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Peak Oil - the Supply-Demand Gap

Source: Dick Lawrence, The Case for Modeling World E nergy Fow, World E ner gy Modelling, Berin 2004

1960 1980 2000 2020 2040

Most renewables are diffuse

POWER PER UNIT LAND
OR WATER AREA

Wind 2W/m?
Offshore wind 3W/m2
Tidal pools 3W/m?
Tidal stream 6W/m?2
Solar PV panels ~ 5-20W/m?
Plants 0.5W/m?
Rain-water

(highlands) 0.24 W/m?
Hydroelectric

facility 11W/m?2
Geothermal 0.017 W/m?

Table 18.10. Renewable facilities have
to be country-sized because all
renewables are so diffuse.

Source: Prof. David MacKay
Sustainable Energy Without the Hot ai r 2008
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Marine Energy - the options

Techmology Staus Load Instal led Uritcost Size of UK

fada Capitalcost  eledricty resource
(%) (EkW) (p/kWh) TWHyr)

Offshore wind commercial 2510 40% 1300—2000 5to7p over 100

Tida barage unecoromical | 20 to 25% 1500- 3000 >% ~50

Tidal &marire curent pilotprojects | 30to 45% 1500- 2500 300 * >20

turbines

Wave — shorline OW C ggerimami 2010 30% 1500- 3000 5 to 10p ~2

Wawe - neashae OWC experimentd | 25t 35% 1500- 3000 5to 12p ~50

Wave - offshore- part plotpojects | 2010 50% 1500- 25002 , 012 * |>100

i P

orline absaber or

OTEC experimental | 80%+ 2 2 2 nfato UK

Satgradent laboratory 80%+? ? ? ?

* Camon Tust“Fuure Marine Energy: The Resuts of theMarineEnergy Challenge’, Jan 2006 ’

figures apply for 1GW nstalled

[ Highlighted rows show techmologiesmostli  kely o be costeffective far useofftheUK
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23,000 offshore SMW

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 = 76,000km?
Typical power capture = 3MWkm?
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.

La Rance Tidal Power Barrage
the exception that proves the rule

the anly large tidal barrage in the world
Rance River estuary, Britany (France)
24x10 MW bulb turbines (240 MW)
Built 1966

eakmeda
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Sev ern Barrage - coming up for its 4th review

- Severn River estuary

» 8,640 MW total capacity

+ 17 TWhaverage energy output

+ Ebb generation with flow pumping

+ 16 km (9.6 mi) taal barrage length

- £14 billion estimated cost

* 27% Capacity Factor (2 x 4hr in 24hr)

unlikely to be economically competitive

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

~

-

Proposed Cadiff
Weston Barrage

Excellent Reference

Sustainable Energy - without the hot air

For anyone with influence on Tony Juniper
energy policy, whether in Former Executive

government, business or a Director, Friends of Sustainable Energy -
campaign group, this book should the Earth il
be compulsory reading.

At last a book that comprehensively Robert Sansom David JC MacKay
reveals the true facts about EDF Energy

sustainable energy in a form that is
both highly readable and
entertaining.

Official publication dates:
2nd December 2008 (UK);
1st May 2009 (USA).

Also available for free download over the internet. Rpopularstience ook
by David JC MacKay
Buy now
Professor of Natural Phiosophy,
Department of Physics,
University of Cambridge

ISBN: 9780954452933 / 978-1-906860-01-1

vithouthotair. con




Where we

What could be seem to be
possible heading?
»
State Sector E R&D ding 1974-2005 . .
ate secori=nergy spending Structural: the reaction to power generation

= 1T

S
—P wryo vk i cwer aned
Auirray = et ol F
EITRE
~100t per MW at 2.5m/s
~170t per MW at 1.5m/s

Decentralised Marine RE Systems  *:

What do we need for commercial success?

1. Scale — must be IMW or more to be economic

2. Access —safe, affordable, reliable access for servicing
3. Reliability —need to minimise costly inter vention

4. Life —several decades; otherwise not economic

... fewtechnology developers are anywhere near to
delivering technologyto fit these criteria

* ji.e.wave and tidal streamenergy systens

Wave Energy




Shoreline Wave Energy Conv etters:
Wav egen’s Limpet OscillatingWater Column

Near-shore - Aquamarine “Oyster”

Pelamis Wave Power

Pitching segments react
against each other -
hydraulic rams drive
hydraulic motor and hence
an electrical generator

Ocean Power Technology - 40kW Powerbuoy

Heaving buoy with
internal reaction

Wav e Dragon - overtopping wav e collector

Tidal Stream Energy




Marine currents =High energy intensity

Atidal current tu rbine gains
over 4x as much energy per
m? of rotor as awind turbine

The Effect of Velocity Shear
Sea Level w <

Power /Energy

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

25% of the Energy is
in the lower 50%

Sea Bed

Hammerf est Stram 300kW - (2003 - ?)

Hammerfest Stram 300kW
axial flow (Norway)

Ponte di Archimede “Kobold” Turbine - (2004) - 20kW

North American experimental devices

UEK - 30kW?

Verdant Power gBkW&‘
(6 units in East River NY)

Recent experimental devices in 2007

Open Hydro - 50kwW?

Clean Current - 50 to 100kW?




Marine Current Turbines: SeaGen

at least 300mz2 rotor area needed for economic viability
becaus e of high fixed cost overheads of off-s hor e proiects

MCT MCT MCT

lom? 150 m2
95 m2

note that SeaGen is the first large enough for

- commercial viability - 4x the size of even Seaflow .

Background: 15kW Tidal Current Turbine (1994-5)
Square metres of . L)L
tidal turbines in the 1tHs S8 % &
seasofar.... z &$ & (#
7S
[
SeafIOW Ins':a"ed oprational rotor raised for access

30 May 2003
rotor dia. 11m (= 95 sg.m.)

rated power 300kW @ 2.5m/s
pile dia. 2.1m mass 130t

water depth 24m + 5m

Low costaccess
fromaRIB

#) *

2 340056 7.4,

$ +
+ $
8,
$ 3
$ 3 - $$
+ R
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Seagen: Performance at Lynmouth & Strangford

Speed-increasing gearbox

8 planet wheels to cope with torque

Rotor assembly at H&W - 16m diameter - 2 X w SeaGen 1.2MW
Commercial

Demonstrator

installed in Strangford
Narrows, NI

to be used as testbed for
SeaGen technology

will have continuous
environment al monitoring

mean max current 9kt
water depth 25m + 2m

but structural change from
mono pile as shown to jacket




Seacore Jackup-rig Excalibur visits Strangford Plan ‘B’ - Jacket Foundation

16-19 April 2005, to complete SeaGen geotechnical survey Unable to obtain use of Jack-up
- original plan was to use Excalibur for monopile installation Barge within sensible time frame

but in the end no jack-up barge proved to be available
Ther efore MCT team worked fast to
convert monopile struct ure to new
self-installing Quadrapod - from
concept to installation in barely six
mont hs

This is designed to be drilled into
place from temporary platform and
can be positioned from a Crane
Barge

Pinned to seabed with Im diam eter
steel piles, 9m embedment

SeaGen showing
quadropod (4 feet)
jacket structure
being collected by
crane barge
“Rambiz” at
Harland & Wolfff,
Beff ast

ballasted to over 1000 tonne
note temp drill platform

SeaGen is lowered to
the seabed
04:35hrs 2 April 2008

Positioning operation




SeaGen: installation
completed
15 May 2008

SeaGen commissioning

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

SeaGen
note - this shows rot ors rais ed
at about 1. 5-2m/s flow




SeaGen delivers .... full power 12 octos

620K
power
generator speed
1000
1300hr 1400hr 1500hr 1600hr

SeaGen delivers .... full power pecember 08

Potential Tidal Current Energy Sites (Irish Sea)

Analysis of tidal flows was
difficult but new tec hniques °
are making it easier.

This is a computer
generated model of the
entire Irish Sea tidal flow o o
regime at Spring Tide,

3hrs after HW Belf ast °

However only areas shown in

magenta (and ringed in blue)

have enough ener gy to be a
useful

image courtesy Kirk McClure Mo ton
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Next stage - 10 MW SeaGen Array - Anglesey Skerries - Wales
project planned for 2010-11 - MCT & RWE npower renewables

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

Proof of Joint project ~ £0.35M
Concept IT Power ~ £0.50M
1992-1995 Scottish N uclear = £0-25M
NEL ~ £0.50M
Seaflow Consortium project~ £3.4M
1998-2006 European Commission ~ £0.8M
UK Government (DTl) ~£1.3M
MCT & ners ~ £1.3M

Driving down costs
Note 1p = £0.01 @Euro 1. 5¢c

Sevem
Barage at

8% dis co unt
rate_ if built

tobudget!

?

S

2005 2006 2007 2008 2009 2010 2011 2012

Environmental Issues

Marine Mammals - Seals
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Common Seal tracking telemetry by SMRU

Wy B
| &

Courtesy SMRU St Andrews

Bird f atalities from wind turbines & other causes:
getting things into perspective

Prof. David MacKay

Route towards Second Generation Technology

6 o —- 8m dia 12m da 16m dia 20m da 24m dia
gveraingof —--  0.66MW 1.6MW 31IMW 5.3MW 81 MW

MCT 2nd Generation - patented hor iz ont al array str ucture -
operates wholly submerged but with self surfacing capability to

facilitate s afe access

Second Generation - horizontal array structure

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)117 979 1888
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