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Start of industria l revolution

Climate change - CO2 last 1000 years
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Peak Oil - the Supply-Demand Gap
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Source:  Dick Lawrence, The Case for Modeling World Energy Flow, World Ener gy Modelling, Berlin 2004
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Most renewables are diffuse

Source:  Prof. David MacKay

Sustainable Energy Without the Hot ai r 2008

Marin e Current Turbin es T M Ltd

Marine Energy  - the options

Technology Status Load
factor
(%)

Instal led
Capita l cost

(£/kW)

U ni t cost
elect rici ty
(p/kWh)

Size of UK
resource
(TW h/ yr)

Of fshore wind commercia l 25 to  40% 1300 – 2000 5 to 7p over 100
Tidal  barrage uneconomical 20 to  25% 1500 -  3000 >9p ~50
Tidal  & marine current
turbines

pilo t pro ject s 30 to  45% 1500 -  2500 3 to 9p  * >20

Wave – shore line OW C exper imental 20 to  30% 1500 -  3000 5 to 10p ~2
Wave -  nearshore OW C exper imental 25 to  35% 1500 -  3000 5 to 12p ~50
Wave -  offshore –  poi nt
or line absorber or
OW C

pilo t pro ject s 20 to  50% 1500 -  2500 ? 4 to 12p * >100

OTEC exper imental 80% + ? ? ? n/a to  UK
Sal t gradi ent laboratory 80% + ? ? ? ?

*   Carbon Trust “Future Mar ine Energy:  The Result s of  the Marine Energy Challenge” , Jan 2006
    figures apply for  1GW insta lled

         Hi ghli ghted rows show technologies most l i ke ly  to be cost-ef fect ive for use of f the U K
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Wind - the big one f or the UK?

23,000 offshore 5MW 
wind turbines would deliver
on average more than the 
entire present UK domestic 
electricity demand
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UK Offshore Wind

Gross usable Sea-Space = 76,000km2

Typical power capture  =   3MW/km2

Gross energy capture =  3,200 TWh/yr
DTI projection (2002)  =      100 TWh/yr

implies the government only expects to
use 3% of gross at approx 7GW

A total of approx 390TWh of 
electricity was generated in the UK 
in 2004.
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La Rance Tidal Power Barrage
the exception that proves the rule

http ://www.s tacey .peak -m edia.c o.uk /Bri ttany2003/Ranc e/Ranc e.htm

Rance River estuary, Brittany (France)�
24×10 MW bulb turbines (240 MW)�

Built 1966

the only large tidal barrage in the world

Marin e Current Turbin es T M Ltd

• Severn River estuary
• 8,640 MW total capacity
• 17 TWh average energy output
• Ebb generation with flow pumping
• 16 km (9.6 mi) total barrage length
• £14 billion estimated cost
• 27% Capacity Factor (2 x 4hr in 24hr)

unlikely to be economically competitive

Sev ern Barrage - coming up for its 4th r eview
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Comparison: Sev ern tidal barrage v tidal stream
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Sev ern Barrage - coming up for its 4th r eview

silt
Propos ed C ard iff 
W es ton Barrage
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Excellent Ref erence
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What could be 
possible
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Where we 
seem to be 
heading?

15

Marin e Current Turbin es T M Ltd

State Sector Energy R&D spending 1974-2005
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Structural: the reaction to power generation

~100t per MW at 2.5m/s
~170t per MW at 1.5m/s

17
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Decentralised Marin e R E Syst ems *:
What do we need for  co mmercial success?

1. Scale – must be 1MW or more to be economic

2. Access – safe, affordable, reliable access for servicing

3. Reliabilit y – need to minimise costl y inter vention

4. Life – several decades; otherwise not economic

… few technology developers are anywhere near to 
delivering technology to fit these criteria 

* i.e. wave and tidal stream energy systems
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Wave Energy

water depth
(m)

mean power
(GW)

annual
energy
(TWh)

40 10 87
20 7 61

shoreline 0.2 1.75

UK Resource
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Shoreline Wave Energy Conv erters: 
Wav egen’s Limpet Oscillating Water Column
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Near-shore - Aquamarine “Oyster”
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Pelamis Wave Power

Pitching segments react 
against each other -
hydraulic rams drive 
hydraulic motor and hence 
an electrical generator
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Heaving buoy with 
internal reaction

Ocean Power Technology - 40kW Powerbuoy
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Wav e Dragon - overtopping wav e collector

24
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3.   Predict ability - driven by gravity - not weather

1.   Large resou rce - too big to be neglected or ign ored 

4.   Minimal environ ment al impact - and favourable E RoEI - <12mths

2.   Technical feasibility - rapid development is po ssible

San Bernardino Straits - The Philippines
shown running at 3.5m/s or 7 knots

Tidal Stream Energy
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Marine currents = High energy intensity
A tidal cur rent tu rbine gains
over 4x as much en erg y per

m2 of rotor as a wind turbine
Size C om par i s on 
1MW  wi n d tur bi ne 
com par ed  wi th  
1MW  ti d al tur bi ne

1 x 55 m dia

2 x 16 m dia

Outli ne of 1 MW s ola r 
arr ay 70 m x 7 0m
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The Eff ect of Velocity Shear

Veloc ity Pow er  / Energy
Sea Lev el

Sea Bed

75% of the Energy is 
in the upper 50% of 
the water column

25% of the Energy is 
in the lower 50%
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Hammerf est Strøm 300kW - (2003 - ?)

Hammerfest Strøm 300kW 
axial flow (Norway)
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Ponte di Archimede “Kobold” Turbine - (2004) - 20kW
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North American experimental devices

UEK - 30kW?

Verdant Power (35kW)    
(6 units in East River NY)

Marin e Current Turbin es T M Ltd

Recent  experimental dev ices in 2007

Clean Current  - 50 to 100kW?

Open Hydro - 50kW?
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Marine Current Turbines: SeaGen

32
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note that SeaGen is the first large enough for 
commercial viability - 4x the size of even Seaflow

10 m2 150 m2

95 m2

28 m2

402 m2
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at least 300m2 r otor area needed for ec onom ic viab il ity
becaus e of h igh fixed cost overheads of off-s hor e pr ojects

MCT MCT MCT
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Square metres of 
tidal turbines in the 
sea so far….

rot or  
area

sq .m .
41 0
40 0
39 0
38 0
37 0
36 0
35 0
34 0
33 0
32 0
31 0
30 0
29 0
28 0
27 0
26 0
25 0
24 0
23 0
22 0
21 0
20 0
19 0
18 0
17 0
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15 0
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13 0
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9 0
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5 0
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3 0
2 0
1 0

0
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3 00  s q.m. gi ve s a bo ut 10 00 kW  at 2.5m /s

no mi na l mi ni mu m si ze  fo r c om merc ia l s cal e  g en era tio n
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Background: 15kW Tidal Current Turbine (1994-5)�
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Seaf low installed
30 May  2003
rotor d ia. 11m (= 95 sq.m.)
rated power 300kW @ 2.5m/s
pile d ia. 2. 1m   mass 130t
water depth 24m ± 5m

operationa l ro tor  ra is ed for  ac c es s

Low  c os t  ac c es s
from a R IB

3 6
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Seagen: Performance at Lynmouth & Strangf ord

3 8
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3 9
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SeaGen - 600kW hub, gearbox and generator

Marin e Current Turbin es T M Ltd

Speed-increasing gearbox

8 planet wheels to cope with torque

4 1
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Rotor assembly at H&W - 16m diameter - 2 x 600kW

4 2
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SeaGen 1.2MW 
Commercial 

Demonstrator
- instal led in Strangford 

Narrows, NI

- to be us ed as testbed for
SeaGen t echnology

- will hav e continuous 
environm ent al m onitor ing

- mean m ax c urrent 9kt 
water depth 25m ± 2m

- but structur al c hange from
monopile as s hown to jacket
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Seacore Jackup-rig Excalibur visits Strangford 
16-19 April 2005, to complete SeaGen geotechnical survey
- original plan was to use Excalibur for monopile installation

but in the end no jack-up barge proved to be available

Marin e Current Turbin es T M Ltd

Plan ‘B’ - Jacket Foundation
� Unable to obt ain us e of Jac k-up 

Barge with in s ens ib le time frame

� Ther efor e MCT team work ed fast to 
conv ert m onopile struct ure to new 
self-inst all ing Quadr apod - from 
conc ept to inst al lation in bar ely s ix 
mont hs

� This is designed to be dril led into 
place from tem por ary platform and 
can be pos itioned from a Cr ane 
Barge

� Pinned to seabed with 1m diam eter 
steel pi les, 9m em bedm ent

Marin e Current Turbin es T M Ltd

5 levels containing…

� power conditioning 

� 11kV transformers

� control systems

� safety systems

� hydraulic lift mechanisms

� cooling & climate-control

Inside 
SeaGen…

Marin e Current Turbin es T M Ltd

SeaGen showing 
quadropod (4 feet) 

jacket structure  
being collected by 

crane barge  
“Rambiz” at 

Harland & Wolff, 
Belf ast

ballasted to over 1000 tonne
note temp drill platform

Marin e Current Turbin es T M Ltd

Positioning operation

Marin e Current Turbin es T M Ltd

SeaGen is lowered to 
the seabed

04:35hrs 2 April 2008
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Construction Barge in Position alongside SeaGen

-note drilling platform with two conductor tubes in place

SeaGen structure ballasted to stay in place during drilling 
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Drilling and Grouting Operations 
- carried out from temporary work platform
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SeaGen: installation 
completed 

15 May  2008
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SeaGen commissioning in progress
note - th is shows rot ors ra is ed at s lack tide

Notes:

1.   Safe access to these 
technologies is vital - nothing 
is 100% reliable

2.   The UK Maritime & 
Coastguard Agency seems 
happier with a well-marked 
surface-piercing structure 
than something that is 
submerged and invisib le

Marin e Current Turbin es T M Ltd

SeaGen commissioning

Tide races are dangerous 
places but safe access is vital 
- no system is 100% reliable

5 4

Marin e Current Turbin es T M LtdSeaGen 
note - th is shows rot ors ra is ed 

at about 1. 5-2m/s flow
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SeaGen 

note - th is shows typ ica l 
flow at ov er 3m/s

Marin e Current Turbin es T M Ltd

SeaGen 

Cros s arm being ra ised with str ong 
curr ent flow as v iewed from 
superstr uctur e

Safety boat “running t o stand stil l”

Without pitc h contro lled r otors th is 
would not be poss ib le

�

�

�
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SeaGen maintenance

Most maint enance and repair 
functions can be c om pleted 
rap id ly, us ing no mor e than 
smal l servic e vessels

Her e: fitting a new r otor blade

Marin e Current Turbin es T M Ltd

SeaGen delivers …. full power 14 Oct 08

620kW

1000rpm

1300hr 1400hr 1500hr 1600hr

power

generator speed

Marin e Current Turbin es T M Ltd

SeaGen delivers …. full power December 08

6 0
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Potential Tidal Current Energy Sites (Irish Sea)�

Scotland

N.I.

Wales

Stra n g fo rd

Analys is of tidal flows was 
diffic ult but new tec hniques 
are m aking it easier.

This is a computer 
gener ated model of the 
entir e Iris h Sea tidal flow 
reg im e at Spr ing Tide,  
3hrs after HW B elf ast

However only areas shown in 
magenta (and ringed in blue) 
have enough ener gy to be 
useful

image courtesy Kirk McClure Mo rton

Belfast
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Next stage - 10 MW SeaGen Array - Anglesey Skerries - Wales
project planned for 2010-11 - MCT & RWE npower renewables

Marin e Current Turbin es T M Ltd

Costs of projects (GB £) and main sources of finance

Proof of 
Concept  
1992-1995 

Joint project         ~ £0.35M  
 
IT Power                         ~  £0.50M 
Scottish  Nuclear             ~  £0 .25M 
NEL                                ~  £0.50M 

Seaflow  
1998-2006 

Consortium project~ £3.4M 
 
European Commission     ~ £0.8M 
UK Government (DTI)     ~ £1.3M 
MCT & partners              ~  £1.3M 

SeaGen 
2003-2009 

MCT project         ~ £20.5M 
 
UK Government (DTI)      ~  £5 .2M 
EDF Energy                      ~  £1 .0M 
Marine  Curren t Turbines  ~  £14.3M 

SeaGen Array 
2008-2011 

Consortium Project~  £52M 
 
MCT, RWE npower renewables + 
possible further investo rs   
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Driving down costs

?

Note 1p = £0.01 @Euro 1. 5c

2005     2006       2007       2008      2009      2010      2011     2012

Seve rn 
Barr ag e at 

8% dis co unt  
rat e - if built  
to b ud ge t!
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Env ironmental Issues

Marin e Current Turbin es T M Ltd

Principal Environmental Issues - tidal stream
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Marine Mammals - Seals

Tagg ing

� 12 anima ls 

� Pre-inst allation

� Post instal lat ion 

Courtesy SMRU St Andrews

Antenna
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Common Seal tracking telemetry by SMRU
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Bird f atalities from wind turbines & other causes:
getting things into perspectiv e

Prof.  Da vid M acKay
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Route towards Second Generation Technology
1.  de ve lo p a rel ia bl e po wer  

u nit  b as ed  o n S ea ge n 
2.  S cal e i t up  a n d do wn

w it hi n re as o na bl e lim its  

8m  (26ft)      12m (39ft )        16m (52 ft)       20m (65f t)   24m (76 ft)
110kW         2 70kW                525kW            880kW       1,350kW

3.  D e pl oy su it ab ly siz ed  ar ra y of r ot ors acr os s cu rre nt  

…. bu t we ne e d t o d eve lo p a su ita bl e str uc ture  t o h ol d t hem

6 rotors of -- -- 8m dia             12m dia            16m dia             20m di a             24m dia
give rati ng o f  -- - 0.6 6MW           1. 6MW               3.1MW               5.3MW               8.1 MW

7 0
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MCT 2nd Generation - patented hor iz ont al arr ay str uctur e -

operat es who lly s ubmer ged but w ith  se lf surfac ing capab ility to 

facil itate s afe acc ess

Marin e Current Turbin es T M Ltd

Second Generation - horizontal array structure

7 2
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Progress as planned by MCT - bigger and better
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Marine Current Turbines Ltd
http://www.marinetur bines.com

tel: (+ 44 or  0 ) 1 17 97 9 18 88


