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W elcome to  th e  Annual R eport o f th e  IEA Im p lem en t­

ing A g reem en t on Ocean Energy System s [IEA-OES] 

fo r  th e  year 2007. The re p o rt p rovides an ove rv ie w  o f 

a c tiv it ie s  o f th e  Executive C om m ittee  o f th e  IEA-OES 

and its  m em ber/obse rv ing  co u n trie s  to  enable the  

dep loym en t o f ocean renew ab le  energy techno log ies  

w o rld w id e . This is th e  f ir s t  year o f th e  second five -year 

m andate  o f th e  IEA-OES, and th is  year ou r program  
focused on convers ion techno log ies  fo r  p roducing 

e le c tr ic ity  fro m  ocean waves, m arine cu rren ts , tid a l 

barrages, ocean te m p e ra tu re  g rad ien ts  and ocean 

sa lin ity  g rad ien ts , as w e ll as o th e r w ays to  u tilize  th is  

renew ab le  resource, such as th e  p roduc tion  o f p o rt­
able w a te r  th ro u g h  desa lina tion . I am very pleased to 

re p o rt th e  progress in ou r p o rtfo lio  and th e  con tinu ing  
g ro w th  in pa rtic ip a tio n .

In te re s t in IEA-OES m em bersh ip  con tinues. The year 

s ta rte d  w ith  add ition  o f th re e  new  m em ber coun tries , 

Norway, G erm any and Mexico, b ring ing  to ta l m em ber­
ship to  12 fo r  th e  Im p lem en ting  A greem ent. O ther 

c o u n trie s  are also in th e  process o f becom ing m em ­

bers. For th e  f ir s t  tim e, ind iv idua ls  rep resen ting  coun­

tr ie s  fro m  five  co n tin en ts  pa rtic ip a te d  in th e  m eeting  

o f th e  Executive C om m ittee.

In o rd e r to  enhance th e  te chno logy  deve lopm en t and 
d e p lo ym e n tco lla b o ra tio n  w ith  S outh  A frica  and Brazil, 

rep re se n ta tive s  o f th e  IEA-OES pa rtic ip a te d  in th e  IEA 

N e tw orks o f Expertise on Energy Technologies [NEET] 

in it ia tive s  held in 2007.

Over th e  past year, th e re  has been trem endous a c tiv ity  
in in fo rm a tio n  exchange and d issem ina tion , includ ing 

lim ite d  research and deve lopm en ta l ac tiv itie s . 2007 

saw  th e  successfu l com p le tion  o f wave data ca ta ­

logues. S ig n ifica n t p rogress in deve loping an in fo rm a ­

tio n  DVD fo r  various s takeho lde rs  and an on line  lib ra ry  

fo r  re leva n t pub lica tions  is no tew orthy . This year we 
also extended an ex is ting  Annex on deve loping  gu ide­

lines fo r  convers ion devices and in it ia te d  a new  Annex 
on in te g ra tio n  o f ocean energy to  e lec trica l grids. An 

e xp e rt w orkshop  on env iro n m e n ta l issues associa ted 
w ith  ocean energy convers ion  process w as also held.

Chairman’s Message

In co -ope ra tion  w ith  o th e r in te re s te d  g roups and o r­

gan iza tions, th e  IEA-OES held spec ific  d iscussions 

w ith  th e  IEA R enewable Energy Technology Deploy­

m en t [RETD] Im p lem en ting  A greem en t, approached 

RETD fo r  co llabo ra tive  po licy -re la ted  a c tiv it ie s  and 

p a rtic ip a te d  in th e  w o rkshops o f th e  IEA E xpert Com­

m itte e  on In te g ra tio n  o f Renewable to  E lectrica l Grids. 

We also active ly  supported  th e  In te rn a tio n a l E lec tro ­

techn ica l Com m ission (IEC) in it ia tiv e  to  develop re l­

evan t s tandards fo r  th e  deve lopm en t o f a new  indus­
tr ia l sector.

As p a rt o f ou r ou treach  and com m un ica tion  s tra tegy, 

th e  IEA-OES pa rtic ip a te d  in th e  IEA M in is te ria l Tech­

nology Fair in Paris and cosponsored a sym posium  on 

w a te r and energy in Mexico. Various m em bers spoke 

on th e  c u rre n t co llabo ra tive  a c tiv itie s  o f th e  Im ple­

m en ting  A g reem en t a t several na tiona l and in te rn a ­

tio n a l w orkshops, sym posium s and conferences.

In 2007, th e  m anagem ent o f th e  com m on fund  o f the  

IEA-OES w as tra n s fe rre d  to  th e  Wave Energy Centre 

in P ortuga l.

By th e  end o f 2007, m ore than  25 co u n trie s  w ere  in ­

volved in ocean renew ab le  energy te chno logy  de­

ve lopm en t ac tiv itie s . A lthough  con tinued  and new 

gove rn m e nt po lic ies and in it ia tive s  fro m  th e  U nited 
Kingdom , P ortuga l and Ire land fo r  enabling th e  com ­

m erc ia lisa tion  o f ocean energy techno log ies  in 2007 

are no tew orthy , th e  lack o f ta rg e te d  na tiona l p r io r i­

t ie s  and po lic ies fo r  ocean energy by o th e r coun tries  
rem ains a m a jo r b a rr ie r fo r  deve loping  and deploying 

re liab le  ocean renew ab le  energy techno log ies .

I look fo rw a rd  to  2008 w ith  en thusiasm , in p a rticu la r 

to  see m ore active  co llab o ra tio n  th ro u g h  th e  Annexes 

as w e ll as w ith  o th e r Im p lem en ting  A greem ents. I ea­

gerly  a n tic ip a te  th e  dep loym en t o f m u lti-u n it MW-size 

w ave and t id a l c u rre n t techno log ies , and w elcom e 

coun trie s  such as South A frica , Brazil, Korea, China, 

New Zealand, Spain, Sweden and Ita ly  as th e y  become 

m em bers o f th is  Im plem en ting  Agreem ent.

I take  th is  o p p o rtu n ity  to  th a n k  all Executive C om m it­

tee  M em bers, O pera ting  A gents and Experts fo r  th e ir  

ded icated e ffo r ts  and co n trib u tio n s  to  th e  co llabo ra ­

tive  w o rk  and success o f IEA-OES.

Gouri Bhuyan 
Chairman
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Executive Summary

The IEA Ocean Energy System s 2007 Annual R eport 

rev iew s th e  progress o f th e  a c tiv itie s  in th e  Im ple­
m en ting  A g reem en t fo r  C o-opera tion  in Research and 

D eve lopm ent on Ocean Energy System s [IEA-OES] un­

der th e  auspices o f th e  In te rn a tio n a l Energy Agency 
[IEA]*, du ring  th e  year 2007.

The In te rn a tio n a l Energy Agency [IEA] w as estab ­

lished as an au tonom ous body w ith in  th e  O rgan isa­

tio n  fo r  Econom ic C o-opera tion  and D eve lopm ent 

[OECD] in 1974 to  im p lem en t an in te rn a tio n a l energy 

p rog ram  and act as Policy A dv isor to  coun trie s  on en­
ergy, inc lud ing  renew ab le  energy. Today th e  IEA has 26 

m em ber coun tries . The IEA provides a fra m e w o rk  fo r  

42 in te rn a tio n a l co llabo ra tive  energy research, deve l­

op m e n t and d e m o n s tra tio n  p ro je c ts  know n as Im ple­

m en ting  A greem ents.

The IEA Ocean Energy System s Im plem en ting  A gree­

m en t [IEA-OES] is a co llabo ra tive  ve n tu re  am ong va ri­

ous m em ber co u n trie s  -  Canada, Belg ium , Denmark, 

Germany, Ire land, Japan, Mexico, Norway, P ortuga l, 

U n ited Kingdom , th e  USA -  and th e  European Com m is­
sion.

C hapter 1 o f th is  re p o rt gives an overview  of the  IEA- 
OES: its  m em bersh ip , th e  Executive C om m ittee  [ExCo] 

m ee tings and actua l co llabo ra tive  tasks [Annexes], 

h ig h lig h tin g  th e  m a jo r ach ievem ents in 2007. The 

ou tcom es o f th e  th re e  co llabo ra tive  tasks o f th e  IEA- 
OES: I] Collection and d issem ina tion  o f in fo rm a tio n , II] 

G uidelines fo r  p ro to typ e  te s tin g  and III] Grid in te g ra ­
tion , are p resen ted  in cha p te r 2.

An ove rv ie w  o f th e  global ocean resource and tech­
nology m aturity  o f various ocean energy system s is 

p resented  in C hapter B. Several t id a l barrage  p lants, 
w ith  a capac ity  up to  240 MW, are ope ra ting  on a com ­

m ercia l basis w o rld w id e , and new  in itia tive s  on th is  

type  o f deve lopm en t are in p rogress in various coun­

tr ies . Several ocean w ave techno log ies  are expecting 

p re -com m erc ia l dep loym en t in Europe. A num ber o f 

d e m o n s tra tio n  p ro je c ts  in th e  range o f 1 to  3 MW are 

a w a itin g  d e p lo y m e n tth ro u g h o u t th e  w o rld , especia lly 

wave and tid a l [m a rin e ] c u rre n t p ro jec ts . Conversion 
techno log ies  fo r  harnessing energy associa ted w ith  

ocean th e rm a l g rad ie n ts  [OTEC] and sa lin ity  g rad ien ts  

are a t th e  research and early  deve lopm en ta l stage.

Chapter 4 gives an ove rv iew  o f ocean energy sup­
porting policies based on in fo rm a tio n  p rovided by the  

IEA-OES m em bers and key rep resen ta tives  fro m  o th e r 

coun tries .

Environm ental issues re la ted  w ith  ocean energy sys­

tem s s ta rte d  being d iscussed in th e  IEA-OES as an area 

w h e re  co llabo ra tive  research is needed. The f ir s t  ex­

p e rt m eeting  o rgan ised by th e  IEA-OES w ith  re levan t 

experts  fro m  severa l coun tr ie s  to o k  place in Novem ­
ber 2007 in con ju n c tion  w ith  th e  13“  ExCo m ee ting  in 

Messina. This to p ic  is addressed in C hapter 5 w ith  a 

v iew  o f p resen t reality.

Chapter 6 p resen ts  a sum mary from  each IEA-OES 

mem ber country and representatives from  some 

other countries on na tiona l p rogram s, gove rnm en­

ta l in it ia tive s  fo r  th e  p rom o tion  and deve lopm en t o f 
ocean energy, re leva n t research ac tiv itie s , ocean en­

ergy p ro je c ts  tak ing  place in th e  coun try , Research, 

D eve lopm ent and D em onstra tion  [RD&D] in ve s tm e n t 

and re leva n t na tiona l associa tion  a c tiv itie s  d u ring  the  

year. Several gove rnm enta l in itia tive s  w e re  launched 

in 2007 to w a rd s  th e  deve lopm en t o f techno log ies  and 
m arke t fo r  ocean energy.

Ana Brito-Melo 
Secretary to  the Executive Committee

*The IEA-OES also known as the  Im plem enting Agreem ent on Ocean Energy Systems func tions  w ith in  a fram ew ork  created by the  In ternationa l En­
ergy Agency [IEA]. Views, find ings and pub lica tions o f th e  IEA-OES do no t necessarily represent the  views o r policies o f the  IEA Secre taria t o r o f all its 
individual m em ber countries.



annual report 2007 #9

1. Ocean Energy Systems Program

IEA-OES

The Im p lem en ting  A g reem en t on Ocean Energy System s [IEA-OES] is one o f eleven IEA Im plem en ting  

A g reem en ts  w ith in  th e  R enewable Energy dom ain o f th e  In te rn a tio n a l Energy Agency. Im plem en ting  

A g reem en ts  are supervised by th e  IEA C om m ittee  on Energy Research and Technology [CERT],

The IEA-OES w as se t up in O ctober 2001. The w o rk  p rogram  fo r  th e  f ir s t  five -ye a r te rm  [2002-2006] o f 

th e  IEA-OES Im p lem en ting  A g reem en t w as com ple ted  and th e  Im p lem en ting  A g re m e n t has en tered  

its  second 5-year te rm  [2007-2011] m andate.

Governing Board

Committee on Energy Research 
and Technologiy (CERT) 

5 Working Parties

Energy technology Inform ative Center 
Working Party IMPLEMENTING

AGREEMENTS

Renewable Energy Technologies Bioenergy
Working Party Geothermal

Hydrogen

Fossil Fuel Technologies Hydropower
Working Party Ocean Energy Systems

Photovoltaic Power Systems

Nuclear Fusion Technologies Renewable Energy Technology

Working Party Deployment
Solar Heating and Cooling

Energy End-Use Technologies 
Working Party

SolarPACES
Wind Energy Systems

Mission of the IEA-OES

To fa c ilita te  and co -o rd ina te  ocean energy research, 
deve lopm en t and d e m o n s tra tio n  th ro u g h  in te r ­

na tiona l co -ope ra tion  and in fo rm a tio n  exchange, 

leading to  th e  dep loym en t and com m erc ia lisa tion  o f 

susta inab le , e ffic ie n t, re liab le, co s t-co m p e titive  and 

e n v iro n m e n ta lly  sound ocean energy techno log ies .



Strategic Objectives 
(2007-2011)

1. To ac tive ly  encourage and su p p o rt th e  deve lop­

m en t o f ne tw o rks  o f p a rtic ip a n ts  involved in RD&D, 

p ro to typ e  te s tin g  and dep loym ent, po licy deve lop­
m en t and im p le m e n ta tio n , and fa c ilita te  n e tw o rk ing  

o p p o rtu n itie s .

2. To become a tru s te d  source o f ob jec tive  in fo rm a ­
tio n  and be e ffe c tive  in d issem ina ting  such in fo rm a ­

tio n  to  ocean energy s takeho lders, po licym akers and 

th e  public.

B.To p rom ote  and fa c ilita te  co llabo ra tive  research, 

deve lopm en t and dem on s tra tio n  to  id e n tify  and ad­

dress ba rrie rs  to , and o p p o rtu n itie s  for, th e  develop- 

m e n ta n d  dep loym en t o f ocean energy techno log ies.

4. To p rom o te  polic ies and p rocedures co n s is te n t 

w ith  susta inab le  deve lopm ent.

5. To p rom o te  th e  ha rm on isa tion  o fs ta n d a rd s , m e th ­

odologies, te rm in o lo g ie s  and p rocedures w here  

such ha rm on isa tion  w ill fa c ilita te  th e  deve lopm en t 
o f ocean energy.

Membership

In 2007 Germany, Mexico and N o rw a y jo in e d  th e  IEA- 

OES. R epresenta tives fro m  Brazil, Indonesia, Swe­

den and South A frica  pa rtic ip a te d  in m ee tings o f the  

Executive C om m ittee  fo r  th e  f ir s t  t im e  in 2007.

In th e  O ctober 2007 ExCo m eeting , New Zealand, 

Sweden, and South A frica  w ere  o ffic ia lly  inv ited  by 

th e  IEA-OES Executive C om m ittee.
Further, in O ctober 2007, th e  Chair received an ex­

p ression o f in te re s t to  jo in  th e  IEA-OES fro m  the  

G overnm ent o f Spain, and a pos itive  ind ica tion  fro m  

th e  G overnm ent o f Brazil a t th e  NEET w o rkshop  in 
Brazil (N ovem ber 2007]. By e le c tro n ic  vo tin g  on 28 

Decem ber 2007, ExCo made a decis ion to  fo rm a lly  in­

v ite  Spain and Brazil to  jo in  th e  IEA-OES.

2001 Denmark M inistry o f T ransport and Energy, Danish Energy A utho rity

2001 Portugal Ins titu to  Nacional de Engenharla Tecnología e Inovaçào (INETIj

2001 United Kingdom Departm ent o f Trade and Industry (DTI]

2002 Ireland Sustainable Energy Ireland (SEI]

2002 Japan Saga University

2003 Canada Powertech Labs Inc.

2003 European Commission Commission o f European Communities

2005 United States o f America United States Departm ent o f Energy (DOE]

2006 Belgium Federal Public Service Economy

2007 Germany The Government o f the Federal Republic of Germany

2007 Mexico The Government o f Mexico

2007 Norway The Research Council o f Norway

Table 1.1. Contracting parties to  th e  IEA-OES (status: end 2007)
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Executive Committee Meetings

The w o rk  p rogram  w ith in  th e  Im p lem en ting  A g reem en t is co -o rd ina ted  by an Executive C om m ittee  [ExCo], w h ich  

in tu rn  is typ ica lly  rep resen ted  by a federa l d e p a rtm e n t o r its  nom inees fro m  m em ber coun tries . U nder th e  IEA- 

OES, th e  ExCo develops th e  s tra te g y  to  p u rs u it and estab lishes co llabo ra tive  program s. The ExCo m eets tw ice  

every year. The 2007 ExCo m ee tings w ere  held in Mexico C ity (M arch 2007] and in Messina, Ita ly  (O ctober 2007].

12th ExCo meeting

20-21 March 2007, UNAM, Mexico City, Mexico
This m ee ting  w as held a t th e  U niversidad Autónom a 

de México (UNAM] in Mexico City, hosted  by UNAM. 

The M exican de legate , Mr. G erardo H ir ia rt, w as the  

local o rg a n is e ro f th e  m eeting.

The m eeting  corresponded w ith  a tw o -d a y  in te rn a ­
t io n a l sym posium , "W ater and Energy: Energies fro m  

th e  Ocean and Desa lina tion", (22-23 M arch 2007] a t 

UNAM. The f ir s t  day o f th e  sym posium  w as devoted 

to  p re se n ta tio n s  by th e  IEA m em ber and observer 

coun trie s  and th e  second day w as devoted to  p res­

e n ta tio n s  by o th e r o rgan isa tions  involved in ocean 

energy ac tiv ities .

Members and observers a t the  12th IEA-OES ExCo meeting 
Mexico City, Mexico

13th ExCo meeting

16-17 October 2007, Messina, Ita ly
This m eeting  w as held a t th e  fo u n d a tio n  Orcynus 

Orca in M essina (S ic ilia /Ita ly ], and w as hosted  by 

P onte  di A rch im ede, a com pany th a t carries  o u tf ie ld  

research and experim en ts  on a p la tfo rm  equipped 

w ith  a pa ten ted  Kobold tu rb in e  m oored in th e  S tra it 

o f Messina. This p ro je c t harnesses th e  energy o f m a­

rine cu rre n ts  (the  ENERMAR p ro je c t]. Prof. A n ton io  

F io ren tino  fro m  P onte  di A rch im ede, w ho  has been 

a tte n d in g  prev ious ExCo m ee tings as an Observer, 

w a s th e  local o rg a n is e ro f th e  m eeting.

Follow ing th e  ExCo m eeting , th e  m em bers and ob­

servers v is ited  th e  Kobold tu rb in e  in th e  S tra it  o f 

Messina. The g roup also v is ited  th e  ca v ita tio n  tu n ­

nel scale m odel o f P onte  di A rch im ede, in w h ich  the  

tu rb in e  has been tes ted .

F u rth e r a w orkshop , "E nv ironm en ta l issues and 

Ocean Energy System s", w as o rgan ised by th e  A l­

te rn a te  m em ber fro m  Canada, Ms. M elanie Nadeau, 

w ith  p re sen ta tions  o f 10 inv ited  experts  fro m  e ig h t 

co u n tr ie s  (Canada, Denmark, Germany, Norway, P or­

tuga l, Sweden, th e  USA and UK] to  in it ia te  th e  d is­
cussion fo r  a fu tu re  Annex under th is  top ic .

M embers and observers a t th e  13th IEA-OES ExCo meeting 
Messina, Ita ly
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Work program

C ollabora tion  has taken  place th ro u g h  th re e  specific  

Tasks, know n as Annexes (Table 1.2). P rogress under 

these  tasks is described in C hapter 2.

Task 1
Review, Exchange and Dissemination of Inform ation on Ocean Energy Systems
Operating Agent: INETI, Portugal

Task 2
Developm ent of Recommended Practices fo r Testing and Evaluating Ocean Energy Systems
Operating Agent: The M inistry o f Environment and Energy, Danish Energy Agency, acting through RAMB0LL, Denmark

Task B
Integration  of Ocean Energy Plants into D istribution and Transmission Electrical Grids
Operating Agent: Powertech Labs Inc., Canada

Table 1.2. Cooperative research tasks In 2007 defined In Annexes to the IEA-OES

Task 1 w as in it ia lly  estab lished  fo r  a five -yea r te rm . 

D uring 2006 th e  Executive C om m ittee  vo ted  to  extend 

th is  ta sk  in d e fin ite ly  and to  make p a rtic ip a tio n  com ­

p u lso ry  fo r  all c o n tra c tin g  pa rties  to  th e  Im p lem en t­

ing A greem ent. Task 2, in its  in it ia l phase, covered 

te s tin g  fa c ilit ie s  and te s tin g  procedures in o rde r to  

develop gu ide lines fo r  th e  p rese n ta tio n  o f techn ica l 

design and data, and fo r  th e  assessm ent o f system  

perfo rm ance . A f ir s t  repo rt, "D eve lopm ent o f Recom­
m ended P ractices fo r  Testing and E va luating Ocean 

Energy System s, 2003", focused  on ta n k -te s tin g  scale 

m odels, p rov id ing  ove rv iew s o f te s tin g  fa c ilit ie s  and

gu ide lines fo r  te s tin g  in IEA-OES m em ber coun tries , 
assessing p re lim in a ry  cost and p resen ting  resu lts . In 

2006, th is  ta sk  w as extended fo r  an add itiona l th re e - 

year period (2007-2009) to  develop gu ide lines fo r  eval­

ua ting  pe rfo rm ance  o f p ro to typ e  conversion system s 

in open sea, using a cost-sha red  scheme am ong the  
p a rtic ip a tin g  c o n tra c tin g  parties . Task 3 w as fo rm a lly  

approved by th e  ExCo in N ovem ber 2006 and early in 

February 2007 th e  w o rk  p rogram  w as fina lised  based 

on th e  o u tp u ts  o f a k ic k -o ff m ee ting  w ith  experts  fro m  

several o rgan isa tions.

Dissemination Recommended Integration
o f Inform ation Practices in electrical grids

Belgium X X

Canada X X X.ÜA

Denmark X X.ÜA

European Commission X

Germany X

Ireland X X X

Japan X

Mexico X X

Norway X X

Portugal X.OA

United Kingdom X X X

United States of America

Table 1.3. Participation o f member countries in Annexes during 2007 (ÜA indicates Operating Agent th a t manages the task)
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H igh lights  in 2007

The m iles tones o f th e  2007 w o rk  p rog ram  can be sum m arised  as fo llo w s :

Increased Mem bership -  In 2007, th re e  coun­

tr ie s  jo in e d  th e  IEA-OES: Germany, N orw ay and 

Mexico. Mexico w as one o f th e  lEA’s ta rg e te d  

coun trie s  fo r  enhanced R&D co llabo ra tions.

Co-sponsored an In ternational Symposium on 

W ater and Energy in Mexico City.

Spread of the IEA-OES worldwide -  During 2007, 

the re  w as a no tab le  increase in th e  observering  

coun tries  a tte nd in g  Executive C om m ittee  m ee t­

ings: Sweden, South A frica , Indonesia and Rus­

sia a ttended  the  ExCo m eetings fo r  th e  f ir s t  tim e  

th is  year. Further, th e  gove rnm ents  o f Spain and 

Brazil expressed in te re s t in jo in in g  th e  IEA-OES, 

New Zealand s ta rte d  th e  IEA-OES m em bership 

process, and rep resen ta tives fro m  Korea, China 

and Ita ly  con tinued  e ffo rts  in th e ir  respective 

coun tries  to  jo in  th e  IEA-OES.

Launch of Annex III -  Integration  of Ocean En­
ergy Systems into Electrical Grids -  This annex, 

managed by P ow ertech  Labs o f Canada, en tered  
in fo rce  in early 2007.

Environmental issues -  The f ir s t  w orkshop to  

discuss env ironm en ta l issues re lated to  Ocean 

Energy System s w as organised by th e  IEA-OES. 

Representa tives fro m  several coun tries  a tte n d ­

ed th is  w orkshop and shared th e ir  w ork; th e ir  

presen ta tions served as s trong  founda tions  fo r  

la te r discussions.

Leadership Role in Supporting Establishment 
of an International Standardisation Committee
-  The ExCo held discussions and made specific 

recom m endation to  the  S tandard M anagem ent 

Board o f the  In te rna tiona l E lectro techn ica l Com­
mission (IEC) in establish ing a newTechnical Com­

m ittee  (IECTC114) to  develop re levan t standards 

fo r  wave and tida l cu rre n t energy converters.

N ew  IEA-OES publication -  The repo rt, "Wave 

Data C atalogue, 2007", com piled coun try -b y - 

co u n try  rev iew s o f w ave data in IEA-OES m em ­

ber coun tries , p repared by INETI, P ortuga l, was 

published.

Ocean Energy Glossary -  A g lossary de fin ing  

m ain te rm s  in th e  fie ld  o f wave energy, m arine 

c u rre n t energy, tid a l energy, OTEC and sa lin ity  

g ra d ie n t w as prepared du ring  2007 by th e  co l­

labo ra tive  ac tion  o f th e  IEA-OES and th e  Euro­

pean-funded  p ro jec t, "C oord ina ted  A ction  on 
Ocean Energy" (CA-OE).

Active Collaboration w ith  the  Renewable  

Energy Technology Deploym ent Implementing  

Agreem ent (RETD IA) -  RETD agreed to  include 

w ave energy in its  recen t m odel developed fo r  

es tim a tin g  soc ie ty  costs and bene fits  re la ted  to  

renew ab le  energy dep loym en t by end o f 2007. 

The IEA-OES received an in v ita tio n  fro m  the  

RETD to  co llabo ra te  in a p ro je c t in tended to  ac­

ce le ra te  th e  d ep loym en t o f o ffs h o re  renew ab le  

energy techno log ies .

lEA's "In tegration  of Renewables into Electric­
ity  Grids" Project -  The IEA-OES p a rtic ip a te d  in 

an IEA p ro je c t w ith  th e  aim  to  provide in s ig h t 

in to  techn ica l and policy issues in th is  area.

S tatis tical inform ation on Ocean Energy -  In

o rd e r to  provide a u th o r ita tiv e  in fo rm a tio n  to  

th e  IEA pub lica tions, th e  m em bers began to  

com pile  data on th e  fo llo w in g : i) Global Ocean 

P ow er Insta lled  Capacity, ¡i) RD&D Inves tm en t 

in Ocean Energy and iii) Global Resource.

Fund Administration

Since January 2007, the  IEA-OES comm on fund  has been managed by th e  Wave Energy Centre in Portugal. The 

annual con tribu tion  to  the  comm on fund  by each m em ber coun try  is 7000 Euros. The comm on fund  provides 

financia l resources fo r  m anaging the  Executive C om m ittee and the  S ecre taria t. It add itiona lly  covers dissem i­

nation activ ities  expenses under Annex I (ed itions o f docum ents and new sle tter, m aintenance o f w ebsite , etc). 

Annex I is a m an da to ry  Annex in w h ich  p a rtic ip a n ts  assign spec ific  resources and personnel to  ca rry  o u t the  

w ork . Annex II and Annex III are based on cost-sha red  and task-sha red  ac tiv itie s . There is a p a rtic ip a tio n  fee 

fo r  each o f th e  Annexes. The budge t associa ted w ith  th e  Annexes is m anaged by th e  respective  O perating  

A gen t o f th e  Annex.
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2. Task Status Reports

Annex I: Review, Exchange and Dissemination of Information on Dcean Energy Systems 

Operating Agent: In s titu to  Nacional de Engenharia  e Tecnología e Inovaçâo (INETI], P ortuga l

Overall objective
The ob jec tive  o f th is  Task is to  co lla te , rev iew  and fa ­

c ilita te  th e  exchange and d issem ina tion  o f in fo rm a ­

tio n  on th e  techn ica l, econom ic, env iro n m e n ta l and 

social aspects o f ocean energy system s. This availab le 

know ledge should fa c ilita te  fu r th e r  deve lopm en t and 

adoption  o f c o s t-e ffe c tive  ocean energy system s. In 

add ition , th e  resu lts  o f th is  Task w ill fa c ilita te  iden­
tif ic a tio n  o f fu r th e r  Annexes, as w e ll as co n tinu ing  

to  p rom o te  in fo rm a tio n  exchange. Ocean w aves and 

m arine  cu rre n ts  energy system s ("w aves and cu rre n ts  

sys tem s"] are th e  c u rre n t p rio rity .

List of countries participating in the Annex
This Annex is a m anda to ry  Annex o f th e  IEA-OES.

Activities in 2007

The com p le te  lis t o f a c tiv it ie s  undertaken  under 

th is  Annex and s ta tu s  by end o f 2007 is p resen ted  in 

Table 2.1.

A N N E X I -  T A S K S D E L IV E R A B L E S T A T U S

Task 1.1: Dissemination material

Subtask 1.1.1 Website continuing

Subtask 1.1.2 Newsletter continuing

Subtask 1.1.3 Inform ative poster fo r exhibitions IEA-OES Document No: TO I.1.3 completed

Subtask 1.1.4 Glossary on ocean energy IEA-OES Document No: TO I.1.4 continuing

Subtask 1.1.5 On-line reference library continuing

Subtask 1.1.6 Development o f an inform ational DVD Initia ted in 2007

Task 1.2: Publications

Subtask 1.2.1: Wave and Marine Current Energy -  S tatus and 
Research and Development P riorities (2003] IEA-OES Document No: TO I.2.1 completed

Subtask 1.2.2: Review and analysis o f ocean energy 
systems developm ent and supporting policies (2006] IEA-OES Document No: TO I.2.2

Subtask 1.3.2: Open Session on National Activities, 
INETI, Lisbon, 26 February 2004

completed

Subtask 1.2.3: Wave Data Catalogue (2007] IEA-OES Document No: TO I.2.3 completed

Task 1.3: IEA-OES workshops, co-sponsored symposiums and organisations of site visits

Subtask 1.3.1: Workshop, "Ocean Energy The International 
Energy Agency, United Kingdom and European Commission
Programs", Thistle Hotel, Brighton, UK, 30 October 2002 completed

completed

Subtask 1.3.3: Workshop, "Grid Integration o f Ocean Energy Systems", 
Danish Energy Agency, Copenhagen, 5 November 2005 completed

Subtask 1.3.4: Co-sponsored Symposium, "Canada and the World 
o f Ocean Renewable Energy", Royal BC Museum, Victoria,
BC, May 4-5, 2006 completed

Subtask 1.3.5: Co-sponsored Symposium, "Water and Energy: 
Energies from  the Ocean and Desalination", UNAM,

Mexico city, 22-23 March 2007 completed

Subtask 1.3.6: Workshop, "Environmental Issues and Ocean 
Energy Systems", 18 October 2007, University of Messina, Italy IEA-OES Docum ent No: T O I.3.6 completed

Subtask 1.3.7: Site v is it to  a tidal stream plant turb ine 
Kobold from  Ponte di Archimede, Messina, 17 October 2007 completed
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A N N E X I -  T A S K S D e liv e r a b le /R e f  Doc. S ta tu s

Task 1.4: Participation in relevant events

Subtask 1.4.1: Presentations in conferences and publications

Paper published at Proc. of the European Wave Energy 
Conference (2003] IEA-OES Document No TOI.4.1 completed

Paper published at Proc. of the 6EWTEC, Glasgow, UK (2005] IEA-OES Document No TOI.4.2 completed

Paper published at Proc. of WREC, (2005] IEA-OES Document No TOI.4.3 completed

Paper published at Proc.of the Int. Conf. on Ocean Energy, 
Bremenhaven, (2006) IEA-OES Document No TOI.4.4 completed

Paper published at Proc. of the 26th OMAE conference, (2007] IEA-OES Document No TOI.4.5 completed

Paper published at P roc. of the 17th ISO PE Conference, (2007] IEA-OES Document No TOI.4.6 completed

Paper published at the 7EWTEC conference, Porto, 
Portugal, (2007] IEA-OES Document No TOI.4.7 completed

Task 1.5: Ocean energy statistical information

Subtask 1.5.1: Global Ocean Power Installed Capacity IEA-OES Document No TOI.5.1 In itia ted in 2007

Subtask 1.5.2: RD&D Investment in Ocean Energy IEA-OES Document No TOI.5.2 In itia ted in 2007

Subtask 1.5.3: Global Wave and Tidal Current Resource IEA-OES Document No TOI.5.3 In itia ted in 2007

Subtask 1.5.4: Economics of the Ocean Energy IEA-OES Document No TOI.5.4 In itia ted in 2007

Task 1.6: Collaborative actions

Subtask 1.6.1: Collaboration w ith  the IEC -  TC 114 Initia ted in 2007

Subtask 1.6.2: Collaboration w ith  the IEA RETD Initia ted in 2007

Subtask 1.6.3: Collaboration w ith  the IEA project, 
"In tegration o f Renewables in to  E lectricity Grids" In itia ted in 2007

Table 2.1. List o f subtasks under Annex I

Task 1.1: Dissemination material 

Subtask 1.1.1: W ebsite
The w eb s ite  w w w .iea-oceans.o rg  is th e  f ir s t  source o f 

in fo rm a tio n  a b o u t th e  a c tiv itie s  o f th e  IEA-OES. It p ro ­

vides easy access to  its  m a jo r IEA-OES docum ents: An­

nex descrip tions, repo rts , n ew s le tte r, m em bersh ip  in­
fo rm a tio n  as w e ll as n o tif ica tio n  o f upcom ing events.

Subtask 1.1.2: N ew slette r
A prin ted , co lour n e w s le tte r is prepared by the  Secre­

ta ry  and available on the  w ebs ite  every six m onths to 

p resen t nationa l ac tiv ities  on ocean energy. M em bers 

provide m ateria l o f in te re s t to  th e  Secretary and en­

sure th a t the  n e w s le tte r reaches its ta rg e t audience 

in th e  respective coun tries. Further, a b rie f section in­

c ludes an update o f th e  techno log ies "going to  the  sea". 

Nine issues o f th e  n e w s le tte r had been published by the  

end o f 2007.

The fo llo w in g  na tiona l deve lopm ents  in th e  p a rtic ip a t­

ing coun trie s  can b e fo u n d  in th e tw o  n e w s le tte rs  pub­

lished in 2007:

CEODOURO P ro je c t -  Im p lem en ta tion  o f a break­

w a te r  in te g ra te d  ÜWC pow er p la n t in O porto, 

P ortuga l, by Joao Maciel, EDP Inovaçâo, Portugal 
In te rn a tio n a l Sym posium  on W ater and Energy: 

"Energ ies fro m  th e  Ocean and Desa lination", by 

Gerardo H ir ia rt, UNAM, Mexico 

T ida l C u rren t Energy D eve lopm ents in China, by L. 
Zhang and K. Sun, Harbin E ng ineering U niversity, 

China

Susta inab le  D eve lopm ent Com m ission s tudy ing  

t id a l pow er in th e  UK, by Karla Hill, Susta inab le  
D eve lopm ent Com m ission, UK 

The 7th European Wave and Tidal Energy Conference 

in Porto, Portugal, Septem ber 2007, by Anton io  F. 

0. Falcäo, Ins titu to  Superior Técnico, Portugal 
Ocean Energy A c tiv it ie s  in Mexico, by Gerardo 

H ir ia rt, UNAM, Mexico
"Ocean Energy is M aking Waves in Renewable En­

ergy" by Kathryn Jeffery, O ceanenergy L im ited, 

Ireland

Subtask 1.1.B: Inform ative poster fo r exhibitions
A second pos te r w as produced du ring  2007 and p re ­

sen ted  a t exh ib itions. The fo rm e r pos te r ju s t  covered 

w aves and tid a l c u rre n t energy and th is  new  one is fo ­

cused fu r th e r  on tida l, OTEC and sa lin ity  g rad ien t.

http://www.iea-oceans.org
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Subtask 1.1.4: Glossary on ocean energy
The Ocean Energy G lossary w as prepared under th e  

C o-ord ina ted  A ction  on Ocean Energy (CA-OE], a 

th re e -ye a r p ro je c t [2005-2007] estab lished  and sup­
p o rted  by fu n d ing  fro m  European Com m ission Sixth 

F ram ew ork  Research P rogram  fo r  Energy Environ­

m en t and Susta inab le  Developm ent. The p rim a ry  aim  

o f th is  g lossary is to  provide an e ff ic ie n t re fe rence  to  

th e  ocean energy spec ific  te rm s  fo r  p ro fess iona ls  and 

th e  genera l public. Further, i t  is m ean t to  give some 
c o n trib u tio n  to  p ro m o tin g  b e tte r  p ractice  and use o f 

com m on concepts in th e  ocean energy fie ld . Given th e  

role o f in te rn a tio n a l o rgan isa tio n s  in p ro m o tin g  th e  

use o f "s tan d a rd " concepts, th e  IEA-OES proposed, 
in co llabo ra tion  w ith  th e  CA-OE p ro jec t, to  develop a 

g lossary to  in fluence  ha rm on isa tion  o f te rm in o lo g y  in 
Ocean Energy. The Ocean Energy G lossary con ta ins  a 

com prehensive  se t o f d e fin it io n s  o f th e  main te rm s  in 

th e  fie ld  o f w ave energy, m arine c u rre n t energy (tida l 

s tream ], t id a l energy, OTEC and sa lin ity  g rad ien t. The 
d e fin it io n s  in th e  Ocean Energy G lossary are p rim a rily  

based on th e  com prehensive  M arine Energy G lossary 

th a t  w as developed by Entec UK Ltd  in p a rtne rsh ip  

w ith  th e  Carbon T rus t [2 0 0 5 ]1. W hile in it ia l e labo ra ­

tio n  o f th e  g lossary and in te rp o la tio n  to w a rd s  th e  f ir s t  

pub lished vers ion  w as com p le ted  by Decem ber 2007 

w ith in  th e  CA-OE p ro jec t, th e  updating  w ill be done 

under IEA-OES.

Subtask 1.1.5: On-line Reference Library
The O n-line R eference L ib ra ry  developed a t INETI d u r­
ing 2007 it  is under fina lisa tio n .

Subtask 1.1.6: Developm ent of an inform ational DVD
In 2007 s ta rted  th e  p repara tion  o f the  DVD on Ocean 

Energy w ith  th e  ob jective  to  prom ote  ocean energy as a 

viable energy resource, and educate decision m akers as 

w e ll as the  public about w h a t ocean energy is and how  

it  can co n trib u te  to  susta inab le  energy p roduction.

Task 1.2: Publications
The IEA-OES d issem ina tes pub lica tions  on th e  IEA- 
OES w e b s ite  and th ro u g h  th e  IEA OPEN Energy Tech­

nology B u lle tin  (h ttp ://s p id e r.ie a .o rg /im p a g r/c ip / 
index.h tm ] w h ich  is a n e w s le tte r to  d issem ina te  the  

a c tiv itie s  w ith in  th e  lEA’s energy te chno logy  and R&D 

com m unity.

Subtask 1.2.3: W ave Data Catalogue for Resource 

Assessment
This ca ta logue  w as prepared by th e  P ortuguese  dele­

gate, Dr Teresa Pontes fro m  INETI, under th e  fra m e ­

w o rk  o f th e  IEA-OES. This d o cum en t prov ides an 

ove rv iew  o f w ave data app ro p ria te  fo r  wave energy 

resource assessm ent and cha ra c te risa tion ; th e  data is 

ava ilab le  in th e  IEA-OES m em ber coun tries . In add ition  
to  co lla tin g  and com paring  such in fo rm a tio n , th e  re­

p o rt w ill serve to  in fo rm  discussion on w e a th e r a new  

Annex on resource  assessm ent should be pursued a t 

th is  tim e.

The ca ta logue is based on ex is ting  w ave data co llected 

via a q u e s tionna ire  p rovided to  each m em ber country, 

observers and ta rg e te d  observers, and com plem ented  

by a w eb search, and focuses:

In s itu  data: w ave data co llected  by m oored data 

buoys, m easurem en ts  made fro m  fixed p la tfo rm s  
and th e ir  cha ra c te ris tics  ( loca tion , w a te r  depth , 

a va ilab ility ];

Rem ote sensed data: s a te llite /ra d a r in use and 

th e ir  ch a ra c te ris tics  (sensor, coverage, ava ilab il­

ity, exact repea t period ];

W ind-w ave num erica l m odel resu lts : th e ir  iden­

tif ic a tio n , descrip tion  and coverage, as w e ll as 

o th e r techn ica l in fo rm a tio n .

1 h ttp ://w w w .ca  rbontrust.co .uk/techno logy/techno logyacce lera tor/g l ossary.htm

http://spider.iea.org/impagr/cip/
http://www.ca
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Task l.B: IEA-OES workshops, co-sponsored 
symposiums and organisations of site vis­
its

Subtask 1.3.5: Co-sponsored Symposium "W ater and 

Energy: Energies from  the Ocean and Desalination"
The In te rn a tio n a l Sym posium  on W ater and Energy: 

Energies fro m  th e  Ocean and D esa lina tion  w as held 

d u ring  22 and 23 M arch 2007 a t th e  N ationa l U n iver­

s ity  o f Mexico [UNAM ], co -sponsored by th e  IEA-OES. 

An average o f 100 persons a tte nd e d  da ily th e  tw o - 

day m eeting . T h ir ty  papers w h e re  p resen ted  fro m  18 

d if fe re n t coun tr ie s  and a round tab le  a t th e  end was 

organ ised  w ith  th e  p a rtic ip a tio n  o f five  Mexican in s ti­

tu tio n s  w he re  they  discussed th e  necessary steps to  

im prove  th e  survey o f cu rren ts , waves and tid e s  in the  

na tiona l seas.

P resen ta tions  w ere  made a bou t th e  po lic ies to  p ro ­

m ote  th e  ocean energ ies by th e  U nited Kingdom , USA, 

Canada, P o rtuga l and Germany. Several p resen ta tions  

w e re  made a b o u t techn ica l deve lopm ents  by rep re ­

se n ta tives  o f Brazil, A ustra lia , Korea, Italy, Canada, 

Germany, Scotland, Norway, D enm ark and P ortuga l. 

O the r coun tr ie s  such as Chile, Russia and Dom inican 

Republic, p resen ted  th e ir  v ision a b o u t th e  fu tu re  o f 

those  energ ies in th e ir  coun tries . The Mexican de lega­

tio n  p resented  th e  p oss ib ilitie s  o f t id a l sto rage , tid a l 
cu rre n ts  genera tion , wave pum ping and genera tion , 

hyd ro the rm a l ven ts  in th e  G u lf o f C a lifo rn ia  to  gener­

ate e le c tr ic ity  and new  ideas to  desa lina te  sea w ater. 

A ccord ing to  th e  pa rtic ip a n ts , i t  w as a ve ry  good m ee t­

ing w he re  th e  exchange o f in fo rm a tio n  and g e ttin g  ac­

qua in ted  w ith  each o th e r w e re  th e  main points.

Symposium "W aterand Energy: Energies from  the  Ocean and Desalination" 
Pat Leahy Acting [D irecto r o f the  US Geological Survey], Sergio Alcocer 
[D irec to r o f th e  In s titu te  of Engineering o f UNAM], Ruben Flores [Un­
dersecre tary o f E lectric ity  o f th e  M in is try  o f Energy], and Gouri Bhuyan 
[IEA-OES Chairman].

Subtask 1.3.6: Workshop "Environm ental Issues and 
Ocean Energy Systems"
The IEA-OES held a w o rkshop  on 18 October, 2007 in 

Messina, Italy, e n tit le d  "P o te n tia l E nv ironm en ta l Im ­

pacts and Ocean Energy Devices." The w orkshop  was 

held as a ga the rin g  o f experts  to  id e n tify  en v iro n ­

m enta l research needs and areas fo r  in te rn a tio n a l 

co llabo ra tion  on th e  issue o f env ironm en ta l im pacts 

and ocean energy devices. E xpert rep resen ta tives  

fro m  various co u n trie s  p resented  in fo rm a tio n  on new 

ocean techno log ies , te s tin g  fa c ilit ie s , research re ­

su lts  re la tin g  to  env iro n m e n ta l im pacts, risk decision 

making, and lessons learned fro m  d e m o n s tra tio n s  o f 

ocean energy devices. Follow ing th e  p resen ta tions , an 

open d iscussion period w as held to  id e n tify  p rio r it ie s  
and to  c o n s id e rfo rm in g  an annex to  address research 

and deve lopm en t dea ling  w ith  e nv ironm en ta l e ffe c ts : 

it  w as genera lly  fe l t  th a t  th e  IEA -  OES can play a role 

in a llev ia ting  som e o f th e  p o te n tia l e n v iro n m e n t-re la t­

ed ba rrie rs  fac ing  ocean energy te chno logy  pe n e tra ­

tion . There seems to  be a lack o f unders tand ing  by 

stakeho lde rs  regard ing  th e  p o ten tia l env ironm en ta l 

im pacts associa ted w ith  these  devices.

A sum m ary o f th e  p re sen ta tions  fro m  each o f th e  in ­

v ited  experts , main d iscussion top ics  and recom m en­

da tions are included in th e  W orkshop Proceedings 

produced by N ationa l R enewable Energy L a bora to ry  

[USA] & N atu ra l Resources Canada [Canada].

Subtask 1.3.7: S ite v is it to  a tidal stream  plant -  

Kobold turbine from  Ponte di Archimede
Since 2001, a p ilo t t id a l tu rb in e  p la n t called ENERMAR 

has been m oored in Ita ly ’s S tra it  o f Messina, close to  

th e  Sicilian coast, a b o u t 150 m o ffs h o re  in w a te rs  18 m 

to  25 m deep. This p ro je c t w as developed by "P onte  di 

A rch im ede S.p.A." (Messina, Ita ly].

Ponte di A rch im ede [PdA ] is p lann ing  on p a rtic ip a tin g  

in some tasks o f th e  IEA-OES on beha lf o f Italy. The 

13th Executive C om m ittee  m ee ting  (O ctober 2007] was 

hosted by PdA and included th e  o rgan isa tion  o f a s ite  

v is it to  th e  p ilo t tid a l p lant.
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The purpose o f th e  ENERMAR p ro je c t is to  dem on­

s tra te  th e  exp lo ita tion  o f m arine cu rre n ts  by means 

o f an innova tive  pa ten ted  Kobold tu rb in e . This tu rb in e  

can be de fined  as a ve rtica l axis hydro tu rb in e  able to  

co n ve rt th e  k ine tic  energy con ta ined  in th e  m arine 

cu rre n ts  in to  m echanical energy. The num erica l m od­

e ling  o f th e  tu rb in e  to  p re d ic t th e  tu rb in e  behavior 

and o u tp u t ra te  w as developed a t th e  D epa rtm e n t o f 

A e ronau tica l E ng ineering o f U n ive rs ity  o f Naples. This 

num erica l a c tiv ity  w as coupled w ith  expe rim en ta l ac­

t iv it ie s  w ith  w in d  tu n ne l te s ts  o f a la rge r m odel o f th e  

Kobold tu rb in e .

Global e ffic ie n cy  o f th e  system  has been m easured to  

be a round 25%, com puted  as a ra tio  be tw een  th e  p ro ­

duced m echanical pow er and th e  th e o re tic a l pow er 

ava ilab le  in th e  cu rre n t.

P onte  di A rch im ede is in te re s te d  in expo rting  know l­

edge o f its  device. S tud ies are cu rre n tly  in progress 

to  provide renew ab le  energy to  rem ote  islands in th e  

Republic o f China, th e  Ph ilipp ines and Indonesia by 

ins ta llin g  tu rb in e  fa rm s  o f th e  pa ten ted  ENEMAR sys­
tem . This is an ongoing  p ro je c t to g e th e r w ith  UNIDO -  

th e  U nited N ations Ind us tr ia l D eve lopm ent O rgan isa­

tio n  -  and th e  gove rnm ents  o f th e  th re e  coun tries .

Kobold tu rb ine  visited by the  IEA-OES group

Task 1.4: Participation in relevant interna­
tional events and meetings

The IEA-OES con tinued  to  s tren g th e n  its  d issem ina­
tio n  a c tiv itie s  th ro u g h  p re se n ta tio n s  in events, co n fe r­

ences and sym posium s re leva n t to  ocean energy. The 

Chair and Vice-Chair a tte nd e d  various m ee tings and 

w o rkshops o rgan ised by th e  IEA S ecre ta ria t. M em bers 

o f th e  Executive C om m ittee  a ttended  several na tiona l 

and in te rn a tio n a l con ferences and p resen ted  th e  ac­

tiv it ie s  o f th e  IEA-OES du ring  2008.

UKERC (UK Energy Research Centre) road mapping 

event, Oxford (January 2007)
IEA-OES Vice-Chair, Mrs. Katrina Polaski, a ttended  a 

tw o  day w orkshop  aim ed to  gain consensus around 
a research road map fo r  ocean energy fo r  th e  UK and 

fo r  o th e r ju risd ic tio ns . The w orkshop  w as organ ised by 

Dr. M arkus M eu ller o f Ed inburgh University. The pres­

e n ta tio n s  by a ttendees o f th e  w orkshop  w ere  m eant 

to  provide examples and an unders tand ing  o f th e  plan­

ning and needs assessm ent w o rk  done by o th e r bodies 
w o rk ing  on m arine renew ables. The p resen ta tion  fro m  

the  IEA-OES was focused on th e  m a trix  o f ba rrie rs  and 

ob jectives included in the  IEA OES S tra tegy  docum en t 

fo r  2007 -  2011. It w as recom m end th e  IEA-OES to  con­

tin u e  engaging w ith  the  UKERC on th e  road m apping 
exercise and consider p rov id ing, th ro u g h  Annex I, some 

fa c ility  fo r  con tinu ing  th e  p ro je c t and broadening it  to  

make it  applicable beyond the  UK.

FP7 Ocean and Wind Technologies EU Conference, 
Dublin (28 February 2007)
The European Com mission, w ith  s u p p o rt fro m  Ireland, 

organ ised a M a jo r European Conference and B roker­

age Day on "European Ocean and W ind Techno log ies" 

w ith in  th e  EU RTD 7th F ram ew ork. The C onference, 

hosted by S usta inab le  Energy Ire land (SEI) and the  
European Com m ission re p re se n ta tio n  in Ireland, in­

cluded e xpe rt p a rtic ip a n ts  fro m  EU m em ber s ta tes  
and re p re se n ta tio n  fro m  Irish R&D o rgan isa tions  and 

indus trie s  w ith in  th e  Energy and Ocean Technology 

sectors. The m ain ob jec tives o f th e  day w ere  to  in fo rm  

a bou t th e  c o n te n t o f th e  Energy W ork Program , the  

f ir s t  call fo r  proposa ls and fu tu re  R&D FP7 Research 

p rio ritie s . IEA-OES Vice-Chair, Mrs. K a trina Polaski, 

pa rtic ip a te d  in th is  even t and launched th e  IEA-OES 

repo rt, "R eview  and analysis o f ocean energy system s 

d eve lopm en t and su p p o rtin g  policies", th e  re p o rt pre ­

pared by F u tu re  Energy S o lu tions, UK, fo r  Susta inab le  

Energy Ireland, on beha lf o f th e  lEA’s Im plem enting  

A g reem en t on Ocean Energy System s.



annual report 2007 #19

IEC Standardisation M anagem ent Board (5M B) m eet­
ing, Geneva (June 2007)
W ith an in v ita tio n  fro m  th e  Chair o f th e  SMB o f the  

In te rn a tio n a l E lec tro techn ica l Com m ission (IEC), the  
Chair a tte nd e d  th e  m eeting  o f th e  IEC SMB m eeting, 

held in Geneva in June. He also made a p rese n ta tio n  on 

beha lf o f IEA-OES to  th e  SMB.

□MAE 2007, San Diego, California (June 2007)
T. Pontes, de legate  fro m  P ortuga l, p resen ted  her pa­
per, "Im p lem en ting  A g reem en t on Ocean Energy Sys­

tem s", pub lished in th e  Proceedings o f th e  26“  In te r­

na tiona l Conference on O ffshore  M echanics and A rc tic  
E ng ineering (OMAE) 2007, June 2007.

I SOPE 2007, Lisbon (July 2007)
A. B rito  Melo, as S ecre ta ry  o f th e  IEA-OES, p re se n t­
ed th e  paper, "Ocean Energy System s Im plem en ting  

A greem en t: An In te rn a tio n a l C o llabora tive  P rogram " 

pub lished by A. B rito -M e lo , G. Bhuyan, K. N ielsen, K. 

Polaski, T. Pontes and G. Shanahan, in Proceedings o f 

th e  17“  In te rn a tio n a l O ffsho re  and Polar Eng ineering 

Conference, Lisbon, 1 -7  July, 2007.

Energy Ocean 2007, Oahu, Hawaii (August 2007)
W alt Musial, as de legate  fro m  USA, p resen ted  th e  "In­

te rn a tio n a l Energy Agency’s Im plem en ting  A greem ent 

on Ocean Energy System s (IEA-OES)."

7th European W ave and Tidal Energy Conference, Por­
to  (Septem ber 2007)
Gouri Bhuyan, as Chairm an o f th e  IEA-OES, p resented 

th e  paper "The S tra te gy  fo r  th e  Next Five Years -  In­

te rn a tio n a l Energy Agency’s Ocean Energy System s 

(IEA-OES) Im p lem en ting  A g reem en t" by G. S. Bhuyan 

and A. B rito -M e lo .

Participation  in IEA Events 

IEA Technology Fair a t the  IEA M inisterial M eeting, 
Paris (M ay 2007)
D ocum ents pub lished by th e  IEA-OES w e re  d is trib u te d  
in th e  IEA Technology Fair du ring  th e  IEA G overning 

Board a t M in is te ria l level.

51st Renewable Energy W orking P arty  (REWP) m eet­
ing, Paris (March 2007)
A ttended  by th e  IEA-OES Vice-Chair K a trina Polaski.

52nd REWP m eeting and IEA m eeting "Trading and 

Transmission: a Roundtable", Berlin (October 2007)
A ttended  by th e  IEA-OES Chairman.

South Africa N etw orks of Expertise in Energy Tech­
nology (NEET) Workshop, South Africa (February  
2007)
This w orkshop  w as in tended to  be th e  f ir s t  o f a series 

s tim u la te d  by th e  req u e s t o f th e  G8 and th e  IEA Gov­
ern ing  Board w ith  th e  aim  o f fa c ilita t in g  co -opera tion  

w ith  th e  in te rn a tio n a l business com m un ity  and deve­

loping coun tries . During th is  w orkshop , IEA W orking 

P arties and lAs had th e  o p p o rtu n ity  to  p resen t and 

discuss w ith  th e  South  A frican  s takeho lde rs  fro m  

g overnm ent, industry , research, and academ ia w h a t 
energy techno logy  co llab o ra tio n  can achieve. The 

IEA-OES w as rep resen ted  in th is  w o rkshop  by Ms. Alla 
W einste in, d ire c to r o f th e  EU-OEA (European Ocean 

Energy A ssocia tion), obse rve r in prev ious IEA-OES 

ExCo m eetings, and requested  by th e  ExCo to  p resen t 

th e  IEA-OES in th e  NEET w o rkshop  on beha lf o f the  

IEA-OES.

Brazil NEET Workshop, Brasilia (Novem ber 2007)
This w orkshop  o rgan ised by th e  IEA in co llabo ra tion  
w ith  th e  M in is try  o f M ines and Energy (MME), w as a t­

tended  by th e  IEA-OES Chairman.

Task 1.5: Ocean energy statistical infor­
mation

The IEA-OES aim s a t g a the ring  s ta tis tic a l in fo rm a tio n  

and m em bers and observers w e re  requested  to  s ta r t  
co llec ting  th is  in fo rm a tio n  on a na tiona l level.

Subtask 1.5.1: Global Ocean Power Installed Capacity
In response to  lEA’s REWP reques t on data on cum u la ­

tive  ins ta lled  genera tion  capacity  in e le c tr ic ity  sector, 

th e  IEA-OES s ta rte d  to  com pile  in fo rm a tio n  based on 

feedback received fro m  various m em bers and obse rv­

ers on th e  ocean energy ins ta lled  capacity  o r under 
ins ta lla tio n .

Subtask 1.5.2: RD&D Investm ent in Ocean Energy
In response to  lEA’s REWP reques t on data on RD&D 

tre n d s  re la tin g  to  ocean energy fo r  th e  tim e  period o f 

1990 th ro u g h  2006, th e  IEA-OES s ta rte d  to  com pile  in ­

fo rm a tio n  fro m  th e  m em bers in o rde r to  com p lem en t 

or f ill in th e  gaps in th e  o ffic ia l IEA s ta tis tics .
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Subtask 1.5.3: Global w ave and tidal current resource  
characterisation
In th e  M arch ExCo m eeting , a new  a c tiv ity  w as sug­

gested  on cha ra c te risa tion  o f th e  scale o f th e  global 

resource  fo r  d if fe re n t coun tries . A sm all w o rk ing  

g roup on t id a l resource w as proposed w ith  th e  a im  o f 

p resen ting  a proposal to  be d iscussed in fo rth co m in g  

m eetings. It w as re in fo rced  th e  need o f th e  IEA-OES to  

genera te  th e o re tic a l resource o p p o rtu n itie s  fo r  d if fe r ­

e n t fo rm s  o f ocean renew ab le  resources in a co u n try  

basis, in ve ry  s im p lified  te rm s  b u t backed by published 

sc ie n tif ic  docum ents.

Subtask 1.5.4: Present economics of ocean energy
The ExCo discussed th e  need fo r  th e  IEA-OES to  p ro ­

vide a u th o r ita tiv e  in fo rm a tio n  re la ted  to  p resen t and 

fu tu re  econom ics o f ocean energy. M em bers agreed 

on th e  im portance  o f a ta sk  th a t  w ou ld  provide in fo r ­

m ation  to  th e  IEA. R elevant rep o rts  and in fo rm a tio n  

genera ted  th ro u g h  Carbon T rust, o th e r rece n t pub lica ­

tions , and o th e r European in it ia tive s  w ill be review ed 

to  produce a b rie f sum m ary on p re se n t cost o f w ave / 

tid a l c u rre n t d e m o n s tra tio n  p ro jec ts , fu tu re  cost o f 

p lan ts  and cost o f energy based on ce rta in  policy sce­

narios and assum ptions ( learn ing  rates, ins ta lla tions , 

e tc .] fo r  th e  ExCo to  rev iew  and possib ly a dop t th e  in­
fo rm a tio n  a t a la te r stage fo r  in p u t to  IEA.

Task 1.6: Collaborative actions

Subtask 1.6.1: Collaboration w ith  the  IEC
F urth e r to  th e  reso lu tion  fro m  th e  las t ExCo m eeting  

on IEA-OES's w illingness  to  prov ide  in p u t to  IEC on 
th e ir  proposed s tanda rd -m ak ing  ac tiv itie s , th e  Chair 

se n t a le tte r  to  th e  S tanda rd isa tion  M anagem ent 

Board (SMB] o f IEC and subsequen tly  a tte nd e d  IEC 

SMG m ee ting  held in Geneva on 5 June and provided 
th e  necessary recom m enda tion  to  th e  SMG. On beha lf 

o f th e  ExCo, th e  cha ir p rovided a cond itiona l co m m it­

m en t th a t  th e  IEA-OES w ou ld  ass is t th e  IEC s ta n d a rd i­
sa tion  process th ro u g h  th e  O pera ting  A gents o f An­

nexes I, II and III.

Subtask 1.6.2: Collaboration w ith  the  IEA RETD
A t th e  ExCo m eeting  in M arch 2007, a d iscussion w as 

held on th e  poss ib ility  o f co lla b o ra tin g  w ith  th e  IEA 
Im p lem en ting  A g reem en t on Renewable Energy Tech­

no logy D ep loym ent (RETD], The ExCo agreed to  co llab­

o ra te  on one o f th e ir  p ro jec ts  invo lv ing deve lopm en t 

o f a m odel fo r  e s tim a tin g  socie ta l costs and benefits

re la ted  to  renew ab le  energy dep loym ent. This ca lcu la­

tor, "RecaBS -  R enewable Energy Costs and B enefits  

to  Society", w as developed by RETD w ith  th e  p rim ary  

ob jec tive  o f e s tim a tin g  th e  costs and bene fits  o f e lec­

tr ic ity  fro m  renew ab le  energy sources to  conventiona l 

techno logy. Wave energy w as included in th is  model.

Further, by th e  end o f 2007, th e  IEA-OES had received 

an in v ita tio n  fro m  th e  RETD to  exp lore  and id e n tify  a r­

eas o f m utua l in te re s t and to  prepare  a jo in t  p ro je c t 

proposal th a t  could m axim ise th e  synerg ies be tw een 

th e  agreem ents  in o rd e r to  de live r a com prehensive  

re p o rt on w ays to  acce le ra te  th e  dep loym en t o f o f f ­

shore renew ab le  energy techno log ies . This p ro je c t 
can b e n e fit fro m  th e  w o rk  o f th e  o ffs h o re  w ind  experi­

ences and is expected to  include an o ffs h o re  energy 

dep loym en t fram e w o rk , su b s tan tia te d  by evidence- 

based analyses, and recom m enda tions fo r  fu tu re  po li­
cies design, inc lud ing  best p ractices fo r  a lloca tion  o f 

sea floor r ig h ts  fo r  na tiona l and reg iona l po licy makers, 

u tilit ie s  and p ro je c t developers.

Subtask 1.6.3: Collaboration w ith  the  IEA project 
"In tegration  of Renewables into E lectricity Grids"
The ExCo agreed to  co llabo ra te  w ith  th e  p ro je c t un­

de rtaken by th e  IEA called "In te g ra tio n  o f Renewables 

in to  E le c tr ic ity  G rids" to  provide in s ig h t in to  techn ica l 

and policy issues in th is  area (2007-2008]. The Chair 

a ttended  tw o  e xpe rt m ee tings in 2007, th e  f ir s t  m ee t­

ing held in Paris in May dea lt w ith  th e  techno log ica l 

issues, and th e  second m ee ting  held in Berlin  in O cto­

ber d e a lt w ith  policy, m a rke ta n d  reg u la to ry  issues. He 

also p rovided inpu ts  to  a d ra ft  re p o rt prepared by lEA’s 

con trac to r. The re p o rt is expected to  be pub lished by 

th e  IEA S e cre ta ria t p rio r to  th e  G8 m ee ting  in Japan 

in 2008.



Expected deliverables planned for 2008

M ore active  co llabo ra tio n s  du ring  2008 th ro u g h  th e  cu rre n t Annexes and p o te n tia l new  Annex are expected. 

Some o f th e  expected de live rab les p lanned fo r  2008 can be sum m arised  as below :

The in fo rm a tio n a l DVD on ocean energy w ill be concluded.

F u rth e r d iscussion on e nv ironm en ta l issues and e s ta b lish m e n t o f a new  Annex on th e  to p ic  are expected. 

S pecific  a c tiv itie s  re la ted  to  policy, resources and econom ics o f ocean energy w ill be in itia te d .
C o llabora tion  w ith  th e  IEA RETD IA fo r  ca rry ing  o u t p ro je c ts  on acce le ra ting  th e  dep loym en t o f o ffsh o re  

renew ab le  energy techno log ies  w ill be in itia te d .

Task rep o rts  fro m  some o f th e  w o rk  packages o f th e  c u rre n t Annex II and III are also expected in 2008. 

Enhanced n e tw o rk in g  a c tiv itie s  th ro u g h  p a rtic ip a tio n  in d if fe re n t IEA even ts to  increase m em bersh ips w ill 

be pursued.
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Annex II: Development of Recommended Practices for Testing and Evaluating Dcean 
Energy Systems

Operating Agent: The M in is try  o f E nv ironm en t and Energy, Danish Energy Agency (ac ting  th ro u g h  RAM B0LL], 

Denmark.

Overall objectives
The ob jec tive  o f th is  Task is to  develop recom m ended 
p ractices fo r  te s tin g  and eva lua ting  ocean energy sys­

tem s and, in th is  way, to  im prove th e  com pa ra b ility  o f 

experim en ta l resu lts . T h isA nnex  w as extended in 2006 

to  address p ro to typ e s  and th e  overa ll ob jec tive  o f th e  

extended w o rk  p rogram  is to  prov ide  th e  necessary 

basis in o rde r to  p resen t th e  pe rfo rm ance  o f d if fe re n t 

ocean energy system s in a com parab le  fo rm a t.

Launch of the new w ork program
The extension  o f th e  w o rk  p rog ram  o f Annex II was 

launched in February 2007. The new  w o rk  p rog ram  has 

th e  fo llo w in g  specific  tasks and de liverab les:

Task 2.1: Generic and site related wave and tidal data
Four generic  s ca tte r d iagram s th a t  re fle c t typ ica l wave 

cond itio ns  and typ ica l t id a l f lo w  co nd itions  a t d if fe re n t 

m em ber s ta te s ’ coast lines w ill be com piled. The goal 

is to  enable com parison be tw een th e  pe rfo rm ance  o f 

d if fe re n t w ave energy system s and o f d if fe re n t tid a l 

energy system s.

Task 2.2: Developm ent and evaluation protocol 
fo r ocean energy systems
The ob jective  o f th e  p ro toco l is to  prov ide  a docum ent 

th a t  in s im ple te rm s  expla ins s teps needed in th e  de­

ve lo p m e n t o f ocean energy system s. The p ro toco l 

a im s a t exp la in ing in a com m on language th e  ob jec tive  

and expected ou tcom e o f each step fo r  deve lopers and 
su p p o rtin g  bodies. C rite ria  fo r  m oving fro m  one step 

to  th e  next w ill be expla ined and discussed.

Task 2.3: Guidelines fo r open sea testing  and evalua­
tion of ocean energy systems
G uidelines fo r  d if fe re n t types o f ocean energy sys­

tem s w ill be com piled based on best p ractice  and ex­

perience fro m  th e  ocean energy com m unity.

Summary and accomplishments for 2007
February 2007 saw  th e  launch th e  Annex II extended 

w o rk  p rogram  w ith  experts  fro m  several coun trie s  in 

a K ick -o ff m ee ting  hosted by th e  UK D epa rtm e n t o f 

Trade and Industry, a t th e  DTI Conference Centre, Lon­
don. The W ork p rogram  o f Annex II w as rev iew ed and 

th e  leaders o f each sub task w ere  selected.

During 2007, much in te re s t in th e  deve lopm en t o f 
s tandards fo r  ocean energy has been seen especia lly 

in connection  w ith  th e  te s tin g  ongoing  a t EMEC in the  

UK and severa l d ra ft  gu ide lines have been prepared. 

Some o f these  have been discussed on th e  EU level 
under th e  C o-ord ina ted  A ction  on Ocean Energy, and 

a separa te  EU proposa l "E qu iM ar" (E qu itab le  te s tin g  

and E va lua tion  o f  M arine  Energy E x trac tion  Devices 

in te rm s  o f  P erfo rm ance, Cost and E nv ironm en ta l 

Im pac t] th a t  focus on s tandards w as su b m itte d  by 
Ed inburgh U n ive rs ity  and se lected fo r  fu n d ing  during  

2007. F u r th e rth e  IEC s tan da rd isa tio n  body announced 

in 2007 th a t  i t  w ill develop standards fo r  ocean energy 

tro u g h  th e  a c tiv it ie s  o f th e  IEC TC 114. N ationa l s tand ­

ard isa tion  co m m itte e s  are being fo rm e d  and th e  f ir s t  

in te rn a tio n a l m ee ting  w ill be held du ring  2008.

It is th e  v ision th a t  th e  Annex II extension gu ide lines 

can help fo rm  th e  genera l p ic tu re  o f the  focus areas 

th a t need to  be addressed in th e  m ore deta iled  s tand ­

ards and in te ra c t w ith  th e  s tandards being developed.



List of countries participating in the Annex

P A R TIC IP A TIN G  M E M B E R S*

Task 2.1: Generic and site-related wave and tida l data

Task 2.1.1 Generic and site-related wave data

Task 2.1.2 Generic and site-related marine curren t data

Portugal, Denmark, Canada, Ireland, USA, Norway 

and Belgium

Canada, USA, UK, Norway and Ireland

Task 2.2: Development and evaluation protocol fo r ÜE5

Task 2.2.1 Development protocol wave 

Task 2.2.2 Development protocol tidal

Ireland, Denmark, Canada, UK, Norway, Portugal 

and Belgium

UK, Canada, Ireland, Norway and Mexico

Task 2.3: Guidelines fo r open sea testing and evaluation o f ÜE5

Task 2.3.1 M onitoring and data acgulsltlon wave and tidal UK, Canada, Ireland, Portugal, Norway, Denmark, USA

Task 2.3.2 Data preparation and presentation 

o f results wave and tidal

Ireland, Canada, UK, Portugal, Norway, Denmark, USA

Task 2.3.3 Guidelines on design, safety 

and Installation procedures wave and tidal

UK, Canada, Ireland, Portugal, Norway, Denmark 

and USA

"Task leaders are In bold

Key Deliverables planned for 2008

D uring 2008, i t  is th e  plan th a t  each ta sk  leader provides a d ra f t  re p o rt on w h a t is seen as best p ractice  on his or 

her respective  task. The d ra f t  rep o rts  w ill be based on ongoing  a c tiv itie s  and ex is ting  in fo rm a tio n  availab le to  the  

ta sk  leader a t th is  p o in t in tim e. These rep o rts  w ill then  be com piled by th e  ope ra tin g  a gen t and c ircu la ted  am ong 

all p a rtic ip a n ts  fo r  com m ents  and d iscussion.
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Annex III: Integration of Dcean Energy Plants into Distribution 
and Transmission Electrical Grids

Operating Agent: P ow ertech  Labs Inc., Canada

Objectives
The p rim a ry  purposes o f th is  Annex are to  conduct 

co -ope ra tive  research in to  th e  genera tion , tra n s m is ­
sion and econom ics o f in te g ra tin g  ocean energy in to  

e lec trica l g rids and to  provide a fo ru m  fo r  re leva n t in­

fo rm a tio n  exchange. S pecific  ob jec tives o f th e  Annex 

are as fo llow s:

Id e n tify  p o ten tia l d iffe re n ce s  and o p p o rtu n itie s  

associa ted w ith  th e  in te g ra tio n  o f wave and tid a l 

c u rre n t energy p lan ts in to  e lec trica l grids, in com ­
parison w ith  w ind  energy

Develop a re leva n t in te rco n n e c tio n  gu ide line  fo r  

e lec trica l u tilit ie s  and p ro je c t deve lopers w ho are 
cons ide ring  connecting  p ilo t w ave and tid a l cu r­

re n t p ro jec ts  to  th e  grids

Create a com prehensive  database fo r  ch a ra c te r­

iz ing w e ll-advanced w ave and t id a l c u rre n t con­
vers ion  system s

D em onstra te  th e  in te g ra tio n  o f w ave and tid a l 

c u rre n t energy p lan ts in to  e lec trica l g rids th ro u g h  

case s tud ies invo lv ing  s im p lified  n e tw o rk  m od­

e ling  techn iques, and id e n tify  th e  n e a r-te rm  and 

lo n g e r-te rm  p ractica l level o f th e  ocean pow er 

th a t  could be in te g ra te d  in ta rg e t geograph ica l 
areas fo r  a m em ber co u n try  

C oord ina te  th e  w o rk  o f th is  Annex w ith  re levan t 

a c tiv it ie s  being carried  o u t w ith in  IEA and by ind i­

v idua l p a rtic ip a tin g  m em bers

Subtasks and Activities
The new  w o rk  p rogram  has th e  fo llo w in g  specific  

tasks:

Subtask 3.1: Identify  issues and opportunities
The scope o f th is  sub task includes id e n tify in g  in te ­

g ra tio n  issues th a t  are d if fe re n t fro m  those  involved 

w ith  th e  in te g ra tio n  o f w in d  energy and th e  o p p o rtu ­
n itie s  associa ted w ith  th e  in te g ra tio n  o f ocean energy. 

Based on an analysis o f th e  issues and o p p o r tu n it ie s ,, 

an in te rco n n e c tio n  gu ide line  w ill be developed.

Subtask 3.2: Describe the  dynamic characteristics of 
ocean energy electric ity  generators
The scope o f th is  sub task includes:

Review ing th e  s tea dy -s ta te  pow er cha ra c te ris ­

tics  o f device types

Developing dynam ic m odels fo r  devices 

Ana lyzing th e  im pact o f a w a v e /tid a l c u rre n t gen­
e ra to r on th e  design o f an o ffsh o re  n e tw o rk

There are a w ide  va rie ty  o f energy convers ion  chains 
associa ted w ith  harnessing pow er fro m  w aves and 

tid a l cu rre n ts . These va ria tio n s  are associa ted w ith  

both th e  m echanical and th e  e lec trica l sub-convers ion  

system s. For example, a p a rticu la r conversion process 

could have a ir tu rb in e s , hyd rau lic  tu rb in e s , hyd rau lic  
pumps, rec ip ro ca tin g  devices o r p rope lle r types. As 

w e ll, d if fe re n t types o f e lec trica l g e nera to rs  are used 

in th e  convers ion  chain, such as synchronous, induc­
tio n , p e rm anen t m agne t and linea r genera tion . Ocean 

pow er g e nera to rs  may o r may n o t have governors 

o r vo ltage  regu la to rs , and they  may be connected 
th ro u g h  inve rte rs  o r o th e r types o f pow er conversion 

equ ipm en t. So th e re  are m any op tions  to  be consid­

ered.

There is a need to  g a the r and develop an a u th o rita tiv e , 

com prehensive  and unbiased dynam ic cha ra c te ris tics  

o f re leva n t w ave and tid a l c u rre n t convers ion  te ch n o l­

ogies, and to  p re se n t resu lts  in such a w ay th a t  these  

m odels can be easily used fo r  ca rry ing  o u t load flo w  

and n e tw o rk  s ta b ility  analysis.

Subtask 3.3: Identify  the n ear-term  and longer-term  

practical potential of ocean power, through case 
studies involving the integration  of ocean energy  

plants w ith  distribution and transmission netw orks

The scope o f th is  sub task includes ca rry ing  o u t case 
stud ies  invo lv ing  n e tw o rk  m odeling fo r  in te g ra tin g  

ocean energy p lan ts  in to  d is tr ib u tio n  and tra n s m is ­

sion ne tw orks.

Specific  case s tud ies invo lv ing some ta rg e t m a rke t a r­

eas w ith in  p a rtic ip a tin g  coun trie s  w ill also de te rm ine  

th e  p resen t capacity  lim its  fo r  in te g ra tin g  ocean en­

ergy resources. The case s tud ies  w ill d e te rm ine  w h a t
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could be obvious m arke t p o ten tia l fo r  ocean energy 

resources in these  ta rg e t areas, and th e  associa ted 
d is tr ib u tio n  and transm iss ion  grid  upgrad ing  costs, 

cons ide ring  fu tu re  scenarios. These s im p lified  case 

s tud ies  m us t cons ider a system -w ide  perspective . 

They could also include a cross-boa rde r n e tw o rk  ana l­

ysis to  d e te rm ine  capacity  and id e n tify  congestion .

C o n trib u tio n s  fro m  th e  p a rtic ip a tin g  m em bers fo r  th is  

sub task w ill be in th e  fo rm  o f case s tud ies th a t:
■ Illu s tra te  n e tw o rk  m odeling

■ Iden tify :

■ Grid co n s tra in ts  and lim ita tio n s
■ The synergy o f in te g ra tio n  w ith  o th e r renew ab le  

energy fo rm s  such as:

■ O ffsho re  w ind  com bined w ith  o ffsh o re  wave

■ Ocean renew ab le  energy com bined w ith  
h yd ropow er and o th e r types o f genera tion

Subtask B.4: Coordinate activities
The scope o f th is  sub task is p rim a rily  to  coo rd ina te  the  

a c tiv it ie s  o f th is  Annex w ith  o th e r re leva n t IEA im p le ­

m en ting  ag reem ents  and in itia tives .

Participating Countries
In 2007, th e  U nited Kingdom , Ire land and Canada con­
firm e d  th e ir  p a rtic ip a tio n  in th is  Annex. It is expected 

th a t  o th e r coun trie s  w ill jo in  th is  A nn e x in  2008.

Achievements and Progress in 2007
A k ick -o ff m ee ting  fo r  th e  Annex, hosted  by th e  UK De­

p a rtm e n t o f Trade & Industry, DTI (c u rre n tly  know n as 

D epa rtm e n t fo r  Business, E n te rp rise  and R egu la tory 
Reform , BERR], w as held in London on February 22, 

2007, to  fina lize  th e  proposed w o rk  p rogram  and iden­

t i f y  m em bers in te re s te d  in p a rtic ip a tin g  in d if fe re n t 

w o rk  packages. The Executive C om m ittee  approved 
th e  revised w o rk  p rogram  in M arch 2007.

Subtask 3.1 w as s ta rte d  in S ep tem ber 2007. W ith a 

c o n trib u tio n  fro m  th e  Canadian p a rtic ip a n t, s ig n ifi­

can t p rogress w ith  th is  sub task w as made in 2007. In­
pu ts  to  th is  sub task fro m  o th e r p a rtic ip a tin g  m em bers 

w ill be so u g h t in early  2008.

The grid  in te g ra tio n  o f renew ab le  resources becomes 

conven ien t and m anageable if  p red ic tion  m ethods are 

e ffe c tive . Also, th e  na tu re  and e x te n t o f resource va ri­

a b ility  may play an im p o rta n t role  in accom m oda ting  

a lte rn a tive  pow er genera tion  p lan ts  in to  th e  e lec tric  

grid. Unlike m any o th e r renew ables, th e  tid a l energy 

resource a t a p a rticu la r area is p e rfe c tly  p red ic tab le  

fo r  years ahead. The expected cyclic ch a ra c te ris tic  

o f aggrega ted  pow er genera tion  fro m  a t id a l c u rre n t 

tu rb in e  fa rm  could be v iew ed s im ila rly  to  th a t  o f the  

pow er genera tion  fro m  tid a l barrage p lan ts th a t  have 

been opera ted  com m erc ia lly  fo r  decades. In essence, 

a tid a l c u rre n t tu rb in e  fa rm  could e ffe c tiv e ly  be dis- 

patchab le . Even though  fo re ca s tin g  too ls  have n o t 

ye t been developed fo r  w ave resources, th e  accuracy 

o f p red ic tin g  wave resources in a p a rticu la r area is 

h ig h e rth a n  th a t fo r w in d  resources. It should be noted 

th a t e lec trica l pow er genera ted  fro m  ocean th e rm a l 

g ra d ie n t and s a lin ity  g ra d ie n t resources are expected 

to  be firm  ou tpu t.

Some w ave energy convers ion devices, especia lly 

those  w ith  an in te rm e d ia te  convers ion process, may 

in h e re n tly  a llow  energy s to rage  fo r  s h o rt t im e  du ra ­

tions. This acts as a low -pass f i l te r  rem oving some o f 

th e  h ig h -frequency  pow er o sc illa tions  genera ted  fro m  
w ave va ria tio n s  o r device ope ra tion . As show n in Fig­

ure 2.1, w ave energy conve rte rs  th a t  inco rp o ra te  a 

hyd rau lic  pow er ta k e -o ff  w ith  accum u la to rs2 o r res­

e rvo irs  fo r  a rt if ic ia l head c re a tio n 3 may e lim in a te  the  

o sc illa tions  a t th e  fro n t-e n d  convers ion  and p roduce a 

re la tive ly  tim e-averaged  ou tpu t.

r—H
Figure 2.1: Averaged pow er ou tp u t from  a wave energy device, examples 
o f [a ] hinged contour device [b] overtopping device

2 Ross Henderson, "Design, sim ulation, and tes ting  of a novel hydraulic pow er ta ke -o ff system  fo r  th e  Pelamis wave energy 
converter", Renewable Energy, no. 31, pp. 271-283, 2006.

3 P. Frigaard, J. Tedd, J.P. Kofoed, E. Friis-Madsen, "3 years experience w ith  energy production on the  Nissum Bredning Wave 
Dragon Proto Type."; CA-OE workshop, Lisbon, Nov. 2006.
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The presence o f a w ide  va rie ty  o f ocean energy sys­

tem s, especia lly w ave pow er converte rs , makes it  cha l­

leng ing to  s tudy th e ir  design and o pe ra tiona l charac­

te ris tic s . Such inves tig a tion s  are c ritica l in developing 

num erica l m odels and ana lyzing th e  im pact o f these  

system s on e lec trica l ne tw orks. M ost tid a l s tream  

g e n era to rs  are ana logous to  w in d  tu rb in e s , and they 

m ostly  u tilize  designs, concepts, and eq u ip m e n t th a t 

p a rtly  o rig ina te d  in th e  w in d  in d u s try  (see F igure 2.2]. 

In sharp co n tra s t to  w ind  and tid a l tu rb in e s , wave en­

e rgy co nve rte rs  ope ra te  on d iverse p rinc ip les  and may 

requ ire  cascaded convers ion  m echanism s. A lthough 

tid a l tu rb in e s  can be v iew ed th ro u g h  th e  established  

te rm s  and d e fin it io n s  used in th e  w ind  energy lite ra ­

tu re , s tudy ing  ocean energy devices poses a un ique 

challenge. D iffe re n t system s opera te  on d if fe re n t 

m ethods o f w ave-device in te ra c tio n  (such as heave, 

p itch , o r su rge ] and may need pneum atic , hyd rau lic  or 

m echanica l pow er ta k e -o ff  m ethods.

'W &

l-T i I n  p . - * . - ! . - A . "

r e r a s M i i  i  ïmMrmfKam\HO®®
. y r .
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Figure E.E: Diversity o f wave and tida l current converter system structures

It is im p o rta n t to  id e n tify  and realize th e  possible ex­

te n t  o f pow er q u a lity  and n e tw o rk  in te ra c tio n  issues 
pe rta in ing  to  ocean energy conversion m ethods, since 

th e ir  in te g ra tio n  in to  th e  e le c tric  pow er system  is sub­

je c t  to  a m u ltitu d e  o f design, o pe ra tiona l and econom ­

ic fa c to rs . W hile th e  na tu re  and e x te n t o f such im pacts 

posed by ocean pow er p lan ts is in te rre la te d  w ith  all o f 

these  issues to  vary ing  degrees, several fu n da m e n ta l 

areas deserve m ore a tte n t io n 5.

The te rm in a tin g  areas o f an e lec trica l system , w here  

ocean pow er deve lopm en t a c tiv itie s  may w e ll take  

place, are typ ica lly  ra ted  fo r  supp ly ing only a lim ited  

load. S ub jec t to  geograph ic  loca tion , n e tw o rk  s tren g th  
and lo a d /ge n e ra tion  scenarios, m any ocean

energy p lan ts may see d is tr ib u tio n  system s and w eak 

transm iss ion  ne tw o rks  as th e ir  f ir s t  in te rfa ce  layer to  

th e  grid . Therm a l lim its  and sw itch  gear ra tin g s  o f such 

e lec trica l n e tw o rks  may requ ire  capac ity  enhance­

m en t i f  ocean pow er p ro jec ts  are to  take  place.

A num ber o f pow er q u a lity  issues are typ ica lly  a t t r ib ­

uted as localized e ffe c ts , in th e  ne ighbourhood  o f a 

sizable pow er p la n t o r e le c tric  load. Such e ffe c ts  in­

clude steady-s tage  vo ltage  rise, f lic ke r and harm on ics 
em ission, sw itch in g  phenom ena and reactive  pow er 

flow .

E lectrica l ne tw o rks  are designed and opera ted  w h ile  

th e  line -vo ltages are m a in ta ined  w ith in  s tandard  va l­
ues. W ith a tim e -va ry in g  genera tion  s ta tio n  (such as 

wave or tid a l], th e  vo ltage  p ro file  th ro u g h o u t th e  n e t­

w o rk  could take m ore non -linea r and com plex shapes, 

especia lly in th e  v ic in ity  o f a pow er p la n t coupled to  a 
w eak ne tw o rk . Such add itiona l genera tion  may fo rce  

th e  s te a dy -s ta te  vo ltage  to  rise, exceeding th e  pre ­

scribed lim its . Unless p roper m itig a tio n  and averaging 

schemes are in place, resource va ria tio n s  may c o n trib ­

u te  to  th is  fa c to r6.

In add ition  to  th e  localized e ffe c ts  described above, 

o th e r fa c to rs  re leva n t to  la rge r pow er system s and 

th e ir  s tudy  dom ains (s tab ility , load flow , a nc illa ry  serv­

ices, fa u lt  r id e -th ro u g h , e tc .] may also requ ire  a tte n ­

tio n . This depends on th e  type  and scale o f ocean pow ­
er p lan ts  and on th e  m echanism  o f th e ir  in te g ra tio n . 

Since th e  te chno logy  has n o t reached th a t  level o f 

m a tu rity , th is  area w ou ld  requ ire  fu r th e r  assessm ent 
th ro u g h  case s tud ies and system  m odelling .

Plans for 2008

C on tribu tion  fro m  p a rtic ip a tin g  m em bers f ro m th e  UK, 

Ire land and o the rs  fo r  sub task 3.1 w ill be sought. A f i ­

nal sub task re p o rt w ill be prepared fo r  th e  p a rtic ip a t­

ing m em bers.

A c tiv itie s  fo r  subtasks 3.2 and 3.3 w ill begin during  

early 2008. As p a rt o f sub task 3.4 ac tiv itie s , progress 

o f th is  Annex w ill be coo rd ina ted  w ith  o th e r re levan t 

IEA and exte rna l a c tiv itie s .

An annual progress m eeting  w ill be held in 2008.

4 Powertech Labs Report on An Assessment o f Variable Characteristics o f th e  Pacific N o rthw est Region's Wave and Tidal Current Power Resources, 
and th e ir  In teraction  w ith  E lectric ity  Demand & Implications fo r  Large Scale Development Scenarios fo r  the  Region; Phase l;R e p o rt No: 17458-E1-00; 
Dec E007, Sponsored by the  Bonneville Power A dm in is tra tion , B ritish  Columbia Hydro, and BC Transm ission Corporation.
5 Econnect Consulting, Ocean Energy Conversion Expert Group, Report from  M eeting in Vancouver, April E006, p ro jec t No: 1698.
B Departm ent o f Trade Si Industry  [DTI], UK, "Development, Insta lla tion  and Testing o f a Large scale Tidal Current Turbine, Tech. Report Contract No: 
T/06/00E10/00Rep.
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3. Global Activities and Technology Status

Oceans co n s titu te  m ore than  tw o -th ird s  o f th e  e a rth ’s 

surface  and a c ta s  a large co lle c to r o f so la r energy. This 

concentra ted  energy is tra n s fe rre d  th ro u g h  com plex 

w ind -w ave  in te ra c tio n s  in to  wave m otion . In add ition , 

t id a l va ria tions  are created due to  ea rth -m oon  g ra v ita ­

tio n a l pulls, ro ta tio n a l t i l t  and ra te  o f sp inning. Global 

hydro log ica l cycles, c lim a tic  cond itions and geograph ic 

fe a tu re s  c o n trib u te  to  o th e r fo rm s  o f energy flux.

Ocean renew ab le  energy resources can be broad ly ca­

tegorize d  in to : [a ] T ides, (b) Waves, (c) T idal [M arin e ] 

C urrents, (d) T em pera tu re  G rad ients, and (e) S a lin ity  

G rad ien ts7.

Tides: Potential energy associated w ith  tides can be har­

nessed by building barrage or o ther form s of construction 

across an estuary.

global th e o re tica l p o ten tia l o f ocean th e rm a l g ra d i­

en ts and s a lin ity  g rad ien ts  is es tim a ted  to  be 10,000 

TWh and 2,000 TWh, respective ly. A lthough  th e  p ra c ti­

cal level o f these  ocean renew ab le  resources w ill be 

a fra c tio n  o f th e  th e o re tic a l levels, i t  is on th e  same 

o rde r as th a t  o f th e  p re se n t capacity  o f e le c tr ic ity  gen­

e ra tion  w o rldw ide .

O ther renew ab le  ocean resource  concepts such as 

hyd ro th e rm a l vents, along w ith  th e  hyb rid iza tion  o f 

th e  a fo re m e n tio n e d  schemes, are also being pursued 
fo r  energy u tiliza tio n . W ith th e  em ergence o f novel 

concepts and th e  repo rted  success o f severa l dep loy­

m ents, th e  ocean renew ab le  energy sector, especia lly 

th e  fie ld  o f tida l c u rre n t and w ave energy conver­

sion techno log ies , has gained s ig n ifica n t a tte n tio n  

th ro u g h o u t th e  w orld .

Waves: Kinetic and potentia l energy associated w ith  ocean 

waves can be harnessed using modular technologies.

Tidal (Marine) Currents: Kinetic energy associated w ith  tidal 

(marine) currents can be harnessed using modular systems.

Temperature Gradients: Thermal energy due to  the tem pera­

tu re  gradient between the sea surface and deepwater can be 

harnessed using d iffe re n t Ocean Thermal Energy Conversion 

(OTEC) processes.

Salinity Gradients: At the mouth o f rivers where fresh w ater 

mixes w ith  sa ltw ater, energy associated w ith  the salin ity gra­

d ien t can be harnessed using pressure-retarded reverse os­

mosis process and associated conversion technologies.

JO  J(1 -ID D *1 t

Figure 3.1: Tidal energy dissipation8

T ida l energy is p re d o m in a n t in ce rta in  loca tions be­

cause o f th e ir  un ique geograph ic fo rm a tio n s  and 

s tron g  tid e  cond itions, as show n in F igure 3.1. The es­

t im a te d  annua l p o ten tia l o f g lobal th e o re tic a l t id e  and 

m arine c u rre n t resources is in th e  o rde r o f 300+ TWh 

and 800+ TWh, respective ly. S trong  w ind  va ria tio n s  

w ith in  30° to  60° la titu d es  and c ircu m p o la r s to rm s 
near th e  so u the rn  la titu d e  account fo r  h igh -energy 

ocean w aves in those  areas, as show n in F igure 3.2. 

The th e o re tic a l wave energy p o te n tia l is e s tim a ted  to  

be 8,000 to  80,000 TWh per annum . S ig n ifica n t te m ­

pe ra tu re  g rad ien ts  in trop ica l coasta l areas, as show n 

in F igure 3.3, ind ica te  o p p o rtu n itie s  fo r  ÜTEC w ith in  

th e  T rop ic o f Capricorn and th e  T ropic o f Cancer. The

Figure 3.2: Wave energy Intensity d is tribu tion9

Figure 3.4: W ater tem pera ture  [°C] difference between ocean surface and 

1000 m dep th10

7Polinder, H. ; Scuotto, M., "Wave Energy Converters and th e ir  Im pact on Power Systems", in In ternationa l Conference on Future  Power Systems, Nov. 
3005.
8 NASA. [3007, Nov.]. [Online]. Available: http ://sc ience.hq.nasa.gov/m iss ions/sa te llite  14.htm
9 Data from  the  ECMWF, European Centre fo r  Medium-Range W eather Forecast
10 Presentation by Dr. Ikegami, th e  Sage University, Japan, Symposium on Canada & th e  World o f Ocean Energy, 3006

http://science.hq.nasa.gov/missions/satellite
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F urth e r to  th e  eva lua tion  o f th e  deve lopm en t o f ocean 

energy techno log ies , as repo rted  in th e  IEA-OES 2006 

repo rt, add itio na l eva lua tion  o f th e  techno log ies  and 

th e ir  deve lopm en t s ta tu s  w as carried  o u t in 200711. 
Ocean energy system s are being developed in a num ­

ber o f countries, as shown in F igure 3.4, w ith  th e  United 

Kingdom  leading the  deve lopm ent e ffo rt, fo llow ed  by 

th e  U nited S tates. Canada and N orway also have a sig­

n ifica n t num ber o f techno logy deve lopm ent activ ities.

The cu rre n t deve lopm ent s ta tus  o f the  harnessing o f 

ocean renew able  energy resources was analysed, as 

defined below:

Commercial: Technologies th a t have been operating on a com­

mercial basis fo r a significant period o f tim e 

Pre-Commercial: Systems th a t are claimed to  be a t a level of 

advancement where commercial deployment is reasonably 

expected w ith in  a few  years

Full-Scale: Devices or concepts th a t have seen at least one 

fu ll-cycle developm ent regardless o f the ir scope o f com mer­

cial production or present status

Part-Scale (Sea): Technologies th a t have undergone tests in 

the sea (part o f the fu ll system or part-scale model o f the pro­

to type]

Part-Scale (Tank): Devices, concepts, and prototypes th a t are 

in the research and developm ent phase undergoing tests in a 

laboratory environm ent

Concept Design: Systems th a t have a ttracted a tten tion  due to 

the ir unigue and promising features, and th a t may or may not 

be realized in the fu tu re

The m a tu r ity  o f the  ocean renew able energy conversion 

techno log ies is shown in F igure 3.5. Several tida l bar­

rage p lants, w ith  a capacity up to  240 MW, are opera ting  

on a com m ercia l basis w orldw ide , and new  in itia tives  

on these types o f deve lopm ent are also in progress in 

selected countries. Several ocean wave technolog ies 

are expecting pre-com m ercia l dep loym ent in Europe. A 

num ber o f dem onstra tion  p ro jec ts  in the  range o f 1 to  3 

MW are a w a iting  dep loym ent th ro u g h o u t th e  w orld , es­

pecially in the  wave and tid a l [m arine ] cu rre n t conver­
sion category. Conversion techno log ies fo r  harnessing 

energy associated w ith  ocean the rm a l g rad ien ts  and 

sa lin ity  g rad ien ts  are a t the  research and deve lopm ent 

stage.

Authors: Gouri Bhuyan and Jahangir Khan, Powertech Labs, Canada
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Figure 3.4: Ocean energy-related research, dem onstration and commer­
cial activ ities as o f Dec. 2007

Figure 3.5: Technology m a tu rity  o f various ocean energy conversion 
schemes

11 An Assessment o f Variable Characteristics o f th e  Pacific N o rthw est Region's Wave and Tidal Current Power Resources, and th e ir  In teraction  w ith  
E lectric ity  Demand Si Im plications fo r  Large Scale Development Scenarios fo r  the  Region'; Phase 1; Powertech Labs Report No: 17458-21-00, Spon­
sored by Bonneville Power A dm in is tra tion , B ritish  Columbia Hydro and BC Transm ission Corporation, December E007.
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4. Ocean Energy Systems Prom oting Policies

"G enerally, g o ve rn m e n t fu n d ing  fo r  ocean energy RD&D is g row ing ... As severa l techno log ies  are nearing the  

m arke t dep loym en t and p re-com m erc ia l stage, som e gove rnm ents  are reacting  by p roposing  m arke t su p p o rt 

m echanism s to  cover th e  c u rre n t cost gap, and consenting  a rrangem en ts  to  acce le ra te  th e  ra te  o f dep loym en t 
w h ile  advancing in d u s try  learn ing  and im prov ing  cost com pe titiveness."

"Review and analysis of ocean energy systems developm ent and supporting policies", A report fo r the lEA's Implementing Agree­
m ent on Ocean Energy Systems on behalf o f Sustainable Energy Ireland , 2006

Governmental Policies

The IEA ca tego rises12 policies in to  th re e  g roups th a t 

a ffe c t techno logy  deve lopm en t and m arke t uptake:

Research and innovation policies th a t  help to  de­

velop em erg ing  and im proved techno log ies  (e.g., 

g o ve rn m e n t ded ica ted  research, deve lopm ent 

and dem o n s tra tio n  RD&D p rogram s].

M arket deploym ent policies th a t  u n d e rw rite  the  

co s t o f in tro d u c in g  techno log ies  in to  th e  m arke t 

to  im prove  techn ica l pe rfo rm ance  and to  encour­

age deve lopm en t o f an in d u s try  (e.g., m arke t de­

p loym e n t s u p p o rt m echanism s].
M arket-based energy policies th a t  p rov ide a com ­

p e tit ive  m arke t fram e w o rk , and may in te rna lise  

e x te rn a litie s  in te rm s  o f energy security, e nv iron ­

m enta l p ro te c tio n  and econom ic effic iency.

C onsidering m ost o f th e  ocean energy conversion 

techno log ies  being a t d if fe re n t stages o f deve lop­

m ent, and some being new  and a t an early  stage o f 

deve lopm en t com pared to  o th e r renew ab le  and con­

ven tio na l genera tion  techno log ies , a broad range o f 

ta rg e te d  na tiona l and reg iona l polic ies is necessary to  

enable d ep loym en t o f ocean energy w o rld -w id e .

By end o f 2007, th e re  are only a sm all num ber o f coun­

tr ie s  th a t  have a lo n g e r-te rm  ta rg e t dep loym en t o f 

ocean power, and have im p lem en ted  a re leva n t na­

tio n a l policy. The fo llo w in g  sections provide a sum ­

m ary o f these  policy In itia tives :

The United Kingdom (UK) is th e  leading c o u n try  in 

w h ich  a spec ific  m arke t-based energy policy has been 

developed in th e  las t years to w a rd s  th e  deve lopm en t 

o f w ave and m arine cu rre n ts  energy. Some specific  

po licy in s tru m e n ts  re la ted  to  ocean energy are cap ita l 

g ran ts , ob liga tions, trad a b le  ce rtifica te s , guaran teed  

prices (feed -in  ta r if fs ] ,  and re g u la to ry  and a d m in is tra ­

tiv e  rules.

In Ireland, th e  G overnm ent launched, in M arch 2007, 

th e  W hite  Book "D e live ring  a S usta inab le  Energy Fu­

tu re  fo r  Ireland", w h ich  se t a ta rg e t d ep loym en t o f 

500 MW o f ocean energy pow er by 2020. This docu­

m en t fo llo w e d  th e  s tra te g y  docum en t fo r  ocean en­

ergy launched in 2006 by th e  Irish G overnm ent.

In Portugal, the  gove rnm ent launched an a ttra c tive  
feed-in  ta r i f f  o f up to  26 c€/kW h fo r  th e  dem onstra tion  

phase (w hich decreases fo r  th e  pre-com m ercia l and 

com m ercia l phases], and a p ilo t zone w ith  s im p lified  li­

censing procedures designed to  support both the  in itia l 

phase o f th e  dem onstra tion  and th e  pre-com m ercia l 

and com m ercia l phases o f wave energy u tilisa tion .

In Spain, the re  is no national stra tegy fo r ocean energy, 
however one Spanish region -  the  Basque Country -  has a 

ta rg e t 5 MW o f installed wave power by 2010 and fo r th a t 

purpose, an investm ent o f 15 M€ has been allocated.

In France, a f ir s t  gove rnm enta l in it ia tiv e  to o k  place 
in ocean energy: a new  law  s e ttin g  a feed -in  price o f 

15 c€/kW h fo r  e le c tr ic ity  produced using wave energy 

w as launched in M arch 2007.

In Denm ark, since th e  end o f th e  Danish Wave En­
ergy deve lopm en t p rogram  in th e  year 2002, the re  

has been no ded icated deve lopm en t policy on ocean 
energy. However, in te re s t in deve loping  wave energy 

te chno logy  am ong deve lopers is g row ing  in Denmark, 

w ith  much w o rk  carried  o u t on a p riva te  basis.

In Sweden, a c tiv itie s  in w ave energy have achieved 

considerab le  deve lopm en ts  in 2007 w ith  fu n d ing  fro m  

th e  Swedish Energy Agency, a gove rnm enta l en tity .

In N orw ay th e  w o r ld ’s f ir s t  p ro to typ e  on osm o tic  pow ­
er is under co n s tru c tio n  and fu r th e r  research a c tiv i­

t ie s  and deve lopm ents  on w ave energy and tid a l ene r­
gy are tak ing  place w ith  s u p p o rt fro m  th e  N orw egian 

gove rn m e nt and th ro u g h  EC fund ing .

12Source: Renewable Energy, M arket and Policy Trends in IEA Countries, IEA, 2004
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In Germany, th e re  is a co n tin u ing  high in te re s t in ocean 

energy w ith  re leva n t R&D a c tiv itie s  in to  developing 

wave, tid a l c u rre n t and osm osis pow er in th e  fra m e ­
w o rk  o f m ain ly  European research p ro jec ts . G erm any 

o ffe rs  in ve s tm e n t and p roduc tion  ta x  c red its  as w e ll 
as a feed -in  t a r i f f  fo r  ocean energy system  deve lop­

m ents  and pro jec ts .

D uring 2007 a num ber o f ocean energy p ro je c ts  w ere  

runn ing  under th e  Sixth F ram ew ork  P rogram  [FP 6] o f 

th e  European Commission, and th e  p ro jec ts  se lected 

in 2007 under th e  FP7 p rog ram  (2007 -2 0 1 3 ] fo r  EC 

fu n d ing  are expected to  s ta r t  du ring  th e  f ir s t  ha lf o f 

2008. Further, th e  EC adopted  a C om m unication se t­
tin g  o u t its  v ision fo r  an In teg ra ted  M aritim e  Policy fo r  

th e  EU on O ctober 2007, w ith  a de ta iled  action  plan 

se ttin g  o u t an a m b itious  w o rk  p rogram  fo r  th e  years 

ahead.

In th e  USA, public  fu n d ing  a t th e  S ta te  level w as ava il­

able fo r  s e ttin g  a w ave energy te s t s ite  and tru s t  in 
Oregon. A new  s tre a m lin e -p e rm ittin g  p rocedure  fo r  

ocean energy system s w as announced du ring  2007.

D uring 2007, th e  G overnm ent o f Canada announced 
p rog ram s th a t can ass is t in supporting  th e  ocean en­

e rgy in d u s try  in Canada, and is w o rk in g  along w ith  

p rov inc ia l gove rnm ents  on in te rim  re g u la to ry  ap­

proaches fo r  o ffsh o re  renew ab le  energy. The Nova 

Scotia  p rov inc ia l gove rn m e n t in it ia te d  a S tra te g ic  En­

v iro nm e n ta l Assessm ent process fo r  ocean energy in 

th e  province. Also, th e  p rov inc ia l gove rnm ents  o f B r it­

ish Colum bia and New B runsw ick  released respective  
policy on a lloca tion  o f c row n  lands fo r  ocean energy 

re la ted  p ro jec ts .

In New  Zealand, th e  p rinc ipa l change in 2007 w as the  
in tro d u c tio n  o f th e  Energy S tra te g y  and Energy E ff i­

c iency and C onserva tion  S tra tegy , in p a rt ic u la r th e  an­

nouncem en t o f th e  M arine Energy D ep loym ent Fund. 

M arine energy w as fo r  th e  f ir s t  t im e  exp lic itly  included 

in NZ G overnm enta l po lic ies and severa l p ro jec ts  are 

tak ing  place a t various stages o f deve lopm ent.

In Brazil, by end o f 2007, ocean energy w as included, 

fo r  th e  f ir s t  tim e, in th e  Science and Techno logy plan 

approved by th e  M in is try  o f Science and Technology, 

and a wave energy p ro to typ e  is under deve lopm en t 
w ith  pub lic  fund ing .

In South Africa, a na tiona l research p rogram  in renew ­
able energy, inc lud ing  ocean energy, w as launched by 

th e  new ly fo rm e d  South A frican  N ationa l Energy Re­
search In s titu te  (SANERI], In add ition  to  th e  ta rg e ts  

se t by th e  SA G overnm ent in th e  W hite Paper, the  

W estern Cape P rovinc ia l G overnm ent announced in 

June 2007 th a t  i t  w ill source 15% o f its  energy fro m  

renew ab les by 2015.

In India, th e  in te re s t in ocean energy con tinues w ith  
m ain research a c tiv itie s  on ocean energy conducted 

a t NIOT, th e  techn ica l arm  o f th e  M in is try  o f Earth Sci­

ences o f th e  G overnm ent o f India, on low  te m p e ra tu re  

th e rm a l desa lina tion  and w ave energy fo r  rem ote  is­

lands.

In Japan, fo llo w in g  th e  "Basic Law  o f th e  Sea" launched 

in m id-2007, th e  Japanese gove rn m e n t is s ta rt in g  to 

prepare  a m aritim e  plan w hose f ir s t  d ra ft  should be 

announced in th e  beg inn ing  o f 2008. OTEC w ill be an 

im p o rta n t fie ld  o f a c tiv ity  in Japan w ith  th e  ongoing 

Ocean Energy R&D 2002-2011 by th e  Japanese Gov­

e rnm ent.

In Korea, th e  co n s tru c tio n  o f th re e  t id a l barrages are 

being p lanned w ith  an overa ll in s ta lled  capacity  reach­
ing 2000 MW and du ring  2007 th e  co n s tru c tio n  o f one 

o f th e m  s ta rte d  -  S ihwa T idal P ow er P lan t in South 

Korean coast -  th e  la rge s t such p ro je c t in th e  w orld .

Demonstration Infrastructures

Over past fe w  years, several coun trie s  have taken 

specific  m easures to  estab lish  pub lic  de m o n s tra tio n  

in fra s tru c tu re  to  enable deve lopm ent, de m o n s tra tio n  

and com m erc ia lisa tion  o f techno log ies  as w e ll as to  

address o th e r reg u la to ry  and env iro n m e n ta l issues. 

The fo llo w in g  sections prov ide  a sum m ary o f such 

types o f in itia tives :

In 2003, th e  f ir s t  in it ia tiv e  fo r  a te s t cen tre  fo r  fu ll-  

scale p ro to typ e s  w as estab lished  in UK, Orkney, the  

European M aritim e  Energy Centre (EMEC]13. It  com ­

prises a Wave and a T idal Test S ite, both grid  con­

nected, p rov id ing  independen t assessm ent o f devices’ 

energy pe rfo rm ance  and su rv ivab ility , as w e ll as rea l­
tim e  m on ito ring .

13 ww w.em ec.org.uk

http://www.emec.org.uk
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An innova tive  p ro je c t p rom oted  by th e  South West 

RDA (Regional D eve lopm ent Agency] -  th e  Wave H ub14 

-  s ta rte d  to  be p lanned in 2005. D uring 2007, th e  nec­

essary fu n d ing  w as secured as w e ll as g ove rnm en t 

approva l to  s ta r t  its  co n s tru c tio n . Wave Hub provides 

a high vo ltage  sub-sea cable a b o u t 16 k ilom e tres  o f f ­

shore  and connected  to  th e  N ationa l Grid. In Ireland, 

th e  G alway Bay Wave Energy Test S ite 15 fo r  1:4 scale 

p ro to typ e s  w as estab lished by th e  M arine In s titu te , in 

associa tion  w ith  S usta inab le  Energy Ire land. The te s t 

s ite  is s itu a ted  on th e  N orth  side o f Galway Bay.

In spring  2007, th e  P ortuguese  gove rn m e n t announced 

a M aritim e  P ilo t Zone o f up to  320 km E, in w a te r dep ths 

be tw een  30 m and 90 m, located a t th e  W est coast o f 

Sao Pedro de Moei. This zone w ill have s im p lified  and 

fa s t licensing p rocedures w ith  th e  aim  to  a t t ra c t  dem ­

o n s tra tio n  and in d u s tria l deve lopm en t to  P ortuga l, in­

crease renew ab le  energy p roduc tion  and a llow  fo r  an 

early  unders tand ing  o f p o ten tia l consequences w ith  

respect to  env ironm en ta l, géom orpho log ie  and overa ll 

p o te n tia l im pacts. A m anaging com pany in charge o f 

p ro m o tin g  th e  in fra -s tru c tu re  o f th e  p ilo t zone w ill be 
se t-up  in o rde r to  s ta r t  its  rea lisa tion .

The Basque gove rn m e n t has recen tly  announced the  

p lann ing  o f an in fra s tru c tu re  s im ila r to  th e  Wave Hub 

w ith  20 MW ins ta lled  capacity  o ffsh o re  th e  n o rth e rn  
Spanish au tonom ous reg ion, th e  Basque country.

A g rid -connec ted  w ave energy te s t s ite  a t N issum 
B redn ing in th e  n o rth  w es te rn  co rne r o f Denm ark was 

b u ilt  to  enable various techno logy  deve lopers to  te s t 

and d e m o n s tra te  th e ir  techno log ies  b u ilt  a t d iffe re n t 

scales.

In Norway, plan ex ists fo r  c rea tion  o f a p ilo t zone in 

Runde16.

Also, in France, th e  gove rn m e n t announced fund ing  

fo r  deve lopm en t o f a te s t site .

A te s t fa c ility  w as com m issioned o f f  th e  Oregon coast 

near N ew port, USA and is a ttra c tin g  developers.

Also, in Canada, th e  g o ve rn m e n t o f Nova Scotia has 

announced th a t ¡ tw il l  build a pub lic  tid a l c u rre n t dem ­

o n s tra tio n  in fra s tru c tu re  in th e  Bay o f Fundy.

In summary, over the last decade, several countries have 
been undertaking d iffe re n t prom oting policies fo r the 

developm ent o f ocean energy. The UK has adopted an 

energy policy designed to  a ttra c t and support technology 

developers, building a consis tent program  fo r  wave and 

marine cu rren t energy developm ent, and by end o f 2007, 

the UK has by fa r the  m ost companies in th is  sector.

In Ireland, a governm enta l s tra te g y  w as set up to  accel­

e ra te  th e  deve lopm ent o f wave energy th ro u g h  fin a n ­

cial su p p o rt to  Irish techno logy developers, and th ree  

Irish com panies have developed techno log ies th a t  have 

reached the  sea te s ts  phase. Portuga l chose a s tra t­

egy to  create  a ttra c tive  cond itions to  fa c ilita te  th e  de­
ve lopm en t o f a wave energy indus try  by in troduc ing  

feed-in  ta r if fs  and a large-scale p ilo t zone w ith  s im p li­

fied  licensing procedures; many techno logy developers 

are in te rested  in pe rfo rm ing  sea tr ia ls  on the  A tla n tic  

Portuguese coast. These th re e  are seen as exem plary 

coun tries  in w hich ocean energy deve lopm ent was ap­

proached in d iffe re n t ways by th e  governm ents.

Authors: Ana B rito  e Melo, Portugal, and Gouri Bhuyan, Canada

14 www.wavehub.co.uk
15 ww w .m anne.ie /hom e/aboutus/organ isa tionsta ff/researchfacilities/O cean+Energy+Test+S ite .h tm
iG Presentation a t the  IEA-OES Workshop, Messina, October 2007 by Dr Lars Golmen, Norwegian In s titu te  fo r  W ater Research, Norway

http://www.wavehub.co.uk
http://www.manne.ie/home/aboutus/organisationstaff/researchfacilities/Ocean+Energy+Test+Site.htm


5. Environm ental Issues in Ocean Energy Systems

The ocean energy systems (OES) w ill become a new  
source o f em p loym en t and an econom ic s h ifte r  fo r  

coasta l areas. In genera l, fish  stocks w ill be increased 

as long as fish in g  is p roh ib ited  o r re s tr ic te d  in those  a r­

eas. In add ition , th e re  are much m ore positive  im pacts 

to  encourage th e  deve lopm en t o f OES. N everthe less 

th e re  are som e sm all doub ts  abou t th e  m agn itude  o f 

ce rta in  negative  im pacts fo r  th e  m arine env ironm en t. 

F inding c la r ifica tio n s  a b o u t th is  is a key p r io r ity  to  

enable susta inab le  and e ff ic ie n t ocean energy im p le ­

m en ta tion . M oreover, i t  is essentia l to  gain favourab le  

pub lic  op in ion , th e  m ost im p o rta n t b a rr ie r to  th e  fina l 

deve lopm en t o f la rge-sca le  im p le m e n ta tio n . F ortu ­

nately, m any deve lopers and gove rnm ents  are keen 

to  p rom o te  th e  v ie w  o f m arine  RE as "e nv iro n m e n ta lly  

fr ie n d ly "  and so are open to  d iscussion a b o u t ways to  

research o r reduce adverse env ironm en ta l im pacts.

The assessm ent o f some o f these  im pacts  is a h igh ­

ly com plex process, no t only because o f th e  m edium  

w he re  these  p ro je c ts  are developed b u t also due to  

th e  va rie ty  o f devices ( to g e th e r w ith  its early  stage 

o f dep loym ent), and th e  d if fe re n t ways in w h ich  th e y  

in te ra c t w ith  th e  su rround ing  env ironm en t. The lack 

o f baseline data, s tandard  m ethodo log ies, h igh cost 

and lack o f fu n d ing  are some ex is ting  b a rrie rs  to  gain 

a fu ll unders tand ing . Know ledge is seen to  be g ro w ­

ing b u t lit t le  has y e t been proven. The im pacts  o f a fe w  

schem es have been assessed based on es tim a tio n s  

and p red ic tions, ra th e r than  m easured e ffec ts .

To date, several stud ies have already been perfo rm ed, 

no t only fo r  single devices and small a rrays b u t a t a 

s tra teg ica l level, in o rde r to  consider cum ula tive  im ­

pacts. This has a llowed fo r  th e  iden tifica tion  o f the  
m ajor unce rta in ties  on w h ich  fu r th e r  research e ffo rts  

are needed. As described above, some im pacts depend 

on th e  device and the  chosen site  in w h ich  they are de­

ployed. Thus a proper s ite  se lection and s tra te g ic  plan­

ning policy approach like SEA (S tra teg ic  Environm enta l 

Assessm ent) (e.g. Scotland and Nova Scotia) are desir­

able to  avoid o r m in im ise im pacts (th is  approach also 
aids in s tream lin ing  the  p e rm ittin g  process). This in i­

t ia l p lanning approach assists in avoiding co n flic t w ith  

o th e r sea uses, the  po ten tia l damage to  visual, cu ltu ra l 

or archaeologica l resources, iden tifies  areas o f special 

concern, acoustic recepto rs o f relevance, th rea tened  or 

endangered species, to u rism  and recrea tion  areas, etc.

The w ave and t id a l te s t cen tre , EMEC (European Ma­

rine Energy C entre) has taken  some no teab le  in it ia ­

tives. Since its  beg inning, i t  has opened an e ffe c tive  

early and con tinuous  d ia logue w ith  th e  concerned 

e n tit ie s  in o rde r to  fa c ilita te  deve lopers know ledge 

abou t env ironm en ta l concerns and w h a t th e y  have to  

assess.

The m a jo r ity  o f th e  p ro jec ts  fo r  t id a l devices have un­

de rtaken exhaustive  E nv ironm en ta l Im pact Assess­

m ents (EIA) like M arine C u rren t Turb ines fo r  th e  de­

p loym en t o f th e ir  1.2 MW tid a l tu rb in e  to  be ins ta lled



o f f  N orthe rn  Ireland. This s tudy  show ed th a t, in gen­

eral, blades fro m  these  type  o f devices do no t pose a 

s ig n ific a n t th re a t to  w ild life , as they  are s low -m oving  

and can be easily avoided. There is no evidence ye t 

th a t  m arine  m am m als and fishes are sucked in to  the  

tu rb in e s , b u t th is  analysis is based upon p ilo t-sca le  

schem es only, and fu r th e r  research is s till requ ired . 

It  is believed th a t th e  o sc illa to ry  device has a la rge r 

fo o tp r in t  than  th e  tu rb in e  device and th e re fo re  may 

re s u lt in m ore im pact on th e  seabed as a re su lt o f in­

s ta lla tio n . Also barrage  dep loym en ts  may have b igger 

adverse e nv ironm en ta l im pacts.

Regarding wave energy, som e deve lopers have also 

carried  o u t a ve ry  com p le te  EIA (e.g., th e  ove rtopp ing  

device Wave Dragon in Wales) w h ile  i t  has n o t been a 

necessary req u ire m e n t fo r  o th e rs  ( it  depends on each 

c o u n try ’s regu la tions). The sou the rn  B ritish  o ffsh o re  

in fra s tru c tu re  fo r  th e  d e m o n s tra tio n  o f arrays o f 

w ave energy devices, W aveHub, w as obliged to  ca rry  

o u t an env iro n m e n ta l im pact assessm ent fo llo w in g  

th e  w o rs t-case  scenarios.

On th e  o th e r hand, ÜTEC has been seen as an ocean 

energy resource th a t  could have pose m a jor e nv iron ­

m enta l im pacts. R esearchers are try in g  to  help ÜTEC

in reducing  its  im pacts and become a m ore p rom is ing  

te chno logy  w ith  added benefits  such as desa lina tion .

For th e  past tw o  years, th e re  has been an increasing 

in te re s t fo r  env iro n m e n ta l issues re la ted  to  ocean en­

ergy system s. Special sessions have been included in 

w e ll estab lished con ferences (like EWTEC) and w o rk ­

shops have been carried  o u t on m any occasions a t Eu­

ropean o r in te rn a tio n a l level such as W avetra in  (EU), 

CA-ÜE (EU), o r th e  one organ ised by th e  IEA-OES in 

O ctober 2007. In genera l, i t  can be said:

There is a lack o f experience (data, m ethods, e tc), 

especia lly in co u n tr ie s  w ith  no oil and gas indus­

try. This means m a jo r inves tm en ts  fo r  baseline 

s tud ies and m o n ito rin g  program s.
A p la tfo rm  o f com m un ica tion  is u rg e n tly  requ ired  

such as COWRIE17 fo r  O ffsho re  W ind. It w ill jo in  e f­

fo r ts  to  solve m a jo r unce rta in tie s . C o llabora tion  

fo r  th e  f ir s t  te s t and p ilo t zones (EMEC, WaveHub, 

G alway Bay, N issum  Bredn ing, P ortuguese  P ilo t 

Zone) should be seen as an essen tia l catalyser. 

G uidance is needed to  help deve lopers and gov­

ernm en ts . The ex is tence o f P ro toco ls  o r s ta n d ­

ard ised m ethods could help fo r  com parison exer­

cises.

Author: Cristina Huertas-Olivares, Wave Energy Centre, Portugal

17C0WRIE [Collaborative O ffshore Wind Research in to  the  Environm ent] -  independent company set up to  raise awareness and understanding o f the  
po ten tia l environm enta l im pacts o f th e  UK o ffsho re  w ind fa rm  program  [ h ttp ://w w w .o ffshorew ind fa rm s.co .uk ]

http://www.offshorewindfarms.co.uk
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6. National Activities

In th is  section  an ove rv ie w  o f th e  a c tiv it ie s  du ring  2007 and th e  p o litica l s itu a tio n  o f each IEA- 

OES c o u n try  m em ber is prov ided  by th e  respective  de legate . R epresen ta tives and na tiona l 

experts  fro m  o th e r co u n tr ie s  have also prov ided  in fo rm a tio n  on th e ir  re leva n t na tio na l a c tiv i­

ties.

AUSTRALIA
Tom Deniss, Oceanlinx

There is lit t le  in th e  w ay o f gove rn m e n t p rogram s spec ifica lly  fo r  ocean energy in A us tra lia  b u t i t  is hope fu l th a t 

th e  new ly e lected gove rn m e n t w ill in s tig a te  such program s. They have a lready ind ica ted  th e y  w ill im m ed ia te ly  

ra t ify  th e  Kyoto P ro toco l, som eth ing  th e  p revious gove rn m e n t has refused  to  do. There  are some prog ram s in 

place fo r  renew ab le  energy in genera l. There  are th re e  know n com panies involved in deve loping  w ave energy 

in A ustra lia , b u t th is  is essen tia lly  all p riva te ly  funded : Oceanlinx, Sea P ow er Pacific  [CETO] and B ioPow erSys- 

tem s.

Technology dem onstration and projects
O ceanlinx P o rt Kembla OWC p lant: 100 kms sou th  o f Sydney, 500 kW peak, ope ra ting  b u t dow n fo r  m od ifica tions  

a t th e  m om en t (as o f Nov 27, 2007]; pe rfo rm ance  has been as p red ic ted ; w ill con tinue  to  ope ra te  and use as a te s t 

bed and d e m o n s tra tio n  p la n t fo r  th e  near fu tu re ; i t  has been p re d o m in a n tly  p riva te ly  funded.

Summary of relevant national association activities
E nv ironm en t Business A us tra lia  [w w w .env ironm en tbus iness .com .au ]

Clean Energy Council [w w w .c leanenergycounc il.o rg .au ]

BELGIUM
Julien De Rouck, G hent U n ive rs ity

Policy & Prospects
The pub lic  a u th o r ity  considers th e  assessm ent o f RD&D in th e  fie ld  o f w ave energy on th e  Belgian C on tinen ta l 

S he lf [BCS] a p rio r ity  fo r  several reasons, in p a rticu la r th e  fu tu re  ta rg e te d  shares o f renew ab le  in th e  energy 

supply.

On th e  Belgian N orth  Sea Wind Energy P la tfo rm  [BNSWEP] se t up in 2006, assessm ents on th e  poss ib ility  to  use 

th e  BCS fo r  wave energy p ro jec ts  in th e  fu tu re  are considered.

By v ir tu e  o f a royal decree o f December, 20, 2000, m od ified  by a decree o f May, 17, 2004, th e  M in is te r fo r  Energy 

can de live r dom ania l concessions fo r  th e  co n s tru c tio n  and th e  exp lo ita tion  o f in s ta lla tio n s  o f e le c tr ic ity  p roduc­

tion , genera ted  fro m  w ater, cu rre n ts  o r w inds, in th e  te r r ito r ia l sea and th e  exclusive econom ic zone o f Belgium . 

The decree in question  d e te rm in a te s  prec ise ly  th e  zone w he re  th e  in s ta lla tio n s  may be se t up. It also specifies 

th e  c r ite r ia  o f g ra n tin g  and th e  p rocedure  by w h ich  th e  concessions are being issued.

Research and Development
Ocean Energy research in B e lg ium  focuses m ain ly  on wave energy (by means o f p o in t absorbe r system s and 

o ve rtopp ing  devices] and in a lesser e x te n t on th e  fe a s ib ility  o f t id a l energy on th e  Belgian C on tinen ta l Shelf.

The S usta inab le  Econom ically E ffic ie n t Wave Energy C onverte r [SEEWEC] p ro je c t p resents  a ro b u s t f lo a tin g  p la t­

fo rm  w ith  21 p o in t absorbers: th e  FO3, m ean t to  be ins ta lled  near shore and in tended  to  lead to  co m p e titive

http://www.environmentbusiness.com.au
http://www.cleanenergycouncil.org.au
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and econom ica lly  e ffe c tive  exp lo ita tion  o f w ave energy along (E uropean] coasts. The concept o f th e  FO3 device 

com bines experience fro m  th e  o ffs h o re  in d u s try  w ith  know ledge o f energy conversion fro m  w aves by use o f 

p o in t absorbers. The long te rm  ob jec tive  is to  be able to  p roduce e le c tr ic ity  a t a co m p e titive  cos t to  e le c tr ic ity  

fro m  o th e r renew ab le  sources. The f ir s t  step is to  become co m p e titive  to  o ffs h o re  w ind . The SEEWEC p ro je c t is 

fin a n c ia lly  supported  by th e  European C om m unity  under th e  6“  F ram ew ork P rogram  and is coo rd ina ted  by G hent 

University.

W ith in  th e  SEEWEC p ro jec t, th e  pe rfo rm ed  research a t G hent U n ive rs ity  can be subd iv ided in to  tw o  top ics. On 

a sm all, ind iv idua l p la tfo rm  scale, pa ram eters  such as buoy geom etries , m otion  co n tro l and pow er abso rp tion  

are being s tud ied  fo r  an ind iv idua l p o in t absorbe r and fo r  th e  in te ra c tio n  be tw een m u ltip le  p o in t absorbers in 

a p la tfo rm . On a larger, num erous p la tfo rm  scale, th e  op tim a l wave fa rm  lay -ou t is being inves tiga ted  th ro u g h  

num erica l m ode lling  in a m ild -s lope  w ave p ropaga tion  model.

Special a tte n tio n  is paid to  th e  m echanical aspects, and m ate ria ls  & p roduc tion  o f th e  buoys. The com posite  

m a te ria l has been ca re fu lly  se lected and tes ted . The w in d in g  process o f th e  com posite  is op tim ized  in o rde r to  

o b ta in  rob u s t p o in t absorbers, able to  w ith s ta n d  wave im pacts. The p roduc tion  process has been estab lished in 

o rd e r to  reach low  co s t and mass p roduction .

F u rth e r research inco rpo ra tes  s lam m ing te s ts  o f th e  buoys, th e  q u a n tif ica tio n  o f wave energy p o ten tia l on the  

Belgian co n tin en ta l sh e lf and th e  N orth  Sea and th e  se lec tion  o f op tim a l loca tions fo r  a fa rm  o f w ave energy 

converte rs .
A new ly s ta rte d  research involves describ ing  and in ve s tig a ting  th e  behav iou r o f w aves on o ve rtopp ing  devices. 

T hrough num erica l and experim en ta l stud ies, th e  ob jec tive  is to  achieve m ore e ff ic ie n t d im ens ion ing  and op tim a l 

ope ra tiona l procedures fo r  f lo a tin g  and onshore  wave o ve rtopp ing  converte rs.

In 2008, th e  f ir s t  step in a fe a s ib ility  s tudy o f t id a l energy on th e  Belgian C on tinen ta l S he lf is fo reseen.

BRAZIL
Francisco M. M iller, P e trobras, w ith  in fo rm a tio n  p rovided by Prof. Segen F. Estefen, COPPE/UFRJ

R&D a c tiv it ie s  have been conducted  by COPPE/UFRJ w ith  th e  deve lopm en t o f one sho re line  wave device, and 

la te ly  by P etrobras. A G overnm enta l e f fo r t  is a t th e  beg inning , a t th e  sponsorsh ip  o f th e  M in is try  o f Science and 

Technology, and a p a rtic ip a tio n  o f o th e r e lec trica l u tilit ie s  and u n ive rs itie s  is expected fo r  th e  next year. A fe w  

d e m o n s tra tio n  p ro je c ts  shall be s ta rte d  in 2008.

Policy & Prospects
There w a sn ’t  any na tiona l p rogram  o r gove rnm enta l su p p o rt specia lly fo r  ocean energy u n til th e  end o f 2007, 

w hen th e  M in is try  o f Science and Technology (MCT] approved a Science and Technology plan th a t includes Ocean 

Energy as o f o f its  p rio ritie s . An in it ia l m ee ting  w ill take  place a t COPPE on 22nd, January 2008 as a f ir s t  e f fo r t  to  
es tab lish  a N ationa l N e tw o rk  fo r  Ocean Energy Developm ent.

D uring th e  NEET W orkshop th a t  to o k  place in Brasilia  in N ovem ber 2007, th e  Executive S ecre ta ry  o f th e  M in is try  

o f M ines and Energy ind ica ted  th a t  B razil w ill become a m em ber o f IEA-OES. The rep resen ta tives  w ill be named 
soon.

Research and Development 
R&D activities:

COPPE/UFRJ has developed a sho re line  w ave pow er co n ve rte r device based on pum ping w a te r to  a hyper­

baric  chamber, and p roducing  e le c tr ic ity  th ro u g h  a Pelton Type tu rb in e . This device has been te s te d  in a 

sm all scale m odel and s im u la ted  fo r  Ceará coast and Rio Grande coast cond itions. COPPE is also conducting
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a redesign s tudy o f th e  t id a l barrage o f Bacanga rive r estuary. This barrage w as con­

s tru c te d  in th e  70 's  and it  was p lanned to  be th e  f ir s t  t id a l pow er p lan t in Brazil, b u t has 
never been ope ra tiona l. Now, due to  s iltin g  o f th e  es tu a ry  and d e te r io ra tio n  o f th e  ba r­

rage, th e  p lan t m us t be redesigned to  com ply w ith  th e  ac tua l d iffe re n ce  o f w a te r  level 

o f 2,5 m, instead o f th e  fo rm e r 7m.
PETROBRAS has been deve loping an Ocean Energy A tlas, s tudy ing  new  devices and 

p rospecting  o p p o rtu n itie s  fo r  d e m o n s tra tio n  p ro je c ts  in Brazil. A reduced scale m odel 

o f COPPE’s sho re line  device has been te s te d  in th e  Ocean Tank, using th e  w ave c lim ate  

o f Rio G rande coast, and th e  resu lts  are now  being analysed. A coopera tion  w ith  FURG 

(Federal U n ive rs ity  o f Rio G rande] is being signed to  make a s im u la tion  o f ocean cond i­

tio n s  a t Rio G rande do Sul coast and a fe a s ib ility  s tudy  fo r  an o ffs h o re  ins ta lla tion .

Key institutions:
COPPE/UFRJ: The d e p a rtm e n t o f Ocean Engineering o f COPPE/UFRJ (Federal U n iver­

s ity  o f Rio de Jane iro ] has been deve loping research a c tiv it ie s  in ocean energy since 

2001, tak ing  advantage o f its  high know ledge in naval and o ffsh o re  technology. The 

Subm arine  Techno logy La b o ra to ry  has developed th e  hyperba ric  wave pow er device, 

and s tud ies  fo r  o th e r devices have been conducted.

PETROBRAS/CENPES: CENPES is th e  b iggest research cen te r in Latin  Am erica, and is 

responsib le  fo r  th e  w ho le  R&D ac tiv itie s  fo r  PETROBRAS. The Renewable Energy D ivi­

sion in CENPES is responsib le  fo r  th e  R&D ac tiv itie s  fo r  renew able  energy and develops 

p ro jec ts  in so lar energy, w ind  power, hydrogen, biomass, b io fuels, energy e ffic iency  and 
ocean energy. Since 2004 th is  d iv is ion has been s tudy ing  ocean energy.

Technology dem onstration and projects
Pecém Ocean Energy Project: This p ro je c t has been developed by ELETROBRAS, Ceará 

S ta te  G overnm ent and COPPE, to  ins ta ll a 50 kW p ro to typ e  a t Pecém P o rt (Ceará coast], 

using COPPE's device.

■ Technology: H ydrau lic  pum ping + P e lton Turb ine

■ Size: 50 kW (fu ll scale]

■ Name: Usina de Pecém

■ Location : Pecém Port, Ceará S ta te

■ Developer: COPPE/UFRJ, ELETROBRAS, Ceará S ta te  G overnm ent

■ C u rren t S ta tus: coopera tion  c o n tra c t under s igna tu re

■ Funding: pub lic (G overnm en t and Public U tility  Com pany -  E le trob ras]

CANADA
M elanie Nadeau, N atu ra l Resources Canada, CANMET Energy Technology Centre

This year has seen much a c tiv ity  in ocean energy w ith  severa l in it ia tive s  underw ay such as 

th e  Bay o f Fundy S tra te g ic  E nv ironm en ta l Assessm ent and th e  Nova Scotia  reques t fo r  p ro ­

posals fo r  th e  m u lti-u se r fa c ility  and te chno logy  prov iders. The G overnm ent o f Canada along 

w ith  p rov inc ia l gove rnm ents  are w o rk in g  on in te rim  reg u la to ry  approaches fo r  o ffsh o re  

renew ab le  energy to  ensure th e  successfu l dep loym en t o f devices. Both gove rnm ents  are 

also involved in R&D re la ted  su p p o rt a c tiv itie s  fo r th e  sector. Techno logy deve lopm en t is o n ­

go ing w ith  com panies such as Blue Energy, SyncWave and Wave Energy Technologies doing 

ta n k  te s ts  and Coastal H yd ropow er and New Energy do ing fie ld  tr ia ls  as w e ll as Clean C urren t 

a t Race Rocks. Evidence o f th e  g row ing  in te re s t in ocean energy can be a tte s te d  w ith  the  

tw o  w e ll-a tte n d e d  ÜREG Sym posium s.
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Policy & Prospects
In 2007, th e  G overnm ent o f Canada announced p rogram s th a t  can ass is t in su p p o rtin g  the  
ocean energy in d u s try  in Canada, inc lud ing  th e  fo llo w in g :

I. EcoEnergy Technology In itia tive  -  A pp rox im a te ly  230 m illion  CDN w ill be invested  in 

energy S&T to  fu n d  research, deve lopm ent and d e m o n s tra tio n  o f clean energy te c h ­

nologies.

II. EcoEnergy Renewable Energy In itia tive  -  Inves tm en t o f m ore than  1.5 b illion  CDN 

to  boost Canada’s renew ab le  energy supply. This p rog ram  is expected to  encourage 

4000MW  o f new  renew ab le  pow er capac ity  be tw een  2007 and 2011 (14.3 te ra w a tt-  
hours o f new  genera tio n ]. One ce n t per kwh o f p roduc tion  w ill be o ffe re d  to  q ua lify ing  

p ro jec ts  over a 10 year period. It  is an tic ip a te d  th a t  proposed p ro je c t (s] m us t have a 

to ta l capac ity  o f 1MW or larger.
III. Ecotrust fo r Clean A ir and Climate Change -  A pp rox im a te ly  1.5 b illion  CDN o f fund ing  

has been a lloca ted  on a na tiona l basis to  prov inces and te rr ito r ie s  to  develop te c h ­

nologies inc lud ing  renew ab le  energy techno log ies  and encourage energy e ffic iency.

The G overnm ent o f Canada recognizes th e  im portance  o f su p p o rtin g  clean energy te ch ­

nologies, increasing  renew ab le  energy supply, and im prov ing  energy e ffic ie n cy  in Canada. 

The Canadian G overnm ent is cu rre n tly  w o rk in g  on a fra m e w o rk  fo r  th e  m anagem ent o f 

o ffsh o re  renew ab le  energy resources ( inc lud ing  ocean energy] in areas under federa l 
ju r is d ic tio n . In recogn ition  o f th e  p o ten tia l fu tu re  o p p o rtu n itie s  fo r  genera ting  clean e lec­

t r ic ity  fro m  th e  em erg ing  ocean renew ab le  energy industry , th is  fra m e w o rk  w ill p rovide an 

e ffe c tive  and e ff ic ie n t reg u la to ry  e n v iro n m e n t fo r  fu tu re  ocean energy p ro jects.

The B ritish  Colum bia (BC] gove rn m e nt speech fro m  th e  th ro n e  presen ted  aggressive ta r ­

ge ts fo r  fig h tin g  c lim a te  change and decreasing th e  dependence on carbon in th e  p rov­

ince. The new  energy plan released in February supported  th is  by se ttin g  th e  ta rg e t fo r  

BC to  be energy s e lf-s u ff ic ie n t by 2016. The Energy Plan s ta ted  ocean energy as a " fu tu re  

supply op tion  w ith  g re a t p o te n tia l"  and included m echanism s such as a 25 m illion  CDN 
Innova tion  Clean Energy Fund, and a s tandard  o ffe r  fo r  p ro jec ts  under 10 MW in an e f fo r t  

to  s u p p o rt clean energy p ro je c ts  . The p rovince has also pub lished an in te rim  d irec tive  on 

lands access fo r  ocean energy and is in th e  process o f deve loping a p rov inc ia l s tra tegy.

In early  2007, th e  Nova Scotia gove rn m e n t invested $500,000 CDN to  help develop green 

energy such as tid a l pow er and g e t a b e tte r  unders tand ing  o f na tu ra l gas deposits . O f th is , 

a g ra n t w as aw arded to  th e  O ffshore  Energy E nv ironm en ta l Research (OEER] to  conduc t 

a S tra te g ic  E nv ironm en ta l Assessm ent (SEA] fo r  o ffsh o re  renew ab le  energy in th e  Bay 

o f Fundy. Nova Scotia issued requests fo r  proposa ls w h ich  included th e  deve lopm en t o f 

m u lti-u se r fa c ility  in th e  Bay o f Fundy and tida l in -s tream  te chno logy  providers.

A long w ith  supporting  th e  Bay o f Fundy S tra te g ic  E nv ironm en ta l Assessm ent, th e  gov­
e rn m e n t o f New B runsw ick  released an In te rim  Policy on a lloca tion  o f Crown Lands fo r  

Research in S u p p o rt o f In -S tream  T idal P ow er G eneration . The purpose o f th is  po licy is 

to  p rov ide in te rim  gu idance to  th e  gove rn m e nt and th e  pub lic concern ing  d ispos itions  o f 

subm erged Crown land fo r  research to  s u p p o rt th e  fu tu re  deve lopm en t o f in -s tream  tid a l 
pow er genera tion .

Research and development
The B ritish  and Canadian High Com m ission in co llabo ra tion  w ith  N atu ra l Resources Can­

ada organ ized a UK-Canada M arine Energy W orkshop to  share best p ractices and id e n tify  

o p p o rtu n itie s  fo r  co lla b o ra tio n  in m arine energy. The w o rkshop  b ro u g h t to g e th e r over
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40 p a rtic ip a n ts  fro m  th e  UK and Canada inc lud ing  sc ien tis ts  and techno lo g is ts , gove rn m e n t researchers, u t i l i­

tie s  and in d u s try  rep resen ta tives . A num ber o f co llabo ra tive  ideas and p ro je c ts  w ere  d iscussed w ith  proposed 

ac tions to  ca rry  these  fo rw a rd .

The f ir s t  Ocean Energy Technical A dvisory C om m ittee  [TAC] w as held by N atu ra l Resources Canada in Novem ber 

to  discuss ob jec tives o f an R&D p rogram  and fu tu re  re la ted  ac tiv itie s . Federal research p ro jec ts  com m enced in 

2007 focus ing  on th e  deve lopm en t o f codes and s tandards, conduc ting  env iro n m e n ta l baseline research and 

p rov id ing  a m ore de ta iled  resource assessm ent.

The O ffsho re  Energy E nv ironm enta l Research Associa tion  [OEER], a n o t- fo r -p ro fit  co rpo ra tion , has been exam ­

in ing th e  p o te n tia l fo r  o ffsh o re  renew ab le  energy in th e  Bay o f Fundy and is leading th e  SEA fo r  th e  area. Since 

its  incep tion  in 2006, OEER has been ded icated to  fo s te rin g  o ffsh o re  energy and env iro n m e n ta l research and 

deve lopm ent. OEER m em bers include Acadia University, St. F rancis Xavier University, Cape B re ton  U n ive rs ity  and 

th e  Nova Scotia D epa rtm en t o f Energy. For m ore in fo rm a tio n , see w w w .o ffsh o re e n e rg y re sea rch .ca .

W estern u n ive rs itie s  inc lud ing  th e  U n ive rs ity  o f B ritish  Colum bia and th e  U n ive rs ity  o f V ic to ria  have been con­

tin u o us ly  conduc ting  research fo r  th e ir  respective  techno logy  deve lopm ents, th e  Blue Energy Ocean Turb ine  and
th e  Syncwave P ow er Resonator. S im ilarly, th e  eastern  u n ive rs ities  have been involved w ith  OEER in advancing

research fo r  th e  dep loym en t o f ocean energy devices.

Technology dem onstration and projects
Clean C u rre n t P o w e r S ystem s Inc. has com p le ted  te s tin g  o f 

th e ir  65kW tida l c u rre n t tu rb in e  located a t Race Rocks, B r it­

ish Colum bia. The tid a l tu rb in e  has successfu lly  ex trac ted  

pow er in flo w s  up to  6.6 kno ts and w as ex trac ted  fro m  the  

w a te r in May o f 2007. The u n it is cu rre n tly  undergo ing  care ­

fu l inspection  and it  is in tended  th a t  i t  be re fit te d  w ith  a new 

bearing system s. A ll lessons learned a t Race Rocks w ill be 

inco rpo ra ted  in to  th e  com m ercia l scale design.

B u ild ing  on experience fro m  th e  RITE p ro je c ts  in New 
York ’s East River, V erdant P o w e r Canada Inc. is w o rk in g  on 

th e  C ornw all O ntario  R iver Energy [CORE] p ro je c t p lanned 

fo r  ope ra tion  in th e  St. Law rence River, Canada. The CORE 

p ro je c t w ill dem o n s tra te  th e  fe a s ib ility  and com m ercia l v ia ­

b ility  o f V e rdant P ow er Canada’s rive r-p o w e re d  Free Flow™

Turbine. CORE w ill be conducted  in a tw o -phase  p ro je c t over 

4 years, w ith  in itia l ope ra tions  having begun in th e  Fall o f 

2007. The u ltim a te  goal o f th e  CORE p ro je c t is to  develop 15 

MW in C ornw all, O ntario .

Nova Scotia  P ow eriae . [NSPI), th e  p rov inc ia l u tility , has com ­

m enced a tid a l s tream  d e m o n s tra tio n  p ilo t scale p ro je c t th a t  

is p lanned to  be in ope ra tion  by S ep tem ber 2009. NSPI w ill 
p a rtn e r w ith  Open Hydro fo r  th is  d e m o n s tra tio n  p ro je c t and 

w ill in s ta ll a subm ers ib le  g ra v ity  base w h ich  w ill be low ered  

to  th e  b o tto m  o f M inas Passage in th e  Bay o f Fundy. The ir 

ob jec tive  is to  eva lua te  th e  e fficacy o f t id a l s tream  tu rb in e  

techno log ies  and to  gain hands-on experience in ins ta lling , 
ope ra tin g  and m a in ta in ing  a tid a l genera tion  system . The 

focus o f th is  p ro je c t w ill be a 1 MW dem o u n it b u t i t  is a n tic i­

Race Rocks tida l current project, B ritx ish Columbia

Verdant Power Canada Inc. tida l current pro ject

http://www.offshoreenergyresearch.ca
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Vertical axis hydro turb ines fo r  in -stream  river applications devel­
oped by New Energy Corporation Inc.

Relevant National Association's Activities
In early  sum m er o f 2007, th e  Ocean R enewable Energy G roup [OREG] 

held a sym posium  in Nanaimo, B ritish  Colum bia w h ich  included a 

pub lic in fo rm a tio n  session and a reg iona l o p p o rtu n ity  fo ru m . In 

October, OREG held its  annual Fall Sym posium  in S a in t John, New 

Brunsw ick. This even t d re w  p a rtic ip a n ts  fro m  across Canada, the  

US and th e  UK. Updates on local in itia tive s , te chno logy  p ro je c ts  deve lopm en t ac tiv itie s  

across Canada and th o u g h ts  on th e  im portance  o f reg iona l business deve lopm en t w ere  

p resented. During th e  event, M arine C u rre n tT u rb in e s  announced th e  s ign ing o f tw o  MOUs 

w ith  Canadian p ro je c t deve lopm en t com panies. OREG has been very active  th ro u g h o u t 
th e  year and has seen an increase in m em bersh ip  nearing  100.

pated th a t  th e  co llec tion  o f in fo rm a tio n  w ill have some app licab ility  

to  a la rge r scaled up a rray  o f units.

N ew  Energy C orpora tion  Inc. has b u ilt 5 kW, lOkW  and 25 kW ve rtica l 

axis hydro tu rb in e s  th a t  w ill be deployed in M anitoba, A lbe rta  and 
B ritish  Colum bia fo r  in -s tream  rive r app lica tions. The Company has 

been rece iv ing in te re s t fro m  rem ote  com m un ities  in Canada, as w e ll 

as fro m  Japan and India. New Energy has plans to  dem o n s tra te  th is  

te chno logy  as a t id a l pow er genera tion  on B ritish  C olum bia ’s w e s t 

coast. This w ill en ta il th e  in s ta lla tio n  o f 500 kW pow er-g e n era tin g  

capacity  in a n a rro w  channel be tw een  M aude Island and Quadra 

Island, a d ja c e n tto  S eym our N arrow s, near Campbell River, BC.

CHINA

Policy & Prospects
On A u g u s t B 1st 2007, th e  N ationa l D eve lopm ent and R eform  Com m ission issued "M idd le  and 

Long Term  P rogram  o f R enewable Energy Developm ent". One o f th e  ta rg e ts  fo r  renew ab le  

energy deve lopm ent is to  tack le  th e  sho rtage  o f pow er and fu e l supply in rem o te  areas by 

using renew ab le  energy. W ith a b o u t 32,000 km o f coastline  and m ore than  6,500 o ffsh o re  

islands, China has a la rge p o ten tia l fo r  t id a l and wave energy genera tion .

Research and Development
RD&D a c tiv it ie s  in tid a l c u rre n t energy have been carried  o u t by H arbin Eng ineering Uni­

ve rs ity  [HEU] and w ave energy a c tiv itie s  have been conducted  by Guangzhou In s titu te  o f 
Energy C onversion, Chinese Academ y o f Sciences.

O ngoing P ro jec ts  on Ocean Energy D eve lopm ent in China:
N ationa l survey o f ocean energy and eva lua tion  o f its  u tiliza tio n

D em onstra tion  s tudy  o f com prehensive  deve lopm en t and u tiliz a tio n  o f o ffsh o re

islands.

Technology research on lo w -co s t ocean energy deve lopm en t and u tiliz a tio n  (sup­

po rted  by th e  M in is try  o f Science and Technology]
D em onstra tion  p ro je c t fo r  ocean energy deve lopm en t and u tiliza tio n  o f islands.
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Technology Demonstration and Projects 
Tidal Power
China has developed severa l sm all t id a l pow er p ro jec ts , and Jiangxia tid a l pow er 

s ta tio n  b u ilt in 1980 is th e  la rge s t experim en ta l s ta tio n  in China to  date, w ith  

ins ta lled  capacity  o f B.E MW, located a t Zhe jiang  Province.

Tidal current
In China recen t a c tiv itie s  in t id a l cu rre n t concern th e  co n s tru c tio n  and opera tion  

o f tw o  p ro to typ e s  in Zhe jiang province: The f lo a tin g  p ro je c t W anxiang-I 70kW 

[1996-2002] and W anxiang-ll 40kW p ro je c t cons tru c te d  in th e  end o f 2005 by Har­

bin Eng ineering University. The p ro to typ e  is b o tto m  s tand ing  and th e  e le c tric  

pow er o u tp u t is used by a lig h t to w e r near a bridge.

W ave Energy
In China th e re  is large experience and know ledge on th e  co n s tru c tio n  o f a fe w  

onshore  sm all scale o sc illa ting  w a te r co lum n [ÜWC] p lants, being th e  m ost 

rece n t one th e  g rid -connec ted  lOOkW OWC pow er p lan t, b u ilt  in 2000, in Shanwei 

C ity o f G uangdong P rovince by Guangzhou In s titu te  o f Energy Conversion. A fte r  

its  deep invo lvem en t in ÜWC te chno logy  over some decades, Guangzhou In s ti­

tu te  o f Energy Conversion has s ta rte d  to  research w ith  a new  kind o f techno logy, 
using an o sc illa ting  buoy and hyd rau lic  system  instead o f ÜWC and a ir tu rb in e . A 

50 kW onshore  o sc illa ting  buoy w ave energy device w as b u ilt  in A pril 2006. This 

p la n t has a buoy cap tu rin g  w ave pow er and uses th re e  pumps w ith  capacities o f 

lOkW, 20kW and 40kW to  co n ve rt th e  cap tu red  energy in to  hyd rau lic  energy. The 

h yd rau lic  energy is used to  d rive  tw o  hyd rau lic  m o to rs  connected  w ith  one 20kW 

and one 30kW g e n era to rs  respective ly. An energy b u ffe r  w ith  capac ity  o f 10 MJ 

is used to  produce e le c tr ic ity  in a s tand-a long  mode as w e ll as to  use th e  excess 
energy fo r  desa lina tion .

Wanxiang-ll 40kW tida l current pro to type plant in Zhejiang province

B0 kW onshore oscillating buoy wave pow er device, energy b u ffe r system, and desalination device

References:
-  P re s e n ta tio n  by Prof. Yage You, G uangzhou  In s ti tu te  o f  E nergy C onvers ion , C h inese A cadem y o f  

Sciences, "W ave E nergy T ech no lo gy  in China", a t  th e  7EWTEC, S e p te m b e r 10, 2007.

-  P re s e n ta tio n  by H onghang SUN, T he  M in is try  o f  S c ience and Techno logy, C h inese P ro g ra m  and 

In ce n tive  P o lic ies  o f  R enew ab le  E nergy D e ve lop m en t, 2007-10-23

-W e b s ite  o f  th e  China N ew  E n e rg y  N e tw o rk  (CNE), in fo rm a tio n  n e tw o rk  sys tem  c o n s tru c te d  by 

G uangzhou  In s ti tu te  o f  E nergy C onvers ion , C h inese A ca dem y o f  Sciences, w h ile  u n d e r th e  d ire c ­

t io n  o f  S ta te  M in is try  o f  S c ience &. Techno logy, S ta te  E conom ic  &. T rade C om m iss ion  and Chinese 

A ca dem y o f  S c iences jo in t ly ,  h ttp ://w w w .n e w e n e rg y .o rg .c n /e n g lis h /w e b s ite /o c e a n .h tm , accessed 

in F eb rua ry  2008

http://www.newenergy.org.cn/english/website/ocean.htm


annual report 2007 # 41

DENMARK
Kim Nielsen, Ramboll, D enm ark

Policy and Prospects
Since th e  end o f th e  Danish Wave Energy deve lopm en t p rogram  in year 2002 th e re  has 

been no ded ica ted  deve lopm ent Policy on Ocean Energy in Denmark.

Research and Development
The in te re s t in deve loping wave energy techno logy  am ong deve lopers is g row ing  in Den­

m ark -  much w o rk  is carried  o u t on p riva te  basis.

Energ inetD K w w w .e n e rg in e t.d k  supports  deve lopm en t o f renew ab le  energy in D enm ark 

w ith in  a fram e  o f 130 m io DKK. In 2008 th re e  Wave Energy p ro je c ts  w ill receive 2,8% o f 

these  fu n ds  o r 3,6 m io DDK based on app lica tions su b m itte d  in 2007.

Technology Demonstration and Projects
F loa ting  P ow er P lan t A /S  P ose idon ’s Organ D em onxs tra tion  P ro je c t (w w w .flo a tin g p o w e r- 

p lan t.com ] - is c u rre n tly  being cons tru c te d  fo r  o ffsh o re  te s t a t V indeby o ffsh o re  w ind  tu r ­

bine park, by th e  coast o f Lolland 
in Denm ark. The te s t system  is 37 

m eters  w ide, 25 m ete rs  long, 6 

m eters  high (to  deck] and w eighs 

app rox im a te ly  200 tons. The te s t 

system  is being b u ilt  in Nakskov 

h a rbo r and w ill be lunched in the  
spring  o f 2008. Dong Energy and 

p riva te  sha reho lde rs  give fin a n ­

cial su p p o rt th e  p ro jec t.

W ave S tar Energy A /S, (h t tp : / /  
w w w .w aves ta renergy .com ] 

con tinues te s tin g  th e  24 m eters 

long 1:10 scale m odel in Nissum 
B redn ing u n til A ugus t 2008. The FLOATING POWER PLANT A /s  Poseidons Organ under construction

20 flo a ts  on each side o f the

m achine are one m e te r in d ia m e te r and genera te  e le c tr ic ity  up to  a b o u t 5.5 k ilo w a tt. A ha lf 

scale u n it o f tw o  flo a ts  on a p ie r in th e  N orth  Sea is being cons tru c te d  supported  w ith  4 

m io. DDK o f fu n d ing  fro m  Energi DK in 2007. The u ltim a te  fu tu re  goal o f Wave S ta r Energy 

is to  p roduce series o f 240-m etre  long Wave S ta r m achines o f 6 m egaw att.

W ave Dragon, (h ttp ://w w w .w a v e d ra g o n .n e t] -  The 237 tonnes  p ro to typ e  p ro je c t in Nis­

sum Bredn ing has con tinued  since m arch 2003. The p ro to typ e  has been con tinuous ly  

te s te d  un til January 2005. In A pril 2006 a m od ified  p ro to typ e  w as deployed a ta  m ore ene r­

g e tic  w ave c lim a te  in N issum B redn ing and th e  te s ts  are planned to  con tinue  w ith  new ly 

secured fund ing . In Wales th e  p lann ing  o f a 7 MW Wave Dragon to  be deployed 2-3 m iles o f f  

M ilfo rd  Haven and te s te d  fo r  3-5 years is progressing.

W aveplane AS, (w w w .w avep lane .com ] -  since 2007 th e  deve lopm en t o f th e  w avep lane 

p ro je c t has been undertaken  by a new  com pany in Denm ark, financed  by p riva te  investors. 

The plan is to  develop and deploy a fu ll scale p ro to typ e  in year 2009.

http://www.energinet.dk
http://www.wavestarenergy.com
http://www.wavedragon.net
http://www.waveplane.com
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Dexa Wave Energy ApS pro ject

LEANCON Wave Energy Project

□exa W ave Energy ApS [ h ttp ://w w w .d e xa .d k ] -  is a 

re la tive ly  new  p ro je c t deve loper in D enm ark th a t  has 

secured p riva te  in ve s tm e n t fo r  th e  p ro je c t deve lop­

m ent. In some aspects th e  p ro je c t rem inds one o f the  

Cockerel ra f t  u tilis in g  th e  re la tive  m otion  be tw een the  

f ro n t  and rear o f a h inged ra ft.

LEANCON W ave Energy, th is  p ro je c t is concerned w ith  

th e  deve lopm en t o f a f lo a tin g  s tru c tu re  con ta in ing  

a large num ber o f m an ifo lded  OWC un its. Tests have 

been carried  o u t a t th e  inve rte rs  home in th e  open sea 

and in Aa lborg  U niversity. The p ro je c t has received 
fu n d ing  fro m  EnerginetDK.

Balgevingen (W ave Wing) w w w .w aveene rgy fyn .dk  -  

is a p ro je c t supported  by E nerg inetD K  fo r  sm all scale 
te s tin g  and d ocum en ta tion .

Relevant National Association's Activities
In 2007, th e  Danish Wave Energy Associa tion  (h t tp : / /  

w aveenergy.dk /] also hosted its  tw o  m ee tings fo r  

na tiona l in te ra c tio n  be tw een deve lopers and in te re s t­

ed parties.

EUROPEAN COMMISSION
Anna G igantino, European Com mission, DG RTD

EU Renewable Energy Policy Context
Energy techno log ies  w ill be cruc ia l to  successfu lly  f ig h tin g  aga ins t c lim a te  change and securing  w o rld  and Euro­

pean energy supply. Techno logy is v ita l in reach ing all ou r energy and c lim a te  change policy ob jectives: to  reduce 

greenhouse gas em issions by 20% and ensure 20% o f renew ab le  energy sources in th e  EU energy mix; to  reduce 

EU p rim a ry  energy use by 20% by 2020. Research and innova tion  in energy te chno logy  are th e re fo re  v ita l in 

m ee ting  th e  EU’s am b ition  to  reduce greenhouse  gas em issions by 60-80%  by 2050.

The deve lopm en t o f renew ab le  energy -  p a rticu la r ly  energy fro m  w ind , w ate r, so la r pow er and b iom ass -  is 

a cen tra l a im  o f th e  European C om m ission ’s energy policy. Europe ’s p o te n tia l to  develop a new  genera tion  o f 

decarbon ised energy techno log ies , such as o ff-sh o re  w ind , so la r techno logy, o r second genera tion  biomass, is 

enorm ous.

However, actions to  develop new  energy techno log ies , low e r th e ir  costs and b ring  them  to  th e  m arke t m us t be 

b e tte r  o rgan ised and carried  o u t m ore e ffic ien tly . This is w h y  th e  European Com m ission is p roposing th e  S tra te ­

gic Energy Techno logy Plan, a com prehensive  plan to  es tab lish  a new  energy research agenda fo r  Europe. This 

Plan is to  be accom panied by b e tte r  use o f and increases in resources, both financ ia l and human, to  acce le ra te  

th e  deve lopm en t and dep loym en t o f low -ca rbon  techno log ies  o f th e  fu tu re .

The European Com m ission is p roposing  a new  approach, w h ich  focuses on m ore jo in t  p lann ing, m aking b e tte r  

use o f th e  p o ten tia l o f th e  European Research and Innovation  area and fu lly  exp lo iting  th e  p oss ib ilitie s  opened 

up by th e  In te rna l M arket. In particu la r, th e  Plan includes th e  co m m itm e n t to  se t u pa  series o f new  p r io r ity  Euro­

pean Indus tria l In itia tive s  focus ing  on th e  deve lopm en t o f techno log ies  fo r  w h ich  w o rk in g  a t C om m unity  level

http://www.dexa.dk
http://www.waveenergyfyn.dk
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w ill add m ost value. The Plan proposes th e  s tren g th e n in g  o f th e  in d u s tria l research and innova tion , by a lign ing  

European, na tiona l and in d u s tria l ac tiv itie s ; i t  also proposes th e  c rea tion  o f a European Energy Research A lliance 
to  ensure  much g re a te r coopera tion  am ong energy research o rg a n isa tions  as w e ll as im proved p lann ing and 

fo re s ig h t a t European level fo r  energy in fra s tru c tu re  and system s.

M ore in fo rm a tio n  is included in th e  SET-plan docum ent, availab le at; 
h ttp ://e c .e u ro p a .e u /e n e rgy /re s /se tp la n /co m m u n ica tio n _2 0 0 7 _ e n .h tm

Follow ing th e  extensive pub lic  co n su lta tio n  w h ich  ended in June 2007, th e  European Com m ission adopted  on 10 

O ctober 2007 a C om m unica tion  se ttin g  o u t its  v ision fo r  an In teg ra ted  M aritim e  Policy fo r  th e  EU, to g e th e r w ith  

a de ta iled  action  plan se ttin g  o u t an am b itio u s  w o rk  p rogram  fo r  th e  years ahead. The C om m unica tion  and A ction  

Plan are accom panied by a re p o rt on th e  resu lts  o f th e  co n su lta tio n  w h ich  revealed s tron g  s takeho lde r su p p o rt 

fo r  th e  C om m ission ’s in itia tive .

The new  policy w ill be b u ilt  on Europe ’s s tre n g th s  in m arine research, techno logy  and innova tion . The C om m uni­

ca tion  and accom panying A ction  Plan lis t a range o f concre te  actions covering a w ide  spec trum  o f issues, rang ing 

fro m  m aritim e  tra n s p o r t to  th e  com pe titiveness  o f m aritim e  businesses, em p loym ent, sc ie n tif ic  research, f is h e r­

ies and th e  p ro te c tio n  o f th e  m arine  env ironm ent.

The fu ll package as w e ll as fu r th e r  in fo rm a tio n  on m aritim e  a ffa irs  can be found  at; 
h ttp ://e c .e u ro p a .e u /m a ritim e a ffa irs /in d e x _ e n .h tm l

Ocean Energy support under the FP7 (2007-2013)
The f ir s t  call fo r  proposa ls o f th e  Seventh F ram ew ork  P rogram  (FP7) w as launched in Decem ber 2006, and 

included th re e  d if fe re n t top ics  fo r  Ocean Energy, conce rn ing  respective ly  "N ew  com ponen ts  and concepts fo r  
ocean energy converte rs", "A s tra te g y  fo r  ocean energy" and "P re -n o rm a tive  research fo r  ocean energy". The 

p ro jec ts , se lected in 2007 fo r  EC fu n d ing , and cu rre n tly  s till being n ego tia ted  fo r  a g lobal am o u n t o f a round 7 M€, 

are expected to  s ta r t  du ring  th e  f ir s t  h a lf o f 2008.

Undergoing ocean energy projects supported by the EC
D uring 2007, a num ber o f ocean energy p ro jec ts  w e re  runn ing  w ith  th e  su p p o rt o f th e  Sixth F ram ew ork P rogram  

(FP6).

Two D irec to ra te -G enera ls  o f th e  European Com m ission are charged w ith  m anagem ent and m on ito rin g  these 
p ro jec ts : th e  D irec to ra te -G enera l fo r  Research (DG Research] fo r  p ro je c ts  w ith  m edium  to  long te rm  im pact, and 

th e  D irec to ra te -G enera l fo r  T ra n sp o rt and Energy (DG TREN] fo r  d e m o n s tra tio n  p ro jec ts .

The tab le  be low  provides a sum m ary o f th e  Ocean Energy research p ro je c ts  funded  by th e  European Com mission 

in 2007:

WAVE DRAGON MW 36 3 .43 1 .0 0 0  6

SEEWEC 36 3 .39 9 .7 5 5  6

CA-OE 39 1 .59 3 .0 0 0  6

WAVE SSG 30 1 .00 0 .0 0 0  6

F urthe rm ore , six new  d e m o n s tra tio n  p ro jec ts  are cu rre n tly  in th e  s ta rtin g  phase and one add itiona l p ro je c t w ill 

s u p p o rt s tra te g ic  a c tiv it ie s  o f th e  recen tly  estab lished  European Ocean Energy A ssocia tion .

The In te llig e n t Energy Europe p rogram  provides fu n d ing  fo r  th e  WAVEPLAM (WAVe Energy PLanning and M arke t­

ing ] p ro jec t, fo r  a period o f 36 m onths.

http://ec.europa.eu/energy/res/setplan/communication_2007_en.htm
http://ec.europa.eu/maritimeaffairs/index_en.html
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FRANCE
Hakim  M ouslim , Research & P ro je c t Eng ineer a t Ecole C entra le de Nantes/CNRS

The French A tla n tic  coast faces a favourab le  w ave c lim a te . The w ave resource  th e o re tic a l p o ten ­

tia l is e s tim a ted  a t 420 TW h/year. This p o ten tia l nearly  equals th e  e lec trica l energy consum ption  

in th e  country. In th e  past wave energy a c tiv it ie s  in France w e re  focused on R&D supported  by 

pub lic  fu n d ing . However, in 2007 the creation of a te s t site in the  Pays de la Loire region (w e s t 

coast and near N antes] w as announced and th e  pos itive  decision inc lud ing  means o f financ ing  

w as made in sum m er 2007. The bu ild ing  o f th e  fa c ilit ie s  is expected to  be fin ished  by mid 2010. 

The f ir s t  p ro je c t in th e  w a te r is expected to  be launched sh o rtly  a fte r  fin ish in g  th e  bu ild ing  w orks 
and com m ission ing .

The p rogram  o f th e  te s t s ite  is supported  by pub lic  fu n d ing  (around 5M €] and designed fo r  research 

and in itia l dem o n s tra tio n . This s ite  w ill n o t be used fo r  p roduc tion  b u t i t  w ill be fu lly  in s tru m e n ted  

w ith  grid  connection  and onshore  te s t fa c ilit ie s . The s ite  w ill be open fo r  bo th  French and in te r­

n a tiona l device developers.

Policy & Prospects
Since M arch 2007, a new  law  has se t a feed-in  price of 15c€/kW h fo r  e le c tr ic ity  produced using 

w ave energy. This is a p rem iere  fo r  wave energy in France.

A new  p ro je c t supported  by th e  French gove rn m e n t and th e  local reg ion "Pays de la Lo ire " in tends 

to  build a g rid  connected  te s t  s ite  fo r  th e  expe rim e n ta tio n  o f w ave energy converte rs . This te s t 

s ite  p ro je c t launched by th e  "Ecole C entra le de N antes" s ta rte d  in 2007 securing  €5M as p a rt o f 

a pub lic  fu n d ing  p rogram . The s ite  w ill be fu lly  in s tru m e n ted  to  enable in itia l de m o n s tra tio n  o f 

w ave energy devices and also research on m arine  and oceanograph ic  app lica tions. It  is expected 

to  be runn ing  th e  f ir s t  te s ts  by mid 2010 b u t ce rta in  research experim en ts  may s ta r t  sooner.

Research and Development
Research and D eve lopm ent a c tiv itie s  in w ave energy are m ain ly  focused  on th e  F luid M echanics 

Labora to ry, a research u n it fo rm e d  by th e  "Ecole C entra le  de N antes" and th e  N ationa l S c ie n tific  

Research Centre (CNRS]. This research u n it has one o f th e  la rge s t w ave ta n k  fa c ilit ie s  in Europe 

and has developed m ore than  25 years experience in w ave energy.

The SEAREV W ave Energy Converter
The SEAREV wave energy co n ve rte r deve lopm en t p ro je c t is lead by th e  "Ecole C entra le  de Nantes" 

and in te g ra te d  w ith in  an in d u s tria l conso rtium . The p ro je c t is based on s tron g  num erica l m odel­

ling o f hydrodynam ics and flu id  s tru c tu re  in te ra c tio n  developed by th e  Fluid M echanics Labora­

to ry. N um erica l m odels have been ca lib ra ted  and va lida ted  th ro u g h  various experim en ta l te s tin g  

ac tiv itie s .

A 1:12 m odel w as te s te d  a t th e  "Ecole C entra le de N antes" w ave ta n k  fa c ility  du ring  th e  sum m er o f 
2006. This p roduc tion  m odel w as a f ir s t  genera tion  p roduc tion  m odel o f SEAREV w h ich  helped the  

va lida tion  and ca lib ra tion  o f th e  num erica l codes used fo r th e  s im u la tion  o f th e  device.

A second m odel a t 1:25 scale w as te s te d  du ring  th e  sum m er o f 2007. The experim en ts  w e re  m eant 

to  conduc t su rv ivab ility  te s ts  w ith  a new  genera tion  o f th e  device. Several m ooring  designs have 

been tes ted . The d if fe re n t co n fig u ra tio n s  lead to  va lida tion  o f num erica l m ooring  m odels and ca li­

b ra tion  o f severa l param eters.

A second 1:12 m odel is expected to  be te s te d  in Nantes in th e  sum m er o f 2008 and a fu ll scale 
500kW p ro to typ e  may be under co n s tru c tio n  fo r  te s tin g  a c tiv itie s  in th e  sum m er o f 2010.



annual report 2007 # 4 5

GERMANY
Jochen Bard, In s t itu t fu e r  Solare E nerg ieverso rgungstechn ik , ISET

W ith respect to  ava ilab le  resources in th e  range o f som e percen tage  o f th e  e le c tr ic ity  
consum ption , a co n tinu ing  high in te re s t in ocean energy can be found  in G erm any in the  

pub lic  as w e ll as in research and industry . C u rren tly  a round 15 R&D in s titu te s  and un ive rs i­

tie s  are involved in deve loping wave, tid a l cu rre n t and osm osis pow er in th e  fra m e w o rk  

o f m ost European research p ro jec ts . In add ition , th e re  are a round 25 com panies involved 

in to  system  and com ponen t deve lopm ent and supply to  d if fe re n t techno log ies  m ainly in 

Europe. The fo u r  m a jo r German u tilit ie s  have pub lished plans to  invest in to  ocean energy 

techno log ies , m ain ly  wave and tida l. There  is no in s ta lla tio n  developed in G erm any yet, b u t 

a f ir s t  L im p e tty p e  wave pow er p la n t o f 250 kW has been announced to  be ins ta lled  on the  

N orth  Sea coast.

The pub lic  fu n d ing  in th e  fra m e w o rk  o f th e  N ationa l energy research p rogram  is cu rre n tly  

lim ited  to  tid a l tu rb in e  concept and com ponen t deve lopm ent. The to ta l am o u n t o f public 

fu n d ing  be tw een 2001 and 2008 is a round 2.5 Mio Euros. A feed  in t a r i f f  fo r  e le c tr ic ity  fro m  

wave and t id a l energy s im ila r to  th e  t a r i f f  fo r  sm all h yd ropow er (around 7 to  10 p e rcen t] 

is availab le under th e  renew ab le  energy a c t o f 2005. A f ir s t  in te rn a tio n a l con ference  on 

Ocean Energy w as held in 2006. A series o f th e  na tiona l m arine energy fo ru m  w ill be con­

tin u e d  in A pril 2008. G erm any became a m em ber o f th e  IEA OES in year 2007.

INDIA
Purnim a Jalihal, N ationa l In s titu te  o f Ocean Technology, NIOT

India has a vas t coastline  o f a bou t 7500 km and a lo t o f Islands. India is ac tive ly  u n d e rta k ­
ing th e  Ocean R enewable Energy research w ith  th e  fo llo w in g  ob jectives:

1. P rovid ing a viable a lte rn a tive  source fo r  d rink ing  w a te r needs o f th e  M ainland and 
island popula tion .

2. Developing techno log ies  to w a rd s  low  pow ered  w ave energy devices fo r  th e  needs o f 

rem ote  islands.

3. Developing OTEC based energy devices to  make th e  desa lina tion  p lan ts bo th  on the  

barge and th e  islands se lf-su ffic ie n t.

Policy & Prospects
M in is try  o f Earth Sciences under th e  G overnm ent o f India w orks th ro u g h  N ationa l In s ti­

tu te  o f Ocean Technology to  ca rry  o u t Research and D eve lopm enta l w o rks  in Ocean Tech­

nology. The w o rk  to w a rd s  deve loping techno log ies  like w ave pow ered devices and low  
te m p e ra tu re  desa lina tion  is being done under th is  p rogram  o f Ocean R enewable Energy. 

Besides NIOT, th e re  are a fe w  independen t groups, like th e  Indian In s titu te  o f Technology, 

Chennai, th a t  w o rk  on la b o ra to ry  scale m odels o f these  wave pow er devices.

Research and Development
The th ru s t  areas o f research revolve a round D esa lination based on Ocean Therm a l G radi­

ent, and Wave Pow ered Devices.

National Ins titu te  of Ocean Technology, Chennai: The in s titu te  is th e  techn ica l a rm  o f the

M in is try  o f Earth Sciences, G overnm ent o f India, w o rk in g  to w a rd s  deve lopm en t and dem -
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o n s tra tio n  o f fie ld  scale m odels o f Ocean Renewable Energy Devices. As a p a rt o f its  m andate , NIOT has un til now  

se tup  a 100 m3/d a y  Island based Low  T em pera tu re  Therm al D esa lina tion  P lan t a t K avara tti, India, in 2005 and 

dem o n s tra te d  a 1000m 3/d a y  E xperim enta l Barge M ounted  D esa lina tion  P lan t o f f  Chennai Coast, India, in 2007. 

NIOT is also w o rk in g  on wave pow ered  devices m ean t fo r  rem ote  islands.

Indian Ins titu te  of Technology, Chennai: The in s titu te  has research g roups w o rk in g  to w a rd s  th e  deve lopm en t 

o f la b o ra to ry  scale w ave energy devices, and th e  deve lopm en t o f techno log ies  fo r  d is tr ib u tio n  and re s tru c tu rin g  

o f w ave energy.

Technology Demonstration and Projects

Barge Mounted Plants Island Based Plants □WC based □WC based floating 
device

Technology
Desalination using Ocean 
Thermal Gradient

Desalination using 
Ocean Thermal 
Gradient

Oscillating Water Column 
based Wave Energy Devices

Backward bent duct 
buoy fo r wave power

Size and Scale
1000 nT/day 
Experimental 
Demonstration

100m3/day 
Operational Plant for 
Island

Operational Plant 15kW 
Capacity Small Scale

Project Name 1ML0 Desalination Plant
Kavaratti
Desalination Plant

Wave Energy Plant BBDB

Location of the Plant Chennai, India Kavaratti, India Vlzhlnjam, India Chennai, India

Developer NIOT NIOT NIOT NIOT

Current Status
Demonstrated the 
Operation In 2007.

Plant Is operational, 
supplying to the 
Island

Powering an RÜ based 
desalination plant fo r th e  
local community

Currently under field 
tests

Results Achieved Successfully Completed
Successfully handed 
over to  Island In 2006

Concept successfully 
demonstrated In 2001 Undergoing field tests

Plans
Setup of a medium scale 
operational 10,000 m3/  
day plant

Setup of similar 
plants In other 
Islands of the region

No fu rthe r plans as the 
Wave Power In the te rrito ria l 
waters o f India Is small

Development as a small 
scale wave powered 
device fo r remote 
Islands

Funding Public Public Public Public

A view of the 1000 m3/day Barge Mounted Desalination Plant. A view of the 100 m3/day Island Based Desalination Plant at Kavaratti, w ith  an Inset of
Islanders getting th e  distribu ted water.
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IRELAND
Graham Brennan, S usta inab le  Energy Ire land

The deve lopm en t o f Ocean Energy te chno logy  in Ireland is id e n tifie d  as p r io r ity  area by the  

G overnm ent and its im portance  is re flec ted  in its  re levan t rece n t energy policy announce­

m ents. W ork is p rogress ing  in accordance w ith  th e  gu ide lines expressed in th e  Ocean 

Energy S tra te gy  w h ich  w as launched in 2006. The e s ta b lish m e n t o f th e  1:4 scale wave 

energy te s t s ite  in Galway Bay has given a s ig n ific a n t o p p o rtu n ity  to  com panies to  pursue 

th e ir  deve lopm en t a c tiv itie s  in an e ff ic ie n t manner. A tte n tio n  is now  focused  on th e  estab ­

lish m e n t o f a fu ll scale grid  connected  te s t  s ite  w h ich  w ill serve to  s u p p o rt p repa ra tions  

fo r  a large scale deve lopm enta l com m ercia l s ite  w ith  s tron g  g ro w th  po ten tia l.

Policy & Prospects
In M arch 2007 th e  Irish G overnm ent pub lished an Energy W hite  Paper w h ich  se t a 

ta rg e t dep loym en t o f 500MW o f ocean energy pow er by 2020.

The Ocean Energy S tra te gy  w as launched by th e  Irish G overnm ent in April 2006. This 

sets fo rw a rd  a 4 phase fra m e w o rk  to  su p p o rt th e  deve lopm en t o f ocean energy in 

Ireland. Phase 1 o f th is  p rog ram  is c u rre n tly  underw ay w ith  su p p o rt p rovided fo r  

research and deve lopm ent a c tiv itie s  up to  1:4 scale to g e th e r w ith  su p p o rt fo r  3 rd level 

research ac tiv itie s . A tte n tio n  is now  focused on p repa ra tions  fo r  th e  deve lopm en t o f 

a te s t s ite  and a la rge r p re -com m erc ia l deve lopm en t site.

The G overnm ent estab lished  th e  Parsons A w ard  w h ich  provides 20mEuro s u p p o rt fo r  

energy research in 3rd level in s titu te s  p rim a rily  focused  on th e  areas o f w ind , b iomass 

and ocean energy. The aw ards provide fu n d ing  fo r  p o s td o c to ra l researchers  fo r  pe ri­

ods o f 7 years.

The 1:4 scale te s t  s ite  in G alway Bay is ope ra tin g  successfu lly  and prov ides access to  

deve lopers fo r  periods o f up to  6 m onths. Term s o f access include safety, s tru c tu ra l 

and o pe ra tiona l requ irem en ts .

Research and Development
Sustainable Energy Ireland is th e  na tiona l energy agency and prov ides g ra n t su p p o rt 

fo r  R&D a c tiv it ie s  and te chno logy  deve lopers in ocean energy [w w w .se i.ie ].

The M arine In s titu te  is responsib le  fo r  th e  genera l deve lopm en t o f Ire land ’s ocean 

resources w h ich  include areas such as fish ing , to u ris m  and energy. They are also the  

o p e ra to r o f th e  G alway Bay te s t site .

Hydraulics and M aritim e Research Centre in University College Cork is a key ocean 
energy research fa c ility  in Ire land w ith  special in te re s t in ocean energy research and 

coasta l eng inee ring . The g roup  expanded its  s ta f f  size in 2007 fo llo w in g  th e  a lloca­
tio n  o f long te rm  3rd level research funds.

University o f Limerick has been ac tive ly  pursu ing  th e  deve lopm en t o f a ir tu rb in e s  fo r  

use w ith  osc illa ting  w a te r co lum n devices. They have also secured long te rm  fund ing  

under th e  Parsons A w ard  schem e and in tend  to  pursue ocean energy research a c tiv i­

ties.

The Electricity Research Centre in University College Dublin has had s ig n ifica n t 

invo lvem en t in th e  in te g ra tio n  and th e  s tudy o f m anagem ent issues fo r  in te rm itte n t 

renew ab le  ge n e ra to rs  such as w ind  pow er system s ope ra ting  on th e  na tiona l grid. 

T he ir in te re s ts  include m ode lling  o f dynam ic response o f e lec trica l ge n e ra to rs  and 

t id a l energy system s.

The D epartm ent of Communication Energy and N atural Resources is th e  G overn­
m en t D epa rtm e n t w ith  resp o n s ib ility  fo r  p rom o ting  renew ab le  energy in Ireland.

http://www.sei.ie


Technology Demonstration and Projects

□pen Hydro
The Open Hydro tid a l tu rb in e  is ow ned and developed by an Irish com pany based in Dublin w ith  m anu­

fa c tu r in g  fa c ilit ie s  in G reenore, Co. Lou th . The Open-Centre T u rb ine ’s s im ple  design m eans th a t i t  can 

w ith s ta n d  harsh ocean tides, w h ile  having no im pact on m arine m am m als since it  has no o ils w h ich  

can leak, no exposed lade tip s  and a s ig n ifica n t opening a t its  cen tre . A 250 kW tu rb in e  is cu rre n tly  

being te s te d  a t th e  European M arine Energy Centre [EMEC] in th e  Orkney Islands w h ich  w as sup­
p o rted  by a g ra n t o f 370kEuro fro m  S usta inab le  Energy Ire land [SEI], Testing o f th e  tu rb in e  is ongoing 

a t EMEC. The com pany have w on tw o  com m erc ia l co n tra c ts  to  build devices in th e  Channel Islands 

and Canada.

□cean Energy Buoy
The Ocean Energy Buoy (OE Buoy] is a flo a tin g  o sc illa ting  w a te r co lum n device w h ich  genera tes pow ­

er fro m  com pressed a ir w h ich  is c rea ted  w ith  each passing wave. The OE Buoy w as op tim ised  a t 1:50 

scale in th e  H ydrau lics and M aritim e  Research Centre (HMRC) a t U n ive rs ity  College Cork be fo re  being 

te s te d  a t 1:15 scale in a large wave ta n k  in Nantes. The cu rre n t 1:4 scale m achine w as f ir s t  ins ta lled  

in G alway Bay in Decem ber 2006 w he re  m axim um  w ave he igh ts  reached 8m during  th e  w in te r  period. 

The m achine w as successfu lly  te s te d  fro m  Decem ber 2006 th ro u g h  to  th e  sum m er o f 2007 w ith o u t 
a tu rb in e  in o rde r to  give com parison  w ith  p revious ta n k  te s t w ork. In S ep tem ber 2007 th e  ÜE Buoy 

w as f it te d  w ith  an a ir tu rb in e  and re tu rn e d  to  te s t w h e re  it  is co n tin u ing  to  p e rfo rm  successfully. SEI 

p rovided cum u la tive  g ra n t s u p p o rt o f 515kEuro.

1
k
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Wavebob
The W avebob is a p o in t abso rbe r device. The W avebob has been te s te d  a t 1:50 and 

1:20 scale be fo re  a decis ion to  bu ild  a 1:4 scale m achine w as taken. A large scale 

p ro to typ e  w as ins ta lled  in G alway Bay in 2006. The deve lopers have an ongoing  te s t 

p rog ram  o f deve lopm en t a t th e  te s t s ite . Some te s tin g  w o rk  w as conducted  in 2007 

w ith  a fu r th e r  round o f te s tin g  planned fo r  Galway Bay th ro u g h o u t 2008. To da te  SEI 

have p rovided g ra n t su p p o rt o f 210kEuro.

O the r com panies w h ich  have p ro je c ts  ongoing  in Ireland a t p resen t include Finavera 

Aquabuoy and Technology From  Ideas. These com panies are rece iv ing su p p o rt o f 

185kEuro.

Relevant National Association's Activities
Ire land opera tes an Ocean Energy Forum  b i-annua lly  w h ich  is fre e  to  all in te res ted  

g roups. The Forum  has been ve ry  successfu l and is qu ick ly  g ro w ing  in size. It p ro ­

vides an open fo ru m  fo r  deve lopers, researchers, po licy m akers and m arke t opera­

to rs  to  address th e  key ba rrie rs  fac ing  th e  deve lopm en t o f ocean energy in Ireland.

The Forum  is c u rre n tly  ope ra ted  by th e  M arine In s titu te  and HMRC w ith  in p u t fro m  

SEI. There  w ere  tw o  m ee tings held in 2007 as fo llow s :

28“  June 2007 in U n ive rs ity  College in Cork 

15“  Nov 2007 in M arine In s titu te  O ffices in Galway

ITALY

The a c tiv ity  in Ita ly  concern ing  Ocean Energy is s till con fined  to  th e  in it ia tive s  undertaken  by th e  research and 

deve lopm en t com pany "P onte  di A rchim ede", in th e  fra m e w o rk  o f th e  Enerm ar p ro jec t.

There are tw o  o rgan isa tions  in Ita ly  su p p o rtin g  ocean energy:

M in is try  o f Foreign A ffa irs  (w w w .e s te ri.it/ ita /in d e x .a s p j 

Region Sicilia (w w w .re g io n e .s ic ilia .it/]

The C ooperation w ith  UNIDO (U n ited  N ations Indus tria l D eve lopm ent O rgan iza tion ] fo r  th e  in s ta lla tio n  o f p ro ­

to typ e s  o f th e  Kobold Turb ine  in th e  w a te rs  o f th re e  Eastern C ountries is recogn ised as an im p o rta n t in it ia tive  
to w a rd s  th e  p rom o tion  o f ocean energy.

Technology Demonstration and Projects
The Kobold tu rb in e  is a subm erged ve rtica l-ax is  tu rb in e  fo r  exp lo ita tion  o f m arine cu rre n ts  ins ta lled  in the  S tra it 

o f Messina, 150 m etres o f f  th e  coast o f G anzirri, since 2002. The ins ta lla tion  o f th e  Enerm ar p ro to typ e  has been 

financed by Ponte di A rch im ede Company, to g e th e r w ith  a 50 % fund  paid by th e  S icilian Region A d m in is tra tio n  

(Regione S ic iliana], in th e  fra m e w o rk  o f European Union S tru c tu ra l Funds. During 2007 ac tiv itie s  in th e  Kobold 

tu rb in e  concerned th e  co llec tion  o f data includ ing a com ple te  map o f th e  system s pe rfo rm ance  w ith  pow er o u tp u t 

fo r  any cu rre n t ve loc ity  and any num ber o f revo lu tions  o f the  tu rb in e  used in th e  pow er op tim iza tio n  procedure.

This p ro je c t has been d issem ina ted  am ong th e  deve loping co u n trie s  in w h ich  UNIDO opera tes and th e  f ir s t  th re e  

co u n trie s  th a t  expressed in te re s t w e re  th e  People ’s Republic o f China, th e  P h ilipp ines, and Indonesia. A jo in t-  

ve n tu re  w as crea ted , under th e  auspices o f UNIDO, be tw een "P on te  di A rch im ede" and th e  Indonesian Walinusa 

Energy C orpora tion . A place to  ins ta ll th e  t id a l c u rre n t p lan t in Indonesia has been id e n tifie d  in th e  Lom boc island 

(im m e d ia te ly  on th e  east o f Ba li] and th e  p ro je c t is expected to  be com p le ted  by th e  end o f 2008.

References:
h ttp ://w w w .p o n te d ia rc h im e d G .it/

*

http://www.esteri.it/ita/index.aspj
http://www.regione.sicilia.it/
http://www.pontediarchimedG.it/
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JAPAN

Policy & Prospects
The Basic Law  o f th e  Sea has been en fo rced  on July 20th,2007 (On April 20, the  

D ie t enacted th e  Law ] in v ie w  o f th e  im portance  o f deve loping, u tiliz in g  and 

p rese rv ing  resources w ith in  th e  EEZ and on th e  c o n tin e n ta l shelves around 
Japan, w h ile  ca lling  fo r  in te rn a tio n a l coopera tion  in ocean resources deve l­

opm en t, p ro te c tio n  o f th e  ocean env ironm en t, d isa s te r p reven tion , sea res­

cues, etc.

The Japanese gove rn m e n t plans to  prepare  th e  f ir s t  d ra f t  o f its  m a ritim e  plan 
by la te  October, announcing  th e  fina l d ra f t  in January 2008.

A Task fo rce  on Ocean Energy in th e  M arine Technology Forum  has been 

s ta rte d  to  p rom o te  Ocean Technology and Developm ent, th e  basis fo r  th e  

Road Map on Ocean D eve lopm ent in Japan.

Research and Development

□TEC
In s titu te  o f Ocean Energy, Saga U n ive rs ity  (IOES), has been supported  by th e  Jap­

anese G overnm ent and w ith in  th e  21st COE P rogram  o f "Advanced Science and 
Techno logy fo r  U tiliza tio n  o f Ocean Energy" i t  w as b u ilt an experim en ta l OTEC sys­

tem  [BOkW] using a m m o n ia /w a te r m ix tu res  as w o rk in g  flu id . F u tu re  plans under 

th is  p rogram  concern th e  deve lopm en t o f a f lo a tin g  ocean n u tr ie n t enhancer,

‘TAKUMI’, using OTEC as pow er source.

W ave Energy
Research a c tiv itie s  on th e  Backw ard B ent D uct Buoy (BBDB) wave energy device 

inven ted  by Mr. Masuda are s till p rogressing  in Saga U niversity.

Sea tr ia ls  w ith  Im pulse tu rb in e  fo r  OWC wave energy devices are progressing  

w ith in  a jo in  co lla b o ra tio n  o f M atsue N ationa l College o f Technology, Saga U niver­

s ity  and th e  M in is try  o f Land In fra s tru c tu re  and T ransport.

References:
- IEA-OES Annual R eport 2006
-  Presentation by Dr. Ikegami, Saga University, a t Messina ExCo m eeting October 2007

Aquaculture pro ject 'TAKUMI' using OTEC

Impulse tu rb ine  and dem onstration 
p lant w ith  tu rb ine  impulse in Niigata 
since 2005

Experimental OTEC plant [30kW] using Am m onia/W ater Mixtures 
as Working Fluid
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MEXICO
Gerardo H ir ia rt, In s titu to  de Ingeniería, UNAM

Research and Development 

Tidal energy
In Mexico th e re  are no t id a l pow er p lan ts  th a t  use th e  energy o f th e  oceans, 

nor p ro jec ts  o f deve lopm en t o f any type  o f these  pow er fa c ilit ie s . A lthough  

it  has been d iscussed th a t  th e  Sea o f Cortés has an enorm ous p o ten tia l fo r  

e le c tric  genera tion . E stim a tions o f th is  p o ten tia l have been made by the  

In s titu te  o f E ng ineering o f th e  UNAM.

A num eric  m odel has been carried  o u t to  es tim a te  th e  p o ten tia l energy o f 

th e  tides  in th e  G u lf o f C a lifo rn ia  due to  th e  fa c t th a t  in th is  area th e re  is 

a co n ce n tra tio n  o f energy, reach ing a tid e  h e ig h t o f app rox im a te ly  6 m, in 

th e  season o f sp ring  tides. This fo rm  o f energy can be exp lo ited  w ith  a tida l 

pow er p lan t th a t  p rac tica lly  w o rks  like a h yd ro e le c tr ic  o f low  head in w h ich  

a dam is b u ilt to  be able to  c rea te  a level d iffe rence . There  are th re e  opera ­

tio n  w ays to  genera te  e le c tr ic ity  and num erica l s im u la tions  have been 

made to  k n o w th e  behav iou r in these  th re e  genera tion  ways:

Flood G enera tion . -  When th e  tid e  is ascending and it  en te rs  in to  the  

rese rvo ir -  in th is  case th e  genera tion  is fro m  th e  sea to w a rd s  th e  res­
ervoir.

Ebb genera tion  -  When th e  tid e  is descending and it  leaves th e  p rev i­

ously fu ll rese rvo ir in high tid e  -  in th is  case th e  genera tion  is fro m  the  

rese rvo ir to w a rd  th e  sea.

Flood -  ebb genera tion  in flood -ebb  -  This genera tion  w ay is as its 

name ind ica tes a com b ina tion  o f th e  tw o  prev ious and th e  genera tion  

is done in tw o  ways.

A fte rw a rd s  de ta iled  s im u la tions  have been made fo r  fo u r  d if fe re n t rese r­

vo ir sizes in th e  high G u lf o f C alifo rn ia.

Current energy
The energy o f th e  cu rre n ts  can be d iv ided in to  tw o  types accord ing to  the  

genera tion  source: i] th e  one th a t  takes place w ith  th e  ascen t and descent 

m ovem ent o f th e  tide , called tid e  cu rren ts , and ¡i] th e  other, called oceanic 

cu rre n ts , takes place w ith  th e  g rad ie n ts  o f te m p e ra tu re  and sa lin ity . UNAM 

is w o rk in g  on th e  deve lopm en t o f a device able to  take  advantage  o f th is  

energy and to  tra n s fo rm  it  in to  e le c tric  pow er and fu r th e r  on th e  q u a n ti­

fica tio n  o f th e  p o ten tia l th a t  ex ists in th e  G u lf o f C a lifo rn ia. Recent cam ­

paigns o f m easurem ents  o f cu rre n ts  have been carried  o u t by UNAM. It has 

been fo u nd  th a t  th e  m axim um  speed is o f 1.40 m /s  and th e  average speed 

is o f 0.56 m /s, th e  average pow er fo r  mE is o f 171.00 w a tts , m u ltip lie d  by the  

area o f th e  channel w he re  dep ths are a round 15 m, it  is ob ta ined  a pow er 

o f 96 MW. Supposing th a t 36% o f th is  energy can be exp lo ited, th e  am o u n t 

o f 302 GW h/year w ou ld  be ob ta ined  tak ing  in to  account th a t  tu rb in e s  are 

placed in th e  w ho le  trave rse  area o f th e  channel. La b o ra to ry  te s ts  have 

been carried  o u t to  v e rify  th e  e ffic ie n cy  o f th e  system .
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Technology Demonstration and Projects
W ave Energy Project in Baja California, in Santa Rosaliita y Rosarito -  P ro je c t financed  by the  

Federal Com m ission o f E lec tric ity : Feasib ility  s tudy o f tw o  p ro je c ts  in th e  p rox im ities  o f th e  to w n s  

o f Santa R osaliita  and Rosarito , Baja C a lifo rn ia  S ta te , inc lud ing  th e  fo llo w in g  a c tiv itie s  in each 

place: Eva luation  o f th e  se lected places, eva lua tion  o f th e  resource, hyd rog raph ic  m easurem ent, 

geo techn ica l m easurem ent, econom ic analysis and conceptua l design o f th e  device specific  o f 

each place. In th is  s tudy  it  has been considered th e  te chno logy  developed by Oceanlinx.

Relevant National Association's Activities
On th e  22nd and 23rd o f M arch th e  In ternational Symposium of W a ter and Energy to o k  place, 

o rgan ized  jo in t ly  by th e  Council o f th e  C ircum -Pacific , th e  C om m ittee  o f Energy o f th e  Ocean o f 

th e  In te rn a tio n a l Agency o f Energy and th e  In s titu te  o f Eng ineering, w ith  th e  p a rtic ip a tio n  o f 

rep resen ta tives  fro m  19 coun tries . The inaug ura tio n  w as done by eng ineer Rubén F lores Garcia, 
u n d ersecre ta ry  o f E le c tr ic ity  o f th e  S ecre ta ry  o f Energy w ho  came in rep re se n ta tio n  o f Georgina 

Kessel, d ire c to r o f th is  Secretary. O the r p a rtic ip a n ts  w ere  Doc P at Leahy, d ire c to r associa ted o f 

th e  Geologic Service o f USA and v ice -p re s id e n t o f th e  Council C ircum -Pacific , Gouri Bhuyan, p res i­

d e n t o f th e  C om m ittee  o f Energy o f th e  Ocean and th e  d ire c to r o f th e  In s titu te  o f Eng ineering, Dr. 

Sergio A lcocer de Castro.

NETHERLANDS
P. C. Sche ijg rond, Ecofys N e therlands BV

The Dutch ocean energy p o ten tia l is made up o f th e  N orth  Sea, th e  rive r de lta  W estersche lde open 

to  th e  sea in th e  sou th  and th e  W addenzee around th e  islands in th e  N orth . F u rth e rm o re  th e re  are 

some enclosed bodies o f w a te r as p a rt o f th e  Dutch Delta w orks , th e  la rges t being th e  Ijsse lm eer, 

O ostersche lde and G revelingen. These bodies have lit t le  o r reduced tid a l in fluences, b u t could 

have p o ten tia l as a t id a l flow , barrage  o r osm o tic  resource. F u rth e rm o re  th e re  are m any rive rs  and 

canals w ith  a low  hyd rau lic  g ra d ie n t w h ich  could be considered fo r  zero-head app lica tions.

The Dutch resource p o ten tia l fo r  energy fro m  th e  seas and rive rs has n o t been s tud ied  in deta il. 

Several pub lica tions  fro m  both consu ltanc ies  and deve lopers c la im  p o ten tia ls  fo r  specific  loca­

tio n s  o r techno log ies . For example, th e  tida l s tream  resource a t th e  ex it o f th e  O ostersche lde 

dam has been es tim a ted  to  be in th e  o rd e r o f 100-200MW  w hen using tid a l f lo w  techno log ies . The 

deve lopers o f th e  Dynam ic T idal P lan t p re d ic t a p o ten tia l o f 10.000MW along th e  Dutch coast line. 

The w ave resource on th e  N orth  Sea has average energy levels o f up to  l lk W /m  w ave w id th  o f f ­

shore. A n o th e r s tudy es tim a te d  th e  osm o tic  energy p o ten tia l in th e  N e therlands a t 16 TWh.

Policy & Prospects
A t p resen t th e  Dutch gove rn m e n t has n o t developed policies to  s u p p o rt ocean energy te ch n o lo ­

gies. S up p o rt is only availab le fo r  those  techno log ies  th a t  are iden tified  to  "m ake a considerab le  

c o n trib u tio n  to  th e  renew ab le  energy m ix o f th e  Dutch grid". Ocean energy is n o t ye t id e n tifie d  as 

p rom is ing  resource fo r  th e  Dutch renew ab le  energy m ix a t present.

However, a new  p rog ram  called WINN (W ater Innova tions ] has th e  ob jec tive  to  id e n tify  and realise 

p ilo ts  to  d e m o n s tra te  "on land" techno log ies  th a t  genera te  e le c tr ic ity  fro m  w a te r  (e.g. low  head 

hydro and osm osis]. The p rogram  is under m anagem ent o f th e  Dutch D ire c to ra te  fo r  Public Works 

and W ater M anagem ent (R ijk sw a te rs ta a t].



annual report 2007 #53

A new  su p p o rt schem e fo r  susta inab le  energy SDE (S tim u le rin g s reg e lin g  Duurzam e Ener­

g ie ] w ill be d isclosed early  2008 and it  is unknow n w h e th e r ocean energy w ill be m entioned 

separate ly. The schem e is developed by th e  M in is try  o f Econom ic A ffa irs  (EZ) and w ill be 
managed by SenterN ovem .

Research and Development
Alkyon Hydraulic Consultancy & Research o ffe rs  expertise  in coasta l and o ffsh o re  

hyd rau lic  eng inee ring  and research. They are deve lopers o f th e  Dynam ic T idal Pow er 
system .

ECN -  the Energy Centre Netherlands develops h igh-leve l know ledge and techno logy  

fo r  sus ta inab le  energy system s and tra n s fe rs  it  to  th e  m arke t. In th e  past th e y  have 

coopera ted  on ocean energy p ro jec ts .

Ecofys Netherlands bv is th e  la rge s t independen t consu ltancy ded icated to  sus ta in ­

able energy in th e  N etherlands. Several s tud ies  re la ted  to  tid a l, w ave and osm otic  

energy have been pub lished fo r  local and na tiona l a u th o ritie s . Ecofys is also deve lop­
ing th e  Wave Rotor.

KEMA is a com m ercia l e n te rp rise , specia liz ing  in h igh -g rade  business and te c h n i­

cal consu ltancy, inspections and m easurem ents, te s tin g  and ce rtif ica tio n , re la ted  to  

p roducts, processes and e qu ipm en t fo r  th e  p roduction , d is tr ib u tio n  and use o f e lec­

tr ic ity . They have carried  o u t a num ber o f fe a s ib ility  s tud ies  fo r  pum ped s to rage  con­

cepts.

Team w ork Technology BV. Technology and business deve lopm en t o f susta inab le  

techno logy, m odeling  o f th e  physical process, eng inee ring  o f demo e qu ipm en t and 

m on ito rin g  du ring  te s tin g . O perates a te s t s ite  fo r  [t id a l] tu rb in e s . S pec ia lis t in e lec­

tr ic a l d ire c t drive  eq u ip m e n t and grid  connections.

Technical U niversity o f D elft is involved in th e  techn ica l deve lopm en t bo th  generic  

and device spec ific  issues rang ing  fro m  d ire c t drive  genera to rs , hyd rau lic  com p u ta ­

tio n  m odelling  and system s deve lopm ent.

W etsusisa cen tre  fo r  susta inab le  w a te r technology, especia lly research in to  Reversed 
E lectro  D ialysis [RED]: p reven tion  o f fo u lin g , system  and m em brane design

Technology Demonstration and Projects 
Dynamic Tidal Pow er (DTP)
The concept o f DTP by A lkyon H ydrau lic  C onsu ltancy & Research and H2ÍD proposes to  

build a ve ry  long a rtif ic ia l T -shaped dam perpend icu la r to  th e  [D u tch ] coast and to  the  

t id a l flow . The ex is tence o f such dam in a t id a l f lo w  crea tes a hyd rau lic  head over th e  tw o  

sides w h ich  can be used to  drive  conventiona l low  head hydro tu rb in e s  m oun ted  in the  

dam. In a tandem  a rray (ie tw o  dam s] w ith  p roper spacing w ith  respect to  th e  tid a l wave,

th e  hyd rau lic  head o f bo th  T -dam s com bined could y ie ld a v ir tu a lly  co n s ta n t pow er w hen

producing  in to  th e  same grid.

The va lid ity  o f th is  tid a l pow er concept w as e labora ted  

in a s tudy in 1997 assigned by SenterN ovem . A p ilo t 

p ro je c t to  te s t th e  requ ired  low  head tu rb in e s  is planned 

to  s ta r t  in 2009 in one o f th e  dikes o f th e  Delta P ro je c t 

(G revelingen Dam], The fe a s ib ility  o f a p ilo t p ro je c t fo r

a la rge T-dam  in China has recen tly  been considered.

This should take place in th e  fra m e w o rk  o f a jo in t  S ino- 
Dutch D TP -P la tfo rm .

Dynamic Tidal Power schem atic concept fo r  Dutch coast, by 
Alkyon and H2iD.
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Hydropower M agnifier
E ntry  Technology BV in Rhenen [N L] is w o rk in g  on a concept called th e  H yd ropow er Mag­

nifier. The physical p rinc ip le  behind th is  system  is based on w ave energy: Waves genera ted  

by a low  head w ave m aker are conce n tra te d  on a h igher energy s ta te  [head ] and in a fina l 

step converted  in to  e lec trica l power. A fe a s ib ility  s tudy has been supported  under th e  NEO 
prog ram  (N ew  Energy Research] o f SenterN ovem .

HydroRing, renew able hydro-energy
HydroR ing is being developed by HydroR ing BV [w w w .H ydroR ing .eu ]. HydroR ing is an axial 

f lo w  ro to r  w ith  m agne tic  rim  bearings and pow er take  o f f  in th e  rim  o f th e  ro to r  housing. 

Since th e re  is no need fo r  a cen tra l sha ft, i t  is expected th a t fish  can pass easily. HydroR ing 

is designed to  be ins ta lled  in ex is ting  w e irs  and locks th ro u g h o u t Europe and fo r  rem ote  

a rea ’s in deve loping coun tries . A Dutch EOS DEMO (N ew  Energy Research] g ra n t was 

aw arded fo r  a fie ld  de m o n s tra tio n  to g e th e r w ith  th e  Dutch D irec to ra te  fo r  Public Works 

and W ater M anagem ent [R ijk s w a te rs ta a t]. The d e m o n s tra tio n  s ta rte d  in July 2007. By th e  

end o f 2008 th e  p ro to typ e  w ill be ins ta lled  in a w e ir  in th e  N etherlands.

REDstack
REDstack is a s p in o ff com pany fro m  W etsus. The sc ie n tif ic  research o f W etsus on Reverse 

E lectro  Dialysis ( ‘Blue Energy’] is applied a t REDstack in to  a techn ica l design o f a stack 

assem bly o f m em branes and e lec trodes to  genera te  e le c tr ic ity  fro m  sa lt and fresh  w ater. 

When fresh  w a te r flo w s  in to  sea w ater, huge energy can be derived fro m  th e  d iffe re n ce  

be tw een  th e  chem ica l p o ten tia ls  o f concen tra ted  and d ilu ted  sa lt concen tra tions . In sev­
era l p ro jec ts  w ith in  th e  New Energy Research p rogram  o f SenterN ovem , lo w -co s t m em ­

branes and o th e r key-com ponents are under deve lopm ent. The prom is ing  resu lts  raised 

in te re s t o f d if fe re n t in d u s tria l and pow er supp ly com panies and w a te r  a u th o rit ie s  to  

inves t in p ilo t tes ts . P arties agreed on th e  fo llo w in g  deve lopm en t path:

Tocardo
The Tocardo tu rb in e , developed by Tocardo bv, is an axial f lo w  tu r ­

b ine w ith  tw o  fixed blades. The tu rb in e  has no gearbox; instead 

i t  has a p e rm anen t m agne t d ire c t d rive  g e n e ra to r and th e re fo re  

an expected low  m ain tenance  p ro file  (10 year cycle]. W ith a va ri­

able speed co n tro l th e  device is able to  run a t ve loc itie s  up 3.6m /s.

A 2.8m d ia m e te r m achine has been te s te d  in a s lu ice ga te  a t the  

A fs lu itd ijk  du ring  th e  sum m er o f 2005. This p ro je c t w as funded  by 

th e  pa rtne rs  to g e th e r w ith  th e  prov ince  o f N orth  Holland and th e  A rtis t impression of a RED stack p lant a t the Ijsselmeer [www.redstack.nl]

reg iona l fund  "Kop & M unt".

Ind us tr ia l p ilo t [kW -scale] on sa line flo w s  in a sa lt fa c to ry  (F inancia l supported  by 
SenterN ovem , In n ow a to r p ro jec t; 2007-2009]

Feasib ilty  s tudy and d e fin it io n  o f requ ire m e n ts  fo r  a com m u­

nal pow er p la n t o f 200 MW a t th e  A fs lu itd ijk  (P riva te  fund ing ,

2008]

Com m unal p ilo t (10-40 kW] on sea w a te r and r ive r w a te r 
[2009-2010] a t th e  A fs lu itd ijk

Com m unal p ilo t (1 MW] on sea w a te r and rive r w a te r 
[2010-2012] a t th e  A fs lu itd ijk

http://www.HydroRing.eu
http://www.redstack.nl
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There are tw o  ranges o f p roducts  planned:

Tocardo 2800 -4500

A sm all d iam e te r tu rb in e  fo r  inshore  purpose w h ich  makes use o f ex is ting  civil con­

s tru c tio n s  to  connect to . These system s are sized to  th e  channels and w a te r  flo w s  

in w h ich  they  are applied and are ra ted  fro m  40kW 2.8m up to  150 kW a t4 .5 m  d iam ­

eter. In 2007 th re e  tu rb in e s  w ill be ins ta lled  w ith  a to ta l ra tin g  o f 120kW. In 2010 a 

p ro je c t is expected fo r  1 MW rated  se t o f seven tu rb ines .

Tocardo 10000-20000

A la rge r d ia m e te r tu rb in e  10m d iam eter. This design is especia lly fo r  o ffsh o re  pu r­

pose. The p ro je c t deve lopm en t fo r  th is  p ro d u c t is ongoing. The ta rg e t is to  ins ta ll

Tocardo turb ine by Teamwork Technology, demonstrated th e  f ir s t  system s in 2008 o r 2009 in th e  Pentland  F irth  (N orth  S co tland ] w ith  a to ta l
a tth e A fs lu itd ijk in a s lu ic e g a te C ww w.tocardo.n l]  r a tG d  p O W G T O f 10MW

W ave Rotor
The Wave R o to r is a new  wave tu rb in e  w o rk in g  on s im ple w in d  tu rb in e  p rinc ip les 

and is capable o f co nve rting  bo th  tid a l and w ave energy d ire c tly  in to  e lec trica l 

power. The Wave R otor exp lo its  th e  o rb ita l ve loc ities  w ith in  waves and u tilizes  the  

p rinc ip le  o f hydrodynam ic  l i f t  to  tu rn  a se t o f blades a round a ve rtica l axis.

E xperim enta l tr ia ls  w ere  successfu lly  com ple ted  a t NaREC on a 10th scale m odel 

o f Ecofys’ Wave R otor [w w w .E cofys .n l] and also a t IFREMER in B rest in w aves and 

tid a l cu rre n ts . The NaREC te s t w as funded  via th e  Carbon T ru s t’s M arine Energy 

Challenge P rogram  under th e  superv is ion  o f Halcrow. A g rid -connec ted  m odel te s t 

in th e  sea in Denm ark w as funded  by th e  Danish Wave energy Program . C urren tly  
a co n s tru c tio n  is being prepared fo r  a BOkWp ra ted  Wave R otor w h ich  w ill be sus­

pended fro m  a p ier in th e  W estersche lde in 2008 in coopera tion  w ith  th e  c ity  coun­

cil o f Borsele and Tota l NV (m ore  in fo rm a tio n : w w w .E cofys .n l],

Relevant National Association's Activities
There is no associa tion  w h ich  rep resen ts  th e  industry . However, a lis ted  g roup  o f 

over 50 ind iv idua ls in th e  N e the rlands have a d ire c t in te re s t in th e  deve lopm en t o f 
th is  industry . They are rep resen ting  o ffs h o re  c o n tra c tin g  and eng ineering  com ­

panies, research in s titu te s , developers, po licy m akers and consu ltancies. Some 

events o rgan ised in th e  recen t past include:

Wave ro to ra r t is t  impression and model tests  a t NaREC

Dag van Maarssen, launch o f th e  W ater Innova tions p rogram , Novem ber 

2007
Coordinated action on Ocean Energy, A m sterdam , tw o  day w orkshop  on com ­

ponen t design, re lia b ility  and p roduc tion , M arch 2006

"M arine Parks", an in it ia tiv e  by th e  Innova tie  N e tw e rk  aim s to  com bine fu n c ­

tio n s  a t sea, com bin ing  w ind , wave, tida l and bio cu ltu re s  a t sea. The em phasis 
is on th e  la tte r, in ve s tig a ting  o ffsh o re  m ussels, algae and fish  fa rm ing .

The POSEIDON vision ( in it ia te d  by Econcern] p resen ts  a v is ion fo r  ha rvesting  

renew ab le  ocean resources and c rea ting  a system  th a t w ill ensure  a su s ta ina ­

ble e le c tr ic ity  supply. It includes an o ffs h o re  grid  -  connecting  w ind , w ave and 

osm o tic  pow er p ro jec ts  to  na tiona l g rids -  as w e ll as o ffs h o re  ca rbon -neu tra l 

pow er p lants. It is also a foca l p o in t fo r  ex is ting  in it ia tive s  by a range o f p ro je c t 

developers, link ing them  to  deve loping pow er m arke ts  and new  techno log ies , 
(m ore  in fo rm a tio n : w w w .pose idonenergy.com ]

http://www.tocardo.nl
http://www.Ecofys.nl
http://www.Ecofys.nl
http://www.poseidonenergy.com
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N E W  Z E A L A N D
John Huckerby, AWATEA

The p rinc ipa l change in 2007 w as th e  in tro d u c tio n  o f th e  Energy S tra te gy  and Energy E ffi­

ciency and C onservation S tra tegy, p a rticu la r ly  th e  announcem ent o f th e  M arine Energy 

D ep loym ent Fund. G overnm ent po lic ies and m ode lling  exp lic itly  include m arine energy fo r  

th e  f ir s t  tim e. The a c tiv ity  am ongst m arine  energy p ro jec ts  has also increased.

O the r in it ia tive s  include EnergyScape study, w h ich  includes basic m apping o f m arine ener­

gy resources; E le c tr ic ity  C om m iss ion ’s p ro je c t on "T ransm iss ion to  Enable Renewables" 

and p roposa ls fo r  a m arine m am m al sanctuary, p a rticu la r ly  to  p ro te c t th e  ve ry  endan­

gered M aui’s do lph in .

Policy & Prospects
There are no na tiona l ta rg e ts  fo r  dep loym en ts  o f m arine  energy p ro jec ts . However, th e  

recen tly  pub lished New Zealand Energy S tra te gy  (11 O ctober 2007] se ts a ta rg e t o f 90% o f 

genera tion  to  come fro m  renew ab le  sources by 2025 (c u rre n tly  — 65%].

There are no feed-in  ta r if f ,  ROC o r p roduc tion  ta x  c red its : i t  has been considered  bu t 

appears to  have been re jec ted  in fa v o u r o f ‘ level p laying f ie ld ’. A m arine energy cen tre  has 

been proposed b u t is n o t cu rre n tly  being developed. There is no s trea m lin in g  o f p e rm ittin g  

fo r  p ro je c t deve lopm en t -  all p ro jec ts  are su b je c t to  Resource M anagem ent A ct 1991.

C u rren t R&D fu n d ing  is be low  NZ$ 1 m illion  per annum . C u rren t energy research fu n d ing  

round o ffe rs  NZ$ 5 m illion  to ta l fro m  1 O ctober 2008 -  i t  may exceed $1 m illion  fo r  m arine 
energy.

R elevant Legislation:
New Zealand Energy S tra te gy  -  has five  headline goals: 90% renew ab le  genera tion  

by 2025; ha lv ing per cap ita  em issions by 2040; 250,000 ha increase in fo re s ts  by 2020; 

early  dep loym en t o f e le c tric  veh ic les and leading research on a g ricu ltu ra l em issions 

reductions.

New Zealand Energy E ffic iency and C onservation  S tra te gy  -  con ta ins  fo u r in itia tive s  

fo r  m arine  energy: M arine Energy D ep loym ent Fund (see be low ], m arine energy a tlas 

by end-2009, techn ica l and in d u s try  s tandards fo r  su p p o rtin g  th e  ro ll-o u t o f m arine  

energy system s fro m  2010; ongoing  s u p p o rt fo r  th e  A o tea roa  Wave and T idal Energy 
A ssocia tion  [AWATEA],

M arine Energy D ep loym ent Fund -  to  p rom o te  p ro to typ e  dep loym ents ; NZ$ 8 m illion  
ava ilab le  over 4 years (NZ$ 2 m illion  per year]; fu n d ing  fo r  dep loym en ts  connected  

to  m ean ing fu l load; f ir s t  round opened on 17 O ctober 2007; app lica tions  close on 29 

February 2008; aw ards by end-M ay 2008.

Em issions Trading Regime -  fro m  1 January 2008; w ill include  all secto rs  o f th e  econ­
om y and all gases; fo re s try  has a lready jo in e d  secto r; s ta tio n a ry  energy se c to r w ill 

fo llo w  on 1 January 2010.
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Research and Development
G overnm ent has p rovided R&D fu n d ing  to  th re e  m arine energy p ro jec ts  over la s t fo u r 

years. P rinc ipa l benefic ia ry  is Wave Energy Techno logy -  New Zealand [W ET-NZ] consor­

tiu m , w h ich  com prises tw o  Crown Research In s titu te s  (Ind u s tr ia l Research L im ited  and 

N ationa l In s titu te  fo r  W ater and A tm osphe ric  Research] and a p riva te  company, P ow er 

P ro jec ts  L im ited .

Key organizations:
Foundation fo r  Research, Science and Technology -  G overnm ent’s Science R&D fu n d ­

ing agency.

Energy E ffic iency and C onservation A u th o rity  -  Crown Agency responsib le  fo r  p ro m o t­
ing energy e ffic iency and conserva tion  and de live ring  G overnm ent’s program  in these 

areas. Nom inal respons ib ility  fo r  G overnm ent’s invo lvem en t in m arine energy. 

Indus tria l Research L im ited  -  Crown Research In s titu te  (i.e., G overnm ent-ow ned  
research o rg a n iza tio n ], specia liz ing  in e lec trica l and m echanica l research. S pecia lity  

in h ig h -te m p e ra tu re  superconducto rs .

NIWA -  also Crown Research In s titu te  w ith  expertise  in m arine sciences, includ ing 

resource assessm ents, hydrodynam ics and m ooring.

P ow er P ro jec ts  L im ited  -  p riva te  consu lting  com pany w ith  focus on m arine  energy. 
Founder o f AWATEA.

Technology Demonstration and Projects
There are 24 p ro jec ts  c u rre n tly  active  in NZ a t va rious scales and stages o f deve lopm ent. 

M ost are n o t pub lic  b u t th e  4 m ost advanced are:

Crest Energy -  su b m itte d  resource consent app lica tion  fo r  inc rem en ta l deve lopm en t 

o f 200 MW tid a l s tream  tu rb in e  p ro je c t in o u te r p a rt o f Kaipara H arbour; consent 

app lica tions due to  be heard in f ir s t  h a lf o f 2008; w ill u tilize  O penHydro techno logy; 

cu rre n tly  p riva te ly  funded.
Neptune Pow er -  su b m itte d  resource consent app lica tion  fo r  s ing le tid a l s tream  tu r ­

bine dep loym en t in Cook S tra it, t r ia l device is 1 MW (to  be deployed be tw een 2009 -  

2011]; 1 5 0 x 3  MW tu rb in e s  by 2021.

W ave Energy Technology -  New Zealand (WET-NZ] - R & D  co n so rtiu m  (see above] 

has developed 2 kW experim en ta l w ave energy converter, w h ich  has been deployed in 

L y tte lto n  H arbour du ring  2007; cu rre n tly  bu ild ing  second expe rim en ta l device; plans 

to  bu ild  100 kW pre -com m erc ia l device; G overnm ent funded  b u t seeking com m ercia l 

partners .

Pow er Generation Projects -  p roposal to  im p o rt Pelam is te chno logy  (a lthough  la rge ­

ly fa b rica te d  in New Zealand]; v is ited  Ocean P ow er Delivery [OPD] and o the rs  in UK in 

June 2007; c u rre n t s ta tu s  unknow n.

Relevant National Association's Activities
A otearoa  Wave and T idal Energy Associa tion  (AWATEA] has 56 C orporate, P ro fessiona l, 

N o n -p ro fit and Ind iv idual m em bers; held annua l con ference  "B lue Energy: Taking the  

P lunge" in W elling ton  on 15 M arch 2007 (118 a tte nd e e s ] and m in i-con fe rence , fo llo w in g  

its  Annual General M eeting  on 8 A ugus t 2007. P resen ta tions  ava ilab le  on AWATEA w ebs ite ; 
w w w .a w a te a .o rg .n z .

http://www.awatea.org.nz
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NORWAY
P e tte r H ers le th , S ta tk ra ft  SF

Policy & Prospects
In genera l th e re  are no spec ific  goals o r fu n d in g /s u p p o rt fo r  ocean energy, b u t a new  rec­
om m enda tion  on R.D&D w ill be pub lished early  2008.

A pp rox im a te ly  15 in it ia tive s  on Ocean Energy have received su p p o rt fro m  th e  N orw egian 

G overnm ent:

60-70 % o f th e  in itia tive s  are on wave power, one p ro je c t is on osm o tic  pow er and the  

re s t is on tid a l power.

8-10 o f th e  in it ia tive s  are te chno logy  deve lopm en t and sm all-sca le  p ro to typ e  te s tin g  

by sm all te chno logy  developers.

There are 3-4 la rge r R&D p ro je c ts  w ith  several p ro je c t partners .

There are 2-3 ongoing large scale o r fu ll-sca le  p ro to typ e  p ro jec ts .

In add ition , N orw egian  p a rtne rs  are involved in several p ro jec ts  th a t  received su p p o rt 
fo rm  EC FP6 p rog ram  in 2007.

The w o r ld ’s f ir s t  p ro to typ e  on osm o tic  pow er is under co n s tru c tio n .

Research and Development
In N orw ay th e re  is research and deve lopm en t on w ave energy, tid a l energy and osm otic  
power.

Two wave energy Research p rogram s, co-sponsored by EU, under FP6 (app 3,4 MEUR] in 

th re e  years, have key p a rtic ip a n ts  fro m  Norway.

An ocean energy research p rog ram  (app 10 MEUR in 4 years], inc lud ing  u n ive rs itie s  fro m  

Norway, Sweden and Denm ark, has been in it ia te d  by S ta tk ra ft, a N orw egian  pow er u t ility

Relevant National Association's Activities
N orw egian  O ffshore  R enewable Energy O rgan isa tion  (FFMFE] -  a new ly estab lished  group 

o f energy com panies in N orw ay has th e  overa ll goal o f "rea lize  th e  p o ten tia l o f o ffsh o re  

renew ab le  energy".

INORE’s 1st In te rn a tio n a l PhD Sym posium  on O ffsho re  R enewable Energy w as held a t 

Agdenes, Norway, in June 2007, arranged by th e  In te rn a tio n a l PhD N e tw o rk  on O ffshore  
Renewable Energy in coopera tion  w ith  th e  N orw egian  Centre fo r  R enewable Energy 

( h ttp ://w w w .s ffe .n o ].

http://www.sffe.no
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PORTUGAL
Teresa Pontes, INETI

Policy & Prospects
Pilot Zone fo r W ave Energy Exploitation
The leg is la tion  to  c rea te  a P ilo t Zone fo r  te s ts  o f p ro to typ e s  and e xp lo ita tion  by p re -com ­

m ercia l and com m ercia l o ffsh o re  fa rm s  w as p a rtly  published, being expected th a t th e  fina l 

pub lica tion  w ill occur in early  2008. This Zone is located o f f  th e  w e s t coast 150 km no rth  

o f Lisbon, and covers an area o f app rox im a te ly  400 km E, be tw een app rox im a te ly  30m and 

80 m w a te r-d e p th . It w ill be connected to  th e  local d is tr ib u tio n  grid  fo r  pow er up to  80 MW, 

and th e  na tiona l tra n s p o rta tio n  grid  fo r  pow er up to  250 MW. The zone w ill be m anaged 

by an en tity , w ith  capac ity  fo r  licensing, th a t  w ill p rom o te  and m anage th e  com m on in fra ­

s truc tu re s , nam ely th e  connection  to  th e  e lec trica l grid, and th e  nau tica l and surve illance  

in fra -s tru c tu re s .

Research and Development
MARTIFER ENERGIA SA has con tinued  th e  deve lopm en t o f an o ffsh o re  flo a tin g  w ave ene r­
gy converter. A fte r  th e  se lection  o f th e  fin a l geom etry, th e  num erica l m ode lling  (inc lud ing  

th e  pow er take  o f f  and m oo ring ] in th e  frequency  and tim e  dom ains w as carried  ou t. This 

w as fo llo w e d  by m odel te s tin g  in irre g u la r w ave tank. P a ten ts  w e re  filled .

European Contracts
CA-OE -  Co-O rdinated A ction  on Ocean Energy -  w ith  circa 50 p a rtic ip a n ts  (4 fro m  P o rtu ­

gal], a bou t ha lf fro m  industry . The m ain p ro je c t a c tiv itie s  w ere  th e  o rgan isa tion  o f ded i­

cated in te ra c tive  w o rkshops and s h o rt- te rm  young researchers p lacem ents, as a veh i­

cle to  exchange and analyse in fo rm a tio n  fo r  th e  Ocean Energy Deve lopm ent. The Wave 

Energy Centre pa rtic ip a te d  in th e  co re -g roup  and coo rd ina ted  th e  exchange o f personnel 

com ponent, INETI coo rd ina ted  WP4 -  P e rfo rm ance  M on ito ring  o f Ocean Energy System s, 

and In s titu to  S uperio r Técnico (1ST] acted as one o f th e  developers. The o th e r P ortuguese 

p a rtic ip a n t w as Kym aner Tecnologías E nergéticas SA.

WAVETRAIN -  Research T ra in ing  N e tw o rk to w a rd s  C om petitive  Ocean Wave Energy, (2004 - 

2008]. The co n tra c t, invo lv ing 11 pa rtic ip a n ts , w as coo rd ina ted  by In s titu to  S uperio r Téc­

nico, w ith  a re leva n t co n tr ib u tio n  in th e  m anagem ent by th e  Wave Energy Centre. INETI 

w as responsib le  fo r  WP1 -P re -n o rm a tiv e  Research. The main ob jec tives o f th e  p ro je c t are 

th e  tra in in g  o f 15 young sc ie n tis ts  in th e  fie ld  o f wave energy. The proposal fo r  th e  fo llo w  

up WAVETRAIN II coo rd ina ted  by th e  Wave Energy Centre ob ta ined  a good c lass ifica tion  
fro m  th e  European Com mission.

SEEWEC -  Susta inab le  Econom ica lly E ffic ie n t Wave Energy C onverte r (2005 -  2008], a im ­

ing a t deve loping and dep loying a p ro to typ e  o f FO3 device. In s titu to  S uperio r Técnico coo r­

d ina ted  WP3 -  Wave c lim a te  and env iro n m e n ta l study.

POW'WOW -  C o-ord ina ted  A ction  on P red ic tion  o f Waves, Wakes and O ffsho re  Wind 

(2005-2008]. This c o n tra c t involves 14 pa rtic ip a n ts ; INETI coo rd ina tes  WP1 -  O ffshore  

M eteoro logy.

Aqua-RET -  A qua tic  R enewable Energy Technologies (2006-2008]. The ob jec tive  o f th is  

p ro je c t is th e  deve lopm en t o f on line  e -lea rn ing  sessions on m arine  renew ab le  energy 

techno log ies  in o rde r to  in fo rm  th e  genera l pub lic  and s tim u la te  in d u s tria l and o th e r com ­

panies to  ac t in th is  area. Wave Energy Centre is a m em ber o f th is  p ro jec t.
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WAVEPLAM -  WAVe energy PLAnning and M arke ting  [2007-2010]. The purpose o f th is  

p ro je c t is to  develop too ls  and estab lish  th e  necessary co nd itions  to  fin d  so lu tions  fo r  th e  

p robable  non -techn ica l b a rrie rs  and co n d itio n ing  fa c to rs  th a t  may arise w ith  th e  dep loy­

m en t o f la rge scale w ave energy techno log ies . The Wave Energy Centre coo rd ina tes  WP3 

-  D eve lopm ent o f a basic guide fo r  th e  p ro m o te rs  o f wave energy p ro jec ts .

National Contracts funded by the  M inistry o f Science and Technology
S e lf-re c tify in g  Im pulse Turb ines fo r  WECs (The p ro je c t te rm in a te d  in 2007]. It was 

coo rd ina ted  by 1ST, and had th e  p a rtic ip a tio n  o f INETI, New U n ive rs ity  o f Lisbon [UNL],

P re lim ina ry  num erica l m ode lling  o f im pulse tu rb in e  w as carried  out.
Advanced Ocean Surface  Data fo r  Wave Energy Conversion and P rim ary  P roduction  

[2006-2008]. This p ro jec t, in co rp o ra tin g  tw o  areas o f know ledge, is co -o rd ina ted  by 

INETI; U n ive rs ity  o f Lisbon and U n ive rs ity  o f M inho are th e  o th e r pa rtne rs . In regard 

to  w ave energy, s a te llite  wave data (a ltim e te r and ASAR] w e re  co llec ted  and its  use­

fu lness  fo r  resource assessm ent w as eva luated.

M odelling , O p tim iza tion  and C ontro l o f o ffs h o re  WECs [2005-2007] -  The p ro je c t was 

coo rd ina ted  by 1ST and had th e  p a rtic ip a tio n  o f INETI.

E xperim enta l D eve lopm ent o f O ffsho re  WECs [2007-2010]. The p ro je c t is coo rd ina ted  

by 1ST and has th e  p a rtic ip a tio n  o f INETI and U n ive rs ity  o f Porto.

WEAM -  Wave Energy A coustic  M on ito ring  [2007-2010]. This p ro je c t a im s to  develop 

in s tru m e n ta tio n  fo r  th e  assessm ent o f u n d e rw a te r noise produced by wave energy 

devices and to  propose a m o n ito rin g  plan. The p ro je c t is coo rd ina ted  by th e  Wave 

Energy Centre and has th e  p a rtic ip a tio n  o f th e  U n ive rs ity  o f A lgarve.

Demonstration and Pre-Commercial Activities

Pico P lant
This p ilo t p la n t has undergone m echanical, s tru c tu ra l and m o n ito rin g  im prove­

m ents, nam ely th e  rep lacem en t o f th e  tw o  sets o f th e  tu rb in e  gu ide-vanes, the  

re in fo rc e m e n t o f th e  tu rb in e  s tru c tu re  to  avoid v ib ra tions , th e  repa ir o f the  

tu rb in e  ducts, and th e  rep lacem en t o f data transm iss ion  cables fo r  op tica l f ib ­

ber. These im p rovem en ts  have been carried  o u t and funded  by th e  com panies 

EFACEC and MARTIFER ENERGIA SA, and by th e  Wave Energy Centre. N um erica l 

m ode lling  o f th e  p la n t dynam ic ope ra tion  has been s ta rte d  by In s titu to  S uperio r 

Técnico and th e  Wave Energy Centre. P lan t te s tin g  has been p e rfo rm ed  over 

severa l periods along th e  year.

□WC Pow er P lan t a t the  m outh of Douro River, Porto.
The co n s tru c tio n  o f th e  750 kW ÜWC w ave pow er p lant, p lanned to  be inco rpo ­

ra ted  in th e  new  b re a kw a te r a t th e  m outh  o f Douro River in Porto , did n o t s ta r t  
due to  d iff ic u lt ie s  w ith  th e  a u th o riza tio n  fo r  th e  m od ifica tio n  o f th e  tw o  b reak­

w a te r head-caissons to  accom m odate  th e  tw o  ÜWC cham bers.

Pelamis W ave Farm
In October, during fina l p repara tions fo r  pos ition ing  the  th re e  750 kW Pelamis 

m achines on s ite  a t Aguçadoura (no rth e rn  Portuga l], it  was noted th a t th e  m oor­
ing un its  had sunk down fro m  th e ir  ea rlie r position , and fo r  no obvious reason.

A lthough care and a tte n tio n  had been exercised in th e  design, fa b rica tio n  and 

ins ta lla tion  o f the  buoyancy un its  employed, th e  in te g rity  o f th e  foam  buoyancy 

and its encasem ent has c learly been com prom ised. Replacem ent buoyancy un its
w ere  Supplied and a re w a it in g  fo r  a SU i ta  b le w e a th e r w in d o w  fo r  insta lla tion . Pelamis machines in Leixöes Harbour wa iting fo r  installation



annual report 2007 # 61

W aveRoller
A p ro to typ e  o f th is  b o ttom -m o u n te d  f la t  p la te  osc illa ting  

device developed by th e  Finish Company AW -Energy was 

deployed in A pril in Peniche, 100 km no rth  o f L isbon. It is 

rep o rte d  th a t  a new  com pany jo in t ly  ow ned by AW -Energy and 

th e  P ortuguese G rupo Lena has been estab lished  to  pursue 

th e  deve lopm ent. Plans fo r  th e  co n s tru c tio n  o f a 1 MW p la n t in 

2008 w ere  announced.
WaveRoller module in Peniche Shipyard

THE 7™ EUROPEAN WAVE AND TIDAL ENERGY CONFERENCE

The 7th European Wave and T idal Energy Conference w as held in P orto  on 11-13 Septem ber, th e  Chairman being 

Prof. A n ton io  Falcäo fro m  In s titu to  S uperio r Técnico. The con ference  w as a tte nd e d  by a b o u t 350 pa rtic ipan ts , 

86% fro m  Europe. Taking in to  accoun t th a t  w ave and tid a l energy are n o t m a tu re  techno log ies , th e  p a rtic ip a tio n  

fro m  com panies w as rem arkab ly  high [65% ] as com pared w ith  those  fro m  u n ive rs itie s  [29% ] and o th e r in s t itu ­

tio n s  [6% ]. The num ber o f p a rtic ip a n ts  as w e ll as th e  num ber o f papers w as s ig n ifica n tly  la rge r than  in previous 

con ferences, w h ich  show s an im p o rta n t increase o f in te re s t on ocean energy especia lly fro m  com panies. 103 

papers w ere  selected fo r  p rese n ta tio n  and pub lica tion  in th e  CD proceedings a fte r  peer rev iew  o f th e  fu ll- le n g th  

paper. The p roceed ings can be ob ta ined  fro m  w w w .ew tec2007 .com .p t.

RUSSIA
A lexander A. Temeev, D ire c to r o f App lied  Technologies Company L td  (ATC)

Policy & Prospects
Various stud ies, eva lua tions and o th e r research evidence on renew ab les ava ilab le  in Russia d e m o n s tra te  th a t  

th e re  is eno rm ous p o ten tia l as w e ll as th e re  are huge techn ica l-econom ic  o p p o rtu n itie s  fo r  c o s t-e ffe c tive  ener- 

gy -e ffic iency  inves tm en ts  in th e  indus tria l, res iden tia l, and hea ting  sectors. R enewable energy sources in Rus­

sia can play a s ig n ifica n t and co s t-e ffe c tiv e  role in energy supply in m any geograph ic  reg ions. However, desp ite  

th e  evidence show s th a t  Russian techno log ica l capab ilitie s  to  e xp lo it these  techn ica l-econom ic  p o ten tia ls  are 

strong , th e  m a rke t-re la te d  capab ilitie s  are s till weak. C u rren t s ta tu s  o f th e  actua l pow er p roduc tion  -  consum p­

tio n  in Russia is cha rac te rized  by dom ina tion  o f fu e l bu rn ing  techno log ies*. A pp rox im a te ly  54% o f p rim a ry  energy 

p roduc tion  consis ted  o f n a tu ra l gas burn ing , 19% oil p ro d u c t bu rn ing , 16% coal and o th e r solid fu e ls  burn ing , 

5% o f th e  pow er p roduc tion  are those  o f th e  nuclear pow er and a b o u t 6% are those  o f th e  h yd ro -pow er and 

o th e r renew ables. The actua l annual energy p roduc tion  is a t a level o f 26-31 Q uadrillion  Btu. The s tru c tu re  o f 

th e  e le c tr ic ity  p roduc tion  in Russia is cha racte rised  by th e  s im ila r indexes. A pp rox im a te ly  72% o f th e  e le c tr ic ity  

p roduc tion  is those  o f th e  coal, oil p ro d u c t and gas burn ing ; abou t 13% are those  o f th e  nuclear pow er and a bou t 

15% are those  o f th e  hyd ro -p o w e r and o th e r renew ables. A t th e  same tim e, w hen h yd ro e le c tr ic ity  and renew ab le  

com bustib le  (like w ood and w a s te ] are excluded, th e  share o f all o th e r renew ab le  resources makes up less then  

0,1% o f th e  overa ll energy p roduc tion . Russia receives p rac tica lly  no share o f its  energy supp ly  fro m  renew ab le  

energy sources.

Public fu n d in g /g o ve rn m e n ta l support: S ta te  c o n tra c t 02.516.11.6108 on th e  deve lopm en t o f dynam ic m odel o f 

F loa t Wave E lectric  P ow er S ta tion  (FWEPS) m odule (am o u n t o f financ ing  -  30000 US$).

* Energy Inform ation Adm in is tra tion /In ternationa l Energy Outlook 2007.

http://www.ewtec2007.com.pt
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Research and Development
Key in s titu t io n s  w ith  R&D a c tiv itie s  in w ave and t id a l energy:

Applied Techno log ies Company L td  [ATC] develops an o ffsh o re  F loa t Wave E lec tric  
P ow er S ta tion  (FWEPS) as e ff ic ie n t means fo r  sea w ave energy conversion and te c h ­

no logy fo r  hydrogen p roduc tion  by means o f sea w a te r e lec tro lys is  (es tab lished  in 

M oscow, Russia], w w w .a tecom .ru

"P riva te  p roduc tive  science and techn ica l com pany" develops wave energy co n ve rte r 

fo r  R enewable Energy System s e ith e r flo a tin g  o r g round based (estab lished  in Mos­
cow, Russia], h ttp ://o ce a n -p o w e r.n a ro d .ru /in d e x .h tm l

Jo in t S tock Com pany « S c ien tific  Research In s titu te  o f Energy S tru c tu re s»  develops 

an in s ta lla tio n  fo r  t id a l pow er convers ion  (estab lished in Moscow, Russia], h t tp : / /  

w w w .n iies .ru

Technology Demonstration and Projects

W ave Energy
The d e m o n s tra tio n a l m odel o f th e  F loa t Wave E lectric  P ow er S ta tion  (FWEPS] m odule and 

assem bly un its  are a t th e  com p le tion  stage o f m an u fa c tu rin g , a d ju s tm e n t and te s t p repa­

ra tion . Next plans include th e  deve lopm en t o f fu ll scaled 10 kW FWEPS and th e  deve lop­

m en t o f m u ltim odu le  grid  ins ta lla tio n .

The m odule  o f FWEPS cons is ts  o f a m echanica l w ave energy c o n ve rte r 1, e le c tric  genera ­

to r  E and energy s to rage  B. They are m a in ta ined  inside th e  sealed ca p su le -flo a t o f an axi­

a lly  sym m e tric  s trea m lin e  shape. The f lo a t is d isposed on th e  sea su rface  in th e  d irec tio n  

o f local ve rtica l. The m echanica l w ave  energy c o n ve rte r cons is ts  o f an o sc illa to ry  system  

and a drive  fo r  e le c tric  genera to r. U nder th e  action  o f sea w aves th e  f lo a t -  FWEPS and 

inne r o sc illa to ry  system  are in co n tin uo u s  o s c illa to ry  m otion . The drive, engaged w ith  th e  
la tte r, p rov ides a co n tin uo u s  e le c tr ic  g e n e ra to r ro ta tio n . Depending on th e  m ission i t  is 

possib le to  develop bo th  a s ing le  m odu la r FWEPS fo r  o u tp u t pow er fro m  un its  o f w a tts  

up to  50 kW and m u lti-m o d u la r in s ta lla tio n  in a g rid  fo rm  o f to ta l capac ity  up to  dozens
Of m eg a w a tts . Diagram o f single-m odule FWEPS

Experimental model in sea keeping basin w ith  irregu lar waves and hull o f FWEPS p ilo t module under m anufacturing [yellow-black cylinder in the  centre of picture]

http://www.atecom.ru
http://ocean-power.narod.ru/index.html
http://www.niies.ru
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Tidal pow er plant in Kislaya Bay on the  Barents Sea

Tidal Energy
Design s tud ies  fo r  t id a l pow er deve lopm en t have been conducted  in Russia since the  

1930s. As p a rt o f th is  w ork , a sm all p ilo t p lan t w ith  a capac ity  o f 400 kW was co n s tru c te d  in 

Kislaya Bay on th e  B aren ts Sea and com m issioned in 1968. The loca tion  has now  become 

an experim en ta l s ite  fo r te s t in g  n e w tid a l pow er techno log ies .

Early in 2007, GidroOGK, a subs id ia ry  o f th e  Russian e le c tric  u tility , U n ified  Energy System s 

[UES], began th e  in s ta lla tio n  o f a 1.5 MW o rth o g o n a l tu rb in e  a longside th e  o rig ina l Kislaya 

Bay t id a l fac ility . The expe rim en ta l tu rb in e s  w ill be th o ro u g h ly  te s te d  as p a rt o f a p ilo t 

p ro je c t to  ass is t in th e  design o f la rge-sca le  t id a l pow er p lants.

There are cu rre n tly  tw o  am b itious  p ro jec ts  fo r  TPPs in th e  Federation :

M ezenski Bay (on th e  W hite Sea, in n o rth e rn  Russia]: proposed capacity  15 GW, annu­

al o u tp u t 40 TWh;

Tugurski Bay (on th e  Sea o f O khotsk in th e  Russian Far East]: o f 7.98 GW capacity, 20 

TWh annual o u tpu t.

If th e  1.5 MW experim en ta l in s ta lla tion  a t th e  Baren ts Sea loca tion  proves successful, UES 

in tends to  em bark on a program  fo r  co n s tru c tin g  g ian t-s ize  TPPs such as those  p ro jected.

SOUTH AFRICA
Terence G ovender [E skom ] and Prof. W ikus van N iekerk (C entre  fo r  Renewable 

and S usta inab le  Energy S tudies, S te llenbosch  U n ive rs ity ].

Ocean Energy is an area w he re  South A frica  is w e ll pos itioned  w ith  a s ig n ific a n t resource 

in w ave energy, 40-50 kW /m  wave cres t, and ocean cu rre n t, th e  Agulhas cu rre n t is e s ti­

m ated to  f lo w  be tw een  1-2 m /s in some places. A t th is  tim e  a num ber o f g roups are inves­

t ig a tin g  th e  ha rvesting  o f w ave energy. F inavera R enewables have id e n tifie d  tw o  s ites and 

are busy w ith  th e  requ ired  e nv ironm en ta l im pact assessm ents and p e rm it app lica tions. 

Other, such as th e  S te llenbosch Wave Energy C onverte r (SWEC], are s till a t th e  concept 

phase and w ill requ ire  s ig n ific a n t R&D fu n d ing  to  com m ercia lise . The m a jo r ba rrie rs  to  

e xp lo iting  ocean energy is lack o f reg u la tio n s  in South  A frica  to  fa c ilita te  th e  deve lopm en t 

o f renew ab le  energy p ro jec ts .

Policy & Prospects
The D epa rtm e n t o f M inera ls  and Energy, th e  DME, has in its  W hite Paper on Renewable 
Energy Policy se t th e  fo llo w in g  n o n -m anda to ry  ta rg e t fo r  SA, w h ich  w as approved by Cabi­

ne t in N ovem ber E003. The W hite Paper on R enewable Energy Policy ta rg e t s ta tes:

IO  OOO GWh (0.8 M toe]  renew ab le  energy c o n trib u tio n  to  fin a l ene rgy consum p tion  by  

2013, to  be p roduced  m a in ly  fro m  biomass, w ind, so la r 8  sm all-sca le  hydro. The renew ab le  

energy is to  be u tilise d  fo r  p o w e r gen e ra tio n  and n o n -e le c tr ic  techno log ies  such as so la r  

w a te r  hea ting  and b io -fue ls .

A t th e  tim e  o f d ra ft in g  th is  policy, Ocean Energy w as n o t p a rt o f th e  genera tion  m ix and 

m ain ly  seen as research. This ta rg e t is up fo r  rev iew  in 2008.

Both th e  DME and NERSA, th e  N ationa l Energy R egu la tor o f South A frica , are busy w ith  

s tud ies  in ve s tig a ting  th e  p oss ib ility  o f a trad a b le  renew ab le  energy c e rtif ic a te  a n d /o r a
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feed -in  ta r if f .  To th is  end, th e  DME has se t up a Renewable Energy Finance and Subsidy 

O ffice  th a t  is m ain ly  aim ed a t financ ing  com m ercia l renew ab le  energy p ro jec ts . To date, no 

ocean energy p ro je c ts  have been funded.

In add ition , th e  SA G overnm ent has em barked on na tiona l research p rogram  in renew ­

able energy, inc lud ing  ocean energy. This is fa c ilita te d  by th e  new ly fo rm e d  South  A frican  

N ationa l Energy Research In s titu te  [SANERI] th a t  placed a c o n tra c t a t S te llenbosch Uni­

ve rs ity  to  ac t as th e  N ationa l Hub fo r  th e  P os tg radua te  P rogram  in Renewable and Sus­

ta in a b le  Energy S tud ies. In 2007, SANERI made app rox im a te ly  R 4,5 m illion  availab le fo r  

research in to  renew ab le  energy, b u t on ly  a sm all am ount, less than  R 100 000 w as spend 
on ocean energy research.

In add ition  to  th e  ta rg e ts  se t by th e  SA G overnm ent in th e  W hite Paper, th e  W estern Cape 

P rovinc ia l G overnm ent announced in June 2007 th a t th e  P rovince w ill source 15% o f its 

energy fro m  renew ab le  sources by 2015. This is s ig n ifica n t fo r  ocean energy as th e  m ost o f 

th e  s ites w he re  wave energy can be harvested  are along th is  p rov ince ’s coastline . The MEC 

in charge o f E nv ironm en ta l A ffa irs  and Econom ic D eve lopm ent s ta ted  th a t th e  Province 

w ill d ra f t  its  ow n R enewable Energy A ct and also s tream line  process to  apply fo r  pe rm its  

and licences to  fa s t- tra c k  renew ab le  energy p ro jec ts . The P rovince is also c u rre n tly  nego­
tia t in g  a feed-in  ta r i f f  w ith  ESKOM and NERSA.

Research and Development
Eskom, th e  SA na tiona l pow er u tility , has been inve s tig a ting  th e  p oss ib ility  o f using ocean 

energy convers ion  techno log ies  as p a rt o f th e  Eskom genera tion  m ix since 2003. To date, a 

resource  assessm ent has been com p le ted  fo r  wave energy and Eskom is busy w ith  tra c k ­

ing and assessing th e  progress o f in te rn a tio n a l techno log ies . In 2008, Eskom w ill con tinue  

w ith  th e  resource assessm ents and chose a s ite  fo r  a possib le dem o n s tra tio n  p la n t in s ta l­

la tion . T herea fte r, th e  necessary ElA’s w ill be conducted . Eskom w ill then  choose one te c h ­

no logy to  im p lem en t based on Techno-econom ic se lection  c r ite ria . Research in to  ocean 

cu rre n ts  began in th e  la te  2004 and to  da te  de ta iled  resources assessm ents are being 

conducted . 2008 w ill see research in to  tu rb in e  design, CFD stud ies, s ite  se lec tions and 
costing .

The tim e  fram e  fo r  possible im p le m e n ta tio n  is fo r  w ave energy E011 and fo r  cu rre n ts  

2011 - 12 .

M ore in fo rm a tio n  can be found  at: w w w .sabregen.co.za

A t S te llenbosch U n ive rs ity  a research group w as fo rm e d  in th e  e igh ties  as p a rt o f th e  
Ocean E ngineering Research Group to  in ves tiga te  ocean energy. A fte r  m any years o f 

research th a t  q u a n tifie d  th e  ocean energy resources it  w as decided th a t  wave energy 

holds th e  m ost p rom ise and a device, th e  S te llenbosch  Wave Energy Converter, w as deve l­

oped. A fte r  extensive m ode l-tes ting  th e  p ro je c t w as abandoned w hen th e  price  o f o il fe ll 

to  be low  S 10 in th e  n ine ties. This p ro je c t is cu rre n tly  being resu rrec ted  by a group fro m  

Civil and M echanical E ng ineering w ith  invo lvem en t by ou ts ide  co n su lta n t and an IPP, th e  
O elsner Group.

In S te llenbosch  both th e  U n ive rs ity  as w e ll as th e  CSIR (the  na tiona l research la b o ra to ry ] 

have extensive te s tin g  fa c ilit ie s  in th e  fo rm  o f m odel basins, wave p lum es and a 90m to w ­
ing tank. Both o rg a n isa tions  also have capacity  to  conduc t research in ocean eng ineering , 

m echanica l and e lec trica l eng ineering .

http://www.sabregen.co.za


annual report 2007 #55

Model testing  o f SWEC [Stellenbosch Wave Energy Converter]

Key institutions:
The Centre fo r  R enewable and Susta inab le  Energy S tud ies a t S te l­

lenbosch U n ive rs ity  

[w w w .sun .ac.crses]

The Centre is th e  N ationa l Hub o f th e  P os tg radua te  P rogram  

in R enewable and Susta inab le  Energy S tud ies and coord ina tes 

research and pos tg radua te  tra in in g  in th e  fie ld  o f renew ab le  ener­

gy, inc lud ing  ocean energy. The Centre m anages a hub and spoke 

m odel w ith  researchers based a t various o th e r in s titu t io n s  involved 

as spokes.

The D epa rtm en t o f O ceanography a t th e  U n ive rs ity  o f Cape Town 
[ h ttp ://w w w .se a .u c t.a c .za /in d e x .p h p ]

The U n ive rs ity  o f Cape Town has a w e ll estab lished  D epa rtm en t 

o f O ceanography th a t  conducts  research in to  ocean cu rre n ts  and 

te m p e ra tu re  and its  e ffe c t on C lim ate Change.

The Coastal E ng ineering and P o rt In fra s tru c tu re  Research Group 

o f th e  CSIR
( h ttp :/ /w w w .c s ir .c o .z a /B u ilt_ e n v iro n m e n t/ ln fra s tru c tu re _ e n g i-

n e e rin g /ce p i.h tm l]

CSIR B u ilt E nv iro n m e n t’s Coastal E ng ineering and P o rt In fra s tru c ­

tu re  research g roup, o rig ina lly  estab lished  in 1971, p rovides p re ­

d ic tive  eng ineering  so lu tions  and decis ion s u p p o rt fo r th e  safe and 

c o s t-e ffe c tive  deve lopm en t and ope ra tio n  o f po rts  and coastal 

s ites. The group aims to  use its  e xpe rt know ledge, h igh ly  qua lified  

and locally-based personnel to  de live r so lu tions  to  eng inee ring  

prob lem s re la tin g  to  po rts  and coasts.

South A frican  N ationa l Energy Research In s titu te  (SANERI]

(w w w .sane ri.o rg .za ]

SANERI's s trap lin e  is "Energy Innova tion  fo r  L ife " and it  cap tu res th e  essence o f th e  com ­

pany qu ite  succinctly. The com pany s tr ives  to  crea te  and m a in ta in  a c u ltu re  o f innova tion  

in th e  energy sector, to  help develop S outh  A fr ic a ’s com pe titiveness  in te rn a tio n a lly . Ener­

gy Innova tion  fo r  L ife  im plies susta inab le  b e n e fit to  com m un ities  and th e  ongo ing  p u rsu it 

o f excellence. These are all va lues th a t are th e  ha llm ark  o f th e  company. SANERI is tasked 
w ith  deve loping hum an cap ita l in th e  energy research sec to r and also w ith  fu n d ing  fu n d a ­

m enta l and applied research in specified  th e m a tic  areas, inc lud ing  renew ab le  energy.

ESKOM

(w w w .eskom .co .za ]

ESKOM is th e  na tiona l pow er u t ility  th a t  genera tes  in excess o f 95% o f th e  e le c tr ic ity  in the  

co u n try  and th e re fo re  a key p a rtn e r in any renew ab le  energy p ro jec t.

Technology Demonstration and Projects
One device, th e  SWEC (S te llenbosch  Wave Energy C onverte r], advanced to  m odel te s tin g .

http://www.sun.ac.crses
http://www.sea.uct.ac.za/index.php
http://www.csir.co.za/Built_environment/lnfrastructure_engi-
http://www.saneri.org.za
http://www.eskom.co.za
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SPAIN
Jose Luis V illa te , R obotike r Energía, Tecnalia

Ocean energy in Spain is having a la te  dep loym en t in com parison  w ith  o th e r coun tr ie s  w ith  

a s im ila r ocean pow er p o te n tia l such as UK o r P ortuga l. Neverthe less, a c tiv itie s  invo lv ing 

ocean energy (basica lly  w ave pow er] have been g ro w ing  s tead ily  since 2005. In 2007, sev­

era l research p ro je c ts  (a im ing  a t new  concepts o f w ave energy co n ve rte rs ] and fo u r  dem ­
o n s tra tio n  p ro je c ts  ( tw o  under co n s tru c tio n  and a n o th e r tw o  in th e  p ipe line ] are being 

developed. Besides th a t, th e  cond itions  to  se t up a te s t and d e m o n s tra tio n  in fra s tru c tu re  

o f 20MW on th e  Basque coast have also been crea ted . Regarding associa tion  ac tiv ities , 

2007 has seen th e  c rea tion  o f a new  section  fo r  m arine energ ies (wave and t id a l] inside 
th e  Spanish R enewable Energy Associa tion  and approva l o f a na tiona l s tanda rd isa tion  

g roup fo r  wave and t id a l energy converte rs .

National Policy
There are n o t na tiona l ta rg e ts  in Spain fo r  ocean power, n e ith e r fo r  e le c tr ic ity  genera tion  

n o r fo r  o th e r uses.

Only one reg ion in Spain, th e  Basque Country, has considered  ta rg e ts  in its  energy s tra t­

egy: 5MW o f ins ta lled  w ave pow er by 2010. For th a t  purpose, th e  Basque G overnm ent has 

a lloca ted  an in ve s tm e n t o f 15 m illions Euro. This in ve s tm e n t includes a te s t and dem on­

s tra tio n  in fra s tru c tu re  on th e  Basque Coast o f a b o u t 20MW.

O ther reg ions o f Spain (Galicia, A stu rias , C antabria ] have s ta rte d  ana lysing th e  m arine 

energy p o te n tia l b u t w ith o u t spec ific  ta rg e ts .

The Spanish M in is try  o f Education and Science supports  th e  PSE-MAR p ro jec t, th e  main 
Spanish in it ia tiv e  in th e  fie ld  o f ocean energy research. PSE-MAR is a S ingu la r and S tra ­

te g ic  P ro je c t on ocean energy, w h ich  aim s to  im prove th e  co m p e titive  pos ition  o f Spain in 

th e  ocean energy w o rld  m arke t. The budge t o f th is  p ro je c t is 25M€ fo r  th e  period 2005- 

2009 w ith  th e  ob jec tive  o f deve loping th e  th re e  m ost p rom is ing  Spanish techno log ies  fo r  

w ave energy converte rs . In para lle l to  th is , th e  p ro je c t includes th e  se ttin g -u p  o f an experi­

m enta l and d e m o n s tra tio n  in fra s tru c tu re  in th e  Basque coast fo r  va lid a tio n  o f te ch n o lo ­

gies (bo th  those  developed in p ro je c t PSE-MAR and o th e r ocean energy techno log ies ].

In N ovem ber 2007, a con so rtiu m  led by EVE (w ith  th e  p a rtic ip a tio n  o f severa l European 

p a rtn e rs ] s ta rte d  WAVEPLAM p ro jec t, p a rtia lly  funded  by th e  p rogram  In te llig e n t Energy -  

Europe, to  speed up th e  in tro d u c tio n  o f wave energy on to  th e  European renew ab le  energy 

m arke t, ta ck lin g  in advance non -techno log ica l ba rrie rs  and co n d itio n ing  fa c to rs  th a t  may 

arise  w hen these  techno log ies  are availab le fo r  la rge-sca le  deve lopm ent.

R elevant legislation:
Royal Decree 661/2007 (May 25 th ], w h ich  regu la tes  th e  e le c tr ic ity  p roduc tion  in spe­

cial reg im e ( it  includes feed -in  ta r if fs  fo r  renew ab le  energy]. Regarding ocean pow er 

th e  genera l t a r i f f  is 6.86c€/kW h fo r  th e  f ir s t  20 years and 6.51 c€/kW h a fte r  (ab o u t 6 

tim es  low e r than  p ho tovo lta ics  and s im ila r to  w in d  energy]. Neverthe less, th is  Royal 
Decree includes th e  poss ib ility  o f n e g o tia tin g  a p a rticu la r t a r i f f  fo r  each ocean pow er 

in s ta lla tio n  bu t a com prehensive  descrip tion  o f th e  in s ta lla tio n  is needed.

Royal Decree 1028/2007 (July 20 th ], w h ich  es tab lishes th e  a d m in is tra tive  p rocedure 
to  apply fo r  an a u th o riza tio n  fo r  e le c tr ic ity  genera tion  in s ta lla tio n s  a t sea. It is m ainly 

focused  on o ffsh o re  w ind , b u t i t  also includes a s im p lified  p rocedure  fo r  o th e r m arine 

techno log ies .
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Research and Development

Relevant research activities:
PSE-MAR P ro je c t a lready m en tioned . This p ro je c t is coo rd ina ted  by TECNALIA and includes th e  deve lop­

m en t o f th re e  techno log ies  o f Wave Energy C onverte rs fro m  th e  com panies PIPÜ System s, HIDRÜFLÜT and 
TECNALIA.

There are o th e r p riva te  in it ia tive s  to  develop w ave energy converte rs , fo r  exam ple th e  com pany Arias Invest, 
w ith  th e  co lla b o ra tio n  o f UPC, is deve loping a wave energy co n ve rte r based on a buoy concept. 

WAVENERGY P ro je c t (in th e  fra m e w o rk  o f INTERREG p rog ram ] This p ro je c t is a im ed a t deve loping a plan to  

de fine  th e  ac tions and p rio r it ie s  fo r  th e  deve lopm en t o f w ave energy. The p ro je c t w ill pay special a tte n tio n  

to  po rts  as in fra s tru c tu re s  w ith  a la rge env ironm en ta l im pact b u t use fu l fo r  inc lud ing  w ave pow er genera ­
tio n .

Localisation o f Powerbuoy wave farm  pro ject under construction

Key institutions

IDAE: The In s titu te  fo r  Energy D ive rs ifica tion  and Saving, IDAE, is a 

pub lic  body a ttached  to  th e  Spanish M in is try  o f Industry. Its m ain goal 

is th e  ach ievem en t o f na tiona l ta rg e ts  on Energy Saving and E ffic iency 

and R enewable Energies. 

w w w .idae.es

EVE: The Basque Energy Agency, EVE, is a pub lic body crea ted  by the  

Basque G overnm ent in 1982 w ith  th e  m ission to  im p lem en t a co h e ren t 

energy policy, geared to w a rd s  secu rity  o f supply, energy e ffic iency  and 

reduction  o f env iro n m e n ta l im pact. 

www.eve.es

TECNALIA: A p riva te  n o n -p ro fit  m aking te chno logy  co rp o ra tio n  w hose 

aim  is to  c o n tr ib u te  to  econom ic and social deve lopm en t th ro u g h  the  
deve lopm en t and d issem ina tion  o f Research. 

w w w .te cn a lia .in fo

CETMAR: A Technology Centre (P ub lic  Founda tion ] p rom oted  by the  

Regional D epa rtm e n t o f F isheries and M aritim e  A ffa irs  and th e  Gen­

era l D ire c to ra te  o f R&D o f th e  G overnm ent o f Galicia to g e th e r w ith  the  
Spanish M in is try  o f Education and Science. 

w w w .ce tm ar.o rg

There are also several un ivers ities w ork ing  on the  m arine energy sec­

to r  such as UPC (Universidad Politécnica de Cataluña], Universidad de 

Cantabria, Universidad de La Laguna and USC (Universidad de Santiago 

de C om postela]

New sea-port o f M utriku under construction w ith  OWC wave energy technology

http://www.idae.es
http://www.eve.es
http://www.tecnalia.info
http://www.cetmar.org
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Technology Demonstration and Projects

Descrip tion E le c tr ic ity  genera tion  fro m  w ave energy (o ffs h o re ] w ith  P ow er Buoy techno logy  
fro m  th e  com pany Ocean P ow er Technologies. U nder co n s tru c tio n .

P rom ote rs IBERDROLA Energías M arinas de C antabria  S.A (p a rtn e rs  Iberdro la , IDAE, 
SODERCAN, TOTAL and O.P.T.]

Main C haracte ris tics 10 P ow er buoy 's  p lan t

Tota l capacity 1.39 MW (1 P ow er buoy w ith  a capacity  o f 40 kW and 9 P ow er buoys w ith  a 

capac ity  o f 150 kW each one]

D istance to  th e  shore: 3-4 km

Inves tm en t 5.8M€

Descrip tion E le c tr ic ity  genera tion  fro m  w ave energy (onsho re ] w ith  O scilla ting  W ater Column 

te chno logy  fro m  Wavegen in th e  new  sea -p o rt o f M u triku . U nder co n s tru c tio n .

P rom ote rs Basque G overnm ent, EVE

Tota l capacity 16 tu rb in e s  w ith  a capacity  o f 20 kW each one (320 kW o f to ta l capac ity ]

Type o f p ro je c t D em onstra tion  p ro je c t p a rtia lly  funded  by th e  European Com m ission under FP6.

Inves tm en t 3.5M€

Descrip tion E le c tr ic ity  genera tion  fro m  w ave energy (onshore ]. O scilla ting  W ater Column 

te chno logy  fro m  Wavegen in th e  sea -p o rt "A Guarda". C ons truc tion  n o t s ta rte d .

P rom ote rs Sea Energy

Main cha ra c te ris tics F irs t in s ta lla tio n  a t se a p o rt "A Guarda". If  it  is successfu l, a fte rw a rd s  in o th e r th ir ­

teen  seaports

P ow er capacity P ow er capacity  600 kW

Inves tm en t 1.5M€

Descrip tion E le c tr ic ity  genera tion  fro m  w ave energy (onshore ]. O scilla ting  W ater Column 

techno logy. C ons truc tion  n o t s ta rte d .

P rom ote rs Cabildo de Tenerife , La Laguna U niversity, Aut. P o rtuaria , Santa Cruz, Ite r

Relevant National Association's Activities
APPA (Spanish R enewable Energy A ssoc ia tion ] has recen tly  crea ted  a spec ific  section  fo r  M arine Energy 

(w aves and tid a l]. This section  is coo rd ina ted  by th e  com pany "SEA ENERGY S.A." and has 10 m em bers 
(ELECTRA NORTE, EVE, FOMENSA HISPANIA, GARRAD HASSAN & PARTNERS, IBERDROLA ENERGIAS RENO­

VABLES, NORVENTO, NEO ENERGÍA, SEA ENERGY, TECNALIA and TOTAL EOLICA]

AENOR (Spanish s tanda rd isa tion  body] has approved th e  c rea tion  o f a m irro r  s tan da rd isa tio n  group fo r  

"M arine  Energy -  Wave and T ida l Energy C onverte rs" and th e  p a rtic ip a tio n  as observers in th e  in te rn a tio n a l 

co m m itte e  IEC TC114. The f ir s t  m eeting  w ill be held in February 2008.

EVE and TECNALIA o rgan ised in January 2007 in B ilbao th e  "Second In te rn a tio n a l Sem inar o f Ocean Energy" 

w ith  th e  p a rtic ip a tio n  o f a b o u t BOO delegates.
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S W E D E N
Susanna W idstrand , The Swedish Energy Agency [STEM]

Policy & Prospects
The ta rg e t o f Swedish energy policy is th e  crea tion  o f a safe and re liab le  energy system , w ith  m in im um  en v iro n ­

m enta l and c lim a te  e ffe c ts , all a t a reasonable  cost and aga ins t th e  background o f a hea lthy  economy.

The g o ve rn m e n t’s ta rg e t is th a t  e le c tr ic ity  p roduc tion  fro m  biomass, w ind  power, so la r energy and w ave energy 

shall increase by 17 TWh by 2016 in com parison  w ith  th e  p roduc tion  q u a n tity  in 2002.

The Swedish energy agency is responsib le  fo r  S w eden 's na tiona l energy research program . W orking closely 

w ith  u n ive rs itie s  and business, i t  finances techn ica l research and know ledge deve lopm ent. The resu lts  o f th is  

research are in tended  to  s u p p o rt deve lopm en t o f th e  c o u n try ’s energy system , w h ile  also fin d in g  app lica tions  in 

com m erc ia l a c tiv itie s  and sup p o rtin g  ro b u s t energy and c lim a te  policy decisions.

Research and Development
The wave pow er and m arine c u rre n t research a t Uppsala U niversity, D ivision fo r  e le c tr ic ity  and ligh tn ing , are lead 

by P ro fessor M ats Leijon. There  are nine Ph. D. s tu d en ts  w o rk in g  w ith  w ave pow er p ro jec ts  and th re e  w o rk in g  in 

m arine  c u rre n t p ro jec ts  and a b o u t e ig h t sen io r s ta f f  m em bers w o rk in g  in th e  group. 
h ttp ://w w w .e l.a n g s tro m .u u .se /m e ny /e n g /in d e x_E .h tm l

The com pany Seabased AB w o rks  in close coopera tion  w ith  researchers a t th e  D ivision fo r  E le c tr ic ity  and L ig h t­

ning Research a t Uppsala University, Sweden. Seabased AB develops th e  in d u s tria l so lu tion  fo r  convers ion o f 

ocean wave energy to  e lec tric ity . B illy  Johansson is th e  d ire c to r  o f Seabased AB, w h ich  has e ig h t fu ll t im e  em ploy­

ees and th ir te e n  p a rtt im e .

Technology Demonstration and Projects
A tth e  m o m e n tth e re  are tw o  ongoing  w ave energy p ro jec ts  a t Uppsala U niversity. Seabased AB has ju s tf in is h e d  

one p ro je c t and has one s ta rt in g  by mid Decem ber 2007.

Uppsala University:
P ro ject: CFE-Centre for renew able electrical conversion, tim e lin e  2004-07-01 — 2008-06-30, w ith  a to ta l budge t 

o f 4.67 m ilj. €, fu n d ing  STEM (The Swedish Energy Agency] 48 % . The Centre develops basic research in th e  areas 

o f w ave power, m arine c u rre n t and ve rtica l w ind .

P ro jec t: Research fac ility  for W ave power -  Lysekil project p art II, 2006-06-01— 2009-12-31, w ith  a to ta l budge t 

o f 4.711 m ilj. €, fu n d ig  STEM 48 %.

The p ro je c t aim  is to  s tudy  w ave pow er techno logy  under real co nd itions  and im pact fro m  and on th e  e nv iron ­

m ent. This p ilo t p ro je c t cons is ts  to ta lly  o f ten  10 kW g e nera to rs  w h ich  w ill be ins ta lled  be tw een 2006 and 2009, 

w ith  th e  p ro je c t co n tin u ing  u n til 2014. The g e nera to rs  can be connected  to g e th e r in groups, 20-100 m be low  the  

surface . P ow er e lec tron ics  co n ve rt th e  vary ing  frequency  AC fro m  th e  g e nera to rs  to  DC w h ich  is connected  to  a 
shore  s ta tio n  by s tandard  cables. An in v e rte r then  crea tes 50 Hz AC fo r  connection  to  th e  e le c tr ic ity  transm iss ion  

o r d is tr ib u tio n  system . In o rde r to  in ves tiga te  th e  e ffe c ts  on th e  local env ironm en t, th e  p ro je c t is being expanded 

w ith  up to  30 m ock buoys in o rd e r to  be able to  id e n tify  and in ves tiga te  env iro n m e n ta l e ffe c ts  m ore clearly. The 

tech n iqu e  should be able to  e x tra c t energy fro m  re la tive ly  sm all w ave he igh ts, as those  found  in fo r  example, 

K a ttega t.

http://www.el.angstrom.uu.se/meny/eng/index_E.html
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C urren t s ta tus:

One g e n e ra to r has been launched o f f  Lysekil a t th e  Swedish w e s t coast, and con­

nected by sea cable to  a load, show ing  good resu lts . Two m ore g e nera to rs  are 

go ing to  be launched in th e  beg inning o f 2008. A large step du ring  th e  spring  o f 

2007 w as th e  launch o f 21 m ock buoys in th e  m arine b io log ica l s tud ies included in 

th e  p ro jec t. B io log ica l/eco log ica l s tud ies involve:

E ffec ts  on th e  seabed fauna, m ain ly  m arine in ve rte b ra te s

E ffec ts  on fish  liv ing on th e  seabed [b e n th ic ] as w e ll as on pe lag ic fish  (liv ing
in th e  open w a te r]

E ffec ts  on seabirds

E ffec ts  on m arine m am m als

E ffec ts  such as fo u lin g  and a rt if ic ia l reefs

Seabased AB:
P ro ject: Pre-study fo r commercial w ave power, 2004-12-20 — 2007-09-30, to ta l 

b udge t 1.2 M€, fu n d ing  STEM 35 %, In th is  p ro je c t a map o f a in d u s tria l process 

line, a risk analysis, and an e n v iro n m e n ta l- im p a c t assessm ent have been made.

P ro jec t: Perform ance te s t of w ave system, 2007-12-15—2009-12-31, to ta l budge t 

2.89 M€, fu n d ing  STEM 50 %. The pe rfo rm ance  te s t includes m a n u fa c tu rin g  o f p ro ­

to typ es  (20 and 50 kW], launch (a t Lysekil and O rkney-S co tland ], connection , s ta r t­

up and opera tion . Every step com prises m easurem ents  to  c o n tro l th e  pe rfo rm ance  

o f com ponen ts  and system s.

UNITED KINGDOM
G aryS hanahan,D epartm entfo rB usiness,E nterpriseandR egu la to ryR eform (B E R R ], 

BERR w as estab lished in July 2007 and to o k  over m any o f th e  fu n c tio n s  o f th e  

fo rm e r D epa rtm en t fo r  Trade and Industry.

Policy & Planning
A m a jo r rev iew  o f UK energy policy w as carried  o u t in 2006 in w h ich  focused  on 

ensu ring  th a t  th e  UK rem ains on course fo r  ach ieving its  key energy goals o f c li­

m ate  and energy security . A m ongst o th e r th ings, th e  rev iew  se t o u t proposa ls to  

im prove  th e  R enewables O b liga tion  (RO], th e  key su p p o rt m echanism  fo r  renew ­

able energy in th e  UK. Specifically, to  increase th e  re q u ire m e n t placed on e le c tr ic ­
ity  supp lie rs  to  m ee t a g ro w ing  p ro p o rtio n  o f th e ir  genera tion  fro m  renew able  

sources fro m  th e  c u rre n t 15% in 2015 up to  20% w hen ju s tif ie d  and to  adap t the  

RO to  provide g re a te r s u p p o rt to  em erg ing  techno log ies . Formal de ta iled  p ropos­

als on how  th e  RO may be used to  ass is t em erg ing  techno log ies  fo rm e d  p a rt o f an 

Energy W hite Paper pub lished in May 2007.

Seabased generator: schem atic pic ture  and preparation 
o f the  genera tor fo r  launch o ff a t Lysekil [Courtesy from  
Uppsala University].
Seabased is a three-phase, perm anent magnet, linear 
genera tor especially developed to  be utilised in ocean bed 
arrays and d irectly driven by po in t absorbers [buoys] on the 
surface.
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Separate ly, th e  S co ttish  G overnm ent pub lished proposa ls in S ep tem ber 2006 th a t  w ill 

am end th e  S co ttish  Renewables O b liga tion  so as to  provide g re a te r su p p o rt fo r  w ave and 

tid a l-s tre a m  techno log ies . The proposed in itia l phase o f s u p p o rt is fo r  up to  75MW giv ing 
su p p o rt levels o f £175/M W h fo r  w ave and £105/M W h fo r  tid a l-s tre a m . The new  leg is la tion  

came in to  fo rce  in S cotland in April 2007.

In N ovem ber 2005 th e  then  D epa rtm en t o f Trade and Indus try  [DTI] pub lished gu idance on 

consenting  a rrangem en ts  in England & Wales fo r  a p re -com m erc ia l de m o n s tra tio n  phase 

th a t leading w ave and t id a l-s tre a m  [m a rin e ] energy techno log ies  are sh o rtly  expected to  

enter. The purpose o f th e  gu idance is to  provide c la r ity  on how  exis ting  regu la tions  w ill 

be in te rp re te d  and app lied across gove rn m e n t w hen considering  consent app lica tions fo r  

m arine energy device d em onstra tions . The guidance w ill p rov ide  c e rta in ty  fo r  th e  du ra ­

tio n  o f th e  dem o n s tra tio n  phase, b u t in troduces  no new  regu la tion .

In S ep tem ber 2006 th e  Welsh Assem bly G overnm ent announced a £1 m illion  3-year p ro je c t 

to  develop a Welsh M arine R enewable Energy S tra te g ic  F ram ew ork [MRESF] th a t  w ill 

ensure th e  sus ta inab le  deve lopm en t o f th e  m arine  renew ab le  energy resource con ta ined  
w ith in  th e  Welsh Seas.

Research, Development and Demonstration
In 2007 gove rn m e nt con tinued  to  su p p o rt research and deve lopm en t o f m arine  energy 

techno log ies  p rim a rily  th ro u g h  th e  Technology Program . The ob jec tives o f th e  program  

and re la ted  dem o n s tra tio n  in it ia tive s  are to  s tim u la te  innova tion , develop in d u s tria l capa­
b ility  and to  gain an unders tand ing  o f th e  lo n g -te rm  com m ercia l p rospects  fo r  low -carbon  

energy techno log ies . These new  p ro je c ts  b ro u g h t th e  to ta l su p p o rt fo r  m arine energy 

te chno logy  research & deve lopm en t p ro je c ts  th ro u g h  th e  Techno logy P rogram  and its 

predecessors to  som e £30 m illion  since 1999. R&D s u p p o rt fo r  wave and tid a l energy is 

also proposed th ro u g h  th e  new ly estab lished Energy Techno log ies In s titu te  -  h t tp :/ /w w w . 
en e rg y te ch n o log ie s .co .u k /- w h ich  announced in Decem ber 2007 a call fo r  expressions o f 

in te re s t to  develop a sm all num ber o f m a jo r new  deve lopm en t and d e m o n s tra tio n  p ro jec ts  

in m arine energy -  each to  be funded  a t a level o f £5m illion  to  £10m illion

W ith in  th e  R&D a c tiv it ie s  in th e  UK a num ber o f fu ll-sca le  p ro to typ e s  are expected to  be 

deployed and dem on s tra te d  du ring  2008. A m ongst these  is th e  SeaGen p ro je c t led by 

M arine C u rren t Turb ines Ltd. The com pany expects to  ins ta ll th e ir  1MW tw in  ro to r  tid a l-  

s tream  device in S tan g fo rd  Lough, N o rthe rn  Ireland in th e  f ir s t  ha lf o f 2008. The Carbon 

T ru s t is su p p o rtin g  a £3.5 m illion  in it ia tiv e  in m arine renew ab le  energy called th e  M arine 
Energy A cce le ra to r [MEA], The p rogram  aims to  acce le ra te  p rogress in cost reduction  o f 

m arine energy techno log ies , to  bring  fo rw a rd  th e  tim e  w hen m arine energy becomes cost- 

com pe titive . The ind iv idua l p ro jec ts  w ill invo lve device deve lopers and com ponen t te ch ­

nology m a n u fa c tu re rs  w o rk in g  w ith  eng ineering  consu ltan ts , co n tra c to rs  and academ ic 

research groups. This fo llo w s -on  fro m  th e  T ru s ts ’ M arine Energy Challenge.

In 2007 th e  S co ttish  G overnm ent announced g ran ts  to ta lin g  £13 m illion  under a 'Wave 

and T idal Energy S up p o rt Schem e’ th a t  has to ta l fu n d ing  o f £8 m illion . The aim  o f the  

Scheme is to  provide g ran ts  to  businesses to  s u p p o rt th e  in s ta lla tio n  and com m iss ion ing / 

dep loym en t o f p re -com m erc ia l w ave and tid a l devices a t EMEC. The scheme w ill also sup­

p o rt com ponen ts  o f p ro je c ts  requ iring  te s tin g  a t EMEC e.g. m ooring  system s, fo u nd a tio n  

in s ta lla tio n  system s etc. th a t  w ill lead to  reduced p ro je c t co s t a n d /o r im proved opera tion  

and m ain tenance  fo r  th e  industry .

http://www
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A BERR Schem e to  s u p p o rt th e  f ir s t  la rger-sca le  m u lti-dev ice  grid  connected p re -com ­

m ercia l d e m o n s tra tio n s  -  "Wave and T ida l-s trea m  Energy D em onstra tion  Schem e" makes 

ava ilab le  a to ta l o f £42 m illion , w ith  up to  £9 m illion  fo r  ind iv idua l p ro jec ts . The fu n d ing  is 

de live red  th ro u g h  a com b ina tion  o f cap ita l g ra n t and revenue support. In add ition  to  th e  

cap ita l and revenue s u p p o rt received under th e  Schem e p ro jec ts  may also receive revenue 

fro m  th e  sale o f e le c tr ic ity  and green ce rtif ica te s  under th e  ex is ting  m arke t. The Scheme 

is p a rt o f a package o f m easures under th e  £50 m illion  BERR M arine R enewables Deploy­

m en t Fund. O ther m easures inc lude s u p p o r t fo r  in fra s tru c tu re  p ro jec ts  and a m arine  envi­
ron m e n ta l research program .

The proposed ‘Wave H ub ’ in fra s tru c tu re  p ro je c t is an e lec trica l grid  connection  p o in t 15 

km o ffsh o re  in to  w h ich  w ave energy devices can be connected . The chosen s ite  is o f f  th e  

N orth  C ornw all coast. The ‘Wave H ub’ approach is expected to  b ring  a num ber o f bene fits  

to  deve lopers, inc lud ing  a w e ll de fined and m on ito red  s ite  w ith  e lec trica l connection  to  the  

onshore  e le c tr ic ity  grid  and a s im p lified  and sho rtened  consents process, reducing  th e  risk 

fo r  deve lopers o f th e  f ir s t  p re -com m erc ia l wave arrays.

The to ta l p ro je c t cost is es tim a ted  a t som e £28 m illion  fo r  20MW capacity  and BERR has 

announced s u p p o rt o f up to  £4.5m to w a rd s  th e  co s t o f th e  p ro je c t and p lann ing  consent 

w as announced by M in is te rs  in 2007. If th e  p ro je c t receives th e  necessary su p p o rt fro m  

th e  industry , then  it  could be com m issioned as early  as sum m er 2009.

In 2007 th e  European M arine Energy Centre [EMEC] in O rkney opened th e  tid a l-s tre a m  te s t­

ing fa c ility  in Eday. The new  be rths  are grid  connected having a to ta l capacity  o f 20MW. As 

w e ll as prov id ing  w o rld  leading te s t fac ilitie s , th e  m easurem en t and independen t ve rifica ­

tio n  o f th e  pe rfo rm ance  o f m arine devices w ill fo rm  p a rt o f th e  services provided by EMEC.

Gaining an unders tand ing  o f th e  env ironm en ta l im pacts o f new  m arine  techno log ies  

has been iden tified  as a p r io r ity  area. The UK Research A dvisory G roup [RAG] w as cre­

a ted  by BERR as a pan -gove rnm en t body to  fa c ilita te  a co -o rd ina ted  approach am ong th e  

re g u la to ry  and fu n d ing  bodies to  address th e  key im pact issues o f o ffsh o re  renew ables. 

The re m it o f RAG has now  been extended to  gain fu r th e r  unders tand ing  on th e  po ten tia l 
im pacts  o f w ave & tid a l-s tre a m  energy genera tion  and a to ta l o f £2 m illion  has been a llo ­

cated u n d e r th e  MRDF to  a m arine energy techno log ies  research and m o n ito rin g  p rogram . 

The resu lts  fro m  th e  p rogram  are to  be pub lished and w ill in fo rm  decis ions m akers bo th  a t 

a p ro je c t and s tra te g ic  level.

A long w ith  th e  ind u s try -le d  a c tiv itie s  and in it ia tive s  in th e  UK, a new  £6 m illion  4 year p ro ­

g ram  o f fu n d a m e n ta l m arine energy research invo lv ing  a num ber o f UK u n ive rs itie s  and 

know n as Supergen M arine C onsortium  w as approved by th e  Research Councils. This new  
p rog ram  builds upon research carried  o u t under th e  p revious Supergen M arine I research 

p rogram . N otab ly it  seeks to  b e tte r  unders tand  device-sea in te ra c tio n s  and so should 
com p lem en t w o rk  th a t  is ongo ing  under many o f th e  o th e r in it ia tive s  discussed above.

Sustainable Developm ent Commission studying tidal power in the  UK
In July 2006 a m a jo r £400k s tudy on tid a l pow er in th e  UK w as com m issioned by govern ­

m ent. The s tudy  carried  o u t by th e  Susta inab le  D eve lopm ent Com m ission considered the  

UK tida l resource and th e  techno log ies  to  harness t id a l energy -  inc lud ing  t id a l barrages, 

lagoons and tid a l s tream  techno logy. In particu la r, th e  s tudy looked a t th e  p o ten tia l fo r  

t id a l pow er deve lopm ents in th e  Severn Estuary and re la ted  issues in depth.
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The S usta inab le  D eve lopm ent Com m ission (SDC], th e  UK G ove rnm ent’s independen t advi­

sory body on susta inab le  deve lopm en t pub lished in O ctober 2007 a re p o rt on th e  year -  

long m a jo r UK-w ide s tudy on t id a l power. The s tudy considered  all t id a l pow er te ch n o lo ­

gies -  t id a l barrages and lagoons (o ffsh o re  im poundm ents ] as w e ll as em erg ing  tid a l 

s tream  techno log ies  -  fro m  a susta inab le  deve lopm en t perspective .

The UK has s ig n ific a n t t id a l resources a round its  coastlines, and th e  SDC is in te re s te d  in 

how  tid a l pow er can be developed in a susta inab le  w ay to  help m itig a te  c lim a te  change 

and achieve ta rg e ts  fo r  renew ab le  energy. A s ig n ifica n t p a rt o f th e  SDC’s b rie f fo r  th is  

s tudy is to  rev iew  op tions  fo r  t id a l pow er in th e  Severn Estuary, w h ich  has been th e  sub­

je c t  o f m a jo r s tud ies  in th e  past. The Severn Estuary, on th e  s o u th -w e s t coast o f B rita in , 

has th e  second h ighes t tida l range in th e  w o rld , and is p ro tec ted  under European and UK 
conserva tion  laws.

The rev iew  considers th e  su s ta in a b ility  o f severa l proposa ls fo r  a tid a l barrage, th e  la rges t 

o f w h ich  could genera te  up to  5% o f th e  UK’s e le c tr ic ity  demand.

Engagem ent w ith  public and stakeholders A cen tra l e lem en t o f th e  SDC’s tida l pow er 

s tudy is engagem ent w ith  s takeho lde rs  and th e  public. The SDC believes th a t  engagem ent 

is essen tia l to  e ffe c tive , in te g ra te d  po licy-m aking th a t  de live rs susta inab le  deve lopm en t 

on th e  ground. The tida l pow er s tudy  has p rovided a va luab le  o p p o rtu n ity  to  develop an 

in te g ra te d  p rog ram  o f pub lic and s takeho lde r engagem ent -  in para lle l to  a p rogram  o f 

com m issioned research and in fo rm a tio n  ga the rin g  on th e  env ironm en ta l, social and eco­

nom ic issues su rround ing  t id a l power.

In March and April, th e  SDC held e ig h t pub lic  and s takeho lde r engagem ent events around 

th e  U K w ith  loca tions in Wales, England and Scotland. The SDC w orked  w ith  O pinion Lead­

er Research and th e  E nv ironm en t Council to  develop and de live r a p rog ram  o f engagem ent 

events a round th e  UK. The ob jec tive  o f th e  engagem ent w as to  gain an unders tand ing  o f 

th e  v iew s o f m em bers o f th e  pub lic  and s takeho lde rs  on a range o f issues re la ted  to  tid a l 

pow er and renew ab le  energy. The engagem ent p rogram  is being eva lua ted  by an inde­
penden t eva luator.

D eliberative public engagem ent
The pub lic  engagem ent a im ed to  w o rk  a t a na tiona l, reg iona l and local level and used a 

num ber o f d if fe re n t techn iques  to  fa c ilita te  pub lic  invo lvem ent. A t a local and reg iona l 

level, th e  approach w as to  use d e libe ra tive  techn iques  and a series o f six reg iona l w o rk ­

shops and local d iscussion g roups w e re  o rgan ised and fa c ilita te d  by Opinion Leader in 

loca tions a round th e  UK. R ecru ited m em bers o f th e  pub lic  w ere  asked to  cons ider a range 

o f renew ab le  energy and su s ta in a b ility  issues re la ted  to  d if fe re n t t id a l pow er te ch n o lo ­

gies and p o ten tia l t id a l pow er deve lopm ents. A t a na tiona l level, 1,000 people w e re  asked 

q uestions th ro u g h  an om nibus poll on tid a l pow er in th e  UK generally, as w e ll as some spe­

c ific  questions on a possib le  barrage  across th e  Severn Estuary. This helped to  prov ide  a 

snapsho t o f w id e r pub lic  op in ion to  com p lem en t th e  fa ce -to -face , d e libe ra tive  approach.

Stakeholder workshops
The o th e r s trand  o f th e  engagem ent involved convening tw o  large, one-day w orkshops 

fo r  s takeho lders . The w orkshops, held in Aberdeen, Scotland, and Cardiff, Wales, w ere  

a ttended  by a round 70 s takeho lde rs  in to ta l. The SDC’s t id a l pow er s tudy has a ttra c te d  

s ig n ifica n t in te re s t fro m  s takeho lde rs  since it  w as f ir s t  announced on th e  SDC’s w ebs ite  

in m id-2006, and a num ber o f s takeho lde rs  had a lready sen t th ro u g h  re levan t research 

and evidence, thus  he lp ing  th e  SDC to  develop a good evidence base on t id a l pow er p rio r
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to  th e  p ro je c t scoping phase. The w orkshops, fa c ilita te d  by The E nv ironm en t Council, w e re  an o p p o rtu n ity  fo r  

s takeho lde rs  to  m eet each other, ac tive ly  cons ider th e  issues, and d ire c tly  in fo rm  th e  SDC’s w ork . The s takeho ld ­

ers w ere  id e n tifie d  th ro u g h  a de ta iled  s takeho lde r analysis and scoping process, and rep resen ted  a w ide  range o f 

in te re s ts , inc lud ing  rep re se n ta tive s  fro m  G overnm ent, s ta tu to ry  agencies, ports , fish ing , sh ipp ing, and yach ting  

in te re s ts , industry , NGOs, academ ic in s titu tio n s , and tid a l te chno logy  developers.

The SDC published a re p o rt on O ctober 1 2007. The re p o rt d re w  on th e  research and engagem ent, and included 

recom m enda tions fo r  po licym akers. The com m issioned research rep o rts  and th e  re p o rt fro m  th e  engagem ent 

p rog ram  w ere  also pub lished on th e  SDC’s w ebs ite . F u rth e r in fo rm a tio n  a b o u t th e  SDC and th e  tid a l pow er s tudy 
are ava ilab le  a t h ttp ://w w w .s d c o m m is s io n .o rg .u k /p a g e s /tid a l.h tm l.

Severn Tidal Pow er Feasibility Study
The UK G overnm ent announced in S ep tem ber 2007 its  co m m itm e n t to  s tudy th e  fe a s ib ility  o f genera ting  e lec­

t r ic ity  fro m  th e  tid a l range o f th e  Severn Estuary, w h ich  -  as th e  S usta inab le  D eve lopm ent Com m ission con­

firm e d  -  has th e  p o ten tia l to  genera te  some 5% o f UK e le c tr ic ity  fro m  a renew ab le  ind igenous resource.

The G overnm ent pub lished th e  te rm s  o f re fe rence  fo r th e  Feasib ility  S tudy in January 2008.

B u ild ing  on th e  w o rk  o f th e  S usta inab le  D eve lopm ent Com m ission and e a rlie r s tud ies, th e  fe a s ib ility  s tudy w ill:

assess in broad te rm s  th e  costs, bene fits  and im pact o f a p ro je c t to  genera te  pow er fro m  th e  tid a l range o f 

th e  Severn Estuary, inc lud ing  env ironm en ta l, social, reg iona l, econom ic, and energy m arke t im pacts; 

id e n tify  a single p re fe rre d  tid a l range p ro je c t (w h ich  may be a s ingle te ch n o lo g y /lo ca tio n  o r a com b ina tion  

o f th e se ] fro m  th e  num ber o f op tions  th a t have been proposed;

cons ider w h a t m easures th e  G overnm ent could p u t in place to  b ring  fo rw a rd  a p ro je c t th a t  fu lf ils  reg u la to ry  

requ irem en ts , and th e  steps th a t are necessary to  achieve th is ;

decide, in th e  co n te x t o f th e  G ove rnm en t’s energy and c lim a te  change goals and th e  a lte rn a tive  op tions  fo r  

ach ieving these, and a fte r  pub lic co n su lta tio n , w h e th e r th e  G overnm ent could s u p p o rta  tid a l pow er p ro je c t 
in th e  Severn E stuary and on w h a tte rm s .

The w o rk  w ill be carried  o u t by a cross-W h iteha ll team  led fro m  th e  D epa rtm en t fo r  Business, E n te rp rise  and 

R egu la to ry  Reform , inc lud ing  rep resen ta tives  o f th e  Welsh Assem bly G overnm ent and th e  S outh  W est Regional 

D eve lopm ent Agency, tak ing  exte rna l advice as necessary and engaging s takeho lde rs  and th e  w id e r public. The 

s tudy  is expected to  las t rough ly  tw o  years.

The s tudy w ill look a t th e  range o f op tions  fo r  pow er genera tion  fro m  th e  Severn Estuary t id a l range, includ ing 

barrages, lagoons and o th e r techno log ies . It w ill include a S tra te g ic  E nv ironm en ta l A ssessm ent o f plans fo r  gen­

e ra tin g  e le c tr ic ity  fro m  th e  Severn Estuary tid a l range to  ensure a de ta iled  unders tand ing  o f its  env ironm en ta l 

resource, recogn is ing  th e  na tu re  conserva tion  s ign ificance  o f th e  Estuary.

The fe a s ib ility  s tudy  team  w ill re p o rt to  th e  S ecre ta ry  o f S ta te  fo r  Business, E n te rprise  and R egu la tory  R eform  

supported  by M in is te rs  fro m  DCLG, D efra, DfT, Treasury, Wales O ffice, th e  Welsh Assem bly G overnm ent and the  
M in is te r fo r  th e  S outh  West.

If  th e  ou tcom e o f th e  fe a s ib ility  s tudy is a decision to  proceed, extensive  and de ta iled  fu r th e r  w o rk  w ou ld  be need­

ed to  plan and im p lem en t a tid a l pow er p ro jec t, and secure th e  re g u la to ry  consents th a t  w ou ld  be requ ired.

It is c lear th a t  a un ique o p p o rtu n ity  now  p resents  its e lf fo r  g re a te r co llabo ra tion  be tw een governm ent, in d u s try  

and th e  research com m un ity  so as to  b e tte r  unders tand  th e  lo n g -te rm  prospects  fo r  m arine energy as a con­

t r ib u to r  to  th e  ach ievem en t o f th e  g o ve rn m e n t’s energy goals.

http://www.sdcommission.org.uk/pages/tidal.html
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USA
W alt M usial, N ationa l Renewable Energy Labora to ry, Colorado

O verall th e  U nited S ta tes  has advanced its e lf in th e  fie ld  o f ocean renew ab les th is  year 

on several levels. For th e  f ir s t  tim e , th e  U.S. Congress has app ro p ria te d  fu n d ing  to  begin 

a s ig n ifica n t research and deve lopm en t p rog ram  a t DOE. S ta te  in te re s t has also g row n, 

and key s ta tes  such as Oregon and F lorida have provided fu n d ing  to  local o rgan iza tions. 

R egu la tory  agencies have acknow ledged some o f th e  d iff ic u lt ie s  in o b ta in ing  approva l fo r  

new  techno log ies  to  be te s te d  in open w ater, and have made e ffo r ts  th is  year to  address 

long re g u la to ry  delays. A te s t  o f these  new  policies w ill be to  see if  p ro je c t approva ls are 

indeed faste r. New dep loym en ts  have n o t increased s ign ifican tly , b u t a new  te s t fa c ility  
w as com m issioned in N ew p o rt Oregon th is  year and has begun open ocean te s tin g  on a 

lim ited  (o ff-g r id ] basis.

Policy & Prospects
The in te re s t in ocean renew ab le  energy has been g ro w ing  in th e  U nited S ta tes  th ro u g h o u t 

2007. M ost notably, th e  U.S. Congress has passed fo r  th e  f ir s t  t im e  a p p ro p ria tion s  to  fund  
a $10 m illion  research p rogram  fo r  w a te r  power, w h ich  w ill be d irec ted  by th e  D epa rtm en t 

o f Energy (DOE] and executed la rge ly  by th e  na tiona l labo ra to ries  fo r  th e  com ing fiscal 

year in 2008. P a rt o f th is  new  m oney w ill be devoted to  assessing p o ten tia l o p p o rtu n itie s  

to  expand th e  c u rre n t conventiona l hyd ro e le c tr ic  capac ity  w ith o u t bu ild ing  new  dams, b u t 

th e  em phasis w ill be to  begin research, deve lopm en t and dep loym en t a c tiv itie s  fo r  ocean 

renew ab les inc lud ing  wave, tid a l, hyd ro k in e tic  r ive r tu rb in e s , and ocean cu rre n t devices. 
In add ition , fede ra l leg is la tion  has been passed a u tho riz in g  up to  $50 m illion  do lla rs  o f 

annua l fu n d ing  fo r  fu tu re  years w ith  p rov is ions fo r  th e  fo rm a tio n  o f te s t fa c ilit ie s  in key 

ocean sta tes. A lthough  th is  level o f a p p ro p ria tion  is ve ry  o p tim is tic , th e  leg is la tion  ind i­

cates a g row ing  fede ra l in te re s t and sets th e  stage fo r  susta ined  fede ra l fund ing .

In O ctober 2007, th e  Federal Energy R egu la to ry  Com m ission (FERC], w h ich  is p rim a rily  

responsib le  fo r  p e rm ittin g  all ocean energy devices th a t  are connected  to  th e  grid  w ith in  

U.S. s ta te  w a te rs  (ins ide 3 -nau tica l m iles fro m  th e  coast], announced a new  s tream lined  

p e rm ittin g  approach fo r  ocean energy devices th a t could p o te n tia lly  reduce th e  approva l 

process fo r  p ilo t p ro jec ts  under 5 MW fo r  a 5-year license fro m  5 years to  6 m onths. H ow ­

ever, these  re g u la to ry  process advances do n o t apply to  com m ercia l p ro jects.

In N ovem ber 2007, th e  M inera l M anagem ent Service (MM S] announced th e  release o f a 

P rog ram m atic  E nv ironm en ta l Im pact S ta te m e n t (PEIS] th a t  is in tended to  reduce th e  in d i­

v idua l deve lope rs ’ e ffo r ts  fo r  s iting  p ro jec ts  in fe d e ra l w a te rs  (ocean w a te rs  3 o r m ore 

nau tica l m iles fro m  shore ]. A t th e  same tim e , MMS announced th a t they  w ou ld  open the  

o u te r co n tin en ta l she lf to  p roposa ls fo r  research and experim en ta l p ro jec ts  invo lv ing  the  

m easurem en t o f MET ocean cond itions, as w e ll as ocean energy d e m o n s tra tio n  p ro jec ts  

(exclud ing o ffsh o re  w ind ].

Ocean w ave and t id a l energy sources do n o t c u rre n tly  b e n e fit fro m  th e  incen tives th a t  are 

ava ilab le  to  o th e r renew ab le  energy sources, b u t e ffo r ts  to  have ocean renew ab les recog­

nized in fu tu re  leg is la tion  fo r  renew ab le  energy incen tives are con tinu ing .

Research and Development
In 2007, $4.5 m illion  o f pub lic  fu n d ing  w as a p p rop ria ted  by th e  S ta te  o f Oregon fo r  the  

Oregon Wave Energy T ru s t (OWET], and an a dd itiona l $3.0 m illion  w as a pp rop ria ted  to 

estab lish  a wave energy te s t  s ite  in N ew port, Oregon. The te s t fa c ility  began o ff-g r id  te s t­

ing th is  year. (See below.]
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This year, th e  S ta te  o f F lorida p rovided $5 m illion  in fu n d ing  to  F lorida A tla n tic  U n ive rs ity  (FAU], w here  

a research p rogram  to  develop techno logy  fo r  ocean c u rre n t tu rb in e s  is being established.

Several o th e r o rgan iza tions  have dem on s tra te d  o r expressed in te re s t in advancing ocean renew able  

energy deve lopm ent th is  year, inc lud ing  U n ive rs ity  o f M assachusetts  a t D a rtm ou th , Tacoma Power, 

Snohom ish County Public U tility  D is tr ic t (SnoPUD], M aine M aritim e  Academy, Pacific  Gas and E lectric, 

M assachuse tts  Technology C o llaborative , Counties o f L inco ln  and Douglas, Oregon.

In add ition , Bonneville  P ow er A d m in is tra tio n  (BPA] in W ashington S ta te  in it ia te d  severa l sm all te ch ­

no logy deve lopm en t co n tra c ts  th is  year. One c o n tra c t w e n t to  SnoPUD to  p e rfo rm  a fe a s ib ility  s tudy 

to  e x tra c t t id a l energy fro m  th e  cu rre n ts  th ro u g h  th e  A d m ira lty  S tra it  leading in to  P uget Sound, and 

a n o th e r to  Tacoma P ow er to  p e rfo rm  a fe a s ib ility  s tudy to  e x tra c t t id a l energy fro m  th e  cu rre n ts  

th ro u g h  th e  Tacoma N arrow s. A n o th e r c o n tra c t funded  a w ave energy s im u la to r b u ilt and com m is­

sioned th is  year a t th e  O regon S ta te  U n ive rs ity  [OSU] WSERF (W allace Energy System s & R enewa­

bles Facility ]. A n o th e r p ro je c t funded  P eregrine  P ow er Company o f P o rtland, O regon to  advance th e ir  

concept fo r  deve loping a w ave energy po in t-absorber. Finally, a n o th e r c o n tra c t w e n t to  th e  E lectric  

P ow er Research In s titu te  to  research th e  accuracy o f w ave fo re ca s tin g  techno logy.

E arlie r th is  year, DOE launched a co m p e titive  sm all business g ra n t s o lic ita tio n  fo r  ocean-energy 

device m a n u fa c tu re rs  under Phase I o f th e  Small Business Innova tive  Research [SBIR] p rogram . The 

to ta l a m o u n t th a t  w ill be a lloca ted  is n o t y e t know n b u t w ill s ig n ifica n tly  help ocean-energy device 

m a n u fa c tu re rs  advance th e  deve lopm en t th e ir  p roducts  to w a rd  com m erc ia liza tion .

Finally, in add ition  to  th e  $10 m illion  o f w a te r  pow er fu n d ing  fo r  2008 fisca l year, Ocean P ow er Tech­

no log ies w ill receive $2 m illion  do lla rs  o f congress iona lly  d irec ted  funds  to  fu r th e r  th e  deve lopm ent 
o f th e ir  p o in t abso rbe r wave energy devices.

Technology Demonstration and Projects

Oregon W ave-Energy T est Site
T hrough co llabo ra tion  w ith  th e  cen tra l coasta l Oregon fish ing  and crabb ing  com m unity , a lo w -im p a c t 

te s t be rth  s ite  fo r  w ave-energy device te s tin g  w as s ited  n o rth  o f N ew port, OR, 2 m iles w e s t o f Agate 

Beach, and 1 m ile  s o u th w e s t o f th e  Yaquina Flead L igh thouse . The necessary p e rm ittin g  w as com ­

p le ted to  a llo w  both OSU and F inavera R enewables to  te s t  devices in th e  sum m er and fa ll o f 2007. 

OSU is also m oving fo rw a rd  w ith  th e  plans fo r  a s ingle, fu ll-sca le  te s t be rth  o f f  N ew port.

W ave-Energy Linear T est Bed
To com prehensive ly  research, te s t, eva lua te  and advance w ave-energy conversion devices, OSU has 

ju s t  ins ta lled  a L inear Test Bed [LTB] in th e ir  Energy System s Lab a t WESRF. The LTB is designed to 

genera te  th e  re la tive  linea r m otion  c rea ted  by ocean w aves to  op tim ize  w ave-energy device te ch ­

no log ies (see F igure 2; OSU’s ocean te s te d  buoy being te s te d  on th e  LTB],

Makah Bay, W ashington S ta te  -  F inavera received a fu ll license fro m  FERC ( f irs t  in th e  U.S.] -  the  

agency th a t  regu la tes  in te rs ta te  transm iss ion  o f e le c tr ic ity  and licenses h yd ro e le c tr ic  p ro jec ts  
in non fede ra l w a te rs  -  fo r  a 1-MW w ave p o in t-a b so rb e r p ro je c t cons is ting  o f fo u r  250-kW un its. 

R eedsport, O regon -  Ocean P ow er Technolog ies (OPT] com ple ted  36 -m on ths o f cum u la tive  open 
ocean te s tin g  th is  year and received SEM o f fede ra l fu n d ing  to  con tinue  te s tin g  o f th e ir  buoy con­

cepts. They plan to  deploy a 150-kw  p ro to typ e  next year o f f  R eedsport Oregon as th e  beg inning 

phase o f a 50-MW  com m ercia l fac ility .

ORPC Maine, th e  reg iona l deve lopm en t com pany o f Ocean R enewable P ow er Company, LLC suc­

cessfu lly  launched its  T u rb ine -G ene ra to r U n it (TGU], th e  ORPC Maine Energy T ide I, Decem ber 8, 

2007. ORPC M aine plans to  te s t th e  u n it over a th re e -w e e k  period o f f  E astpo rt, Maine.



annual report 2007 #77

Figure 1 -  OSU Open Ocean Testing o f SeaBeavl

OSU Wave Energy Linear Test Bed w ith  SeaBeavl

San Francisco Bay -  O ceana/G olden Gate Energy w as g ran ted  a p re lim ­

inary p e rm it to  inves tiga te  a cu rre n t tu rb in e  p ro je c t in San Francisco 

Bay.

W ashington S ta te  -  Tacoma P ow er w as g ran ted  a p re lim in a ry  p e rm it 

to  in ves tiga te  a c u rre n t tu rb in e  p ro je c t in th e  Tacoma N arrow s.

As o f Decem ber 31, 2007, th ir ty  n ine [39 ] p re lim in a ry  pe rm its  fo r  TISEC 

pow er p lan ts have been g ran ted  by FERC and sixteen [16 ] are in the  

pending stage. F u rth e r in fo rm a tio n  can be ob ta ined  a t th e  FERC w e b ­
s ite  ( h ttp ://w w w .fe rc .g o v /in d u s tr ie s /h y d ro p o w e r/in d u s -a c t/h y d ro k i-  

n e tics /pe rm its .a sp j.
As o f Decem ber 31, 2007, th e re  have been 11 p re lim in a ry  w ave pe r­

m it app lica tions  filed  w ith  FERC (a p re lim in a ry  p e rm it g ives th e  p e rm it 

ho lder th e  f ir s t  r ig h t o f re fusa l to  a s ite  fo r  a 3-year period to  s tudy 
th e  s ite  and file  a co n s tru c tio n  license app lica tion ]; fo u r  o f w h ich  have 

been g ran ted  and seven o f w h ich  are pending. The loca tion  o f these 

s ites is in th e  Pacific  N o rthw est. The pace o f in d u s try ’s deve lopm en t 

can be seen in th e  increasing  role o f th e  in ve s tm e n t com m un ity  in the  

techno logy. For example, in A ugus t 2006, V e rdan t P ow er closed a $15 

m illion  in s titu t io n a l investm en t.

New York, NY -  V e rdant P ow er w as a llow ed by FERC to  dep loy 6 tu r ­

bines to  su p p o rt th e ir  license app lica tion  fo r  th e  Roosevelt Island T idal 
Energy [RITE] P ro je c t in th e  East River. The d e m o n s tra tio n  is s u p p o rt­

ed by pe rm its  fro m  th e  New York S ta te  D ep a rtm e n t o f E nv ironm enta l 

C onservation and U.S. A rm y Corps o f Engineers. The New York S ta te  

Energy Research and D eve lopm ent A u th o rity  has pa rtne red  w ith  Ver­
d an t on th e  p ro jec t. Investing  over $2 m illion  to  date.

Relevant National Association's Activities
The Energy Ocean 2007 Conference, sponsored by Ocean New s M aga­

zine, was held in A ugus t 2007 in Oahu, Hawaii, and w as a ttended  by over 

250 people. The next con ference  w ill be held in June 2008, in G alveston 

Texas.

The Ocean R enewable Energy C oalition [OREC], a m a jo r U.S. trad e  asso­
c ia tion  fo r  ocean renew ables, reached a m em bersh ip  o f 35 th is  year. 

The N ationa l R enewable Energy Labora to ry, OREC, and th e  M inera ls 

M anagem ent Service w ill sponsor th e  Global M arine R enewable Energy 

C onference in New York City, A pril 17-18, 2008, to  help in troduce  ocean 

renew ab le  energy to  th e  U nited S ta tes as p a rt o f th e  a c tiv it ie s  su r­

round ing  th e  14th IEA-OES Executive C om m ittee  m ee ting  th a t  w ill be 

held on A pril 15-16 in New York City a t th e  headqua rte rs  on th e  A m eri­

can N ationa l S tandards O rgan iza tion  [ANSI].

The N ationa l Hydro Associa tion  [NHA] w ill sponsor its  b i-annual H ydro- 
v is ion M eeting  in S acram ento , CA fro m  July 14-18, 2008. Ocean energy 

w ill be fe a tu re d  in many o f th e  sessions.

ORPC Testing December 2007 -  shows the  un it being prepared o ff  the  back 
o f a barge

http://www.ferc.gov/industries/hydropower/indus-act/hydroki-
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About IEA-OE5

The lEA’s p rogram  o f In te rn a tio n a l Energy Techno logy C o-opera tion  includes a m echanism  called an "Im p le m e n t­

ing A g reem en t" [IA], There are cu rre n tly  42 Im plem en ting  A greem en ts  under th e  IEA In te rn a tio n a l Energy 

Techno logy C o-operation  F ram ew ork. The new est Im p lem en ting  A g reem en t in th e  renew ab le  energy s trand  is 

th e  Ocean Energy System s Im p lem en ting  A g reem en t [IEA-OES]. This IA w as estab lished  in 2001 w ith  th e  m ission 

o f enhancing in te rn a tio n a l co lla b o ra tio n  to  make ocean energy techno log ies  a s ig n ifica n t energy op tion  in the  

m id -te rm  fu tu re . By end 2007,11  coun trie s  and th e  European Com m ission are m em bers o f th e  IEA-OES.

www.iea-oceans.org

http://www.iea-oceans.org

