TIDAL ENERGY:  BARRAGE VS LAGOONS – THE WRONG DECISION?
(Rod Walters, Abergavenny & Crickhowell FOE.  October 2007) 
0. SUMMARY

The Sept 30 2007 Government report “Tidal Power in the UK” recommends a large barrage 
as being the best way of harnessing the tidal energy of the Severn Estuary. It is very likely that tidal lagoons, dismissed by the report, are better: 

· lagoons could be built more quickly; 

· they could generate at least as much electricity as the Cardiff-Weston barrage;
· they could do so in a more distributed way – the barrage output would be concentrated in
      two large pulses per day; 

· a Cardiff-Weston barrage is likely to cost the public several billions, far more that tidal lagoons;    

· lagoons would have a much smaller impact on the environment, e.g. on feeding grounds

for tens of thousands of birds, on migratory fish and on the Severn Bore; 

· lagoons would impede shipping movements to and from ports to a much lesser degree; 

· they would provide much less protection against flooding upstream than the barrage, but
       flood protection could be provided by other proven means.
The short report below amplifies each of the above statements. A fuller, detailed report on the barrage was released by Friends of the Earth Cymru at the beginning of October 2007 and can be seen at www.foe.co.uk/cymru/.   
1.
INTRODUCTION

The Severn Estuary tidal range, at over 13 metres, is one of the highest in the world, and different proposals have been made for harnessing its energy, the main ones currently being:
A Cardiff-Weston barrage, stretching nearly 10 miles from Lavernock Point west of Cardiff to Brean Down in Somerset. Several feasibility studies were carried out between 1974 and 1988, and a scheme was published in 1989 jointly by DTI, CEGB and the Severn Tidal Power Group (STPG), comprising Balfour Beatty, Taylor Woodrow, Sir Robert McAlpine and Alstom. In 2002, a ‘New Appraisal’ report for substantially the same scheme was published by STPG calling for a re-examination of the Barrage Project. 1
A ‘Shoots Barrage’, smaller and generating less power, situated just downstream of the second (most recent) Severn road bridge. It has been proposed by the company Parsons Brinkerhoff Power Ltd  and could carry the London to South Wales main line railway. 
Tidal lagoons, circular rock-walled structures located about a mile off the Welsh or English coast-line, proposed by Tidal Electric Ltd (www.tidalelectric.com.) 
On 30 Sept 2007, the Sustainable Development Commission (SDC) published its verdict in the report Tidal Power in the UK, funded by the Department of Business, Enterprise & Regulatory Reform, the Welsh Assembly Government, the South West of England Regional Development Agency, the Scottish Government and the Department of Enterprise, Trade & Investment (Northern Ireland). Is its decision in favour of the Cardiff-Weston barrage the right one? Its reliance on the views of James Craig and Clive Baker, two Severn Barrage study veterans, raises the possibility that its findings have from the start been biased in favour of the barrage and against lagoons.
2. LENGTH OF TIME TO BUILD

A Cardiff-Weston barrage would take a long time to build, with estimated completion dates of 2017-2019 being optimistic given the tendency for such mega-projects to over-run both in timescale and cost. Placement of the 370 caissons, once construction starts, would only be at a rate of about two caissons per month and be dependent on good weather and neap tides. 
But addressing Climate Change cannot wait. 'Tipping points' may be passed in the next 
10-20 years. Action to bring down carbon emissions must come without delay. Lagoons could be built more quickly than the barrage – Tidal Electric Ltd say that a tidal lagoon of the size proposed for Swansea Bay could be built in 2–3 years  –  as could off-shore wind-farms, and 1,000 offshore wind turbines could generate as much power as the barrage. 

3. AMOUNTS OF ELECTRICITY GENERATED
The installed capacity (maximum output) of the Cardiff-Weston barrage would be 8,640 MW or 8.64 gigawatts (GW) and it would have a load factor of about 23%. It would generate about 17 tera-watt hours per year (TWh/y) in an average year, amounting to 4.4 % of UK electricity demand (hyped up by barrage supporters in the media following the SDC report as “5%”).
The total potential output of lagoons is estimated by Tidal Electric ltd as 32.910 TWh/y, far exceeding that of the Severn Barrage, and if the figures claimed in Table 1 below are accurate, the output of two or three large lagoons would equal or exceed the 17 TWh/year Cardiff-Weston barrage output. 

	Output of Lagoons
	
	
	
	
	

	
	
	
	
	
	

	
	Area 
	Mean Tidal 
	DNC (MW)
	Load 
	Output

	
	(square km)
	Range
	
	Factor
	(TWh/yr)

	Oxwich Bay
	4
	6.5
	48
	33%
	0.139

	Swansea Bay
	5
	7
	60
	36%
	0.189

	Porthcawl/Scarweather
	24
	7
	300
	38%
	0.999

	West Nash
	8
	7
	100
	38%
	0.333

	Culver Sand
	10
	7
	120
	40%
	0.420

	Watchet/Blue Anchor
	8
	7
	95
	40%
	0.333

	Bridgewater Bay
	91
	10
	1900
	55%
	9.154

	Weston-super-Mare
	4
	10
	90
	55%
	0.434

	Sand Bay
	3
	10
	70
	55%
	0.337

	English Grounds/Longford
	40
	10
	850
	57%
	4.244

	Cardiff-Newport
	72
	10
	1500
	57%
	7.490

	Welsh Grounds
	72
	10
	1500
	57%
	7.490

	Oldbury Sands
	12.5
	10
	270
	57%
	1.348

	
	
	
	
	
	

	Total Severn Estuary
	
	
	6903
	
	32.910

	Total Behind Barrage
	
	
	4280
	
	21.343

	
	
	
	
	
	

	with pumping (+ 25-30%) 2
	
	
	
	
	

	Total Severn Estuary
	
	
	
	
	41.137

	Total Behind Barrage
	
	
	
	
	27.746

	
	
	
	
	
	

	With aggressive pumping program 2
	
	
	
	

	Total Severn Estuary
	
	
	
	
	98.730

	Total Behind Barrage
	
	
	
	
	68.297


Table 1 (Tidal Electric Ltd. June 2007)
Tidal Electric Ltd’s claimed output for lagoons would amount to 340 GWh per square mile per year compared to the barrage output of 92 GWh, a difference partly explained by a lagoon’s ebb and flow mode of operation using the full tidal range, compared with the barrage’s ‘stepped’ ebb-tide only mode. Several respected engineering consultancies have confirmed Tidal Electric’s output figures (including RW Beck, WS Atkins, Delta Marine Engineering and AEA Technology).

The electricity generated by Lagoons is also distributed more usefully. The barrage would supply power only for about 3 hours during each daily ebb tide. These pulses of power would not synchronise with the daily variations in grid demand and while predictable would not be easily integrated into the national grid. Tidal lagoons generate on both the ebb and flow so the problems of pulsed power are roughly halved. The power swings from the barrage (of up to 8 GW per hour) would greatly exceed the likely hourly swings in the cumulative output of a major wind-power programme generating 20% of 2020 UK demand. 
The ‘Shoots barrage’ could be built in four years (according to Parsons Brinkerhoff Power Ltd), would generate 2.75 TWh of electricity per year at a rate cheaper than the Cardiff-Weston barrage (see Table 2) and could carry a railway line to replace the ageing Severn Tunnel. It would allow the additional building of tidal lagoons down-stream, whereas the Cardiff-Weston barrage would greatly restrict the locations where lagoons could be built.
	
	Cardiff-Weston barrage
	“Shoots” barrage

	Length of embankment
	16.1 km
	4.1 km

	Generating capacity
	8.64 GW
	1.05 GW

	Annual average output
	17 TWh
	2.75 TWh

	Contribution to the UK’s electricity supplies (2006 data)
	4.4%
	0.7%

	Cost of construction
	£15 billion
	£1.5 billion

	Cost of output
	@ discount rate of:
	
	

	
	3.5%
	3.68p / KWh
	3.62 / KWh

	
	8%
	9.24p / KWh
	7.52 / KWh

	
	10%
	12.37p / KWh
	9.54 / KWh


Table 2 (“Tidal Power in the UK” – SDC, Sept 2007)

Other technologies for harnessing the energy potential of the Severn Estuary include:

(1) Marine current turbines, which could be located in deeper waters further west in the estuary. They would not be precluded by either the Cardiff-Weston barrage or lagoons and could generate around 0.5 TWh / year, according to MCT Ltd. 

(2) Tidal fences, which impound an area by building concrete walls out from an adjacent shoreline. They have not been studied in terms of Severn Estuary power generation potential. 
4. COSTS

Barrage

Construction cost estimates for the Cardiff-Weston barrage scheme currently stand at around £15 billion, with generating costs of around 9.24 pence per kilowatt hour assuming a discount rate of 8% (Table 2). Actual costs will depend on a number of factors ranging from the price of finance to the provision of road and or rail link and the size of the lock system required for future shipping. The costs stated are likely to turn out to be huge underestimates, as happens with most large construction projects. 
Severn Barrage costs will be picked up largely by the tax-payer – the SDC report recommends that “a Severn Barrage must be publicly led as a project and publicly owned as an asset”.3  It has already cost millions in studies, and will require further "massive subsidies", according to DTI spokesperson L. Sainsbury (Hansard February 8 2006). 

SPTG claim in their New Appraisal Report (2002) that costs would be covered by sales of power (estimated at £ 20 - 27 / MWh ), a credit for avoiding carbon dioxide emissions (£30 / MWh), plus a value for avoided future flood damage ( £20 / MWh ) – a combined value of up to £77 MWh. The Friends of the Earth Cymru report “The Severn Barrage” (September 2007, section 2) estimates the value of barrage power as being much lower – about £40 /MWh:
· the ‘carbon emissions saved’ credits value assumes that coal-fired stations will still be emitting CO2 at today’s rates in 2019, but older power stations such as Drax and Aberthaw, if still then in existence, will have been required to make drastic cuts in emissions or will have been substantially replaced by cleaner CCGT power stations or by new generations of coal-fired power stations with carbon capture technology
· the ‘avoiding flood damage’ value assumes that other flood protection works will not be built or effective, but not only are such measures already being put in place and fresh ones planned, but they are much cheaper than the barrage. 
With the Severn Barrage taking up such large amounts of public funding, it is difficult to see how this financial support would not impact adversely on the funds available for other renewable or low carbon energy technology developments. The barrage would be directly competing with other renewable energy schemes for a limited pot of carbon credits, capital funding and ‘ROC’ certificates, thereby adversely affecting the investor confidence needed for the construction of offshore wind-farms, tidal stream devices, wave arrays, biomass and co-firing schemes, carbon capture & storage and other low carbon and renewable technologies. This could have implications for technology transfer, exports and UK business, manufacturing and jobs –  investment in tidal stream and wave technologies, in which the UK has an advantage in natural resources and a technological lead, are a case in point. 

The 1.05 GW ‘Shoots Barrage’ is estimated to take four years to build at a cost of £1.5 billion. It could generate an annual average of 2.75 TWh of electricity at a rate between 10% and 20% cheaper that the Cardiff-Weston barrage (see differing estimates in Tables 2 and 3).

Lagoons
Lagoons would be a cheaper source of power and would cost the tax-payer much less.   

(1) they have cost the tax-payer nothing so far;
(2) they can be built with private capital;
(3) their cost per KWh would be around 4.3 pence, compared with 9.2 pence for the Cardiff-Weston barrage (see Table 3).  

	Tidal project
	
	Cost @ 8% discount rate
	Cost @ 10% discount rate

	Cardiff-Weston Barrage
	assuming 5 years build time
	8.54 pence / kWh 
	11.18 pence / kWh

	“                  “
	assuming 7 years build time
	9.24 pence / kWh
	12.37 pence / kWh

	Shoots Barrage
	
	6.80 pence / kWh
	8.62 pence / kWh

	Swansea Tidal Lagoon (TE ltd)
	
	4.3 pence / kWh
	5.1 pence / kWh

	“                  “
	According to DTI

figures  
	17.0 pence / kWh
	23.0 pence / kWh


Table 3: Costs put forward at a SDC ‘tidal power options’ workshop in Cardiff in March 07

The anticipated cost of 4.3 pence per KWh above is in line with that produced in 2005 as a result of a detailed study of the proposed Swansea Bay tidal lagoon scheme carried out by the engineering consultants W.S. Atkins. These costings have been questioned by a DTI report, which found them to be about 4 times higher (see Table 3) – findings that have been largely instrumental in dismissing the potential of lagoons. Yet the DTI ‘findings’ are deeply flawed. Firstly, the DTI report is based on the opinion of a single Severn Barrage engineer, since employed by Black & Veatch and the SDC. Secondly, no fewer than four independent studies support the Atkin figures (Table 4), while the DTI figures are clearly out of line. The conclusion can only be that Tidal Lagoon energy, contrary to what the DTI and SDC have been maintaining, is considerably cheaper than Barrage energy. Furthermore, TE Ltd can claim that much larger (than the Swansea scheme) lagoons would be cheaper still due to economies of scale. 
	
	Report
	Cost of power per KWh

	1
	AEA technology plc (2002)
	2.5p

	2
	TEL (assuming 10% discount rate)
	3 – 3.5p

	3
	W S Atkins 2005 (assuming 10% discount rate)
	3.3p

	4
	N M Rothschild 2005 (assuming 8% discount rate)
	4.5p

	5
	OFGEM 2005 4 
	6p

	6
	DTI 2006 (assuming 8% discount rate)
	17p


Table 4:  Different estimates of the cost of power from the proposed Swansea Lagoon 

The OFGEM report (2005) referred to in Table 4, in fact, ranks Tidal Lagoon costs favourably with other renewable technologies:

1.       Onshore wind

4.1p

2.       Tidal lagoons

6p

3.        Offshore wind

6.2p

4.       Tidal Stream      

18.7p

5.       Wave power       

18.7p

5. ENVIRONMENTAL IMPACT
Wild-life habitats

The high tidal range in the Severn Estuary has created an ecologically rich environment of international importance for birds and wildlife. The estuary and its tributaries are protected under a range of national and international designations: it has three areas designated as Sites of Special Scientific Interest (Upper Severn Estuary, Bridgwater Bay and Severn Estuary); it is also designated as a Wetland of International Importance (Ramsar) and a Special Protection Area (SPA); the inter-tidal area is protected as an SPA under the Wild Birds Directive; and two tributaries, the rivers Wye and Usk, are designated Special Areas of Conservation (SACs), the highest degree of protection, in part because of migratory fish. 
The estuary is also part of the Natura 2000 network of sites of European importance for wildlife and habitats. These sites, which are recognised for the interlinked nature of their species and threats, are the cornerstone of the EU’s nature protection policy. Member states are required in law to protect them. If a barrage were to be built, it would have to be assessed for compliance under the EU Birds Directive and Habitats Directive. Adverse impacts, or risk of impacts, particularly on the identified species and habitat ‘features’ would have to be specified. It would also have to be assessed against alternatives in terms of energy generation and flood protection, as climate change will result in changes, probably disturbance and loss. 

The barrage’s ‘ebb flow’ mode of operation would require the permanent impoundment of the lower half of the existing tidal range behind the barrage wall in a 185 square mile, 5 metre deep lake, to create a ‘head’ of water from which to generate electricity.  This would result in about 60% of the current inter-tidal area being permanently submerged, an area of around 46 sq miles.  Most of this inter-tidal habitat, feeding grounds for tens of thousands of birds, would be lost and the valued ecology of the estuary would be significantly changed. 
The government’s own statutory advisers state that ‘a Severn Barrage project would not be possible within the current legal framework provided by the EU Habitats and Birds Directives.’ 5
The Shoots Barrage, being located further upstream, would affect a smaller area of natural habitats than Cardiff-Weston Barrage. 
Lagoons, typically located about one kilometer to a mile off the coast, would not impound the inter-tidal feeding areas, or impede fish migration. Tidal Electric Ltd claim that, on the contrary, lagoons “would create numerous wildlife habitats particularly for birds.”
Severn Bore

Also threatened by the Cardiff-Weston barrage would be the Severn Bore, generated by the estuary’s funnel-shaped narrowing coastline and upward sloping bed which forms a pronounced wave as spring flood tides travel the 20 miles up-river towards Gloucester. The largest bores, which occur on about 25 days per year, can reach 2.5 meters high or more, and can travel at over 12 miles per hour. 

Coastline protection

One of the main justifications claimed for the Cardiff-Weston Barrage is that it would “afford protection from rising-sea-level flooding“(like the London Thames Barrage). The latest projections for sea-level rise over the next century range around 0.4 metres. Over time, without preventative measures, low lying areas in the Severnside region would become more and more at risk of flooding. Yet coastal flood-defence schemes can be built relatively quickly and the sea level is forecast to take decades, if not a century or more, to rise to a point at which a barrage could possibly be justified on coastal protection grounds.6 The Environment Agency has stated that ‘claims of tangible flood defence benefits are therefore marginal to the overall case for a barrage’. 7
Unlike the barrage, lagoons would not provide a coastal defence role against sea-level rise or very high tidal surges. However, a lagoon’s rock walls may provide significant amelioration of wind-driven, storm-surge wave action. Lagoons in certain locations could thereby afford a degree of protection to several vulnerable coastlines – to low-lying land in Bridgewater Bay, for example, as recommended by the SWERDA Foresight Panel in 2003.8
A higher level of coastline protection could be afforded by the construction of power-generating tidal fences (see section 3), which impound an area by building out from an adjacent shoreline. 

Amounts of aggregate needed
It has been asserted that the amount of aggregate needed for construction of a Cardiff-Weston barrage would be less than that required for the construction of lagoons generating an equivalent amount of power. 
STPG estimates that about 62 million tonnes (mt) of materials, of which 50 mt would be aggregates, would be required for the construction of the Cardiff-Weston barrage: 17 mt of concrete caissions; 29 mt sand /gravel ballast within caissons; and 16 mt rock walled coastal link sections (core fill capped with armourstone, possibly up to 50% by weight silt in geo-textile bags).
Tidal Electric Ltd estimates that about 100 million tonnes of materials would be required for the building of lagoons generating the equivalent output to the Cardiff-Weston barrage, of which about 50 mt would be aggregates and about 50 mt silt-filled geotextile bags. Construction materials would comprise: 16 mt of armourstone (huge 2+ tonne boulders); 34 mt of core fill (unsorted aggregate from dust up to around 8 inches diameter); and 50 mt dredged materials (loose silty material) within geotextile tubes.
They say that the need would be for ungraded aggregate, which comes incidentally from quarrying operations, rather than for graded aggregate, and that the dredged material could be silt from routine maintenance dredging within the Severn estuary and scrapings from the sea-bed within the lagoon impoundment. 
It thus appears that the aggregate, as distinct from silt, requirement for the Cardiff-Weston barrage and tidal lagoons would be broadly similar in quantity, but that for lagoons mainly ungraded aggregate would suffice.

6. DISRUPTION TO SHIPPING

A Cardiff-Weston barrage would disrupt passage of ships to and from ports, including Bristol, Newport and Cardiff. In addition, current plans are for locks that are too small for many of the larger ships while larger locks would bring extra costs.
The largest port, Bristol, is currently seeking approval to construct a deep-sea container terminal able to handle ultra-large container ships of up to 16 metres draught. Such ships would require every available meter of tide height, as do larger ships needing to access any of the estuary's ports. Yet the Cardiff-Weston barrage would cause about a one meter reduction in high-tide level in the basin area and a potential increase in siltation. This would critically reduce the draught available for these large ships on a considerable number of tides each year. 

All such impediments caused to shipping by a Cardiff-Weston barrage may lead to loss of trade for the ports concerned. From the wider UK environmental viewpoint, the geographic location of ports in the Severn Estuary has major transport benefits. They are located considerably closer to the industrial heartland of the UK than other ports such as Felixstowe or Southampton. As a result, onward road or rail journey distances are shorter, thus reducing HGV 'miles', traffic congestion and associated greenhouse gas emissions and fuel energy use.
By contrast with a Cardiff-Weston barrage, neither tidal lagoons nor a Shoots barrage would cause more than a minor disruption to shipping in the Severn Estuary.

Rod Walters (member of Abergavenny & Crickhowell FOE)
17 Avenue Crescent, Abergavenny
Tel: 01873 854404
Email: rod@jrwalters.co.uk
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