingdom  cou ld  

n o t  a t te n d  th e  m e e t in g .

> 7 th EXCO MEETING IN COPENHAGEN, DENMARK ON NOVEMBER 4 t h  - 5 th

A l l  m em b e rs  were  p resen ted  in th is  m e e t in g .  The n u m b e r  o f  p a r t ic ip a n ts  was 14, 8 M em b e rs  and 

6 Observers (1 f ro m  Japan, 1 f ro m  N orw ay,  1 f ro m  I ta ly ,  1 f ro m  UK and 2 f r o m  USA).

Dur ing  2004, Dr. Teresa Pontes f ro m  P o r tu g a l  was th e  ch a i r  o f  t h is  ExCo and M rs.  Ka tr ina  Polaski 

f ro m  Ire land  was V ice-Chair .  In th e  las t  2004 ExCo m e e t in g  M rs.  K a tr ina  Polaski was e lec ted  Chair  

fo r  2005 and Dr. Teresa Pontes was e lec ted  Vice-Chair .

The c o n ta c t  d e ta i ls  f o r  th e  ExCo m em b e rs  can be fo u n d  in A p p e n d ix  1.



A s e c re ta r ia t  assis ts th e  ExCo in p la n n in g  th e  m e e t in g s ,  ass is t ing  th e  m em bers ,  p ro v id in g  in fo r ­

m a t io n  to  th e  IEA S e c re ta r ia t  and p u b l ic  in g e n e ra l ,  u p d a t in g  th e  w e b s i te  o f  th e  IEA-OES and 

p re p a r in g  th e  a n n u a l  re p o r t ,  t h e  s e m i-a n n u a l  n e w s le t te r ,  and any o th e r  m a te r ia l  re q u i r in g  d is ­

s e m in a t io n .  The ExCo s e c re ta r ia t  is based in th e  Wave Energy Centre ,  P o r tu g a l ,  and is run  by Dr. 

Ana B r i to  M e lo .  A d m in is t ra t i v e  m a t te rs  and m a n a g e m e n t  o f  th e  c o m m o n  fu n d  o f  th e  IEA-OES are 

m anaged  by INETI.

Changes in ExCo membership and New Members

ja p a n :  jAMSTEC, th e  in i t i a l  c o n t ra c t in g  p a r ty  f ro m  ja p a n ,  has w i t h d ra w n  f r o m  th is  IA and w i l l  be 

rep laced  by IOES - Saga U n ive rs i ty .  The process o f  c h a n g ing  th e  c o n t ra c t in g  p a r ty  s ta r te d  in 2004. 

UK: Mr. Gary Shanahan  f ro m  DTI is th e  new  De lega te  rep re s e n t in g  th e  UK, rep la c in g  Mr. john  

O ve r ton .

In te re s t  f r o m  p o te n t ia l  M e m b e r  C oun tr ies  c o n t in u e d  to  be s t ron g  t h r o u g h o u t  th is  year. The USA 

has accep ted  an in v i ta t io n  to  jo in  th e  IEA-OES. Observers f ro m  I ta ly  and N o rw a y  a t te n d e d  ExCo 

m e e t in g s ,  and th e  Chair  was in c o n ta c t  w i t h  p o te n t ia l  C o n t ra c t in g  Part ies  in these  co u n tr ie s  

and in Bras i l .  In 2004, I ta ly  and N o rw a y  w e re  f o rm a l ly  in v i te d  by th e  Execu t ive  C o m m it te e  to  be 

M em b e rs  o f  th e  IEA-OES, and th e  ExCo agreed to  in v i te  Brasil .

2.2

Figure 2 | 7th ExCo m eeting partic ipants

From le ft to  right:

Yasuyuki Ikegami (Japan ExCo member) 

Keisuke Saruwatari (J a pa n ExCo observer) 

Gouri Bhuyan (Canada ExCo member) 

Tony Duffin (UK ExCo observer)

Tony Lewis (Ireland ExCo alternate) 

Kouichi Sakata (Japan ExCo observer) 

Antonio Fiorentino (Italy ExCo observer) 

Gary Shanahan (UK ExCo member) 

Stanley Calvert ( US ExCo observer) 

Teresa Pontes (Portugal ExCo member) 

Petter Hersleth (Norway ExCo observer) 

Katrina Polaski (Ireland ExCo member) 

Philippe Schild (EC ExCo member)

Jan Bünger (Denmark ExCo member)

Mike Robinson (US ExCo observer)

Ana Brito Melo (Portugal ExCo secretary) 

Kim Nielsen (Denmark ExCo alternate)

THE EXECUTIVE COMMITTEE



2.3

lEAI OES  - A N N U A L  REPORT 2 0 0 4

Fund Administration

Two m e th o d s  ex is t  fo r  f in a n c in g  Im p le m e n t in g  A g re e m e n ts :

> Cost-sha r ing :  th e  M e m b e r  C o un tr ies  c o n t r ib u te  to  a c o m m o n  fu n d  fo r  c o n d u c t in g  research 

p ro jec ts  and in fo rm a t io n  exchange .

> Task-sharing :  th e  M e m b e r  C o u n tr ie s  devo te  spec i f ied  resources and p e rso n n e l  t o  c o n d u c t  an 

agreed w o rk  p ro g ra m m e .

A l l  a c t iv i t ie s  u n d e r  th e  tw o  Annexes o f  th is  Im p le m e n t in g  A g re e m e n t  are task -shared .  M e m b e r  

C oun tr ies  share th e  cost  o f  a d m in is t r a t io n  fo r  th e  ExCo th ro u g h  a n n u a l  c o n t r ib u t io n s  to  th e  

co m m o n  fu n d .

The c o m m o n  fu n d  is m an a g e d  by INETI, P o r tu g a l .  This fu n d  su p p o r ts  th e  s e c re ta r ia t  and o th e r  

e x p e n d i tu re s  app roved  by th e  ExCo in th e  a n n u a l  b u d g e t .  These e x p e n d i tu re s  in c lu d e  th e  t ra v e l  

expenses fo r  th e  S ecre ta ry  p a r t i c ip a t io n  in th e  ExCo m e e t in g s ,  t r a v e l  expenses o f  t h e  Chair  

rep re s e n t in g  th e  IEA-OES in re le v a n t  m e e t in g s  fo r  d is s e m in a t io n  o f  th e  a c t iv i t ie s  o f  th e  IEA-OES, 

and th e  p ro d u c t io n  o f  IEA-OES p u b l ic a t io n s  in c lu d in g  th e  N e w s le t te r ,  A n n u a l  R eport  and o th e r  

m a te r ia l  fo r  d is s e m in a t io n  o f  th e  g e n e ra l  a c t iv i t ie s .

Funds ca rry  fo rw a rd  f ro m  200 2 /2 0 0 3  w e re  6 ,383 .10  Euro and t o t a l  fu n d s  rece ived in 2004 a m o u n t  

to  42000 Euros w i t h  a n n u a l  c o n t r ib u t io n  o f  7 ,000 Euro by each o f  s ix  m em b e rs  (D enm ark ,  

P o r tu g a l ,  UK, I re la n d ,  Canada and th e  European C om m iss ion ) .  To ta l  e x p e n d i tu re s  in 2004 were  

31 ,973 .17  Euro. This resu l ted  in a po s i t ive  ba lance  o f  16 ,409.93 Euro and th e  ExCo proposed to  

c rea te  a c o n t in g e n c y  reserve w i t h  th is  a m o u n t .



A N N E X  I A C T I V I T I E S

Events organized by the IEA-OES

Open Session on National activities on the IA-OES M em ber countries | 3 .1 .1

The Execu t ive  C o m m it te e  o rgan ised  an Open Session d u r in g  th e  6 th  ExCo m e e t in g  in Lisbon (26th  

February  2004) in w h ic h  th e  n a t io n a l  a c t iv i t ie s  o f  some m em b e rs  c o u n t r ie s  in th e  ocean ene rgy  

area w ere  p resen ted :

I n t e r n a t io n a l  Energy A g e n cy  -  C u r re n t  Issues

Peter Tu le j ,  IEA s e c re ta r ia t

This  p re s e n ta t io n  inc lu d e d  an o v e rv ie w  o f  t h e  o rg a n is a t io n  o f  t h e  I n te rn a t io n a l  Energy Agency 

and th e  p r in c ip a l  a im s o f  th e  Agency, th e  s t ra te g y  and m a n d a te  o f  th e  Renewab le  Energy 

W o rk in g  Par ty  (REWP) fo r  2004 -  2006, th e  im p le m e n t in g  a g re e m e n ts  s t ru c tu re ,  and p o te n t ia l  

c o l la b o ra t iv e  p rog ram s .  Inc luded  a m ong  th e  p ro jec ts  be ing deve loped  u n d e r  th e  IEA is th e  c o l ­

le c t io n  o f  s ta t i s t i c a l  in fo rm a t io n  on ren e w a b le  en e rg y  and th e  d e v e lo p m e n t  o f  a da tabase  on 

Renewab les Energy p o l ic y  rep re s e n t in g  an e x tens ive  source o f  v e r i f ie d  in fo rm a t io n  on po l ic ies  

and m easures fo r  t h e  ana lys is  o f  best  t re n d s  and p rac t ices  re g a rd in g  ren e w a b le  e n e rg y  in th e  

IEA M e m b e r  c o u n tr ie s .

3

3.1

A N N E X  I A C T IV IT IE S

OPEN SESSION ON NATIONAL ACTIVITIES
26 t h  Feb r ua r y  2004

In te r n a t io n a l  E n e rg y  A g e n c y  -  C u r re n t Issues

Pete r  Tulej  

IEA s e c r e t a r i a t

P o r tu g a l -  R&D T e c h n o lo g y

A n t o n i o  Falcâo

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

“ S u s ta in a b le  E n e rg y  S y s te m s ”  FP6 w o rk  p ro g ra m m e

Ph i l i pp e  Schi l d

De l eg a t e  M e m b e r  f r o m  t h e  EC

W a ve  E n e rg y  C e n tre

A n t o n i o  S a r m e n t ó  ( I nv i ted  s p ea ke r  )

D i r e c t o r  o f  t h e  Wave  Energy  Cen t r e  In P o r t u g a l
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P o r tu g a l  -  R&D T e c h n o lo g y

A n to n io  Falcâo, A l te rn a te  M e m b e r  f ro m  P o r tu g a l

A b r ie f  p re s e n ta t io n  c o n ce rn in g  th e  s c ie n t i f ic  and te c h n ic a l  e xp e r t ise  in P o r tu g a l  was m ade, 

w i t h  re fe rence  to  th e  m i le s to n e s  in ocean en e rg y  R&D since 1978, th e  p re se n t  s i t u a t io n  focu s in g  

on P o r tu g a l ’ s s t re n g th  in R&D and t e c h n o lo g y  d e v e lo p m e n t ,  and f i n a l l y  th e  f o r t h c o m in g  ac t ions  

in wave en e rg y  in P o r tu g a l .

“ S u s ta in a b le  Energy  S y s te m s ”  FP6 w o r k  p ro g ra m m e

P h i l ippe  Sch i ld ,  De lega te  M e m b e r  f ro m  th e  EC

The ca l l  lau n ch ed  and m anaged  by DG Research (DG RTD) was p resen ted  w i t h  p a r t i c u la r  focus  on 

th e  Expressions o f  In te re s t  (Eol) re la te d  to  S u s ta in a b le  Energy Systems, and research a c t iv i t ie s  

hav ing  an im p a c t  in th e  m e d iu m  and lo n g e r  te rm  o f  t h e  FP6 P ro g ra m m e .  The backg ro u n d  o f  th e  

S u s ta in a b le  Energy Systems W o rk  p ro g ra m m e  and th e  s t r a te g ic a l ly  im p o r t a n t  areas in w h ich  

research shou ld  be c o n c e n t ra te d  was p resen ted .

W ave  Energy  C en tre

A n to n io  S a rm e n tó ,  d i r e c to r  o f  th e  Wave Energy Centre  in P o r tu g a l  ( in v i ted  speaker)

The Wave Energy Centre ,  an in te r n a t io n a l  n o n -p ro f i t  o rg a n is a t io n  in P o r tu g a l  was p resen ted .  

The o b je c t iv e  o f  th is  re c e n t ly  fo u n d e d  a s soc ia t ion  is to  s u p p o r t  th e  d e v e lo p m e n t  and im p le m e n ­

ta t io n  o f  Ocean Wave Energy and th e  co m p a n ie s  and in s t i t u t io n s  e i th e r  a c t ive  in wave  ene rgy  

research or in te n d in g  to  p a r ta ke  in th e  fu tu re  d e v e lo p m e n t  o f  wave  e n e rg y  systems



Expert M eeting  on “Grid In tegration of Ocean Energy Systems” | 3 .1 .2

The Executive Committee of the IEA-OES organised an Expert Meeting during the 7th Exco meeting in 

Copenhagen (5th November 2005) in o rde r to  explore the issues around grid in tegration experienced by other 

renewable electrici ty generation technologies and how these may impact the development of ocean energy. 

A number o f  experts gave presentations to  an open forum th a t  included the ExCo members and members of 

the ocean energy community . The workshop provided a p latform for discussing and gathering in formation on:

> Existing knowledge and experience on technical issues, including the impact of in te rm it ten t  generation 

on grid operation, regarding grid in tegration on wind farms

> Exchange of knowledge, ideas, and experiences related to  grid in tegration of ocean energy systems.

> Technical, economic and safety issues inherent in the grid in tegration process of ocean energy

The five experts presenting included:

> Dr. Ana Estanqueiro (INETI, Portugal)

> Mr. Stanley Calvert (U.S. DOE)

> Mr. Steen Beck Nielsen (SEAS, Denmark)

> Mr. Tony Duffin (Carbon Trust, UK)

> Prof. Mark O’ Malley (University College Dublin, Ireland).

Dr. Gouri Bhuyan (Powertech Labs, Canada) acted as the rapporteur for  the workshop.

The outcomes of the workshop were summarised by the Expert Meeting Chair, Dr Ana 
Estanqueiro, as follows:

The p re sen ta tio ns  covered a w id e  range o f experiences, fro m  th e  kn ow -ho w  achieved by in te g ra t­

ing  onshore and o ffsh o re  w in d  parks in to  th e  g r id  (USA and Denm ark) as w e ll as o th e r renew ab le  

e ne rgy  sources (P o rtug a l) to  aspects o n ly  p resen t in th e  conve rs ion  o f  ocean e ne rgy  (Ire la n d ) and 

th e  econom ics and s tra te g y  to w a rd s  a " lo w  carbon  s o c ie ty ”  (U n ite d  K ingdom ).

M ost a u th o rs  agreed th a t  th e  in te g ra t io n  o f w ave  and t id a l c u rre n t energy conve rs ion  system s has a 

s tro ng  s im ila r ity  to  th e  w in d  e ne rgy  system s in te g ra t io n , a lth o u g h  som e te c h n ic a l o p e ra tin g  charac­

te r is t ic s  o f ocean devices are u n iq u e . The s im ila r it ie s  to  w in d  e ne rgy  p o in ted  o u t w e re :

- Im pact on pow er q u a lity , such as, f lic k e r, h arm on ics, v o lta g e  d ips, e tc.

- Im pact on  system  s e cu rity  o f su pp ly  nam ely th e  e ffe c t on th e  system  re g u la tio n  and lo ca l gen ­

e ra tio n . The d is tu rbances  o f in te re s t are  th e rm a l o verloads , v o lta g e  d ro p /r is e , fre qu e ncy  c o n tro l, 

p ro te c tio n s  and tra n s ie n t s ta b il i ty  am ong o the rs .

However, and d if fe re n tly  fro m  her o ld e r s is te r, th e  w in d  energy, th e  g rid  in te g ra t io n  s tud y  o f th e  

ocean energy convers ion  system s m ay pose a w id e r range o f  p rob lem s, m a in ly  re la ted  to  the  v a r ie ty  

o f  te c h n o lo g ie s  c u rre n tly  being proposed . A lso p o in ted  o u t by some a u th o rs  was th e  lack o f m o d u la r 

dyna m ic  m odels , as w e ll as e x p e rim e n ta l d a ta  to  v a lid a te  and c a lib ra te  th e  fe w  e x is tin g  m odels.

I t  was concluded  in th is  w o rksh op  th a t  th e  sp ec ific  p rob lem s o f in te g ra t in g  ocean energy devices 

in to  th e  g rid  re q u ire  and ju s t ify  fu r th e r  and focused research on th is  issue, sp e c ia lly  on w h a t con­

cerns th e  dynam ic  beh av iou r o f th e  d if fe re n t te c h n o lo g ie s  w h e n  connected  to  th e  d is tr ib u t io n  g rid .

U n like  fo r  th e  w in d  ene rg y  secto r, i t  is n o t c le ar fo r  th e  research team s invo lved  in  th e  g rid  in te g ra ­

t io n  o f ocean conve rs ion  system s, w h a t is th e  fre qu e ncy  c o n te n t o f th e  e le c tr ic  and v o lta g e  f lu c tu a ­

t io n s  a t th e  co nn ec tio n  p o in t and th e ir  re levance to  th e  p o te n tia lly  h a rm fu l f lic k e r  em issions.

Deep in s ig h t in to  th is  g r id  im pa c t w o u ld  a lso c o n tr ib u te  to  rank th e  e x is tin g  ocean ene rgy conve r­

s ion  tech n o lo g ie s  and se lec t th e  ones w ith  a m ore p o s it iv e  c o n tr ib u t io n  fo r  th e  o v e ra ll pow er system  

o p e ra tio n .

The s torage  ca pa c ity  o f in d iv id u a l ocean ene rg y  devices, i f  any, and th e ir  poss ib le  a b il i ty  to  sm ooth  

th e  e le c tr ic  pow er p roduced  w h en  com pared  to  th e  ir re g u la r ity  o f in com in g  w aves shou ld  a lso be 

considered  as a re le va n t p a r t o f a g r id  in te g ra t io n  s tudy.

Ana E s tanque iro , INETI

A N N E X  I A C T IV IT IE S



3.2 Participation in relevant Conferences and Workshops

PARTICIPATION IN RELEVANT EVENTS

In ternational Conference for Renewable Energies 
|une 1 -4  , 2004 
Bonn, Germany

European Marine Energy Centre (EMEC)
August l o - l l ,  2004 
Orkney Islands

2004 Annual Summit of the Pacific Northwest Economic Region (PNWER) 
of North America 
July 11-14, 2004 
Victoria, Canada
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In te rn a tio n a l Conference fo r Renew able Energies

|une 1 - 4 ,  2004, Bonn, Germany

This conference addressed the fo l low ing  main themes: i) financing instruments and market development; 

ii) fo rmation of enabl ing poli t ical f ramework condit ions and iii) capacity build ing (education, research, 

networks, cooperation, etc.).

The IEA organized a side event during th is  conference to  h igh l igh t  IEA activi ties in renewables and the Imple ­

menting Agreements were encouraged to  part ic ipate in the exhib it ion. The Implementing Agreement on 

Ocean Energy Systems part ic ipated, presenting its 2003 Annual Report, the  IEA-OES Newsle tter and a poster.

W orkshop - European M a rin e  Test Centre  

European M a rin e  Energy Centre (EMEC)

August 10-11, 2004, Orkney Islands

The Chair of IEA-OES part ic ipated by invitation in the official opening of the European Marine Energy 

Centre (EMEC), located in Stromness, Orkney Islands and in the Workshop on Testing and Certi fication. In 

this  workshop the Chair made a brief presentation of the activit ies th a t  have been and are planned to be 

developed w ith in  Annex II -  Development of Recommended Practices for Testing and Evaluating Ocean 

Energy Systems. It was planned to  establish collaboration between EMEC and IEA-OES to jo in t ly  pursue 

these activities.



2004 A nnual S um m it of th e  Pacific N o rth w est Economic Region ( PNWER) o f N orth  America

July 11-14, 2004, Victoria, Canada

A special session on Ocean Energy was organized and chaired by Dr. Gouri Bhuyan, the Canadian m em ­

ber of the IEA-OES, at the 2004 Annual summ it  of the PNWER as part of the  Energy II- Emerging Tech­

nologies WG activities. Various action items, identified through the discussions held at the session, 

were approved as the Resolution 2004-8 by the PNWER Executive Commit tee. This resolution has been 

communicated to  various relevant provincial, state and federal policy makers in Canada and US.

Promotion and Communication  

IEA-OES N ew sle tter | 3 .3 . I

The IEA-OES Newsletter was f irs t  published in 2003. It contains in formation on ocean energy and 

has been w idely  distributed both w ith in  the Member Countries and at major conferences and semi­

nars. This Newsletter is a collaborative publication of the Members who provide contributions 

on planned and ongoing activit ies and programmes. The last page o f  the Newsle tter is dedicat­

ed to  in formation on relevant events on ocean energy and includes the M ember’ s contact details.

ANNEX I ACTIVITIES
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In 2004 the fo l low ing articles were included:

The S alin ity  Power project, by Ralf ja rle  Aaberg, S tatkra ft SF

This project is co-funded by the European Commission and involves the partners Statkraft SF(Norway), 

Inst itu to  de Ciencia Tecnológica de Polímeros (ICTPOL) (Portugal), SINTEF (Norway), Helsinki Uni­

versity of Technology (Finland) and Forschungszentrum GKSS (Germany). The main objective of this 

project is the development of an eff ic ient osmosis membrane th a t  is capable of transferring large 

amounts of freshwater towards an osmotic pressure gradient, producing a renewable source o f  en­

ergy th a t  can be extracted wherever freshwater from rivers and lakes meets the saltwater of the ocean.

The European M a rin e  Energy Centre, by A ndrew  M ill, EMEC

An overall description o f  the Wave Test facil ity  in Orkney was presented. EMEC is a purpose bu i l t  mult i -berth, 

grid connected test fac i l i ty  fo r  fu l l  scale wave energy converters which is expected to  add addit iona lfac i l i t ies 

to cater for t ida l  stream devices in 2006

The Ocean Energy Systems W orkshop in British Columbia

This workshop took  place on 12th March 12, 2004 w ith  the aim of exchanging in formation on the current 

state of Ocean Energy development in British Columbia and to evaluate the needs of the stakeholders in th is  

f ie ld. Dr. Gouri Bhuyan, the Canadian member o f  the IEA-OES presented the “ Global Status of Ocean Energy 

-  Renewable Energy Resources &  Status in BC” . The Workshop concluded w ith  a discussion around the eco­

nomic  potent ia l  of the  ocean energy systems for BC, the interest of individuals & organizations in support­

ing th is  sector and the main issues to  promote its development in BC and Canada. This workshop led to a 

subsequent fo rmat ion  of a nat ional organization called “ Ocean Renewable Energy Group (OREG)”  in Canada.



Website | 3 .3 .2

The website (www.iea-oceans.org) is a dissemination too l fo r  in formation about the IEA-OES. It also provides 

dissemination of documents among the members namely to  enable consulting agendas, minutes and other 

in ternal documents.

The website includes an overal l description o f  the Implementing Agreement, the  tasks, news and events on 

Ocean Energy, links to  other related sites and available online documents including the annual reports, Task 

publications, and newsletters. The fo l low ing reports produced under the tw o  IEA-OES annexes are public 

available on the website:

Wave and mar ine current energy -  status and research and deve lopm ent prior it ies | 2003

This report contains in formation on the technical,  economic, environmenta l and social aspects of ocean 

energy systems (wave and t ida l  currents), a list of nat ional and regional R&D programmes on a global level 

(considering resource, funding, activit ies and status), and a presentation of Ocean Energy System R&D prior i­

ties w i th  special focus on generic research.

Development o f  recommended practices fo r  test ing  and evaluating ocean energy systems | 2003 

In addit ion to  providing an overview of testing faci lit ies in Member Countries where experiments 

of wave and marine currents energy systems can be carried out, th is  report provides guidelines 

for  standards for  scale model testing, presentation of results, and preliminary costs assessment.

The IEA OPEN Energy Technology Bulletin | 3 .3 .3

Dissemination of publications by the IEA-OES is also made th rough The IEA OPEN Energy Technology Bulletin 

(h t tp : / /sp ide r . iea .o rg / im pagr/c ip / index .h tm ). This newsle tter disseminates the activit ies w i th in  the lEA’ s 

energy technology and R&D community.

A N N E X  I A C T IV IT IE S
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A N N E X  II A C T I V I T I ES

T e s tin g  an d  E v a lu a tio n  G u id e lin e s

By Kim N ie ls e n , O p e ra tin g  A g e n t o f A n n e x  II

Ocean en e rg y  systems are a t  th e  research and d e v e lo p m e n t  and p re -c o m m e rc ia l  d e m o n s t ra t io n  

stage  o f  t e c h n o lo g y  d e v e lo p m e n t .  A m a jo r  ch a l le n g e  to  deve lope rs  and th o se  s u p p o r t in g  d e v e l ­

o p m e n t  in th is  area is t h a t  th e re  are a n u m b e r  o f  d i f f e re n t  resource  typ e s  w i t h in  ocean ene rgy  

systems ( in c lu d in g  waves, t id e s ,  t i d a l  c u r re n ts ,  s a l in i t y  and t h e r m a l  d i f fe re n t ia ls )  and severa l 

d i f f e re n t  app roaches  to  e x t ra c t in g  e n e rg y  f ro m  each resource  ty p e .  This  lack o f  convergence  

crea tes d i f f i c u l t y  in c o m p a r in g  systems as th e  u n d e r ly in g  a ssu m p t io n s  w i t h  respec t to  p o w e r  

p ro d u c t io n ,  g e n e ra to r  ca p a c i ty  and cos t  s ta te m e n ts  are based on ve ry  d i f f e re n t  a s su m p t io n s .

A nnex  II o f  th e  IEA OES a t te m p ts  to  address th is  issue by p ro v id in g  g u id e l in e s ,  w i t h  th e  in te n t  

to  lay th e  g ro u n d w o rk  fo r  t h e  fu tu re  e s ta b l i s h m e n t  o f  s ta n da rd s ,  f o r  t h e o r e t i c a l ,  m o d e l  and p ro ­

to ty p e  t e s t in g ,  p re l im in a ry  cos t  assessments ,  and th e  p re s e n ta t io n  o f  resu l ts .  The 2003 re p o r t ,  

D e v e lo p m e n t  o f  R ecom m ended  Pract ices fo r  Test ing and E va lua t ing  Ocean Energy Systems, is th e  

f i r s t  o u t p u t  f ro m  th e  Annex .

The f i r s t  sec t ion  o f  th e  r e p o r t  p rov ides  an o v e rv ie w  o f  m o d e l  t e s t in g  fa c i l i t i e s  c u r re n t l y  ava i la b le  

in a n u m b e r  o f  m e m b e r  c o u n t  ries to  th e  Im p le m e n t in g  A g re e m e n t  and o th e r  Euro pean c o u n tr ie s .  

The d e s c r ip t io n s  o f  fa c i l i t i e s  are p rov ided  on a c o n s is te n t  basis fo r  c o m p a ra b i l i t y ,  in c lu d in g  c o n ­

s is te n t  m e a s u re m e n ts  of:

> wave  t a n k  d im en s io n s

> wave  p ro d u c t io n  c a p a b i l i t y  (ie. Size, speed and d im en s io n s )

> and c u r re n t  p ro d u c t io n  c a p a b i l i ty .



G u ide l ines  fo r  th e  d e s c r ip t io n  o f  sea c o n d i t io n s  and th e  m eans o f  d e te rm in in g  th e  ene rgy  

ava i la b le  in a g iven  sea c o n d i t io n  are p rov ided  in sec t ion  tw o  o f  t h e  re p o r t .  R ecom m ended  

e x p e r im e n ts  fo r  t e s t in g  wave  p o w e r  co n ve r te rs  inc lu d e  a n u m b e r  o f  reco m m e n d e d  wave 

s p e c t ru m  to  in v e s t ig a te  th e  s e n s i t iv i t ie s  o f  a device c o n c e p t  to  sp e c t ra l  shapes, w ave p e r i ­

ods, and d i r e c t io n a l  sp read ing  as w e l l  as s u rv i v a b i l i t y  in e x t re m e  sea s ta tes .  M e th o d s  fo r  

m ea su r in g  absorbed p o w e r  on a n u m b e r  o f  wave p o w e r  co n ve r te rs  are a lso in c lu d e d .  Results 

p re s e n ta t io n  and p e r fo rm a n c e  assessm en t g u id e l in e s  are reco m m e n d e d  in f u r t h e r  sec t ions  

to  th e  re p o r t .

The a n n ex  II p a r t  2 w i l l  lo o k  a t  d i f f e re n t  aspects  o f  p ro to ty p e  te s t in g  such as

> Ocean based t e s t  s i tes fo r  Ocean Energy Systems.

> D e f in i t io n  o f  p ro to ty p e  scales and t e s t in g  c o n d i t io n s

> Power Take-o f f  system (PTO) t e s t in g  and o p e ra t io n .

> C o n t ro l  systems

> In s ta l la t i o n  m e th o d s

> M e th o d s  o f  o p e ra t io n  fo r  insp e c t io ns .

> Grid c o n n e c t io n

> M o n i to r in g

> Data p re s e n ta t io n  and e v a lu a t io n

> Cost o f  p ro to ty p e  te s t in g

The a n n ex  w i l l  c o l la te ,  ana lyse  and p re se n t  in fo rm a t io n  f ro m  e x is t in g  te s t  s ites w i t h in  th e  

IEA OES m e m b e r  g ro u p  and Ocean Energy Systems be ing  deve loped  to  a p ro to ty p e  scale.

A N N E X  II A C T IV IT IE S
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RESEARCH A N D TECHNOLOGI CAL  DEVEL OPMEN T FOR OCEAN ENERGY S YST EM*

by Philippe Schild

Delegate member from EC (in 2004)

*This document was prepared for submission to  the IEA Secretariat as background information for a one day seminar on R&D Priorities 

involving the Implementing Agreements for renewable energy and hydrogen which took place in March 2005.

The technologies to extract energy from the many ocean resources are early stage in comparison w ith  other 

renewable energies. Investment in ocean energy R&D has been a small  fraction o f  the to ta l  renewable R&D 

budget in the OECD for the past 30 years. The resource, however, is theoret ica l ly  much greater than world  

energy demand.

In the near te rm , ocean energy technologies w i l l  continue prototype deployment and invest igation o f  m u l t i ­

device large scale deployments. In the medium te rm , these technologies may become a signif icant con­

t r ibu to r  to  those markets adjacent to the most accessible resource. In the longer te rm , when hydrocarbon 

scarcity becomes an increasing constrain t and new forms of energy transmission are justif ied, ocean energy 

could become a much more im por tan t part  of the  w or ld ’ s energy port folio .

Current Technology Status

There is no commercia lly leading ocean energy conversion techno logy at the present t im e. Nevertheless, 

there are commercia lly  operated power installations.



Ocean energy sources are classed into five principal categories: wave, t ida l,  marine current, the rm a l gradi­

ent and salin ity gradient. Waves result f rom the action of the wind on the surface o f  the ocean. Tidal energy 

occurs mainly from the action of the moon’ s gravita t ional f ie ld . Marine currents are induced by the the rm a l 

and salinity gradient in addit ion to the t ida l effect. Thermal gradient uses the temperature difference be­

tween surface water heated by solar radiation and the cold deep water. Salin ity gradient utilises the pres­

sure difference arising between fresh water and sea water.

There are only three t ida l  barrages around the world  operated as a commercia l power plant, amounting to 

a wor ldw ide to ta l  of 26oMWe of installed capacity. Currently tw o  wave power installa t ions are operated as 

commercial-test ing installations, cumula t ing around 750kWe of peak power. Tidal current systems, OTEC 

installa t ions and salinity gradient concepts have been only test prototypes.

As there are no purely commercia l ocean energy plants operating (aside from t ida l  barrage in which there 

is currently  limited interest in fu ture  development),  learning curves and cost figures do not rest on existing 

experience, but on estimates. For example, wave energy systems have seen tw e n ty  years o f  slow devel­

opment. Three studies, summarised in the f ina l report of the European Wave Energy Thematic  Network , 

showed th a t  estimated electric i ty  cost for  oscillating water  columns have decreased in the 20 year period by 

a factor of 4, from 0.40C/kWh to  O .ioC/kW h. These estimates assume bulk production o f  components and 

perfect power p lant behaviour th a t  have sti ll to  be obtained. Available estimates of potent ia l  power costs 

for  energy from offshore wave devices are in the range of 0.08 - O .u C /k W h 1 , however it should be noted 

th a t  these estimates are not current. More recent est imates of potent ia l  costs for  t ida l  and marine current 

energy put prices in the range 0.045 - 0 . i3 5 C /k W h 2

1 World Energy Council, ‘ Renewable Energy Sources: 2000-2020. Opportunities and Constraints', World Energy Council, London. 1993
2 Boud, Richard, Future Energy Solutions for DTI and IEA OES Implementing Agreement, ‘Wave and Marine Current Energy; status and 
research and development priorities', 2003 RESEARCH AND TECHNOLOGICAL DEVELOPMENT FOR OCEAN ENERGY SYSTEM
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Research and Developm ent (Past, Present and Future)

Research and technologica l development needs to be done to  bring ocean energy technologies to  maturity. 

Ocean energy systems are confronting the marine env ironment in its most energetic location, implying 

strong wave climate and /o r  strong currents and they need to fu l f i l l  the  basic economic and environmenta l 

requirements including: low cost, safety, rel iability, s implic ity and low environmenta l impact.

Tidal barrage technology has not been considered in th is  section for  tw o  reasons. Firstly, the  concept is 

based on mature hydropower components requir ing lim ited research development to adapt to the marine 

environment. Secondly, the environmenta l impact on the local ecosystems would  prevent wide spread de­

p loyment. An in-depth analysis of the three existing installa t ions would  however provide crucial in formation 

to help policy makers when developers come forward w ith  such projects.

Economic v iab ility

Economic v iab i l i ty  is essential to  attract investors and energy producers. It comes from the best compromise 

between a cheap design, a reliable design and the economic s ituation o f  a part icu la r site. Predictabi lity of 

power generation also plays a strong role. Simplicity comes from a good design th a t  brings rel iabi li ty  and 

ease of manufacture and deployment.

Lowering cost w i l l  improve the economic v iab i l i ty  and acceptabil i ty  of new emerging ocean energy techno lo ­

gies. This aim is achieved through eff ic ient design, the use o f  low cost and readily available materials and 

components, and economies of scale. Safety is a crucial issue for any device in a marine env ironment and it 

concerns both the device and all  the marine users, human and non-human. To achieve it, deployment and 

construction procedures and accident prevention systems need to be eff ic ient, reliable and safe. Reliability 

is required to reduce the requirement for  access to  the site for repairs and inspections, which w i l l  decrease 

the cost of operation.



A low  en v iron m en ta l im pact

A low env ironmenta l impact is a fundam enta l requirement to preserve the f rag i l i ty  of the marine ecosystems 

and to  be a clean energy source. All  ocean energy systems must be designed w ith  consideration of the im ­

pact of a system on its environment. Nevertheless, ocean energy devices can have a positive environmenta l 

impact. An ocean energy farm consisting of m ult ip le  devices over a specified area could create a w ild  life 

sanctuary by restr ict ing access to the site of the farm. Marine life is known also to  strive on man-made struc­

tures. Furthermore, wave energy systems could be integrated into a coastal protection opportunity.

Background in fo rm atio n

The European Wave Energy Thematic  Network, WAVENET, and the IEA Implementing Agreement on Ocean 

Energy Systems have addressed the issue of R&D needs [3,4], broadly part it ioned into non-technical and 

technical barriers th a t  w i l l  need to  be overcome. When the means to  resolve non-technical barriers are tech­

nical, the  research objectives are mentioned. The technical barriers are closely related to the ocean energy 

source and to  the concept under development. Nevertheless, synergy between devices and across ocean 

energy sources exists.

The present summary describes the synergy of the research needs, as identified in the above mentioned 

groups, for ocean energy systems in terms of non-technical barriers common to al l Ocean Energy Tech­

nologies and technical barriers for  specific technologies on Wave, Tidal Current, Salin ity and Thermal Gra­

dients.

* Contribution from EC Delegate, European Commission, Directorate General Research, B-1049 Brussels, Belgium
3 2002 WAVENET Final report
4 2002 IEA Report
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Figure 4 I Limpet power p la n t (Wavegen)

üfl
Figure 6 | SEAFLOW (Marine Current Turbines Ltd)

Figure 5 I Pico Power Plant, Azores, Portugal
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Non-Technical Barriers

Non-technical barriers are hurdles put in f ron t  o f  emergent technologies th a t  w i l l  slow or even prevent the ir  

maturity. Lack of knowledge and understanding can prevent local authorit ies from giving permits for the 

installat ion of prototypes. Uncertainties around power generation in terms of power qual i ty  and availabili ty 

can hold up a perm it to generate electrici ty. Lack of knowledge on device behaviour predict ions can create 

dif f icult ies in f inancing a project. Diff iculties in comparing dif ferent systems can give concern to  power 

dis tributors on which systems best f its the ir  needs. Unidentif ied environmenta l impacts before deployment 

can be a barrier to technology development. These concerns are of interest to  all  the  stakeholders in a tech­

nology and as such are topics for  common research activities. The research areas th a t  w i l l  address common 

barriers can be classified as resource assessments, energy production forecast ing, simula tion tools, test and 

measurement standards and the environmenta l impact.

Resource p o ten tia l assessment

Resource potent ia l  assessment needs to be refined and extended. Resource assessment provides in formation 

about how much energy is available and where i t  is accessible and is the f irst step in enabling decision-mak­

ing for device developers, deployment project sponsors, and policymakers. Past estimates, in 1992 for  wave 

and t ida l  current technologies and in 1996 as a wave energy resource atlas for  Europe, have given numbers 

for  offshore applications and according to the available technologies for measurement and explo ita tion. In 

addit ion to  previous knowledge, these est imates have allowed developers to  promote devices like LIMPET, 

PICO and SEAFLOW. A number of developments during the past decade would  suggest th a t  updated resource 

assessments are now required, including:

> Measurement technologies have improved and knowledge in oceanography has deepened.

> New ocean energy concepts and devices have been also developed th a t  opened new explo itation 

possibility.



> Earth observation satelli tes have dramatically improved, enabl ing wave height and physical proper 

t ie s to  be measured w ith  increased precision.

> Weather forecasting and climate change models have also improved th a t  could simula te patterns in 

wave generation and in currents behaviours.

New ocean energy concepts and devices have been developed th a t  have opened new explo itation possibility. 

They require more detailed knowledge of the waves and t ida l  currents. They need access to a database or an 

atlas showing energy available and including the fo l low ing:

> Wave energy or current speed depending o f  the device,

> Grid connection available,

> Harbour faci lit ies available,

> Presence o f  natural reserves or of restricted areas,

> Status o f  the access to  the site.

A new methodology may need to be defined to adapt to  the available current databases. New expertise may 

be needed to  complement an existing knowledge focused on energy. Such databases have started to  be 

compiled at nat ional level and should be developed on a regional basis. The scope and the universality of 

the assessment w i l l  be l im ited only by the ambit ion and the resources put together.

Energy production forecasting and design s im ulation  tools

Energy production forecasting and design simula tion tools are closely related and needed by device develop­

ers, electric i ty system operators and investors. While a device developer knows in tu it ive ly  how his concept 

should behave in real sea condit ions, he needs nevertheless to provide data on energy production to rel­

evant stakeholders th a t  w i l l  predict w ith  confidence the device interaction w ith  the marine environment.
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Sim ulation and predictive too ls  should be designed and certified  so th a t investors, e lec tric ity  suppliers, 

e lec tric ity  system operators and insurance brokers can take reasonable decisions.

Test and m easu rem ent standards

Test and m easurem ent standards are essential fo r the  fu tu re  dep loym ent o f and prospects fo r ocean energy 

systems. These standards are com plem entary to  the  previous top ic . They w ill provide to  a ll the  stakeholders 

a means by which comparisons between systems can be made and decisions on which concept best fits  a 

pa rticu la r developm ent to  be taken. Such standards need to  be valid across technologies and independent 

o f site tes ting , however w ill need to  be specific fo r pa rticu la r resource types, fo r instance wave w ill require 

a d iffe ren t set o f standards from  tid a l. The standards w ill need to  be clearly defined fo r lay-persons to  under­

stand and choose the  system best suited to  th e ir  needs.

Environm ental im pacts

Environm ental impacts, contrary to  comm on understanding, are not lim ited  to  the  im pact o f systems on the 

environm ent, bu t also from  the  environm ent to  the  systems. This dua lity  is very specific to  ocean energy sys­

tem s where the  m arine environm ent has a strong influence on the  device design and performance (a s im ilar 

im pact is seen in sh ipbu ild ing design). As was the  case in the  previous top ic , d iffe ren t techno logy areas w ill 

require specific techno log ica l so lutions. Nevertheless the  study o f these impacts could be undertaken in a 

g loba l analysis. For example, impacts from  the  m arine environm ent can be m arine g row th , like algae and 

shells, or seabirds nesting or im pact o f corrosion or sedim entation  flo w  on the  devices. On the  o ther hand, 

impacts to  the  marine environm ent could be o il leakage from  engines or noise from  power take-o ff systems 

or debris from  sunken devices. Both aspects are in te rtw ined  and w ill have an im pact on system design.



Arrays or farm s of Ocean Energy Systems

The u n it size o f a wave energy device, no more than  a few  m egawatts, w il l lead to  the  consideration o f op­

erating in arrays o f systems or farm s in order to  achieve economies o f scale, as is the  case fo r w ind energy. 

The im pact o f un it in te raction  on power generation effic iency and quality, the  im pact o f large-scale energy 

extraction on the  environm ent and the  po ten tia l benefits o f scale economies should be addressed and docu­

m ented.

Dual-purpose plants

Dual-purpose ocean energy plants are a longer te rm  means to  decrease costs and im prove the  econom ic 

v ia b ility  o f ocean energy systems. The incorporation o f a wave concept in to  a breakwater w ill reduce costs 

by using the wave breaker as a supporting structure  fo r the  wave energy device (and possibly requiring less 

m ate ria l fo r the  breakwater). The incorpora tion  o f a wave concept w ith  an offshore w ind tu rb in e  could re­

duce cost th rough  the  use o f the  same high power cable to  the  shore and increased production capacity on 

a typ ica l site. Prelim inary techn ica l and econom ic assessments, fo llow ed w ith  scaled prototype tes ting , are 

needed to  fu rth e r these innovative crosscutting concepts.

Technical Barriers

Technical barriers are techn ica l hurdles th a t need to  be solved by research activ ities to  bring a concept to  its 

fu ll po ten tia l. Every concept has its own lis t o f specific techn ica l barriers. Nevertheless, there  are common 

denom inators among s im ila r types o f concepts. For s im p lifica tion  these barriers w ill be categorized in to  

techno logy areas: wave, tid a l stream, OTEC and sa lin ity  gradient. Some cross-cutting aspects w ill be also 

h igh ligh ted .
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5.2.1 I Wave energy systems

W ave e n e rg y  system s are d iv id e d  in to  tw o  m a in  c a te g o r ie s , f ix e d  devices and f lo a t in g  dev ices.

A f ix e d  device  has a so lid  fo u n d a t io n .  Th is  fo u n d a t io n  can be in c o rp o ra te d  e ith e r  in th e  c o a s tlin e , 

in a b re a k w a te r s tru c tu re , o r on an o ffsh o re  p la tfo rm  th a t  is fix e d  on th e  se a flo o r. N ow adays th e  

m o s t advanced  co n ce p ts  are in s ta lle d  on th e  s h o re lin e . A f lo a t in g  dev ice  is a c o m p le te ly  f lo a t ­

ing s tru c tu re ,  like  a sh ip , th a t  can be lin ke d  to  th e  shore  v ia  a h igh  v o lta g e  p o w e r c a b le . Such a 

dev ice  is ke p t in p o s it io n  e ith e r  w ith  a m o o r in g  system  o r w ith  m o to rs .

W ith in  each g ro u p  th e re  is a range  o f w ave e n e rg y  te c h n o lo g ie s  u n d e r d e v e lo p m e n t and because 

th e ir  s p e c if ic it ie s  are so w id e  ra n g in g , d e fin in g  R&D needs w o u ld  lead to  a la rge  lis t  o f s m a ll 

d e ta ils  im p o r ta n t  fo r  each c o n c e p t. H ow ever, in th e  s u m m a ry  th e  co m m o n  conce rn s  and needs, 

like  w ave  b e h a v io u r and h yd ro d y n a m ic s  o f w ave a b s o rp t io n , s tru c tu re  and h u ll des ign  m e th o d , 

m o o r in g , p o w e r ta k e -o ff  sys tem s and d e p lo y m e n t m e th o d s  are b r ie f ly  d e scribed  be low .

W a v e  b e h a v io u r  an d  h y d ro d y n a m ic s  o f w a v e  a b s o rp t io n

Basic k n o w le d g e  on s u b je c ts , such as w ave b e h a v io u r and h yd ro d y n a m ic s  o f  w ave a b s o rp tio n , 

is needed to  a llo w  e n g in e e rs  to  des ign  th e  best dev ice  fo r  a s p e c ific  c o n c e p t. For e xa m p le , o n ly  

deep w a te r  w ave c lim a te  is g e n e ra lly  know n  and a v a ila b le , a lth o u g h  in  som e c o u n tr ie s  m ap p in g  

o f th e  near shore  resource  has a lre a d y  been ca rr ie d  o u t.  C oasta l w ave fo re c a s tin g  and b e h a v io u r 

are needed because even fo r  o ffs h o re  devices th a t  w i l l  be in g e n e ra l in s ta lle d  in 50m + w a te r  

d e p th  w h e re  b o tto m  e ffe c ts  are in g e n e ra l n o t s tro n g , th e  e ffe c t o f s h e lte r  by th e  c o a s tlin e  and 

th e  p resence  o f is la n d s  is im p o r ta n t .  H y d ro d yn a m ics  o f w ave  a b s o rp tio n  m ode ls  need to  be 

im p ro ve d  in o rd e r to  in c lu d e  n o n - lin e a r  e ffe c ts  th a t  are know n  to  be im p o r ta n t.



D esign  w ith  c o n fid e n c e  in  r e l ia b i l i ty  an d  s u rv iv a b ility .

The o ffs h o re  o i l  e x p lo ra t io n  in d u s try  has a s tro n g  k n o w le d g e  base th a t  can p ro v id e  in fo rm a tio n  

u s e fu l fo r  th e  d e v e lo p m e n t o f o ffsh o re  f lo a t in g  p ro to ty p e s  and reduce  risks d u rin g  e a rly  sea t r i ­

a ls . The tra n s fe r  o f k n o w le d g e  fro m  e x is tin g  o ffs h o re  in d u s tr ie s  is needed .

H u ll des ign  m u s t e x h ib it  s e a w o rth in e s s . W h ile  som e devices m ay a p p ea r to  be s im ila r  to  ocean 

vesse ls , a w ave e n e rg y  device  is n o t a sh ip . T h e re fo re , th e re  is a need to  deve lo p  a co m m o n  set 

o f p a ra m e te rs  and re q u ire m e n ts  s p e c ific  to  w ave e n e rg y  to  w h ic h  every  dev ice  sh o u ld  adhere  in 

o rd e r to  p ro v id e  c o n fid e n c e  o f r e l ia b i l i t y  and s u rv iv a b il ity .

G e n e ric  m o o rin g  te c h n iq u e s

As a m eans to  keep th e  system  sa fe ly  in one p o s it io n  w h a te v e r  th e  w e a th e r  c o n d it io n s , m o o rin g  

is an im p o r ta n t  e le m e n t o f an o ffsh o re  w ave  dev ice . S h ip b u ild in g  and o ffs h o re  in d u s tr ie s  have a 

s tro n g  k n o w le d g e  base in th is  d o m a in  H ow ever, w ave e n e rg y  system s w i l l  ty p ic a lly  be in s ta lle d  

in deep w a te r, fro m  50m  to  400m , and face  s tro n g  w ave c lim a te s  m o s t o f th e  t im e .  These are 

n o t th e  u su a l c o n d it io n s  faced  by a m oored  sh ip  o r o ffsh o re  p la t fo rm . Each device  m o o r in g  w i l l  

re q u ire  a c o m p le te  and in d e p e n d e n t d e s ig n , b u t a g e n e ric  in v e s t ig a tio n  in m o o r in g  te c h n iq u e s  

w i l l  a llo w  th e  c u rre n t codes o f p ra c tice s  and e n g in e e r in g  s ta n da rd s  to  be expanded  to  in c lu d e  

w ave e n e rg y  sys te m s ’ s p e c ific  re q u ire m e n ts .
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P o w e r ta k e -o f f  system s

P ow er ta k e -o f f  system s need a s tro n g  research  e f fo r t .  As th e y  are c o n v e rt in g  th e  in c o m in g  e n e r­

gy in to  e le c tr ic i ty ,  th e y  are th e  m os t im p o r ta n t  p a rt  o f an ocean e n e rg y  p la n t.  These system s 

can be based on h y d ro d y n a m ic , m e c h a n ic a l o r even m a g n e tic  co n ve rs io n  c o n ce p ts . For e xa m p le , 

a ir  tu rb in e s  are c o m m o n ly  used in o s c il la t in g  w a te r  c o lu m n s  and th e ir  p e rfo rm a n c e  can s t i l l  be 

im p ro ve d  and cost reduced . These can be done th ro u g h  new  tu rb in e  c o n c e p t d e v e lo p m e n t, b lade  

o p t im is a t io n ,  and v a r ia b le -p itc h  c o n tro l sys tem s. N oise fro m  th e  a ir f lo w  needs to  be reduced 

e f f ic ie n t ly  w ith  lo w  in flu e n c e  on th e  tu rb in e  p e rfo rm a n c e . Each p o w e r ta k e -o ff  system s req u ire s  

s im ila r  research  on p e rfo rm a n c e  o p t im is a t io n ,  s e a w o rth in e s s  and cost re d u c tio n .

D e p lo y m e n t m e th o d o lo g y  & d e c o m m is s io n in g

The d e p lo y m e n t m e th o d o lo g y  needs to  be re l ia b le , re p lic a b le  and cost e ffe c tiv e . The re l ia b i l i t y  

o f th e  m e th o d  w i l l  p ro v id e  co n fid e n c e  in th e  in s ta l la t io n  p rocess and th e re fo re  lo w e r risk-based 

costs such as in su ra n ce  p re m iu m s . A m e th o d  th a t  is re p lic a b le  fo r  m any s ites  and c o n d it io n s  

w i l l  a lso  reduce  in s ta l la t io n  co s t and increase  c o n fid e n c e . F u rth e rm o re , d e c o m m is s io n in g , th e  

reverse p rocess o f d e p lo y m e n t, sh o u ld  a lso  be add ressed . The d e p lo y m e n t m e th o d  is c lo se ly  

re la te d  to  th e  s u p p o r t in g  s tru c tu re  o f th e  w ave e n e rg y  sys tem s, w h ic h  sh o u ld  be des ig n ed  to  

ta ke  in to  a c c o u n t th e se  re q u ire m e n ts  and to  g ive  best p e rfo rm a n c e  in a l l  sea c lim a te s . The th re e  

phases o f o p e ra tio n  re q u ir in g  access, d e p lo y m e n t, m a in te n a n c e  and re p a ir , and d e c o m m is s io n ­

in g , w i l l  have d if fe re n t  te c h n ic a l re q u ire m e n ts  and each w i l l  im p a c t on th e  to ta l  system  cost.



Tidal Stream Current Systems | 5.2.2

Research and developm ent needs fo r tid a l stream current systems are closely related to  the  problem s faced 

by present developed devices. Nowadays, these systems are based on the  concept o f underw ater turb ines 

converting energy from  the  flow ing  w a te r in to  e lectrica l power. These systems fo llo w  principles s im ila r as 

w ind turb ines in the  atmosphere. In the  same pa ttern  the  tu rb ines can have a horizon ta l ro ta ting  axis or 

a ve rtica l ro ta ting  axis. They could even use reciprocating fo ils . So fa r developm ent has not shown which 

system is best.

Transfer o f know ledge to  an u n d e rw a te r environm ent

Transfer o f knowledge is an im p o rta n t e lem ent o f research fo r tid a l stream curren t devices. H orizonta l ro ta t­

ing axis tu rb ines w ill benefit from  developm ent made by the  w ind industry. Experience gained in ship and 

submarine propellers should be also taken in to  account. In thus way, the  research e ffo rt could focus on 

adapting the  techno logy to  an underw ater environm ent.

Typical research needs are also divided in to  basic knowledge, like w a te r stream flo w  pattern  and cavita­

tions, supporting structure  design, tu rb ines, foundations and dep loym ent m ethod.

Basic know ledge o f th e  curren t speed along th e  w a te r  colum n

Basic knowledge is needed to  a llow  engineers to  produce the  best design. MW size tid a l stream curren t tu r ­

bines w ill operate a t depth below 20m w ith  ro to r d iam eter around 12m fo r horizonta l axis systems. M aritim e 

charts provide only surface current speed. Knowledge o f the  curren t speed along the  w a te r colum n is essen­

tia l to  choose the correct tu rb ine  and ro to r size and to  design the  supporting structure  to  resist stresses and 

vibrations. This in fo rm a tion  is also im p o rta n t during the  ins ta lla tion  phase. Knowledge o f the  w a te r flo w  

patterns and reaction to  the  tu rb ines is im p o rta n t fo r example to  assess the  im pact on the  sedim entation 

patterns. The developm ent o f adequate measuring ins trum en ta tion  is linked to  these research activ ities.
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Structure m ust be w a te r  tig h t

Contrary to  wave energy devices, the  supporting structure  o f a tid a l stream current system has very restric­

tive  requirem ents th a t influence the  design o f the  tu rb ine , the  insta lla tion  procedure and the  operation and 

m aintenance demands. Above a ll the  structure  m ust be w a te r t ig h t. It should then  a llow  easy access fo r 

m aintenance and fa c ilita te  the  dep loym ent process. Therefore, seals should support pressures in io  to  20 

m eter w ater depths, support pressure changes due to  tid a l va ria tion  and resist the  abrasive properties of 

sea-water and sedim ent flow . In add ition , tu rb ines m ust be reliable to  lim it access requirem ents, reducing 

operation and m aintenance costs.

Cost, efficiency, re liab ility  and m aintenance

The research e ffo rt on the  tu rb ine  s ta to r and ro to r should focus on cost efficiency, re liab ility  and ease of 

m aintenance. Both components should be in m ateria ls designed to  resist m arine environm ents. Special 

a tten tion  should be given to  bearings to  ensure th a t they func tion  safely and re liably in the  m arine environ­

m ent. Control systems fo r tu rb in e  speed and ro to r blade pitch w ill also be im p orta n t to  maxim ise power 

o u tpu t.

Foundation and in sta lla tio n  m ethods

Foundation and ins ta lla tion  m ethods are c ritica l and research is needed to  make them  safe, easily replicable 

and cost effective. T idal current systems themselves require very s tringen t re lia b ility  parameters. Firstly, sys­

tem s w ill be insta lled in currents w ith  speed between 2 m /s, 7 .2 km /h , and 4m /s, 14 .4km /h ; due to  the  den­

s ity o f w ater, the  equivalence fo r w ind speed w ill be between around 70km /h  and 140km /h . Secondly, w h ile  

there  w ill be tid a l va ria tion , these curren t speed levels are always present. The com bination o f these tw o  

points requires th a t tid a l stream system foundations are robust and th a t dep loym ent m ethods are safe for 

the  equ ipm ent and the  workforce. Several so lutions are being developed and research actions are needed.



Salini ty Gradient | 5 .2.3

Being a new techno log ica l developm ent in the  w orld  o f ocean energy systems, sa lin ity  grad ien t systems 

need to  overcome several hurdles. The main d iff icu lty  is the  developm ent o f func tion ing  and e ffic ien t m em ­

branes able to  generate su ffic ien t energy to  make an energy system com petitive . The com plem entary de­

ve lopm ent needed is system in tegra tion  in to  a power generation p lan t. The EC project, SALINITY POWER, 

estimates th a t the  firs t com m ercia l power plants w ould need membranes capable o f power production o f at 

least 6W /m 2 and could have a size o f around lOMW e, corresponding to  around i,700,000m 2 o f membranes. 

Future developm ents w ould  lead to  industria l scale production at reduced costs.

D evelopm ent of function ing and effic ient m em branes

The scope o f research in m em brane developm ent should cover performance im provem ent, m anufacturing 

po ten tia l and cost reductions. A m em brane needs to  “ generate”  power, to  be resistant to  b io log ica l and 

chem ical con tam inations, and to  be strong physically and enduring. Best perform ing membranes have been 

measured at i.5 W /m 2 . However, the  same membranes have a power po ten tia l o f 5W /m 2. Basic research 

and techn ica l developm ent are needed to  fu lf i l th is  po ten tia l and to  increase it. The m anufacturing  po ten tia l 

o f a membrane is the  capacity fo r large scale production w ith o u t loss o f performance. A high power poten­

t ia l can be obtained re lative ly  easily on a centim etre  scale sample, but to  keep the  same perform ance at 

much larger dim ensions requires fu rth e r research.
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5.2.4  I Ocean Thermal  Energy Conversion

Research needs are closely linked to  the  nature o f ocean th e rm a l energy conversion (OTEC) systems. Many 

advances were made during the  past decades, but obstacles to  the  fu ll exp lo ita tion  o f ocean th e rm a l energy 

rem ain. Three main research areas can be iden tified : th e rm a l cycles, environm enta l influence and floa ting  

applications.

Therm al cycle

OTEC systems use sm all tem pera tu re  d iffe ren tia l cycles, the  con tro l or which needs to  be m ainta ined in order 

to  keep high conversion efficiency. Therefore, research actions should address the  developm ent o f power 

technologies, in tegrated systems and con tro l strategies adapted to  the  m arine environm ent and to  ocean 

th e rm a l applications.

In fluence o f the  env ironm en t

The environm enta l impacts o f OTEC systems need to  be addressed. The m arine environm ent, e.g. corrosion 

and m arine g row th , have a d irect im pact on the  m ateria ls and on the  equ ipm ent used. Research focused 

on reducing these impacts on the  OTEC systems should also aim to  reduce the  systems’ influence on marine 

ecosystems.

F loating Systems

Applications using OTEC on floa ting  structures offer a w ide r scope fo r dep loym ent. These applications can 

range from  the  use o f the  produced energy in onsite ore sm elting to  p lankton feeds. The w ide range o f pos­

sible uses w ill require research to  solve the  pa rticu la r problem s associated w ith  each. Nevertheless, the 

requ irem ent fo r floa ting  structures w ill need to  resolve issues s im ila r to  offshore wave and tid a l structures, 

such as m ooring and survivability . In add ition , the m echanical resistance and s tab ility  o f an OTEC ins ta lla ­

tio n , deep w a te r piping and position ing, should also be addressed w ith  the  transpo rt o f energy from  the 

production site to  the  site o f energy use.



Costs and benefits of addi t ional  R&D 5-3

Over the  last tw e n ty  years, ocean energy developers received lit t le  R&D fund ing . For example, European 

Com munities Framework Programme financed projects over th a t period fo r a to ta l con tribu tion  o f 26MC, 

equ iva lent to  only 10% o f the  fund ing  contribu ted  towards pho tovo lta ic  projects.

Increasing R&D funds w ill speed up the  rate o f developm ent. The e ffo rt and finance put forward in the 

United Kingdom is already showing an increase in techn ica l progress. Several concepts are envisaging fu ll 

scale dem onstration prototypes around the  British coast.

A dd itiona l R&D fund ing  is c ritica l to  advancing the developm ent o f ocean energy systems. Ocean energy 

technologies m ust solve tw o  m ajor problem s concurrently: proving the  energy conversion po ten tia l and 

overcom ing a very high techn ica l risk from  a harsh environm ent. No o ther energy techno logy has had to  

face such demands. When deploying th e ir  prototype, device developers are confronted w ith  the  possib ility 

o f losing five years o f developm ent and investm ent in few  hours tim e .. Furtherm ore, the  m a jo rity  o f the 

developers are SMEs fo r whom  such a loss can be overw helm ing. A dd itiona l R&D fund ing  would help to  

m itiga te  the  substan tia l techn ica l riskfaced by device developers daring to  harness the  energy o f the  marine 

environm ent.
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N A T I O N A L  POLI CI ES

In the  year 2003 the  ExCo decided to  s ta rt including a section on N ationa l Activ ities in its Annual Report, 

describing the  ocean energy activ ities in the  M em ber Countries, na tiona l policies, research, dem onstration 

and (pre-) com m ercia l activ ities. In 2004 th is  ac tiv ity  was also extended to  Observers among w hich Italy, 

United States o f America and Australia sent con tribu tions. Standard surveys on three topics: (i) na tiona l po l­

icy, ii) organizations fo r research, developm ent and dissem ination o f ocean energy and iii) companies active 

in the developm ent and com m ercia lization o f ocean energy technolog ies, are sent to  each ExCo m em ber or 

coun try observer. They are asked to  provide as much in fo rm ation  as possible on the  surveys. It should be 

noted th a t the  am ount o f in fo rm ation  available to  each m em ber or observer is not consistent. This section 

presents a summ ary o f the  in fo rm ation  concerning na tiona l policy provided by partic ipants in th is  activity.

European Commission 

Organisations supporting ocean energy

> Directorate General Research 

h ttp ://e u ropa .eu .in t/com m /resea rch /ene rgy /index_en .h tm

> Directorate General Transport and Energy 

h ttp ://e u rop a .e u .in t/co m m /d g s /e n e rg y_ tra n sp o rt/in d e x_ e n .h tm l

Targets fo r renew able  energy

By 2010 fo r a ll M em ber States:

: 12% o f the gross energy consum ption o f the  European Union 

: 22% o f the e lec tric ity  generated in the European Union

http://europa.eu.int/comm/research/energy/index_en.htm
http://europa.eu.int/comm/dgs/energy_transport/index_en.html


Targets fo r ocean energy

W hite Paper [COM(97)599]:

: lGW e o f insta lled capacity fo r Concentrated Solar Therm al, Ocean Energy Systems [“ wave 

and t id a l”  in the  te x t] and enhanced geotherm a l systems [“ hot dry rock”  in the  te x t] by 2010.

Im p o rta n t policy in itia tives  bearing on th e  contribution  th a t ocean pow er can m ake to renew able  energy  

supply

1. C om m unication “ Energy fo r the  Future: Renewable Sources o f Energy”  a W hite Paper fo r a Commu 

n ity  Strategy and Action Plan, COM(97)599 f in a l

2 . Energy fo r the  Future: Renewable Sources o f Energy (Com m unity Strategy and Action Plan) - Cam 

paign fo r Take-Off, SEC(gg)504

3. Directive 2001/77/EC o f the  European Parliam ent and o f the  Council, OJEC L238/33 27.10.2001

U ndergo ing  ocean ene rgy p ro jec ts  su pp o rted  by th e  EC

T itle CA O E Wave Dragon 1:4.5 S a lin ity  Power

C oord ina ting
O rgan isa tion

RamboU Spok Aps S ta t k ra ft S F

C ountry Denm ark Denm ark Norway

Type o f p ro jec t 
(ins tru m e n t) FP6 Coord ina tion  

A ction
FP5 FP5

S ta rt 01-10-2004 01-10-2002 01-11-2001

Duration 36 33 36

EC C o ntribu tio n 1.500.000 € 1.532.999 € 1.808.752 €

N A T IO N A L  POLIC IES
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Canada

ORGANISATIONS SUPPORTING OCEAN ENERGY WEBSITE

Government o f Canada -
Federal Ocean Energy Working Group (FOEWG)

British Columbia M inistry o f Energy and Mines www.gov.bc.ca/em

Nova Scotia Government

New Brunswick M inistry o f Energy

Follow ing pub lica tion  o f Ocean renewable Energy Group’ s (OREG)) s tra te g ic fra m e w o rk fo rth e  developm ent 

o f Canada’ s ocean energy sector, N atura l Resources Canada has m obilized an in te rdepa rtm en ta l in itia tive  of 

energy, fisheries, environm ent, industry departm ents, econom ic developm ent agencies, and na tiona l labora­

tories. This group is using existing governm ent resources and programmes to  launch projects such an Ocean 

Energy Atlas, an environm enta l scan fo r ocean energy developm ent, a techno logy screening and an analysis 

o f the  industry  th a t w ill m obilize in to  the  Canadian Ocean Power Sector. For fu rth e r in fo rm ation  on the  Fed­

eral Ocean Energy W orking Group (FOEWG), please con tact M arie lle  Nobert ( M arie lle .nobert@ NRCan.gc.ca).

http://www.gov.bc.ca/em
mailto:Marielle.nobert@NRCan.gc.ca


The goals o f the  Federal Ocean Energy W orking Group (FOEWG) are:

> To foste r techno log ica l developm ent and develop Canadian capacity,

> Coordinate federa l S&T efforts and interests in ocean energy,

> Develop synergies and partnerships between federa l departm ents and agencies,

> Ensure th a t projects and in itia tives are com plem entary to  avoid dup lica tions and overlaps,

> Encourage a sustained m om entum  in the  progress on ocean energy th rough  regu lar m eetings and 

com m unications, and

> Inform  governm ent leadership on Canadian opportun ities  and in itia tives in ocean energy.

N atura l Resources Canada w ill be leading reviews o f energy funding  programm es and incentive programmes 

in 2005/6 and is addressing the  ocean energy option in developm ent o f a renewable Energy Strategy in

2005.

The Ocean Energy sector has been identified  as a prom ising emerging technology, and as a p rio rity  fo r 

review and action by fou r coastal provinces o f the  Canadian Council o f Energy m inisters.

In late 2004, the  British Columbia Premier’ s Technology Council developed a vision fo r British Columbia as 

a source o f a lte rna te  e lectric ity, power and a lte rna te  energy techno logy and projects. An A lte rna te  Energy 

and Power Technology Task Force is expected to  deliver an action plan to  realize these opportun ities  in 2005. 

Ocean energy has been clearly iden tified  as a strategic opportun ity  fo r the  region.

N A T IO N A L  POLICIES
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Targets fo r renew able energy

W ind Power Production Incentive (WPPI) w ill provide financ ia l support fo r the  ins ta lla tion  o f 1,000 mega­

w atts  o f new capacity over the  next five years ( 2002-2007).

In December 1997, NRCan began purchasing green power from  ENMAX, Calgary’ s e lectric system. The 10- 

year agreem ent w ith  ENMAX is fo r the  production o f 10,000 m egaw att hours o f green power annua lly  fo r 

NRCan’ s A lberta fac ilities . Environm ent Canada also signed an agreem ent w ith  ENMAX fo r 2000  m egaw att 

hours o f green power fo r th e ir  e lec tric ity  requirem ents in A lberta . Together, the  NRCan and Environment 

Canada agreem ents w ill displace more than  10,000 tonnes o f CO2 annually.

Under Action Plan 2000  on Climate Change, it  is expected th a t the federa l governm ent w ill purchase an addi­

tio n a l 400,000 m egaw att hours or so o f e lec tric ity  from  Emerging Renewable Energy Sources meaning w ind 

power, sun, water, biomass and the  earth . Assuming a continued focus on the  d isp lacem ent o f high-carbon 

e lectric ity, th is  400,000 m egaw att hours w ill come from  several provinces, pa rticu la rly  Nova Scotia, O ntario 

and New Brunswick, w ith  add itiona l purchases in A lberta . These purchases w ill result in a fu rth e r reduction 

in greenhouse gas emissions o f about 200,000  tonnes annually.

E lectric ity d is tribu to rs in British Columbia shall pursue a vo lun ta ry  goal to  acquire 50% o f new supply from  

BC Clean E lectric ity between 2002 and 2012.



Targets fo r ocean energy: No specific natio nal ta rg e t fo r ocean energy.

Im po rtan t policy in itia tives bearing on the  con tribu tion  th a t ocean power can make to  renewable energy 

supply

There is no specific program or policy on ocean energy developm ent. However, some programs could sup­

po rt R&D and dem onstration projects related to  ocean energy. Examples include:

> Climate Change Technology and Innovation In itia tive : Created in 2003 by the  federa l governm ent. This 5- 

year program w ill support co llaborative  projects w ith  partners in five strategic areas, including decentralized 

energy p roduction . The objective o f th is  program is to  accelerate research, developm ent and dem onstration 

o f longer te rm  technologies to  achieve GHG reductions. For fu rth e r in fo rm a tion  on the  R&D com ponent of 

th is  program, please con tact M ilena Sejnoha (m sejnoha@ nrcan.gc.ca). For add itiona l in fo rm a tion  on the 

dem onstration com ponent, please v is it the  Technology Early Action Measures (TEAM) website h t tp :/ /w w w . 

c lim a techange .gc.ca /eng lish /actions/action_ fund /techno .sh tm l)

> Sustainable Development Technology Canada: an a rm ’ s length founda tion  w hich was developed th rough 

a na tiona l governm ent in itia tive  to  foster the  rapid developm ent, dem onstration and pre-com m ercialization 

o f techno log ica l solutions, w hich address c lim ate  change and a ir qua lity  (h ttp ://w w w .sd tc .ca ).

N A T IO N A L  POLICIES
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Denmark

Danish Energy A u thority  - DEA www.ens.dk

Energinet.dk www.energinet.dk

Targets fo r renew able energy

> 29 % o f e lec tric ity  consum ption from  RES in 2010 according to  the  EU Directive -  renewable energy. 1,4 

m io tonnes o f biomass (straw  & wood) to  be used fo r combined heat &  power production in 2005.

Targets fo r ocean energy: No quantified  targets.

Im p o rta n t po licy in it ia tive s  bearing on the  co n trib u tio n  th a t ocean pow er can make to  renew able energy 

supply

> Through the  N ationa l Energy Research Progamme, DEA supports R&D w ith in  new energy technologies 

- including wave energy. However, there  are no fixed am ounts o f fund ing  set aside from  the  programm e 

dedicated to  specific techno logy areas.- th a t includes waveenergy. The best projects w ill be selected fo r 

support based on a set o f horizonta l criteria

> Energinet.dk supports R&D in dep loym ent o f environm enta lly  fr iend ly  e lec tric ity  production technologies. 

Wave energy is pa rt o f th is . However, there  are no funds set aside from  the  fund dedicated to  wave energy.

> The DEA toge the r w ith  Energinet.dk are in the  process o f preparing a strategy fo r R&D w ith in  wave 

energy techno logy in Denmark.

Program mes th a t support o th e r RE techno log ies bu t are no t ava ilab le  to  ocean energy

> The research program is fo r dep loym ent o f environm enta lly  friend ly  e lec tric ity  production technologies, 

e.g. biomass, w ind power, solar cells, fu e l cells, hydrogen, liqu id  biofuels.

http://www.ens.dk
http://www.energinet.dk


Ireland

Sustainable Energy Ireland www.sei.ie

Marine Institu te www.marine.ie

Enterprise Ireland www.enterprise-ireland.com

Department o f Communications, Marine and Natural Resources www.dcmnr.gov.ie

Targets fo r renew able energy

> RES-E Directive ta rg e t o f 13.2% e lec tric ity  consum ption from  renewable energy sourced e lec tric ity  by 

2010.

> Capacity ta rg e t o f 500 MW add itiona l RES-E generating capacity by 2005.

Targets fo r ocean energy: No specific ta rgets.

Im p o rta n t po licy in it ia tive s  bearing on the  co n trib u tio n  th a t ocean pow er can make to  renew able energy 

supply

The M arine Ins titu te  and Sustainable Energy Ireland have been w orking jo in tly  to  prepare an enterprise 

driven ocean energy strategy proposal fo r Ireland. These tw o  agencies have prepared and commissioned a 

consu ltation  on strategy options, resource studies on the  ocean wave resource and the  tid a l and m arine cur­

rent resource, a developm ent protocol, and a study on the  econom ic benefits o f ocean energy developm ent 

in Ireland. These documents w ill fo rm  the  basis fo r a governm ent decision on an appropria te strategy fo r 

the  country in regard to  the ocean energy resources.

6.4
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Figure 7  I T idal m arine curren ts  p ro ject -
KOBOLD TURBINE (Ponte di Archlmede)
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Program m es th a t support o th er RE technologies but are not availab le  to ocean energy

There have been six rounds o f com petitive  tender com petition  fo r guaranteed power purchase agreements 

fo r a lim ited  capacity o f onshore w ind , offshore w ind , sm all hydro and various bio-energy resources. Ocean 

energy was included in AER III however the  contract offer, won by Wavegen, was not taken up, due to  objec­

tions from  the European Commission under state aid rules.

I taly

M in is try  o f Foreign Affairs w w w .esteri.it/ita /index.asp

Region Sicilia w ww .reg ione .s ic ilia .it/

Im p o rta n t policy in itia tive  bearing on th e  contribution th a t ocean pow er can m ake to  renew able  energy  

supply:

Cooperation w ith  UNIDO

http://www.esteri.it/ita/index.asp
http://www.regione.sicilia.it/


Portugal  6.6

ORGANISATIONS SUPPORTING OCEAN ENERGY WEBSITE

INETI w w w .ineti.pt

Ins titu to  Superior Técnico w w w .is t.u tl.p t

Wave Energy Centre www.wave-energy-centre.org

Targets fo r renew able  energy

Target 39% o f the  e lec tric ity  consum ption from  RES in 2010 according to  the  EU Directive -  Renewable 

Energy

Target o f 9680 MW add itiona l RES -  e lec tric ity  generating capacity by 2010 .

Targets fo r ocean energy

Capacity ta rg e t o f 50 MW o f wave energy by 2010

Im p o rta n t policy in itia tives  bearing on th e  contribution  th a t ocean pow er can m ake to renew able  energy  

supply

The policy in itia tives fo r ocean energy are comm on to  o ther RES:

> N ationa l R&D Programme, M in is try  o f Science, H igher Education and Technology

> Innovation Programme, M in is try  o f Economy and Innovation

> Regulation o f grid connection o f e lec tric ity  production from  independent producers

> Perm itting and power purchase agreem ent (special ta riffs  techno logy d iffe rentia ted)

Program m es th a t support o th er RE technologies but are not availab le  to  ocean energy

Financial support fo r production o f e lec tric ity  from  RES, rationa l use o f energy and conversion o f consump­

tio n  to  na tura l gas

N A T IO N A L  POLICIES

Figure 8 | The AWS device during  the  submergence process 
offshore Portugal (Teamwork Technology)

http://www.ineti.pt
http://www.ist.utl.pt
http://www.wave-energy-centre.org
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United Kingdom

ORGANISATION SUPPORTING OCEAN ENERGY WEBSITE

Department o f Trade & Industry www.dti.gov.uk

Carbon Trust www.thecarbontrust.org.uk

Engineering and Physical Sciences Research Council www.epsrc.ac.uk

Targets fo r renew able  energy

> 10% o f e lec tric ity  by 2010

> aspiration o f 20% by 2020

> also ta rg e t to  reduce carbon dioxide emissions by some 60% by around 2050 

Targets fo r ocean energy: No fo rm a l ta rge t

Im p o rta n t policy in itia tives  bearing on th e  contribution  th a t ocean pow er can m ake to  renew able  energy  

supply

> Renewables Obligation

> Offshore renewables consents fram ew ork

> European M arine Energy Centre

> M arine Renewables Deployment Fund

> DTI Technology Programme

> Supergen M arine

http://www.dti.gov.uk
http://www.thecarbontrust.org.uk
http://www.epsrc.ac.uk


The UK set ou t its Energy Policy in the  2003 Energy W hite Paper. “ Our energy fu tu re  -  creating a low  carbon 

economy "  defines a long-term  strategic vision fo r energy policy com bin ing our environm enta l, security o f 

supply, com petitiveness and social goals. It builds on the  (External) Performance and Innovation U n it’ s En­

ergy R eview , published in February 2002 , and on o ther reports w hich have looked a t m ajor areas o f energy 

policy.

The im p lem en ta tion  o f the  W hite  Paper is being taken forw ard via the Sustainable Energy Policy N etw ork 

(SEPN)

Because energy requires very long-term  investm ent we look ahead to  2050 to  set the  overa ll context. We 

set ou t the  challenges we face on the  environm ent, the  decline o f our indigenous energy supplies and the 

need to  update our energy in frastructure  and the  policies we need to  pursue over the  next tw e n ty  years and 

beyond to  m eet these challenges.

As we address these three challenges, we w ill have fou r goals fo r our energy policy:

> to  pu t ourselves on a path to  cu t the  UK’ s carbon dioxide emissions - the  main con tribu to r to  g lobal 

w arm ing - by some 60% by about 2050 w ith  real progress by 2020 ;

> to  m ain ta in  the  re lia b ility  o f energy supplies;

> to  prom ote com petitive  markets in the  UK and beyond, helping to  raise the  rate o f sustainable econom ic 

g row th and to  im prove our p roductiv ity ; and

> to  ensure th a t every home is adequate ly and affordably heated.

The UK has a ta rg e t to  supply a t least 10% o f power from  renewables by 2010 and an aspiration to  double 

th is  to  20% by 2020 . This is a part o f the  G overnm ent’ s w ide r Climate Change Programme, which details how 

the  UK plans to  deliver its Kyoto ta rg e t to  cu t its greenhouse gas emissions by 12.5%, and move tow ards its 

dom estic goal to  cu t carbon dioxide emissions by 20% below  1990 levels by 2010.

N A T IO N A L  POLICIES
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The country has a diverse range o f sustainable energy resources to  fu e l the  rapid expansion o f renewable 

energy production needed to  m eet th is  com m itm ent. M arket grow th  has been driven since 2002 by the 

Renewables O bligation, a legal ob liga tion  on a ll licensed e lec tric ity  suppliers to  source an increasing pro­

portion o f th e ir  power sales from  renewables, thus creating a com m ercia l opp o rtu n ity  fo r cost com petitive  

renewable energy projects.

The UK is a w orld  leader in the  developm ent o f new and renewable energy and energy e ffic ien t systems and 

has benefited from  the  com m ercia l experiences gained under the  Renewables O bligation.

M a rin e  Renewables

As an Island na tion, the  UK is blessed w ith  extensive m arine energy resources, w hich have the  po ten tia l in 

the  longer te rm  to  m eet a considerable p roportion  o f the  N ation ’ s power demands at a com petitive  cost. 

A lthough the  technologies are not m ature, the  Government is com m itted  to  support these emerging tech ­

nologies th rough  a num ber o f schemes.

The UK is also curren tly  developing a consenting regime fo r dep loym ent o f pre-com m ercial scale projects in 

a way w hich best manages po ten tia l impacts and enables m on ito ring  and assessment o f the  actual im pact 

o f these new technologies on the  m arine environm ent and o ther users o f the  sea.

Since 1999 , the  UK has com m itted  approx. £25m on pre-com petitive R&D on wave and tid a l stream devices, 

£2 .6 m fo r support o f the  Supergen strategic fundam en ta l research programm e, and £5m fo r EMEC wave 

and tid a l testing  fac ilities . It has been determ ined th a t there  is need fo r funding  the  gap between R&D and 

pre-com m ercial dep loym ent in the  m arine area. Proposed UK policy to  address th is  gap is th e  M arine Renew­

ables Deployment Fund. The centrepiece o f the  Fund is a proposed £42m dem onstration  fund  th a t w ill have 

tw o  envisaged strands: Capital support a t 25% o f the  cap ita l cost o f in it ia l dep loym ent excluding



grid connection costs, and revenue support in add ition  to  ROCs at £iO O /M W h fo r a m axim um  o f seven years 

from  com m issioning .

The Carbon Trust’ s M arine Energy Challenge, a techno logy acceleration programm e involving m arine energy 

device developers and specialist engineering consu ltants. Launched in |anuary 2004, the  programm e has 

a budget o f E2.94M (approxim ate ly 4.3M) and is accelerating developm ent o f e igh t wave energy devices 

(selected on the  basis o f a com petitive  tender advertised in OJEU). In add ition , Shoreline/Near-shore Oscil­

la ting  W ater Columns (OWCs) projects are being conducted, existing engineering codes/standards are being 

in terpre ted fo r offshore wave energy devices, and the  prospects fo r developm ent o f t id a l stream energy are 

assessed.

> Support fo r industria l R&D o f o ther m arine energy generation systems th rough  the  Carbon Trust’ s Re­

search, Development and Dem onstration programm e.

> A venture  cap ita l investm ent o f over E i.sM  (approxim ate ly 2.1M) in Ocean Power Delivery Ltd., a UK 

developer o f an offshore wave energy device.

> Support fo r EMEC (the European M arine Energy Centre) in Orkney - includ ing its proposed expansion to  

accomm odate testing  o f t id a l stream devices.

Figure 9 I The Pelamis (Ocean Power Delivery Ltd)

N A T IO N A L  POLIC IES
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Figure IO | PowerBuoy (Ocean Power Technologies)
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United States of America

U.S. Dept, o f Energy Wind and Hydropower 
Technologies Program

http ://ww w.eere.energy.gov/w indandhydro/

Electric Power Research Institu te , E lectricity 
Innovation Institu te

http://www.epri.com/D2004/e2i.aspx

Ocean Energy Council h ttp ://ww w.oceanenergycouncil.org/

Alexandria Research Institu te h ttp ://w w w .a ri.v t.e du /

Targets fo r renew able energy

No targets are set by the  Federal governm ent fo r renewable energy deploym ents in the  U.S.; instead, 

cost-of-energy, efficiency, and criteria-based deploym ent-support ta rge ts have been set fo r ind iv idua l 

technologies by th e ir  respective programs. In its current strategic plan, the  U.S. Departm ent o f Energy, 

Office o f Energy Efficiency and Renewable Energy (EERE) describes its federa l role in fostering high-risk, 

high-value R&D th a t is both “ c ritica l to  the  N ation ’ s energy fu tu re  and w ould  not be su ffic ien tly  con­

ducted by the  private sector.”  EERE’ s nine strategic prio rities are to : dram atica lly  reduce, or even end, 

dependence on fore ign o il; reduce the burden o f energy prices on the  disadvantaged; increase the  v i­

a b ility  and dep loym ent o f renewable energy technologies; increase the  re lia b ility  and efficiency o f elec­

tr ic ity  generation, delivery, and use; increase the  energy effic iency o f build ings and appliances; increase 

the  energy effic iency o f industry; spur the  creation o f a dom estic b io industry; lead by example th rough 

governm ent’ s own actions; and change the  way EERE does business.

http://www.eere.energy.gov/windandhydro/
http://www.epri.com/D2004/e2i.aspx
http://www.oceanenergycouncil.org/
http://www.ari.vt.edu/


Targets fo r ocean energy

The U.S. DOE Wind and Hydropower Technologies Program is developing a ta rg e t fo r the  fu tu re  cost o f o ff­

shore w ind energy. Federal ta rgets are curren tly  not set fo r o ther form s o f ocean-based energy; however, 

several U.S. m anufacturers have expressed s ign ifican t developm ent objectives.

Im p o rta n t policy in itia tives  bearing on th e  contribution  th a t ocean pow er can m ake to  renew able  energy  

supply

The President’ s N ationa l Energy Policy Plan (May 2001) sets fo rth  several policy recom m endations th a t gen­

era lly encourage increasing energy supplies, includ ing renewables such as ocean energy, accelerate protec­

tio n  and im provem ent o f the  environm ent, and increase energy security. A t the  state level, recently-enacted 

renewable po rtfo lio  standards in several states, and supportive renewable energy ta x  polices may be ap­

plicable to  ocean energy developm ent. Add itiona lly, green power certifica tes offered a t the  state and u tility  

level may play an im p o rta n t role in a ttrac ting  fu tu re  ocean energy developm ent.

Program m es th a t support o th er RE technologies but are not availab le  to  ocean energy

DOE EERE curren tly  operates fou r o ther renewable energy techno logy and dep loym ent support programs 

(wind and hydropower, solar, biomass, and geotherm al); cu rren tly  there  is no d is tinc t Federal ocean energy 

research and developm ent program. S im ilarly, a t the  state level, R&D support fo r RE may be lim ited  to  se­

lected technologies.

Figure 11  | T idal m arine curren ts p roject
OPEN-CENTER TURBINE (Florida Hydro, Inc.)
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