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Marine Energy Marine Renewables Founding Funder
Challenge 2003-2006 Accelerator 2007-2010 Proving Fund since 2005
2009-2011

> CT have been working with the marine energy industry since 2003 and have
invested £30m.

2 The MEC helped CT and the industry to understand the barriers to marine energy
development.

> Current focus is on full scale demonstration (MRPF) and cost reduction (MEA).

> EMEC test centre is vital to the industry, and provides cost-effective open-access
infrastructure
4
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The MEA aimed to demonstrate and
understand cost of energy reduction
potential through targeted innovation

Component technology
innovation in areas such
as blades, structural

Working with existing materials, costs

device concepts to
develop a set of cost
reductions

Reduction of installation,
operation and
maintenance costs

Working with new
device concepts to
explore the potential for

a single step change in
cost of energy

Development of new,
concepts with the
potential to provide a
step change reduction in
the costs of energy. -



http://www.pelamiswave.com/news/second-p2-moorings-installation-completed-in-orkney/attachment/spr-moorings

The MEA has established new benchmarks  _—-
for the costs of wave and tidal energy which c ArRBON
are based on real cost and performancedata TRUST

Costof 4 - -

energy

PRl oo |

Offshore wind
10 - Onshore wind / nuclear
Wholesale price

Tidal Wave

Updated MEA estimates of ‘first farm’ levelised cost of energy

Dark blue — base case, resource variation
Light blue — optimistic/pessimistic case, plus resource variation

Deployments of todays leading concepts in 10MW arrays, after 10MW of previous
installations, using a 15% discount rate and 25 year lifetime.
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The breakdown of levelised cost of energy ~

helps set the agenda for cost reduction CARBON
innovation TRUST

Figure 7a and 7b Indicative levelised cost of enargy components for wave and tidal energy converters inan
garly commercial farm. The coloured segments are capral costs, while the grey segment epresents D&M costs
and includes all other spend including insurance and leases

Wave

Twdal

W Structure® W Station keeping® W Power takeoff W Installation W Grid connection @ Cperations and maintenance
Tidal Structures and Stabon Ke=ping may be combined in monopails type desigrs.

> Key cost areas for wave are: structure costs and O&M
> Key cost areas for tidal are: installation, foundations and O&M .
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A “learning by doing” progression rate based __—~
on similar (but established) industries CARBON
results high future costs TRUST

Figure 22 Baseline cost of energy reductions from wave and tidal devices, based on learning by doing only.
Note that the roll-out rates for wave and tidal are different3®
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It is reasonable to expect a combination of | —
“learning by doing” and “innovation” for CARBON
wave and tidal TRUST

WAVE TIDAL

Figures 23a and 23b Possible cost reduction pathways for wave (left) and tidal stream energy under a ‘business
as usual’ and innovation scenario
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Examples of targeted innovation for cost

reduction from the MEA: Components

MEA project case study

Agum 16 Carbon Abm Bdal urbing biage profod, by AvErbn Enforprises Lo AEL makes biages for
saverml fdal stmam daeiopars

Tidal turbine blades - sequential testing and
cetification

o tidal stream turbire biades are yet proven i tha
Taiire anvirsnmant. To carity that biadaes will last for
tha hull Ifg of the maching, sagontial guiihcton s
noaded This starts with verifying tha fundamantal
propertas of the mataral, its manutachea and its
appiication and thon e datalod design of the fina
assomblion Without an urdarstanding of e datalad
bahaviow of tha matoral i real soa condrions, o
bladas ora likaly fo be overdosigned ard kas aficiond
than thoy could ba.

Tha AEL progct has toousad parboulay on
sngnaaing of matarkls snd joints, and on
reducng manutscturing bme 1o reduca tosts.

AEL ara now supplying carbon fibra bisdas for
Marina Cument urbinas and Tidal Genaration Lid
[Folts-Firyoa) and ars in discussion with oihar laading
sl technclogy davelopars.
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Impacts on the cost of enengy

Anducing the ovardasion ol components oducs tha
quenirty of matenial reguined, savng monay. Aadudng
HEFENQINGalng tan aiso maks bades sEmmar and
50 Improwa tha parformanca, as wall 25 reducing drag
s sas and ihe polamal for cawilaton.
Sirmmier blades can be nun fastan dlowing @ sTalon
S aponsive gearbon 10 bo used.

A bofter undarstanding of the malonal, s bohaiour,
and likaly failora modes can leed 1o bofier design and
moniioring and witimaboly highar relcbiity and fower
apansiva blado fallures.

In addrtion, if hase BRuos am undorsiood aary on,

thora will ba Tavar biada Talkores that might oharwsa
harm tha fragiis davwsiopmant of tha mdustry.

Towards cheaper and more reliable

b

lades.

MEA project case study

Agum 77 Nyibn mooing mpa siwdy by Tonsion Toohne fogy Infornafional. Nyfon mooring ropes [and
EsraAed andiors ) oo Ui Do appiicbio v all foalng wave or Lol o aicas

Compliant lightweight fibre mooring system for
floating devices

Mozt mooning systams consest of haavy matal chies
with expensie andhors. TT with partrsrs Fromoor have
dovalopad & now Iighbaaight mooning sysiom basad on
IO FOpes and Mty Mg snchors. Byion 5 mara
cormpliant than stoal ard can kad bo lewer loads on tha
moaoned diaca. Kylon B ot yel N widespeoad use and
=0 rasganch inio fis fatiguo perfomaroa was nocdad.

s part of the mssarch TTI also invashigated usmng tabric
bags Tiked with aggregals lo replacs Mo axpansia
dragamibedmont anchors o tha moea awicvarn 1o handla
gravity anchors. Thi Fesgench a0 Idamilod ways o pravent
T highty cormplamt moorng systom from bio-douling by
uEng & Nedbia protectie coaing

Impacts on the cost of energy
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OO COMpEnca and ke ovaral inads on tha
rmoored sinsctura. Myion has also bear shown 1o Faa
good faiiges mssiance, masning i is Baly bo last
longar and nead fewer ispactions. Tha rope sysiem
= also cheapar than tha steal equiaient.

Fibra nopas ara lighticr and oasier b hardle during

s talishon 1han siool counakonls This isacs 10 owor
instalishon costs. Similary, beg archors are sigrilficanty
ks arpensia and casker 1o handa during instalabon
Fan drag anchors of aguivalant grastly anchors.
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the ropa. tevear costly N pachions are nacdod and tha
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Track schama

Lightweight compliant mooring
for floating wave/tidal devices.
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Examples of targeted innovation for cost

reduction from the MEA: Components
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MEA project case study

Figura 18 Livaar ganaraor for wave dovces [Edinburgh Lnhvarsiy)

0 Lirzar generator
mral

Linear garsratons coukd ba appiled in many v
enaigy dovicos Tat ourantly usa ol hydraulos.
Tha Univarsity of Edinbungh has developsd a noval
Wrir geradainr Syshom. This geraraion i smpker 1o
construct and lass costy than aosting Inesr machines
This makes & 3 loverisk attornative to ydraucs
--url::m [—— and bings Torward tha tme whan diract slactncal
CONCECHON N 0o usod Dwave dhvias.

Slikn
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Impaots on the cost of enengy

Thi owarall cost ol a lirsar direct alecincal madhing is
signiticantiy highar Tan 2 ydroulc aguivakan.
Howo, RIS o dosign has & fowen moving parts,
which makos it mone ralabio.

Highar PTE ccat

:

Thato are far fewver parts fo saraica, iranskbion
Earrgs baing amost tha only axampla, snd no flars,
Saals, pUTPS OF otumukioes.

Af part ard variabie load it = axpeciad that this novl
Iircar guraraios will bo more afficent Fan 2 ydraulic
waurilont.

At kst thiva wer dovics dovelopars aio now leokng
al incorparating Edmburgh Urivarssy's C-Gon inaa
o2 ’ micdor inka fubure genarshions of thar dowoes.
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Innovative linear generators for
future wave devices

MEA project case study

Figur 27 inst. nd P

opn forme Palamis dovibe.

Pelamis - enh d installation and conr
aquipment

Tha Polamis dovico 1S an attaruaior made up of four
eroo gamotar stoal Cyincors connactod via hydoedic
RmS which pump high prossura Tkl through hyaraulic
motors via smocthing accurmuigtors. Tha current P2
commarcal production machngs ara 150m long and 4m
n asmaten fave four PTOs and are ratad at TS0V

Tha Polames dovico 15 dasignod 10 09 removed from £
moonng and towed 1o 3 shaltared sio for mantenance.
Satoro thes profect, Nstalistion and masmtonanca of
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impacts on the cost of energy

PP unoariook an axensve redasign of tho

offshors INSISESION SQUENMGNE, MOOrNG Connachicn
. and ction

o Thes sigrinicanty tha tanga of
oparating soa conditions In which P2 can safoly bo
instaliodidisconnocted snd greatly Ncraased the
proportion of Tho yoar that tho P2 could ba sarviosd
whia rodaaing tha 3Ime spent wating for sutabio
WOSINGE WIndows. AS 3 TesUt the Prodiciad Tty
of the machns 1oza substantisly.

PAP giso conmidarad an acine "yaw’ systom that

enabiad the davica, at reigtivaly Itio axirs cost, 1©
Sdjpst its droction 10 sut T Rcoming waves. This
INCreasos the performance of the e

Tha srmpiar doploymant and retnoval procsss maans
that fower | = sais 2t
roduang the cost of aadh Ftaramon.

Whan combingd, theso fastiures can daliver sround 3@
35% eduction 1 tha cost of eNaTgy ovar tha squraiont
Comgn Lmed N the pravious Folamis version.

Installation and connection equipment
for Pelamis has enabled operations in
bigger seas, and faster deployment
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Examples of targeted innovation for cost G

reduction from the MEA: New devices CAR BSO N
TRUST

MEA project case study
Underwater Kite -
‘3rd’ Generation
tidal. Opens up
low velocity

Agum 33: Sacond-generton Bdal cxampie: Marhe Curmni Turbing s fufure dovies ooncapt containg
muflipk rofo s on @ Singlo SURPGIT SiCm and Singla foundaion.

Marine Cumrent Turbines ssoond generstion

MCT's somnd genaranion Saafan-Ll devios is ovisagod

5 & muHtiPoion devica on @ COMMOn SUppor Shuchra. r r
This Fw deviie Gnabikes many poioes bo be daployed esource
i @ =irgla oparation and addressas regions with A
watcr capths greatar thar 40m o axroms 4o s, T T SN0 S SRR
O varant of tis design is ully submanged with ro B -~
surtace parting alament and addrasses regions vin ’ mm'm’"gm“"m"”“
waker dopths greaiar than 40m o axirame Sdal rangs. 32 Ham
The whals struche can b raisad of lowered "m@w .:me:m;am:mdmm
havo takeon forward by Minesto snd ty
for mantanarea Carbon Trust’s Agplod Fezoarch schoma.
Th oarly devcloprment of he socond genaration dovica
received funding from tha MIEA. Tha study asimatod
tha cost of ansengy from thres difierent foundation Fiyum 36 Anooonda rutbar aftonu X oe. Distan =ibio Tube Wave Energy Convartar. The Anaco nda dovico
syshorms and dodk siructures, and includod: s made primarily from rubber raher than stoal. in o fong form Moo Is Groal potontid for significant
cost roductions, 35 rubbar Is both comparatvely chesp and compamtivly easy fo fabricate But hase
= A high-oval roviow by cach of e prinaipal enginaarng cost advantages aro nof guarantoed and would only be 3ch bved aflor 3 Move 10 Voiume manufaduring.

The ME A eng ag ament with Anaconda dowicpars heckmafe Saa Enorgy herefore concentrated on cost

disopines io dolorming whathor or not e concept &
darfimtion and 2 manutacurablity and gurabilily s sossmeont

tachnicaly teastia
» An indepandent ravisw of e liety costs associated
with tha technclogy.

= M raview of the Incresscd markat pendatiation
SmaGor ) could pect &5 a rasult of e bokber

sutabilty o atmcive degp sias.
« idaniricalion ol I kay Issuss, Nisks and opporiuTDE.

2nd Generation tidal. Cheaper; Rubber sea-snake. Potential step-
deep and difficult sites change in cost of wave energy
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What’'s next for Tidal stream? ———
High velocities sites will ultimately have the best CARBON
economics if we can tackle the risks and challenges TRUST

Much of the resource is in difficult or deeper

sites. Focus areas:

A Second Generation of devices or > Hours on the clock for leading
approaches will be needed to access that technologies

resource.

» Multiple rotors per structure to

90 - reduce deployment and O&M costs

- * Cost effective installation in

80 - . o difficult/deep sites
= 70 ’ * Technologies which exploit the best
E 50 | . ® . part of the water column
S ’*gggg' » Specific challenges of building out
B 01 first arrays
5 40 - *V, > Reliability
3 i .. 9’ Y . . .
3 30 o @ * (Cabling at tidal sites
© ] ® o2 0 O

Cope with_si_te
10 4 depth and difficulty

Difficulty (applied by CT)
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What’'s next for wave energy?

There is no fundamental reason why we need a g —
2nd gen technology CARBON
TRUST

Focus areas:
» Hours on the clock for leading technologies

» Optimising coupling with the sea (fundamental hydrodynamics) -
more power capture

¥ Device body / structure innovation (materials for cost reduction).
> O&M

¥ Proving survivability in more energetic seas

> Array behaviour

* Greater capacity devices

> Keep looking for that next gen lower cost device?




Accelerating Marine Energy available from
the CT website: carbontrust.co.uk/marine

—

CARBON
TRUST

Making business sense
of climate change

Accelerating
marine energy

The potential for cost reduction — insights from
the Marine Energy Accelerator

June 2011

Innovators

Aguamarine Power

Aviation Enterprises Ltd

AWS Ocean Energy Ltd
Checkmate Sea Energy Ltd
Cranfield University Ltd

C Wave Ltd

Hammerfest Stram

Joules Energy /Wavetrain UK Ltd
JP Kenny

Mac Taggart Scott

Marine Current Turbines
Minesto

Ocean Power Technology UK Ltd
Pelamis Wave Power Ltd
Promoor Ltd

Sea Energy Associates Ltd
SeaKinetics Ltd

Tension Technelogy International Ltd
Tidal Energy Ltd

TNEI Services Ltd

University of Edinburgh
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Consultants

Black & Veatch

BMT Cordah Ltd
AMEC Entec UK Ltd
Garrad Hassan Ltd
JW G Consulting Ltd
Mojo Maritime Ltd
Nabarro LLP

Ove Arup and Partners
SeaRoc Group Ltd
WS Atkins PLC




