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Tidal Power

* Tides arise from the rotational motion of the earth

> differential gravitational field set up by the Earth,
Moon, and Sun.

Several different tidal cycles:-
» a semi-diurnal cycle - period 12 hrs 25 mins
a semi-monthly cycle - (i.e. Spring - Neap Tides)
corresponding with the position of the moon.
Sun, Earth and Moon in approximate alignment >>
Spring Tides,
» asemi-annual cycle - period about 178 days which is

associated with the inclination of the Moon's orbit Causes
highest Spring Tides to occur in March and Septerrgr.

» Other long term cycles - eg a nineteen year cycle tife
Moon.

» Spring Tides have a range about twice that of neajides,
while the other cycles can cause further variationsf up to
15%.

Tidal Power — The Resource
L Tidal

Resource Resource is measured

KW/m2 in terms of kW/m? of

7 <0.01 vertical column of
water

0.01

Tidal Power — The Resource

Output from 40 x 5m diameter turbines
in Churchill Barrier — over whole of
2002

OQutput (MWh)




Tidal Power

» The Tidal range is amplified in estuaries, and in some
situations, the shape of the estuary is such that near
resonance occurs — e.g Severn Estuary, Wash, Mersey.

» Other good locations for tidal energy — between islands
— Race of Aldernay
— Pentland Firth
— Eynhallow Sound in Orkney

— Fall of Warness, Orkney

Tide Mill at Woodbridge in Suffolk
worked for several hundred years until
finally closed in 1960s

Tidal Power
* A barrage placed across such an estuary can affeitte
resonance conditions :
— can enhance or suppress potential range,
— careful modelling is needed.

» Potential power is approximately proportional to area
impounded and the square of the tidal range. Thuabout
4 times as much power can be generated at springlés as
at neap tides.

» For the Severn Estuary it has been found that
P = (0.0398 * Ap.97
Where A is impounded area and P is in TWH

Tidal Power
» Barrage Schemes — a barrier is constructed acrosstaary

La Rance — only
sizeable plant in
world — 240 MW

Constructed in 1966

Unlike barrage
does not provide
for a road link.

» Tidal lagoons (a variant of barrages)

Tidal Power — Barrage Schemes
Ebb Generation Flow:
 Basin fills as tide rises through Sluice Gates
« Sluice Gates closed at High Tide and basin level ldeuntil tide falls to
provide sufficient head differenc
Generation ceases when hea
Generation is restricted to

fference falls bela@witical lev
ours in any tidatycle
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Tidal Barrage Ebb Flow

[Energy Generated per cubic metre passing]
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Tidal Power — Barrage Schemes

Flood Generation Flow:

» Basin is empty at low tide

 Sluice Gates closed and no generation until tideuel rises to provide
sufficient head

» Generation occurs as water flows into basin ceasafter high tide when
head difference falls below critical level.

« Sluice gates opened to drain basin at low tide

» Generation is restricted to ~ 6 hours in any tidatycle

» Generally less generation than on Flood mode.

» Mean basin level lower than natural situation — prollems for shipping

Water Level {m)

Tidal Barrage Flood Generation
[Energy Generated per cubic metre passing]

Tidal Barrage Flood Generation

[inthis example - generation occurs whenever ther is a head » 3m]
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Tidal Power — Barrage Schemes — Two Way Generation
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» Example shows possible power from a Severn Barragi&zheme
» Less Power than EBB scheme, but better distributio through day
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Tidal Power — Severn Barrage Scheme

» Single Basin — derived from Bondi Report EP46

— » Burnham on Sea
Porlock o~ e |
Porlock Minehead™* Tarchet

Opportunity to build this at time of Second SeverrCrossing was missed —
part of cost could have been from provision of newoad link.

Location would be further downstream, but benefit fom additional road

link is limited. i

. Doub_le Basin

Tidal Power — Severn Barrage Scheme

Minehead  * Watchet
Upper Basin filled at High Tide
Lower Basin emptied at low tide
Could provide power on demand
Could incorporate pumped storage — not costed in deg

?Nokul;j provide better access for shipping (higher bsin level — albeit via
ocks

Would increase time of mud flats for wading birds &lbeit slightly displaced in
location) W




Tidal Power — Severn Barrage Scheme

Tidal Power — Barrage de la Rance, St Malo
» Constructed in 1966 — 240 MW peak

PEONTLY

24 x 10 MW Turbogenerators 6 Sluice Gat

, |
= i\/_%

Ecluse

13 14

| |
| |
| - | -
| Tidal Power — Barrage de la Rance, St Malo | Tidal Power — Barrage de la Rance, St Malo
| | » Can use pumping at high tide to enhance output.
; Two way generation } * Pumping not done if it coincides with peak demand
‘ : ; ‘ ; St 5 . :
: sitho b UMD with pumping : Pumping is done over low hea_d generation over higher
‘ ! head — hence a net energy gain.
| I R e e e e e e e e e s e e e e e e e e e i
| |
| sans pompage | La Rance Tidal Barrage ‘
: pompag avec pompage 1 Ebb Generation (with and without pumping) i
| L. | 16.00 g

N7 " . N\~ Pumpin; [Pumpin, ‘
| o T : 1400 1 'L—“p 5 f’_rp 8 | }
| 2B , L l € nwl A | |
! b D s 5 G ! E | / Generating / Generating | |
: ) o 8,.5 i : | m: o : : £ 1000 |
‘ 22! §5 | 2 Pompagd ool & ‘ 2 ol / /1
| 28152 5 RubRieg; Turbinage | 2 1881 5 | 2 } | ] .|
! N N ' Generation! g |88 5 | F! ! g8 % -
: | ; ! ' | L | - ! ! : £ 4| i
: : 2 e |Filling| Filling | }
: : 0.00 ] + + + + ] :
1 } i 5 10 15 20 25 0 35 40 45 50|

o |

i 2 i Time after mean water (hours) } 16
| |
| |



COTZ BABSIN

Tidal Power — Barrage de la Rance, St Malo

The Sluice Gates

Vortices created during
generation at La Rance

Tidal Power — Tidal Stream
Under water Turbines j

Can be mounted on
sea bed and be
entirely submerged

or penetrate surface




Tidal Power — Tidal Stream

W, SCOTRENEWALLES, Ce b/}/

/ Floating Device

Grid connected device in

Northern Ireland G

2k

Tidal Stream Resource

Annual Installed
Output Capacity

Location (GWhlyr) (MW)
Channel Islands 1817 533
Orkney and Shetland 1045 318
Western Isles 119 325
Pentland Firth 8120 2292
South West 1229 368
Total 13330 3836

13300 GWh is equivalent to 3.7% of UK electricityd emand

In comparison the UK has currently installed 4100 M W of
wind turbines

Tidal Power — Tidal Lagoons

A derivative of barrage
» Create a lagoon surrounded by a barrier

» Allow water to flood into lagoon and then generate
through turbines.

» Could have two lagoons — as double barrier scheme.

» Claimed it could have higher load factor and less

Environmental Issues — though latest consultation
document (Jan — Apr 2009) is not so sure

* Would require a lagoon of 115 sq km and a barrier
length of 60+km — [much longer than barrage — material
issues??]

» Would require 200 million tonnes of rock fill — about 10
times that of basic barrier scheme.

* Would generate no power until complete (all or nothing) .3

Tidal Power — Basic Theory

Barrier Schemes rely on potential energy
Energy available = mgh x volume flowing
But kinetic energy = potential energy
ie. mgh = 0.5 ma/(v = velocity) or V =12gh
Mass flowing = density x volume
m = density X cross section area x velocity
m =pnR?V (R is radius of turbine)
So energy available = 0.5p mR? V .V2 =0.5pmR? V3
Allowing for efficiency ., actual available energy = 0.5, p Tt
Ra:\/2
Tidal Stream devices rely on kinetic energy
Formula is same as for Wind Turbines
i.e. Energy Output = 0.5, NpezPTTR? V3
Ntz 1S the Betz Efficiency = 59.26%
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Proposed Schemes 2009 - Barriers

Beachley Barrage

Newport Shoots
Barrage

Cardiff

Cardiff — Weston
Barrage

Minehead —
Aberthaw —
Barrage

Cardiff -

Hinkley —
Barrage

Weston

Minehead
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Proposed Schemes 20(- Barriers

Beachley Barrage

Newport Shoots
Barrage

Cardiff

3

Cardiff — Weston
Barrage

Minehead —
Aberthaw —
Barrage

Cardiff -

Hinkley —
Barrage

Weston

Minehead
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Proposed Schemes 2009 - Lagoons

Russell/
Peterstone N Welsh
Flats Shpert Grounds

Lagoon fj: Lagoon

English

Grounds Bristol
Offshore Lagoon
Lagoons
Weston
\
) Bridgewater
Minehead Bay Lagoon
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Proposed Schemes 2009 — Tidal Fences

Newport

Cardiff — Weston
Tidal Fence

. Bristol
Minehead —

Aberthaw —

Tidal Fence Weston

Minehead
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Comparison of Different Schemes

Note: in 2010 Government postponed I InSta”.ed Annua.l Ear“e.St capital| Cost .per
plans for development indefinitely capacity |Generation| operation | cost unit
MW TWh fbn | p/kWh
Outer Barrage from Minehead to
B1 Aberthaw 14800 253 2022 29 7.3
Middle Barrage from Hinkley to ~9950 19.3 2021 21.9 782
B2 Lavernock Point
B3 Middle Barrage (Cardiff - Weston )| 8640 16.8 2020 18.3 7.39
B4 Inner Barrage (Shoots Barrage) 1050 2.77 2019 2.6 6.69
B5 Beachley Barrage 625 1.59 2018 1.8 8.21
Fla [Tidal Fence (Cardiff - Weston) 0.7 3 4.4 40.47
F1b [Tidal Fence (Minehead -Aberthaw) 3.3 ) 6.3 14.33
L3a  [English Grounds Tidal Lagoon 1.41 2018 3.1 11.35
L3b  [Welsh Grounds Tidal Lagoon 1360 2.31 2019 2.6 11.27
L3c |Peterstone Flats 1120 2.33 2019 3.3 9.03
L3d  |Bridgewater Bay 1360 2.64 2020 3 8.29
L3e(i) |Offshore Tidal Lagoon 1 1360 2.6 2020 5.8 12.86
L3e(ii) |Offshore Tidal Lagoon 2 760 1.32 2019 3.5 15.05

» Tidal Fences are unknown technology so uncertaintgver operation date.

» For comparison Sizewell B generates ~8.0 TWh per anm.

» Data do not consider potential advantages of doublearrier scheme with
pumped storage — something which will be needed witimore renewables 29

A simple Cost Benefit Analysis of the benefits of double basin

scheme

* In 1979, construction of Dinorwig Pumped Storage Poer
station (1800 MW) was started and cost £0.45bn

» Compared to January 1979, the RPI in Jan 2009 wa$©9.89,
i.e. prices were 4 times those in 1979.

» Thus the cost of similar station today would be £8bn or
£1m per installed MW.

» |If 50% of capacity were available as pumped storage

» The Minehead — Aberthaw basin if made a double basin
would provide same capabilities as spending £7bnselwhere
on alternative pumped storage

» something which will be needed with increased renable
generation such as wind

* A holistic approach is needed

See
http://www.independent.co.uk/opinion/letters/letteis-tidal-power-1517932.html
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Website: www?2.env.uea.ac.uk/gmmc/env/energy.htm
WARNING: Website is limited to 10 simultaneous a  ccesses

This has been updated to provide links to consultain
documents on tidal power

And Finally

"If you do not change direction, you may end
up where you are heading."
(E#) :“MRETHE , RELES T Rits, "
Lao Tzu (604-531 BC) Chinese Artist and Taoist philosopher
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