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Some Key Considerations

Growing worldwide increase in energy demand
particularly in dynamic economies, e.g. China

Climate change and population growth (globally
and UK) leading to increase in energy demand

Decarbonising energy - rise in electricity demand

EU targets, e.g. 20% of energy from renewables
by 2020 - 15% target for UK (=~ 35% of electricity)

Tidal energy has advantage of being predictable

Severn Estuary basin is ideal site for tidal energy
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Stern 2006: Climate Change Impacts
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The Perfect Storm = 2030



UK Challenges - Population Growth

2033

71.6m people

Population growth not
just a challenge for

developing countries:
Also challenge for UK

2009
61.8m people




Mean Spring Tidal Range Resource

Source — DTI Atlas of
Marine Renewable
Energy Resources







Tidal Stream Turbines

DeltaStream

Rotor diameter > 15m
Min. depth > 25m LAT

Nominally = 1.2MW/unit

MCT Turbines



ORCA-VAT (Vertlcal AXIS Turblne)

Designed by Prof Thorsten Stoesser - Cardiff University
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Tidal Lagoon Concept

Analysis often undertaken

using limited 0-D models
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Current Swansea Bay Lagoon
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Wall ~ 9.7km long

Area =~11.6km? =
1624 football pitch

Energy output of
0.4 TWh/yr(?)

Severn Barrage >
42 tidal lagoons

Power 5%/42 of
UK use =~ 75k pop



Severn Barrage - 1849

First proposed by Thomas Fulljames - 1849
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Potential Power from Tides

For tidal barrages and impoundments:-

A = wetted surface area upstream of a barrage
H = water level difference across a barrage/lagoon

Cardiff-Weston line: A = 500 km? = 1.5 x Lake Garda
H =~ 7m for STPG scheme - with ebb generation only
H =~ 3m for VLH turbines - but generate on ebb & flood
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DECC Long List of Schemes 2008



Severn Tidal Power Group Scheme

Slides - courtesy of
STPG / David Kerr
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2nd highest spring
tidal range = 14 m

Cardiff to Weston
Length about 16 km

Generate = 5% of
U.K. electricity

Total cost ~ £20 bn

Save > 6.8 million
tonnes carbon pa



STPG (1989) Severn Barrage Layout
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216 turbines
each 40 MW
~ 17 TWh/yr

166 sluices
Ship locks
Fish pass?

Public road &
railway?



STPG Tidal Power Generation



STPG Operation - Ebb Generation Only



STPG Scheme: One Way Generation




Existing Estuarine Environment

Tide Range - 14 m on springs, 7 m on neaps
High tidal currents and large inter-tidal areas
30 Mt sediment suspended on springs, 4 Mt neaps
Little sunlight penetration through water column
Reduced saturation dissolved oxygen levels

Ecology
Harsh estuarine regime with high currents
Limited aquatic life in water column / bed

Bird numbers per km? are relatively small
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Changing Natural Environment
Climate Change

Temperature rise will affect ecology, birds etc
Sea level rise will lead to increased flood risk

Water Quality
Cleaner effluent discharges with EU WFD
Nutrient reduction will affect aquatic life

Legislation

Long term projects (>120 yr) require assessment
against future - not just current - environment
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Main Effects of Barrage

Spring tide range reduced from 14 mto 7 m
Significant loss of upstream inter-tidal habitats
Reduced currents up and downstream of barrage
Reduced turbidity and suspended sediment levels

Increased light penetration through water column -
with increased water clarity

Increased primary productivity and changed bio-
diversity of benthic fauna and flora

Upstream tidal range of 7m is still relatively
large compared to most deltas world-wide
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Severn Estuary - Numerical Model
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Velocity Field Around STPG Barrage
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Maximum Water Levels - Ebb Only

Reduced
flood risk




Maximum Tidal Currents - Ebb Only

Maximum Velocit y(m/s;
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High Suspended Sediment Levels

Dynamic region of
high turbidity
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Suspended Sediment Levels

Mean Flood

Reduced sediment

levels & clearer water

Without Barrage With Barrage
Mean Flood - Spring Tide
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Effects of Turbidity Changes

But what type of birds?
Dunlin or other birds?
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Riverine and WwTW Source Inputs?

Rivers
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EU Bathing Water Directive



Diffuse Source Pollution Inputs?

Creature

Faecal
production

(g per day)

E. coll

per g
faeces

E. coli
load (per
day)

Human

150

1.3x10’

Cow

23600

2.3x10°

1.9x10°

Hog

2700

3.3x10°

Sheep

1130

1.6x10’

Ducks

336

3.3x10°

Turkeys

448

3.0x10°

Chickens

182

1.3x10°

Gulls

15

1.3x10°

Wales Population: Humans - 2.75m Sheep - 10.5m
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Enterococcl Ty, Experiments

0
GLOUCESTER

A Sampling Location

Langland
Bay
A

Minehead

Artificial light source
calibrated to provide
average radiation
conditions during
bathing season

Samples taken from 5
sites along estuary

Dark and irradiated
microcosms tested
- 4 times at each site
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Relationship with Turbidity/SS

Empirical relationships developed between turbidity,
suspended solids and Ty, values

Dynamic Ty, values included in numerical model: varying
with time, location, predicted SS level and radiation

Turbidity (NTU)
060100 140 160 180 200

—— Light T90
— — Dark T90

152.6 Hours

1207.2 NTU

1738.5 mg I

1000 1500 2000 2500
Suspended Solids (mg I'1)




Tidal Reef - Low Head Scheme

Tidal reef design by
s Evans Engineering



Hafren Power Severn Barrage Scheme
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1026 VLH turbines
—each 6.3 MW
~ 16.4TWh/yr

No sluice gates
Length about 18km
Total cost ~ £25bn
Ship locks

Save > 7.2 million
tonnes carbon pa

Road, rail & fish
pass?



Alternative: Two Way Generation




Water levels and Power Output

Water level (m)
Upstream of the barrage

48.8 GWh/24.8h
5.2 m mean tide

High tide 4.6 m
DT A I T N T Power for 11h

I=Filling (4.3h) ‘-' Water level (m)

I1=Holding (1.6h+1.0h) N Downstream of the barrage
I11=Generating (5.5h)

Water Level (m)
Power output (GW)

Hg < !E = | [ [ 1 [
.-"‘- Water level (m)

’.-‘I-'- .-..-- 7 Upstream of the barrage
M~ | ‘

48.4 GWh/24.8h
4.4 m mean tide
High tide 3.2 m
Power for 15h

Releasing (0.8h+1.1h)

- i |/ Water level (m
I1=Holding (2.0h+1.3h) ‘ Downstream of the barrage
I11=Generating (2.8h+4.4h)

Water Level (m)

6
5
4
3
2
1
0
-1
-2
-3
4

Power output (GW)

Power
Generation




STPG Scheme - Ebb Generation
216 Turbines - 166 Sluices
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Two-Way Generation
764 Turbines - No Sluices
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Peak Water Levels - Ebb Only
216 Turbines - 166 Sluices (STPG)

Reduced
flood risk

Continental Shelf Model
Boundary Elevations
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Peak Water Levels - Two Way
764 Bulb Turbines - No Sluices (HP Concept)

Reduced
flood risk

Continental Shelf Model
Boundary Elevations
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Peak Tidal Currents - Ebb Only
216 Turbines - 166 Sluices (STPG)

Continental Shelf Model
Boundary Elevations
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Peak Tidal Currents - Two Way
764 Bulb Turbines - No Sluices (HP Concept)

Continental Shelf Model
Boundary Elevations
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Peak Water Levels - (2005)
1026 VLH Turbines - No Sluices

Continental Shelf Model
Boundary Elevations
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Peak Water Levels - (2145)
1026 VLH Turbines - No Sluices

Continental Shelf Model
Boundary Elevations
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Peak Elevations at Newport

Without Barrage

Marked flood risk reduction

upstream of barrage

With Barrage
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Peak Elevations at Swansea

Without Barrage

Little flood risk change
downstream of barrage

With Barrage
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Suspended Sediment Levels - HP

With Barrage

Without Barrage

Mean Ebb - Spring Tide
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Extensive Field Data Programme



Data Being Acquired

Data acquired & analysed
Time
Sampling
Analysis
Depth

Tidal state
E. coli (MLGA)

Presumptive intestinal
enterococci

Confirmed intestinal
enterococci (sample)
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Conductivity
Turbidity

TDS

Salinity

Specific conductance
pH

Temperature
Dissolved oxygen

Net irradiance and
attenuation



Turbidity Varies Significantly

84 POSITIONS




Turbidity and Total P Field Data

Initial data suggests that total phosphate levels are likely to

be reduced as turbidity levels reduce with a barrage
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Levelised Cost Comparison

Severn Barrage: the UK's cheapest electricity over 120 years

Levelised (lifetime) costs, £ per MiVh, based on DECC and Committee on Climate Change 2011 figures.

Barrage chart shows the market price of £1600Wh for the first 30 years, then £200Wh for 90 years.
Assumed that learning rates for coal, gas, nuclear and wind, as calculated by the Committee on Climate Change, persist for 120 years and do not taper off

Assumed lifespans: 30 years for coal and gas plants and wind farms; 60 years for nuclear plants; 120 years for the Barmage.
— - 3yerage evelised (lifetime) cost over 120 years in £ per MWh (includes carbon tax)

envvn Unabated Gas Coal CCS Gas CCS Offshore Wind Nuclear Barrage /MWy

200
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UK Relative Water Stress

Low water High water
stress stress
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Summarising

Severn Barrage with Low Head Turbines would:
Provide 5% of UK’s electricity from renewables
Reduce intertidal habitats by ~ 50 km? (140 km? STPG)
Reduce flood risk upstream and combat sea level rise

Reduce (to varying degree) tidal currents & suspended
sediments, but increase light penetration & water clarity

Change ecology and benthic flora and fauna
Enhance opportunities for tourism and recreation

Two-way generation offers potential for optimal energy
provision and minimal hydro-environmental change

Create 50,000 jobs in Wales and S. West post barrage
Fish problems reduced due to lower turbine velocities
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Challenge - 1

For engineers and scientists to deliver
UK’s marine renewable energy targets

Challenge - 2

For UK to deliver renewable energy
with minimal environmental impact




Thank You

Professor Roger A. Falconer
Email: FalconerRA@cf.ac.uk
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