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Fig 1: installation of bulb turbine for a barragempoundment scheme, after ST

1. SUMMARY

The 1989 Severn Barrage study, cross-referenctiictba Rance Barrage experience upon which it veeset,

is used as the main comparator against which tdirmui project scoping model for tidal energy stge and
release (TESAR) schemes that looks at net enetggectan potential across a several-times wider ganof
turbine working water throughput capacities (WWT@3ing two-way power generation and pumped energy
storage. A WWTC of 3.3 is needed in order to ertfa¢ potential for behind-barrage water level es@mns to
match those of natural spring tide conditions. iDgrlesser tides, there is the advantage that suddWTC
could stand to raise net energy extraction quot{®&EEQ) beyond the theoretical maximum 100% avéalan
the standard, vertically sided flat-basin potentslergy calculation model, transforming prospectdbtter all
round development and deployment of hydro-elepiaat capabilities, and turning TESAR into a paitiyen
energy extraction system. For example, at meamgpdide NEEQ might be increased from the presently
assumed maximum of 30% to 85%, ranging progressiyeko 156% at mean neap tide. In aggregate twer
whole tidal spectrum, NEEQ may stand to be up wo fimes increased as over the presently conceBadkrn
Barrage scheme, with reallocation of barrage widtbm sluices to larger-capacity, functionally batzd
turbine pump-generator arrays restricting total d@apb cost rise to perhaps 100%. Environmentalhgreased
WWTC could mean overall tidal range being kept withligh-normal amplitude limits inland of the bage,
normalising estuarial hydrodynamics and drainagewrd the built-in quarter-cycle delay. Sociallyfhwising
sea levels the model would stand to enhance artdisumastal defence potential whilst remaining remmic.
Strategic implications include not just greatly anbed renewable energy potential (e.g. a SevermaBar
alone would stand to supply 20% of present UK dlmdtenergy demand) but also the co-setting otteileal
grid and coastal agendas to match the worldwidedrigeanticipate and help mitigate, rather than iga@r
merely adapt passively to, climate change. As atfomal design brief it merits step-by-step develept via a
UK pilot scheme with a test bed role analogoushiat bf Blyth for offshore wind. A 3 sgq km offshtidal
impoundment (OTI) off the coast of N Wales couldtié by 2012, the year 2020 remaining the conipiet
target for revamped Severn and/or Thames Estuac§ivé Barrage' schemes — the latter being expedient
plan jointly in view of more modest grid demandsd @dhe known flood defence imperative. Examples ar
outlined of other complementary TESAR outputs eyt be achievable via a purposeful approach, ctersis
with Stern Review principles, towards restructurthg UK grid’s base-load supply around them by @3@
Survival lessons from 20C. history are used to help redefine some strasfdshat sustainable development
could mean coastally in the 21 Combining these strands could help open up aamivunprecedented scale
of public commitment to the management of climatated risks that both enables and requires paditis,
environmental scientists, engineers and finandiensork honestly together on demanding strategelgo



2. INTRODUCTION

The common functional principle for barrages angpaomdments is TESAR (Tidal Energy
Storage And Release) - firstly to store gravitagioenergy by holding in or excluding water
from an artificial coastal reservoir, and then €afa suitable time interval during which the
water level outside the reservoir has changed tughtide to give a suitable difference, known
as the head of water) to release that energy éatrétal capture and transmission by allowing
water to flow back through turbines in the wallglod structure (Fig)41-5].
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Fig 2: general arrangement of kapeller type turbinegenerator in a TESAR scheme (STPJ)L]

Under influence of the tidal swell water levelsld@l a more or less sinusoidal pattern over
time, hence in theory TESAR can equally well exiplbe tidal ebb and/or flow phases (Fig 3).
However, British interest to date has for the npast concentrated on optimisation of ebb flow
generation, as supposedly arrived at with the LacRastuarial barrage project in Normandy
completed in 1966/676]. However, at La Rance the originally installedntlwas intended
and used for two-way power generat[@ih It seems that only after 1976, perhaps wheralnit
pioneering interest in the scheme had waned, wabloived to settle into the slightly more
commercially profitable routine of, for the mostip&bb-only generatiof8,8,9].

Subsequently, dreams fed by turbine generatonvgdtsntrinsic efficiency of order 90% have
been matched only by the recurrent nightmare fojegt planners of being unable to show
how to use them to capture more than 26% of thenemas energy fluxes involveld-10].
‘Many uncertainties’ implying unsure ‘prospects bking economically attractive and
environmentally acceptabl@1], in effect passed on from La Rance to the Sevemage,
have clouded parallel study of other possible TES®Remes in the UKL0,12]. Nor have
pilot schemes elsewhere improved this outlook rfil@h As a result, possible contributions
from TESAR are excluded or side-stepped in offi@atimates of UK renewable energy
potential[12, 13]— hardly a surprising fate in view of general cide as stereotyped ‘barrage
projects which drown the ecosystems of estuafied. High initial hopes for TESAR as a
major source of renewable energy have thus comaganst a frustrating reality gap, also
explaining its cursory and/or highly qualified rew treatment worldwide alongside other RE
sourceg3,12-17].



Nevertheless the urgent dictates of climate chaargerefocusing attention on the relative
predictability of tidal energy18-20] and its vastness if not quite so much in relatmrihe
solar flux then certainly to fossil fuel resery&6]. Whilst a variety of open-sited tidal marine
current turbines (MCT’s) is being developgD-22], commercial deployment must contend
with navigational and grid constrainf$2,21,23]— the biggest and currently most advanced
version being expected to appear in arrays of fi@0 MW to a cumulative total of 0.5 GW
capacity[21]. The combined output potential to 2050 for MCatsd wave power has been
estimated at 20% of current UK electricity dem4bd,21,23] Hence there has also been a
recent upsurge of interest in both the Severn BarRrojec{24], on its own presently thought
capable of supplying 5% of current UK electricitgndand[25], and in pilot offshore tidal
impoundment (OTI) schemes in Swansea Ba¥8,19,26,27hnd opposite RhylL8,19,28]

Questions arise as to how to boost the applicghlif and scale of outputs from, TESAR.
Although one-way flood generation has long beearrefl to in British literature (lowest part
of Fig 3), vaguely ‘adding in small amounts of pungpfor certain tides’ with ebb-tide-only
generation seems to sum up ideas for the timed mgrgd water across a Severn Barrage
[5,25,29] the limited aim apparently being to boost ovenali output by about 10920,29]

(i) Ebb-only generation

(i) Flow-only generation

(i) Two-way (ebb & flow) generation

Fig 3 - Conventional profiles for alternative TESAR generation modes: after STPG1]



Meanwhile a lively debate has arisen over the ikedatnerits and practicalities of different
versions of TESAR, triggered to begin with justrales where the OTI idea was introduced
in 1999-2000[18,20,26-28,3Q] The confounding paradox is that no importantcfiomal
distinction can be made between an OTI and a bapagse The difference stems entirely
from context, a barrage going across the mouth mfea’s estuary and the OTI being a self-
contained enclosure or lagoon placed on a relatisiedllow coastal shelf with a suitable tidal
range. That a coastally-attached tidal impoundnf@ATl) may be built so as not to contain
any major river outlet further demonstrates thanstc functional continuun®,28].

Scheer[16] has drawn on sociology to outline the manifold takhurdles that renewable
energy advocates must clear, not least a self-ietbasindset whereby a ‘community of
assumptions’ gets awarded ‘absolute validity’, mafiich differences in opinion are ‘only
tolerated within the limits of fundamentally thensainterpretation’*.  With such strictures in
mind, the present author was struck by the wayttimimpoundment idea (whether expressed
as an ‘OTI’ or as a ‘CATYI’) prizes the TESAR pript2 away from certain big assumptions
linked to its conventional, narrowest-outlet estaldvarrage configuration, perhaps opening up
fresh avenues of scrutiny concerning suitable mddeations and strategies for application.

In particular, OTI proponents have twice claimedtthwo-way generation in this context
should boost energy conversion potential to 33%28]. Clearly such aspirations ought to be
properly investigated, not dismissed out of haBdt they are destined to remain arbitrary and
unfounded for as long as the method of achievingnesuch limited improvement is not
clarified. For example Atkins’ study for SwanseayRjuotes an installed capacity of 60 MW
for a 5 sq km scheme, with no information modus operandj26]. A DTI-funded critique
was left to configure plausible power generatioapins, and concluded that overall energy
conversion efficiency would be around 249. Meanwhile, instead of a working diagram the
preliminary study for Rhyl reproduced the stand&mtish text-book sketch for two-way
barrage generation, indicating a meagre convensatential of around 20%28] - i.e. lower
than for ebb-only or flow-only generation (Fig 8west). In none of these studies was timed
pumping factored in at either end of the tidal ey@ven though installed capacity was based
on dynamic proportionality with La Rance where saokrgy transfer was pioneef&l.

Thus, without any clear alternative working schedfdr TESAR to set against nearly two
decades of conscientious work towards the suppogtihisation of cost-effectiveness in ebb-
only generation for the Severn Barrage Project, ®ddping studies have yet to change
established opinion that the best figures for epe@anversion from ebb-and-flow (two-way)
generation can be any higher than 24-26%. Nesiedh, the DTI critique of the Swansea Bay
OTI proposal ends on a fair, if notably understatdthllenge to all TESAR proponents that
‘should (tidal impoundment) engineering solutiomeye deliverable then the economics of all
the proposed barrage schemes around the UK wastdoal significantly improved9].

The present study sets out to meet this challeage,inextricably linked environmental and
social ones, head-on by applying first principlespublished graphic information from the
Severn Barrage studies — which, it is importarpdot out, selected the kapeller bulb turbine
type for its adaptability to pumping as well as giation. In the discussion section further
exploration is made of how the ECOSTAR principleghtibe used in a combined strategy,
consistent with Stern Review principles, for TESfRsupply most of the UK’s grid base-load
while also seeking to anticipate and address cehigh priority coastal flood defence needs.

*Quoting, on p15 of his passionate introductior 1968 classic ‘The Active Society’ by the Americatiologist Amitai Etzioni.



3. METHODS

The starting-point for this study was a graph &ign the current information leaflet and
Definition Study of the Severn Tidal Power Grouf %) [25], showing linear time-changes
in basin water level behind the proposed barragersmposed on the graphically stylised
natural tidal sine wave - understood from releweantier text44,5] to represent the turbine
array producing power in the manner foreseen fordtlle range tide at this location.

Fig 4: indicator STPG graph showing ‘optimum’ basin level ebb-only generation gradient for middle rang tide N.B. In the present
study, working drawings for ebb-only generation hadbasin levels that started at high tide level, asb@ve - where the drawing also
gives no indication that in practice such filling night well entail some pumping. Basin levels werdsp assumed to descend to the mid-
tidal level and not, as depicted above, to a poirsomewhat below it. These assumptions correspond Wgpp 6-7) with the installed
capacity and implied working water throughput capadty (WWTC) figures set out in Energy Paper 464]

From this graph, interpreted as above in assoaiatiith the background project papers, a
datum basin water level gradient was taken as havaen implied for the 5-hour generation
period shown, from which other working outflow amflow gradients could be inferred. With
the STPG ‘optimum’ gradient itself as the unitaeference, a range of spring tide gradients
and implied WWTC figures scaled in relative terma 0.5 to 6.0 could then be simulated by
appropriately graded lines drawn on a number afitidal sine-wave charts superimposed on
standard 1.5.10 mm A4 graph paper, right-angleshgular pieces of acetate paper having first
been cut by knife to act as accurate rulers witkckvto protract each study gradient.

Any new power generation basin gradient line urstady was fixed in position manually,
minimum generation start-up and cut-off points gemarked at points corresponding to head
differences marked on the STPG graph. Lines tiagione-way generation were drawn
according to visual best fit to give maximal arealer-the-curve. In the case of two-way
generation, basin water level gradient lines werawd to intersect the mid-tidal level
simultaneously with the moments of natural high kowd tide, flow generation lines being of
equal but opposite gradient to ebb generation mesmarked with appropriately matching
cut-off points.  Thus modern computer-assistahipimanagement was assumed capable of
maintaining the intended, tightly controlled lineainanges and horizontal ‘holds’ in basin
water levels throughout successive tidal phases.



On this same assumption of being able to maintagatity of change in basin water levels,
possible periods for pumped water storage and/tmaeton could then be simulated by
extending the relevant generation line forwardsobeythe time-intersection with the natural
sine wave, whilst any possible time-line extensidapicting equivalent further energy release
could be depicted by extending the appropriate igeioa line backwards.

Energy made available for generation was then ke using a visual area-under-the-curve
integration process, multiplying in the appropriageadient factor. Energy demands for
pumping were calculated in the same way, but aeljuby means of a 25% weighting of the
relevant areas-under-the-curve. Pumping cut-ofiiteowere set so that the head at end-of-
pumping was exactly 50% of the head at the next sfageneration. A relatively small
amount of booster (negative-head) pumping was asgumcessary towards the end of each
cycle, but for the sake of simplicity the energgdentailed was taken as having been already
allowed for in the above-mentioned 25% weightingsgositive-head pumped energy demand.

Further graphs, as below, were derived from thevaliata, the coefficient of variation of
which on repeat study was found to be within 2%.

As a preliminary exercise, a worked example basethe Severn Barrage scheme was used to
illustrate how the principle of the energy extrantguotient (EEQ) arises and may be applied.

4. RESULTS

0] Worked example to illustrate the EEQ principlefor any given tidal range

The potential energy to be released for electdoalersion in any TESAR scheme relates to the gnerg
required to raise the weight (m.g) of a column afev by a particular height (H)

PotentialeEgy = mgH Q)

In a column of liquid of density, constant cross-sectional area A, and height ripoment elements
of the liquid are present at heights ranging frarozo H, hence the sum total potential energylbean
integrated as follows:

Potentialeegy = gA(H)? 2
2

For maximum energy extraction on the ebb tide, watauld be raised behind any barrage or
impoundment until the moment of low tide, when duld be fully released. Similarly, for maximum
energy extraction on the flood tide, water wouldekeluded from the barrage or impoundment until the
moment of high tide, when it would also be fulje@sed. Assuming that water levels inside and
outside the retaining structure are thus fully arstiantaneously changed at high and low tide, takin

as the tidal range equation 2 becomes:-

Potentialegy = gA(T)?2 3)
2

During two complete tidal cycles the barrage oraonpdment is, for theoretical purposes, deemed
capable of completely filling and emptying twicetims way, during which time

PotentialeEgy = 2 gA(T)? 4)



A power output potential in units/hour equivaleméin energy extractability quotient (EEQ) of 100%
for any tidal range must be corrected for the flat two tidal cycles occupy 24.813 hours, as fedn

Output Potential equating to 10B80Q = 2gA(T)? (5)
24.813 x 3600

The area to be enclosed behind the proposed SBaeerage as measured off an Ordnance Survey map
is 515 sq km, furthermore at Cardiff the tidal res@s available from official adjustments of the
Avonmouth data are 11.2M for mean spring tidesgasnst 5.3M for mean neap tides, giving a crudely
averaged-out ‘mean tidal range’ of 8.25M.

It can be confirmed as follows from the workingsien of Fig 5(i), drawn up as an enlarged versibn o
Fig 4 with the indicated proportions (see footndtetative to the tidal sine wave, that this midtidkl
range was used in 1981 in order to arrive at a@lies capacity of 7200 MW for the Severn Barrage:-

Output Potential equating to 100% EEQ for converdid@ ESAR scheme, tidal range 8.25M

= 2 x1009 x9.81 x 515,000,60(8.25)> = 7768.3 MW
24.843600

A preliminary figure for Installed Capacity to copith a turbine working water throughput capacity
(WWTC) capable of handling the flows implied by iltestrated basin generation gradient can now be
worked out as follows:-

Installed Capacity (IC)=

7768.3 X basin generation gradi X __maximum generation head
mean natural tidal gradiever half-cycle head used (i.e. half tidalge)

= 7768.3 x 0.625 x 1.41 = 68459/M

If the additional, conventionally accepted allowad 5% is made to cover down-time and
maintenance needs, a more realistic IC figure 88MIW can be derived. This is within 12 MW of
the 1981 figure of 7200 MW — clearly close enouglednfirm that the IC figure was indeed derived by
reference to an initially perceived need for a SeBarrage built on the Cardiff-Weston alignment to
optimise on mid-tidal EEQ.

*EOOTNOTE : As remarked also in the footnote to Fig. 4, thindicator working drawing for a
notional WWTC of 1.0 was afterwards found to correate with the 1981 Energy Paper 46, rather
than with the 1989 Energy Paper No 57 as reproducdd Fig. 4 — the latter diagram appearing on
closer inspection to imply some high-tide pumped emgy transfer and an approximately 20%
increased WWTC.

0] General results based on graphs and diagrams g@&r methods described:-



Fig.5: four sub-diagrams each comparing one-way antivo-way flow and power generation, for a middle rage tide,
over a range of Working Water Throughput Capacity WWTC) values from 1 to 4, unity being the WWTC of he 1981
version of the Severn Barrage Project (see footnote Fig 4). In the ECOSTAR two-way model (lower pe of each sub-
diagram) each black downward spike is 25% weightedh order to represent the extra energy inputs needefor pumped
energy transfer. The shaded part of the next genetian area shows corresponding power output. NB: &/WTC of 2 is
needed (top R sub-diagram) just for behind-barragevater level excursion to equal that of a natural, riddle range tide.
However, mean spring tidal ranges are 50% greatergain: hence a WWTC of at least 3 is needed in ordeo create the
potential for behind-barrage water level excursiongo equate to natural spring tide conditions as wélsee also Fig. 7).



Fig 6: EEQ (= Energy Extraction Quotient) values fo different generation modes as shown, plotted agast
WWTC (Working Water Throughput Capacity). WWTC val ues are expressed in relation to a datum value
of 1.0 that is represented by the indicator gradiehas shown in (and further discussed below) Fig. 4.



Fig.7: likely modes of operation and power generatin profiles for a two-way generation ECOSTAR schemender a
range of tidal conditions corresponding to those ithe Severn Estuary. NB though for purposes of calllation a strictly
linear pattern of basin water level changes has beeused in this paper, in practice the interrupted ines probably
represent more likely, semi-sinusoidal patterns ofise. During middle and neap tides particularly, tlese appear to
indicate a potential for improved flexibility, and perhaps 5-10% extra net energy yield, as over findgs shown in Fig 6.

5. ANALYSIS

The starting-point for working drawings was an asgtion that two-way generation had to
show dynamic symmetry, generation flow lines besugh that the mid-tidal sea level is
arrived at within the basin (i.e. behind the bagjagxactly one-quarter of a cycle behind the
natural tide outside. This assumption correspondb e textbook picture of two-way
generation without pumped water exchange (Fig\Be#t). Indeed, arguably this picture itself
contains the tacit, albeit hitherto apparently yslesed, implication that a balanced two-way
generation system might be developed to exploit-way pumped energy exchange (i.e.
pumped storage soon after high tide, pumped exirasbon after low tide) more fully.

Fig 5 is designed to illustrate this principle ipeoation, with linear rises and falls in basin
water level helping to visualise a reasonable bfisisalculating power inputs and outputs.
Clearly the technique of using linear gradientsrong that used by STPG itself, as per the
indicator diagram (Fig 4). However, as no compkraystem has been described by STPG to
show how it is proposed to use pumped storage bromly generation, which (as already
mentioned) is expected only to increase net engegeration by around 10% overHlD], it
seemed neither necessary nor useful to add speeutidgrams to try and illustrate this.
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Quantitatively, net outputs for ebb-only generatmaight thus be expected to exceed those
illustrated in Figs 5-7 by perhaps around 10%. t Bg 5 also shows that with quantitatively
optimised one-way generation the duration of usefigk-tidal range output falls quickly and
progressively from 5 hours to a mere 1% as WWTC gmadient values rise from 1.0 to 4.0.
This drawback compounds the already self-imposstlicgon of one generation phase per 12
hrs 24 mins averageAbove all, from environmental and social viewpoihis hard not to be
struck by the lack of graphic information from STB& how pumping is to be used only at
around high tide without incurring further rises imean sea levels behind the barrage.

By contrast, with augmentation from pumped energydfers at both ends of the tidal cycle
the middle diagram in Fig 7 shows two-way generatiocupying two equal output periods of
2%, hours during mid-range tides, i.e. a total of3ars per cycle. Meanwhile the dotted lines
in Fig 7 suggest that adjustment of passive fillengptying and pumped storage periods may
allow generation periods to be extended backwaydsphto (say) an hour, adding in extra net
output. Scope for such adjustment is greatestap nides, once again extending generation
periods to around 4% hrs per cycleig 7 underlines that, over the whole spectrumialt
ranges, such flow patterns do not necessitate hapge to behind-barrage mean sea level

The current paper is intended to help toward delsrggfs both for more effective all-round HE
plant, and plant deployment, over any given prégestt of tidal ranges. The net EEQ values
derived for different turbine/pump WWTC'’s are sonmavhybrid ones - based as they are on
the subtraction, from a calculation for the potanénergy available for release, of a similar
calculation of the potential energy ‘cost’ of purdpenergy storage that is augmented by a
somewhat arbitrary 25% allowance for hydraulic atettrical losses. Though this allowance
seems reasonably fair considering that the whotéeogfficiency of conventional HE pumped
storage is 75-809%31,32], clearly some adjustment will be needed in futitalies with more
exact performance figures for purpose-built turlgeeerator sets.

Efficiency fall-off on reverse generation throughpleller turbines is said to be about 1o

But it is here assumed that (i) turbine orientatiould be balanced, i.e. with equal numbers of
runners pointing seaward or landward; (ii) effidgnimprovements should result from
deployment of somewhat larger capacity turbinesaipg off slightly but appreciably bigger
mean two-way generation heads; (iii) wherever thas the full turbine capacity is in use (i.e.
most of the time), a combination of turbine ori¢iias may be selected to maximise
directional efficiency; and finally (iv) pumpingfefiency will be a more important component
of net efficiency, with (for example) reverse-otised kapeller turbine likely to be 15f&tore
efficient at pumping. These effects, taken as aleyhare assumed to neutralise differences
due to individual turbine units’ orientation. Thssnot to imply that turbine orientation can be
ignored, either at the scoping/design stages evémnyday deployment — quite the reverse. Nor
are bulb turbines the only option - the rim gemargStraflo) design used in Annapolis may
have advantages in terms of reducing intake amttédt-tube ‘flow-throttling’ effectg8,10].

In Fig 6 the key finding overall is the linear ridaship between WWTC and net EEQ values
as calculated on the two-way ECOSTAR system desgribAs WWTC values rise between
3.5 and 4.75 there is some fall-off in the rateigd of corresponding NEEQ values, though the
linear relationship then picks up again. Howe¥ég, 7 suggests that in practice it may well be
possible to maintain this linear relationship thgbaut the present range of study gradients by
front-loading the generation period, i.e. bringfogvard the starts both of pumped storage and
of generation somewhat, as discussed above in tefnpgolonging the generation period.
Further mathematical and engineering analysis neayseful in this respect.

11



Figs 5 & 7 show dramatic increases in overall plansy-ness’ under the two-way ECOSTAR
system. For middle-sized tides generation occupi® of the whole cycle (a proportion
likely to be increased to 55-60% in practice, agady discussed) as against 40% for the
presently proposed Severn Barrage Project. R$amiroviding two-way pumped energy
storage for a further 17% of the tidal cycle Q¥eHE equipment should thus be in active
use for around 70-85% of the time, as against 35-66der STPG proposals.

The value of the conventional ‘load factor’ in assBg plant usage, expressing mean net
output as a proportion of installed capacity, ibidus where pumping is integral to thmodus
operandi Though a modest relative improvement in loaddiaotay be expected here, e.g. to
30% from 25%, this parameter may also distort epoadorecasting if its use is allowed to
obscure the bigger picture of how greater plantciap may enhance the working benefit-to-
cost ratios of overall engineering and long termig@nvironmental inputs (see discussion).

A more fundamental issue is the ratio of energyinpver energy output (EIOEO) per tidal
cycle. Though present results suggest that povpertsrto an ECOSTAR-based Severn Barrage
may at times even exceed originally anticipateguoist from it, the EIOEO concept is widely
accepted in other areas of energy study, hence tar be no logical reason for not studying
its application here too. Thus, throughout thespné range of study this ratio averages 1:10,
and never falls below 1:6 — a range well aboveatrerage accepted coefficient of performance
(COP) for a heat-pumpf33], similar to that (1:10) aspired to in nuclear ifusgain{34], in

line with the best scenario for the extra energgt aaf carbon sequestration anticipated in
future coal plant$35], and considerably less than the energy cost fat meesent-day fossil
fuels of extraction, distillation and distributias against end-use combustjdi,36].

Logistics, however, are another matter. It is e8akto recognise the enormous scale and
range of outputs potentially available from a Savarrage projectOn the two-way
ECOSTAR generation model, even during neap tidsdgHikely to peak at around 10 GW -
i.e. more than the maximum output of 8 GW from Br&k the biggest UK coal-fired power
station — provided that shorter priming bursts ptaaround 5 GW are also provided for.
During spring tides, peak outputs exceeding 30 G&\tlzeoretically attainable - well in excess
of the entire current UK baseload of around 22 GW{ nearly twice that available from any
single existing power station in the world of angdk The proviso, once again, is that short
priming power bursts of order 2-4 GW are also gikank as and when appropriate.

The handling of output variations, both as betwsprnng and neap tides and from one tide
cycle or half-cycle to the next, remains to be ad&red. In mitigation, Fig 6’s essentially
linear pattern should mean that the comparative tdtnet outputs as between mean neap and
mean spring tides rises, in round terms, from @:%:8 — i.e. a marked levelling-up. But the
reaping of such an important benefit will depermai;emore, on a grid that has the capacity to
accept, transmit and deliver the required substhptimping inputs at just the right times.

For the sake of simplicity in a preliminary studyck as this, further discussion concentrates
mainly on the likely grid requirements and implioats for generation during middle range
tides — though clearly it is accepted that futuhedies are needed to extend this outlook.
Likewise, any variation due to freshwater inputassumed neither to increase ebb generation
nor to reduce flow generation output capacity sigantly under UK conditions.

* If COP is accepted as the most appropriate Ele&r@inology, it may be helpful to think of a TESARheme
using the ECOSTAR principle as a ‘gravitation-pump’
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6. DISCUSSION

Inherent simplifications mean that only first-ordaferences can be made from the present
study. Fuller clarification and quantification nh@svait more detailed mathematical analysis
supplemented by any individual project’s detailedimnmental, engineering, economic and
social profiles and the cross-relations betweemtire the context of any wider deployment
strategy. It should be added that the naturallmjagiay deviation from the theoretical tidal
sine-wave is such that, however apt ECOSTAR mighfiob initial project scoping, in practice
computer analysis will remain essential to fineetuhe optimum use of each and every tidal
phase and part-phase at any given site, alongheiththese usages are co-ordinated.

In principle, nothing radically new is demandedtbé HE machinery apart from a more
systematic mode of deployment. The finding of NEE@bove 100%, though counter-
intuitive, is explicable by turbine-pumps ‘borrowinand ‘lending’ water from/to the area
outsidethe barrage or impoundment to create extra peteatiergy, both these aspects and
subsequent energy release being timed to maximurangaje. Hence there is nothing to
suggest any breach of the Second Law of Thermodsanthough fear of ridicule for risking
such a suggestion could perhaps have put othetBeoffail of the present scoping model.

It is worth noting that in an imaginary, frictiosle world in which time for basin filling and
emptying could also be instantaneous at high awditte, there might be no theoretical upper
limit to the quantitative net benefits from pumpedergy storage. This is because the net
potential energy for one cycle or half-cycle gopsruan arithmetical progression according to
the subtraction of each squared head factor framéxt down in sequence (table 1).

TABLE 1: theoretical figures for net energy extracion potential with ebb-only generation from an
impoundment based on a gently sloping coastal ledgé or somewhat below O.D.

Operative height of Capacity for energy releg Pumped storage energy | Net mean energy
impoundment wall ref. averaged per requirement, averaged pgextraction potential
Tidal range 'r’ unit time unit time per unit time

1r 1E - 1E

2r 4E 1E 3E

3r 9E 4E 5E

4r 16E 9E 7E

Where E = conventionally derived energy extraction qudtige. 50% of two-way EEQ) available on ebb-ongngration with tidal range ‘r’
N.B. an impoundment wall adequate to contain 2xmegaing tidal range will usually contain 3-4 timasan neap tidal range

For a project with restricted WWTC, the rounded ssghmetrical shapes of the natural tidal
sine wave maxima and minima mean that one-way géoar- in either direction - may
seem better placed than the two-way version too@xfihe ‘power booster effect’ from
pumping. Thus in theory, had engineers at La Ra®steout to improve performance by
emptying the reservoir rather than filling it theyght have stumbled on the diametrically
opposite conclusion about which end of the tidatleyto exploit using pumped energy
storage. In practice, clearly the effect on cayaai the progressive broadening-out of the
estuarial basin with altitude is the significanasen that ebb-only generation was chosen.
But in a 2%' century world anticipating sea level rises, thimgple that pumped extraction
can boost flood tide generation with similar efiecy must be built into any serious forward-
thinking reappraisal. It is of relevant interdsattthe problematic Sihwa coastal reclamation
project near Ansan in S Korea is currently underga@omplete reconfiguration as a 265MW
capacity, flood-generation-only TESAR schefgé].
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Present findings cannot be any surprise to the rerpatal RE world, being in line with
expectations from study of relatively fast-oscitigt devices for point-extracted wave energy
by means of the two-way timing control of a gratt@aal device’s releasg8]. Another
parallel might be drawn with human walking, whereergy from one half of the full lower
body movement sequence is stored in the upper twdglp initiate the other half-sequence,
and so on. A damping-out of efficiency and/oeefiveness occurs when both frequency and
amplitude of resonance are less than fully ‘higross defects of symmetry (limping, dragging,
hopping etc) are taken to be obvious signs of danoagil-health. Conversely, a valid measure
of healthy walking is for it to be manifestly twegged and balanced, combinations of properly
timed and quantitatively adequate muscular inpaisgof the essenga?9].

There is also a parallel with heart physioldg®]. Optimum hydrodynamics of the healthy
heart depend on higher pressure pumping chambengrigies) being primed by low-pressure
ones (atria). A diseased heart compensates irnvigatthe Frank-Starling effect, whereby extra
output (albeit less than from its healthy countegpaith normal muscle contractility) comes

from its response to stretch. In the process tiedinpinary priming stage may become of
greater than usual importance, its eventual loggglen ominous sign in stenosis of the aortic
(main outlet) valve for example. Here, output tgbly becomes critically compromised when
valve aperture is reduced to about 1 sq cm as stgie physiological norm of 4 sq cm.

Moreover, since analogous low-throughput ‘compiarat’ may supervene - of sedimentation
from stagnancy, and intracardiac thrombosis froasistinfarction — an interesting parallel

arises in terms of the same aperture ratios gavgrifiull and healthy’ as against ‘sick and

unhealthy’ (i.e. decompensated, weak and/or not fuistainable) levels of viability.

Turning to the specifics of the STPG proposals 11®@&9 Report stipulated 216 turbines of 9 M
runner diameter, to occupy 5 km of the total 16drbarrage width, with a further 5 km
housing no less than 166 slui¢s (see Fig 8). This report advocated turbinessddig a size
as could be justified, specifying the 9M diameterner size after a note of caution that
nothing bigger had yet been developed and tessesvekere. The more recent (2002) STPG
Definition Study failed to clarify whether this gétion had changed in the interj@b]. But
even if not, it would seem that appreciable scogst®for bigger sizing of turbines.

Originally, it seems clear that scoping of thissten of the Severn Barrage (like oth§2d])
was meant to optimise middle range tidal generatrdhout pumped energy transfer. It may
have been overlooked, however, that a rather higtkeiew of the overall potential may be
arrived at if the extreme lower left hand part o B (WWTC < 1.2) is viewed in isolation.
Indeed, considered on its own this part of the @iagshows one-way generation outscoring all
other modes. But across the remainder of Fige@#neration lines diverge ever more widely,
implying a need to open up the scoping perspectikad, for example, the 1989 STPG review
[5] considered a doubling of WWTC and correspondingpuaucapacity even just to 14,400
MW= (i.e. figures whereby the ‘indicator generatigradient’ in Fig 4 would have to be taken
as representing turbine potential during hagiingtidal range) they might already have been
well on the way to thinking through, and more rigasly applying, their own findings - that
‘the aim should be to install the maximum possilenber of turbines, provided there was
commensurate economic benefit’, and that the eneeggvery rate with increasing sluice
numbers was ‘at much** lower rate than with increasing numbers of turbine

* in fact, rather less than a doubling, since thed@nt shown in Fig. 4 is already 20% increasedepresent water throughputs capable of
generating 8640 MW rather than 7200 MW (see foettot-ig 4, and analysis).

**present author’s italics

14



Fig 8: STPG’s proposed arrangement of turbias and sluices on the Severn Barrag#]: dotted white line shows
possible alternative alignmentlalwing for greater turbine generator capacity and sunami resilience

It seems inevitable that sluices must at some gmécome superfluous, their function being
taken over by a bigger number of sensitive and-easpntrol turbine runners. The same idea
is implied for the Swansea Bay OT26] - but not thought through in terms of adequate
WWTC and methodical use of pumped energy transf@e opening and closing of sluices is a
clumsy process with additional electrical and hutlcaenergy demands, the flotation design
suggested by the STHE] being untried on this scale. By contrast the Kkapes essentially a
propeller turbine with bulb modification, hence kvitydraulic start-up and close-down likely
to be in seconds rather than minufg%,32]. On this basis, provisional adjustments can be
assessed as follows. The 4.0x increase in WWTCntight have seemed necessary may be
adjusted down to 3.3x in view of the fact that t@89 report already stretched installed
capacity by 20%, from 7200 to 8640MW. For any giapecific speed (a technical term
predicating runner sizing, not rpfdl]), WWTC increases according to the cube of any
particular turbine design’s runner diameter. Bareple, as against the 216 turbines shown in
Fig 8 (of 9 M rotor diameter), the desired WWTC htidpe achieved (for example) by 216
equivalently performing turbines of 13 M rotor dietar, 432 turbines of 10.4 M rotor
diameter, or any suitable intermediate compromipessibly even a combination of sizes.

With refinements yet to be explored in terms ofirmpin turbine type and deployment, the
necessary width could well be found along muchséme alignment. However, an important
factor not considered either in 1989 or in the 20@Zinition Study is structural resilience to
tsunami risk — which for each 100 years of barrifgspan on the exposed perimeter of the
North Atlantic might reasonably be assessed agyldiorder 10%. The same topography that
makes the Severn highly suitable for TESAR alsalees it more vulnerable to a tsunami’s
major effectd42,43] Reasonably detailed eye-witness evidence existsilpg supported by

a recent topographical study of boulder depositsa @xtraordinary occurrence causing of
order 2,000 deaths around the Severn Estuary i7,14Ben one fine January morning a
glistening wall of water, heralded by a tell-talelpninary retreat and estimated at 25 ft high
on impact, crashed its way up to 4 miles inland tiepth of several metres. At the same time,
in Devon a fully-laden 60 tonne ship about to sefftwas instead ripped violently away from
its moorings and swept inland, to be left stranded above the high tide lev@t3].
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A local slippage on the continental shelf off Ireda or deeper seismic events at/near The
Azores (where three mid-Atlantic tectonic platesetiiewould seem possible causes for such
an even{42,43], future risk of which can hardly be ignored onreut review. Such thinking
might favour a Severn Barrage configuration thaansh-shaped in plan (Figs 8 & 9). This
may give potential for greater intrinsic strengtso dispersing the head-on kinetic energy of a
tsunami’s impact over time and space. The comiparampact resilience of alternative
designs should be possible to model alongsideanesé to the serious sea level rises now to be
expected over the structure’s lifetime. A curvedyrahent, to extend out over somewhat
deeper water (Fig 8), should also assist with tlhwgested need to deploy more
turbine/generator capacity.

Fig.9 In dotted red: STPG Severn Barrage alignment has long straight sections. In white: suggestadignment with
scope for greater turbine capacity and tsunami reience. Rounded shapes may be wise for same readbat this
applies to a lighthouse - i.e. for innate strengthnd to dissipate the incoming energy of large waveser time and place.

In 1989, 29% of projected capital costs were atleddo the turbine/generatdig. Assuming
the same proportionality now, up-rating of this esdpseems likely to increase overall capital
costs by 100% - allowing 65% for the extra turbgsslerators and 35% extra for installation,
partly offset by savings on sluices. Though thgadtics and capital price tag for this might at
first sight seem daunting, a 3 or 4x greater ougaténtial clearly cannot be ignored either and
must go first* into any holistic reappraisal. Thassuming updated STPG estimates of costs
(£14,000m) and benefits are reasondbl@5], a barrage re-engineered on ECOSTAR lines
might cost £28,000m and in the process supply 6&/idar of electricity and save 60 Mt/year
of COz emissions. With net mean output quadrupled frivtW\2to around 8MW, selling price
for electricity would seem likely to be halved agaist the average 6-7p/KWh projected by
STPG[20,29] Even allowing for structural issues and discaaté adjustments, expectation
for such improved performance may well transforraspects for private capital investment.
However, to fully realise any single TESAR projéavill be argued later that its cost-benefit
must tie into a wider, strongly and seriously goweent-fronted implementation and
development strategy that allows TESAR to enteibtee-load grid supply framework.

* For example road/rail linkage possibilities, tighuwell worth considering, are secondary and shaelkrdistract be allowed to distract

from the fundamental workings of a tidal barragénere are other possible locations for a Severmagef24], some of which may well be
worthy of re-examination. However, for presentgmsges such widening of the discussion could unsec@sconfuse the reader.

16



The argument that low-head bulb turbine-generat@gresent tried-and-tested ‘mature
technology’[25,26,28] raises questions as to why the STPG has so matystejected the
two-way generation for which such machines wergioally designed. To the extent that La
Rance is cited by STPG as its main precedent focmmosing two-way generation, the history
of that project seems important (see also intradagt In this context the biggest surprise, on
literature review, is the extent to which pumpeérgy transfer at both ends of the tidal cycle
was central to the originally planned and (it seemaasonably successfully operated scheme of
things. For example this was tbaly mode of generation chosen for illustration by HigF
engineer André (Fig. 10), when in 1976 he ratedpttogect ‘a success from both technical and
commercial angles’. From limited information ompring, it seems that by 1974 a net 15% of
energy output was being used to make a good org-dhireturns on generation. But cryptic
throw-aways, such as that: ‘Tidal conditions enstlv@ peak generation does not always
coincide with peak system demand. Tidal plant dussoffer the same advantages as plant
operated specifically for peak demand or with pwstgrage’ — imply gradual take-over by a
somewhat narrower late-2@entury view of technical and commercial succagajnst which
any initial post-war experimental and strategic @tys was perhaps bound to falter.

Fig 10: fully two-way operating cycle at La Rancethe only usage mode illustrated by EDF engineer Afréin 1976[8].
NB. This diagram closely resembles the lower halffahe upper L subdiagram in Fig 5, but with some sperimposed
‘ebb-flow generation bias’ (upwards dynamic asymmaet, with rise in mean sea level behind barrage).

At La Rance, no record seems to exist of any syaiermquiry into to how or why inadequate
scoping could have led to an underestimate of #paaty requirements for fuller success.
However, freshwater inputs to the basin may notehaeen fully allowed for, and economic
influences over the choice of dam site and roadiirement also influenced the scoping
process[6-8]. Hydro engineering grew up around land-basedeptsjwhere thinking was
unidirectional, it being a given that any dam isally built at the narrowest practicable valley
outlet. Barrage width at La Rance itself is a m&36M, fronting 20 km of serpentine, 1-3 km
wide estuary behind it, which with the need forigts and a boat-lock probably made some
squeezing-out of turbine capacity almost inevitaflleere seems no inconsistency between
André’s information on pumping and the idea of mmdjpnately bigger returns from greater
turbine capacity, as looked at in Figs 5-6. Buairfef suggesting defiance of ‘thermodynamic
givens’ has already been mentioned. National grielee far from complete when planning for
La Rance started nearly 50 years ago, their limitgoiacity reducing any perceived need or
desire to optimise outputs in such a radical wayleanwhile, although sedimentation is
mentioned as an issue by Sgrengdnthere is nothing either in the single referertta he
guoteg[7] or in more recent studi¢8] to substantiate this — hardly surprising consitgthat
the pre-barrage water quality in the La Rance egtwas in fact remarkably clefd4].
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Somehow the temptation may have crept in to pragctssumption that as optimised ebb
generation gave the best strictly-defined econamtigrns, it was also the bestpriori design
basis. French project managers might hardly beédhafor rationalising that project design
failure was partial, the new turbines themselvegkew well, no lives had been lost, and that as
by 1970 France herself was almost totally committe civilian nuclear programme there
seemed no point in any fundamental reappraisalectie capacity issues. Meanwhile on the
English side it is equally important to understanel 1980’s zeitgeist whereby the lessons of
the 1970’s energy crisis were already being fomggtiand a rigidly short-sighted economic
ethos held sway upon which any tidal scheme wasatgd to compete with the then current
‘dash for gas’ and other government-supported agtal projects such as the Channel Tunnel.

Scrutiny of any such rationalisations may be lomgrdue. At the beginning of the 2tentury

a far longer term view must surely be taken orcallnts. Over half the objections registered
in the 1989 Severn Barrage Report were to do vathagial ecology and land drainaigg. A
dichotomy exists in that though ebb-only generatmoposals are said to ‘protect the whole of
the Severn Estuary and rivers upstream of the gparfilom extreme tides, storm surges and
potential future sea level rises’, the immediateslof mudflat habitats through several-metre
permanent rises in mean basin water level is gibeser. While basin stagnancy would apply
broadly as at La Rance, problems from a much great@iment density on tidal ingress to a
Severn Barrage could stand to be further compourngethe 20-30 times bigger scale of
project. STPG’s counter-argument that upstreagnstacy will improve light penetration and
promote water-based biodiversity bypasses theseaestion as to how long it may take for
any such temporary improvement to be permanenfidctd by sedimentation itself.

Equally, there can be no reassurance that an elgbgeneration Severn Barrage scheme can
ever have acceptable effects on upstream draindgespite a promised deployment of pumps
here and there (which can only increase with theeeseding decades, even of this century)
‘creep’ must be the inevitable expectation in terofisenvironmental degradation, with no
reassurance that any unanticipated costs of doiisaion etc. would not be passed on to the
landowner (human or animal) in the usual irresgdesway that has given big hydro and
irrigation projects such a bad worldwide prgsd44,17,45,46]

By contrast the ECOSTAR model, in maximising usafjeeservoir capacity at most times,
promises to maintain the naturally energised emvivent behind the barrage or impoundment,
hence largely eliminating sedimentation at sourceirely the best solution. Clearly, holding
times are important to the TESAR principle and cdrbe eliminated. But these will be 2-2%
hours long rather than, in effect, indefinitely sAny sedimentation that does occur should be
easier to manage - e.g. with modern water injectiedging method§47] as already tried
and/or accepted as routine by many UK estuarialpamtiauthoritie§48-51]. Meanwhile the
opposite risk of scouring could surely be ameliedadnd/or treated where necessary with the
help of modern geotextile techniqyég&]. It is true that if an increase as big as 3rBturbine
generator capacity over the STPG plans were toepéoged and used fully, then high spring
tide conditions could be expected to become thenndBut at least the near-natural bounds for
the amplitudes and rates of basin level changesvad give hope for predictable drainage and
sensible tide tables. There may even be scopeeritargement and/or enhancement of
estuarian wildlife habitats. It is vital for hope be restored in a long term management plan
that has the chance to earn credibility by resgttionestly appreciated environmental and
social interests into line, rather than conflicithaeconomic ones. The extent to which this has
hitherto not been the case may explain much quitecessary, if not circular, argumentation.
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None of this is to say that ebb-only generationncarind a viable niche — e.g. on a gently
sloping tidal ledge acting as a ready-made founddfor a relatively low-cost impoundment
with satisfactorily contained, and/or overall po&t flooding and environmental impacts. It
probably can and will, particularly where this migiovide pumped energy storage that can be
appropriately timed to further augment grid outputBut ebb-only generation for biologically
and geographically sensitive estuaries, even afiding in token amounts of pumped energy
priming, remains undeniably inefficient and probétit — four decades of fixation on just this
one model arguably having obstructed any altereatiwder inclusion of ideas for TESAR

Recognising the need to circumvent such a blogkregress could be vital at a time when an
accelerated RD & D programme, akin to that usedartime, has been urged to help stabilise
emissions in time to prevent irreversible climaatastrophd53-58]. Voicing near-desperate
frustration, the US policy researcher Lester Brdvas urged that politically the world needs
‘an environmental Churchill’ to rally public congdce in democratic government, alongside a
‘major success story in reducing carbon emissionksdependence on oil to bolster hope in the
future’[58]. What such a stimulus might amount to if UK-baS&BAR prospects were given
the necessary political backing may be glimpsetbbiing back at post-war British passenger
aircraft development. This was given a flyingristarough the Churchill cabinet’s wartime
appointment in 1943 of the Brabazon Commifte®]. Despite postwar privations this body
ensured that by 1949 no less than five differesspager aircraft types were reaching at least
the prototype stage. These included the revolatpi©omet that pioneered the way for all
other passenger jets, and two successful turbogirtipers (Viscount and Britannia). The
point is that this technological tour-de-force caam®ut through a broadly based and active
(albeit initially secretcompetition for thought-out ideas for the past four decades assumed
unnecessary in the case of TESAR. Yet if the propatching of engine capacity to body
frame is so basic to the engineering of succegsiulered locomotion - by land, sea or air -
one is here left wondering why a parallel principleould not be pursued with equal vigour.
That essentially the same interpretation has bewred at for all other proposed UK barrage
sites (e.g. Mersey, Dee, Conwy, Wyre, Duddaf,26])) might be thought to rule out any
fundamental error. However, these studies werdentiy much the same investigative team,
clearly liable to be constrained by the same ‘comityuof assumption$l6]*. It seems
essential to expose the full underlying basis upbith such assumptions seem to have stuck
fast for so long if a whole ‘community of projects’ever to be set loose from non-viability.

Once again a big clue may lie in the 1989 EnergydRés statement that intermittent electrical
inputs of 8640 MW were ‘near the acceptable maxinftom the power system viewpoint'.
Herein lies a clear, if oblique, admission thatigmmitations may have restricted any urge to
explore further potential to maximise output. Poweapply and distribution restructuring
clearly did not have the same urgency 18 years lamuking to the future, it is noteworthy that
STPG proponents now publicly admit that the fultgmtial of pumped energy exchange is
incompletely understood and warrants much moreyq22@l.

ECOSTAR modelling differs from conventional HE pusdpstorage in that the timing of both
sides of the energy transfer is critical to perfante. Conventional PS may be a useful adjunct
to ECOSTAR, but as yet the UK has relatively lidimonventional PS capacity, its potential
for further development in support of all RE inphts/ing yet to be studied satisfactofily}].

*as with the vast, propeller-driven Brabazon agtiftself — the first in the Committee’s list ofgpects, and the one which despite or because
of having at first seemed the safest bet was atlawdinger on into fabled white elephant statuoleeits eventual cancellation in 1953.
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Although vanadium flow cell batteries as used tweswvind energy could also help to even out
tidal energy grid flow$60-62], this storage method also involves 20% whole-ciadses. By
contrast ECOSTAR'’s big capital and environmentgbla must set its stall out primarily upon
energy gain. Interestingly, the present DTI call €ollaborative R&D on Intelligent Grid
Management asks for ‘innovations that can minimise impact of energy losse3] but
seems to overlook any parallel notion of being ablmaximise the impact of energy gains

Meanwhile the 2002 STPG Definition Study’s recomoeion [25] that official study is
needed on ‘the requirement, feasibility and costelie of a low-head storage facility integral
to the barrage’ might at first sight be thoughtntean advocating the ECOSTAR principle.
But instead it refers back to the twin-basin suggasin 1981 (Fig 11), and rejected by the
STPG itself in 1989. Such an idea seems serioggyessive, impossibly complicating a
project profile that above all cries out for sinfigkation. For one thing it must risk distracting
attention from the planning and building of otherlpaps equally valid and necessary TESAR
schemes.The remainder of this discussion aims to put fodvéwe hypothesis that it is both
possible, and far better, actively to plan for thesprovide the required grid supply continuity.

Fig 11: on-site secondary hydro storage basin sugged for consideration by STPG

In any initial interim, power excesses from an EQ@R-modelled Severn Barrage might
alternatively be used to help develop the regiamal UK hydrogen and/or vanadium flow-cell
economies, and/or be shared with other EU countri@sen the right political leadership, the
prospect of being able to scale up the RE econanayvahole may help to secure the necessary
initial investment. EU countries feel an incregjrurgent need to set up a common European
grid authority[64]. From a Europe-wide viewpoint, arguably investiriarthe UK's TESAR
resource could also be seen as a trial run in tefraspossible era (?2050 onwards) in which
nuclear fusion takes over from fission, fusion ngvparallels with ECOSTAR-based TESAR
in terms of two-way grid energy exchar{@®].These parallels should reinforce the investment
logic of synergistically workable grid commonalgieThe point is that hopes for useful nuclear
fusion may turn out to be real or speculative, dititer way the future path is secured via a key
renewable with broadly analogous grid demands,immiiis context it would seem perverse to
continue ignoring such a power source’s relativatlgap and certain availabilibpw.
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A vigorous UK nuclear-vs-renewables debate was epem by Lovelock who, while lumping
renewable energy and the whole presently formulatetion of sustainable development
together as ‘feeble offerings’, also urged the irapee for a ‘sustainable retreat’ in the war we
have declared on Gaia, stating that ‘the immediata is secure and reliable sources of energy
to keep the lights of civilization burning and ftite preparation of our defences against the
rising sea level. There is no alternative thanlearcfission until fusion energy and sensible
forms of renewable energy arrive as a truly lomgtprovider’[55].

But need RE and SD really be such a feeble panlez#s? In N Wales the familiar Bruntland
definition of SD has been shortened and sharpemelat of ‘development which meets the
needs of the present whilst striving equally t@wlifor the needs of future generatid6s].
This definition aims to squeeze out procrastingtaord may be applied by way of example to
the social tailoring of any barrage projethe fundamental challenge is that, as sea levstés ri
the further extension of routine, more or less tamisflooding inland of the barrage can only
be held back by equivalent, parallel restraint aghhtide basin water levelsThus with ebb-
only generation, if with a sea level rise of 1mvdas deemed necessary or desirable to protect
land or property commensurately, according to tngase law an average reduction of 1m in
the mean 8.25m usable tidal range already mear@@r2duction in available mean power
output. By contrast where flood generation is addeas well on the ECOSTAR model, such
losses could be halved to only 14% of an initigilyadrupled net generation capability. Indeed
flood generation, boosted by pumped extractionottinue helping land drainage at the lower
end of artificial tidal ranges, could be usefullgntinued until the sea had risen by several
metres — probably right through until the barrageia defence role had been overtaken.

Provided sedimentation is controlled or avoidenhitst be recognised that, as sea levels rise,
basin capacity for flood generation witicreaserather than decrease. The first 0.5-1.5m of
sea level rise may even improve the balance of igpaits from ebb and flow generation,
particularly since the relatively normal drainadettis built in at low tide should relieve
pressure to reduce pumped storage at the top emebefay generation. Looking beyond this
point (as one surely ought to try, at least onNH&ales definition of SD) future outlines seem
possible to envisage of a coherent, transparentgmable, long term Shoreline Management
Plan whereby, through public education, the bes@iitphased population relocation could be
explained (and in all likelihood partly paid fory the ‘bonus’ of continued power generation
on a fuller range of upstream tidal amplitudesuctslonger term planning could be based on
orderly upward ‘steps’ in upstream high tidal levelThe key is to gain the earliest public
recognition that active anticipation of, rather thanere passive adaptation to, coastal climate
change is paradoxically far more likely to help igute it.

Ebb and flood tides are one thing, coastal defeapposedly quite another. But for how much
longer can such split perception (as implied algddwvelock) be maintained? If and when the
ECOSTAR scoping model finds its way into seriousutfht, conventional fatalism based on
reductionist economic analysis of coastal floodedeé costs may become a thing of the past
for defined yet sizeable stretches of UK and ottuastlines. TESAR schemes may warrant
holistic appraisal even where tidal ranges ardivelly modest. Some may well have a purely
energy-based economic justification, including stierm storage/augmentation in parts of the
world with abundant solar or wind energy. ButesH) by no means just in the developed
world, may well incorporate flood defence needsaasissue that strongly co-determines
viability, or at least underpins social and envir@mtal acceptability.
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By the same token, serious consideration may neée tmade of a coastal defence scheme’s
ability to generate even modest amounts of elefwtri€ this can help attract planning and
investment interest. However, with the Conwy débn of sustainability in mind, many
locations presently best suited to two-way genemnashould also be planned with an eye on
future scenarios necessitating a gradual reversowne-way (flood) generation: to gain
consensus over a coherent and timely climate chaggada, any hiding of such forward
thinking from the public is surely misguided andyneguate to pre-WW2 appeasement.

So far, what might be termed ‘passive’ barrageshseen built for two UK capital cities only
(London & Cardiff). Meanwhile a major constraior the planning of coastal defences is that
what protects one length of coastline may adveraéigct adjoining stretchg$6]. In this
respect a relatively compact ‘active’ structureelithe Severn Barrage may seem easier to
assess than a long coastally-attached impoundntut.paradoxically such issues as littoral
drift of sediment, possible scouring and the coosat need to avoid asymmetries in the
treatment of adjoining areas may also mean thegamnee of synergies that push best practice
towards longer rather than shorter embaymentsyvid®&d such structures have demonstrably
logical endpoints there seems no reason they shestdt in unevenness of benefit.

For each and every potential site for larger-sE8aI©STAR generation (Fig 12), study will be
needed on hydrodynamic interactions with the tltiegensional shape and capacity of the
coastal shelf in question. Tidal power extractwilli always tend to dampen the resonance
phenomena behind apparently available heads amnas,flthe Severn Estuary’s markedly
funnel-shaped configuration making this hydrodyrmanesponse likely to be more brittle than
that of a more open length of coastline. For eXamip 1989 the STPG foresaw a 0.3M
reduction in spring tidal range just from the plogsipresence of the barrage itsgdi.
However the STPG studies, in allowing and adjustargsuch issues, did not find them likely
seriously to dampen overall energy extractabiliBehind the structure some reapportionment
of sandbank material might well be planned, tobe &im being to increase flow generation
capacity while maintaining, or even increasing, if@accessibility of low-tide areas.

As the Environment Agency points out in its positg&tatement opposing the STPG’s Severn
Barrage scheme, of all obstacles to any furthesidenation of TESAR perhaps the biggest
remains the lack of any strategic overview. Eattiddsed study to date has been framed in
an isolated fashion, in practice ensuring failurgérceive the full potential both of the lesser
particularand of the greater whole. Yet in the EA’'s own woftdsase-by-case approach...is

unlikely to achieve the most sustainable solutieerall’ [67].

In this respect a fundamental issue - perhaps th& obviously vital of all to any strategy for
using nature’s timetable to combine TESAR outposertheless hitherto not thought about
enough to make its relevance possible to studyeshpp is the relative timing of inputs from
potential TESAR sites around UK shores (Fig 13kt, Yf such timing works, for the UK this
could surely be the key needed to open up TESABtential, both literally and figuratively,
from being something contentious that hardly anywaats even to try to understand, into the
most reasonable, plentiful and even generous haseebenergy source upon which to base
RE as Lovelock’s ‘truly long term provider’ - beagi in mind also that, on the present model,
TESAR could amplify rather than merely stairgy given source of electrical energy.
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Fig 12: contour map for mean spring tidal range (m)around UK shores and The Channel. Sources: DTI Ads [68]
(where contours are in colour, hence less easy tead) and Sgrenserf3]. In terms of strategic planning for TESAR
deployment, this diagram needs to be read alongsidetidal time-incidence chart such as Fig 12 - natttempted by DTI.
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LOW/HIGH TIDE TIMES (hour marks relate these to start of each cycle at Cardiff)

KEY UK SPRING/MIDDLE RANGE TIDAL PATTERNS
(cf. uoper chart. which has the same colour-codina)

Fig 13: (upper) - tidal incidence chart for selecté UK sites, Feb 200769]: (lower) - corresponding tidal excursions. A raneg of
averaged ‘Cardiff Related Tidal Incidence Ratio’ ((RTIR) values can be derived to cover spring and ngaconditions at any site, the
numerator being the relevant time from the last Cadiff high or low tide, the denominator the time interval between relevant Cardiff
high and low tidal points. Thus for the Severn ths ratio is by definition O (or 1), for Llandudno/Canwy the range (averaging four
measurements from the graph for each value) beingdm 0.64 (spring) to 0.73 (neap), and for Pwllheliiremadog from 0.25 (spring)
to 0.37 (neap). See also Table 2 (p.25), sitesdentegorised as having tidal sequences either falling (F) or pursuing (P) Cardiff's —
e.g. Tremadog & Barmouth and Conwy & Liverpool Baysare in Category ‘F’ while Firth of Forth & Tayside are in Category ‘P’.
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Fig 14 (above) : possible beginnings for a UK TESARtrategy. Represented here are the effects on amerage tide of summating
energy exchanges (S) to/from a Severn Barrage ashamced by ECOSTAR with exchanges to/from another tarway ECOSTAR

scheme half its output potential to which tidal inadence is delayed by one-third of a tidal cycle @. as with Red
Wharf/Conwy/Liverpool Bays). Note that the biggerscheme covers the priming input to the smaller oneyhile the smaller scheme
covers ¥ of the bigger scheme’s priming input. Theemaining ¥ might be supplied via existing conveidnal pumped storage
schemes. The problem remains of marked net interittency, i.e. of enormous energy outputs matched bgimost equally big - though
fully predictable and hence correctable (Fig 15, Hew) — gaps in output.

Fig 15: an idealised UK- wide TESAR strategy for Bseload grid supply. Here the ‘Liverpool Bay com@x’ (b, in green)has been
more completely developed to match outputs from th&evern (a, in blue). Meanwhile a third complex(c, in red) has also been located
and built to match the first two schemes by fillingin the energy transfer gaps left by them. On tli combination of premises,
summated outputs (S) now average just over 20 GWa total corresponding gratifyingly with the current UK baseload as outlined by
STPG (Fig 16). Though sharp phasic variations in et output between 14 and 30 GWare shown above, in practice it is not
unreasonable to expect mitigation of such grid outt swings by careful cycle-to-cycle management afcheme-complexes once built.
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SITE AREA Mean Spring Mean OP CRTIR Sequencing Completion

sq(km) Tidal Range (m) (GW) Range Category Date
Severn 515 10.0 8 0(orl) ‘The hare’ 2020
Thames 300 6.0 71 0.84-0.97 F 2030 - at

latest

Red Wharf Bay 70 6.0 0.5 0.64-0.73 F 2020
Conventional pumped storage ?5 or equivalbitf N/A N/A N/A 2020
Conwy Bay 130 6.0 1.2 0.64-0.73 F 2020
Liverpool Bay (i) 175 7.0 15 0.64-0.73 F 2023
Firth of Tay/St Andrews Bay 250 45 1.2* 0.25-0.37 P 2024
Liverpool Bay (ii) 275 7.0 2.1 0.68-0.74 F 2027
Tremadog Bay 370 4.5 1.7* 0.25-0.37 F 2027
Liverpool Bay (iii) 350 7.0 2.7 0.72-0.75 F 2030
Barmouth Bay 230 4.5 1.1 0.25-0.37 F 2030
Firth of Forth 650 4.5 8.0 0.22-0.31 P 2030

Table 2: outline timetable for first generation TESAR scheme completiots allow most present UK electrical base-load toésupplied
by TESAR schemes during middle range tides, qv. Fi5. The CRTIR (Cardiff-Related Tidal Incidence Raio) for any given scheme-
component is explained in the footnote to Fig 13.A fairly even spread of total outputs from scheme&omponents with ratios near to
the fractions 1/3 and 2/3 is anticipated to be imptant in establishing a UK strategy exploiting theECOSTAR principle. Note the big
‘upping’ of project tempo between 2020 and 2030, bwhich time RE must be the core international enerng commodity for climate
change to be controlled. For simplicity only compléon dates are shown, starts of relevant work neeédg to be 4-8 yrs earlier, and
planning earlier still (e.g. 2007). The asterixed wputs (*) depend more heavily on energised flow geration — see footnote on p. 30.
N.B. An ensuingsecond generation of projectould include the Humber, Wash, Solway Firth and Mrecambe Bay. In the latter three
cases pre-existing basin sedimentation, if not deakith, may initially reduce flow generation e.g. ly 25-50%. However, flood defence
issues will almost certainly dictate a need for flw generation provision. Geotextiles to contain theecycling of basin material into
barrage/ impoundment walls could be a key to the wile-cycle (ebb-and-flow generation) effectivenes$ some schemes, surplus basin
material perhaps being usable to help re-engineestabilise or nourish defences of neighbouring codstes [50] (e.g. of Lincolnshire).

Quantitatively, going by STPG figures and preseanjgetions the net potential for the Severn
Barrage alone is to supply around 20% of current éléctricity demand, instead of 5% as
hitherto supposed. At the opposite end of saafeRhyl in N Wales a pilot OTI scheme
enclosing 3 sq km could generate (calculationsiake worked example) a net mean 15 MW
from 52 MW of installed capacity. This is doubletenergy/sq km of the nearby offshore
windfarms, which in turn are very favourably sitadeed in respect of wind resource.

But the overriding priority is the qualitative oré filling the strategic void noted by the
government’s own Environment Agency. It is uncledoether the Sustainable Development
Commission’s present study of tidal energy hasdegaate remit to do thid9]. As formal
submissions were discouraged and initially thers n@ intention to return to first principles,
the danger remains of merely commissioning a plotiof consultants to rehash a shopping
list from which TESAR is effectively ruled out frothe start — especially if RE policy is once
again decoupled (as the 2005 Ofgem report inadwiytsuggests as welR7]) from the key
issue of strategic grid restructure. Suahenu a la cart@pproach may be standard fare to the
UK generating industry, but has been fiercely cised by Schedd 6] since it leaves the door
wide open for continued reinforcement of unjustfreconceptions about RE’s supposed lack
of intrinsic potential. Present findings suggésttithe truth is the direct oppositef-offering
more power than can easily be handlefit a time like this of desperate need — withrgaae
knowing that London, at leastjustsoon plan a new barrage or barrier — the luxurieting
TESAR continue to wallow in such neglect is sumedylonger affordable
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To jump such ‘mental hurdles’ a growing number odreomisty70-72] have joined scientists
in recognising the bigger, strategic imperativalefending planetary stability. The underlying
premise is that the word ‘strategy’ is militaritypt economically, derivef¥3]. The ‘invisible
hand of the market’ by itself can no longer bewaéid to dictate a scale and priority rating for
investment that is also left blind to the kind ofal negative externalities that any military
strategy must confront for the sake of survifg-58]. Successful military strategy may well
depend on preparedness to throw out all precormeptabout how to combine objectives,
initiatives, weapon systems, army groups or eveviceetypes. Yet paradoxically, sometimes
the proper application of just one underrated systan also be pivotal. On land, the prime
20" century example of this is probably the tank rathertanks since it took Britain herself
25 years to catch up with the strategy-transfornpotgntial of her own biggest First World
War invention as developed and deployed in adegpaed, strength and numbEgf4].

On this analogy, what Figs 13-15 and Table 2 mapntpgowards - with potential to be the
basis for a strategy not just for tidal projects fom renewable energy as a whole in the UK - is
the forward planning of an array of varied ECOST#dRemes able to pump-prime each other
via an adequately strengthened grid system. Tdn&ants the dilemma that if an ECOSTAR-
based Severn Barrage is built as an isolated grgeesent grid limitations might once again
never allow its full potential to be utilised. Ud$the ideal scenario, to be aimed at as soon as
possible, must surely be for an array of (say)dhequally sized and balanced schemes or
scheme-complexes to go on-stream, priming eaclr adlfteer like the successive chambers of
a three-cylinder internal combustion engine (Fig. 1But clearly, if a Severn Barrage were to
be completed in isolation by 2020, as the STPGkthpossiblg5,26], less perfectly balanced
scenarios may need to be accepted on an interiin (fag 14).

Suitably placed and sized arrays of marine curteritines might help fill any such gaps in
TESAR base-load provision, wherever there is aablytcounterpointed timing of maximal
tidal flows around headlands - e.g. near the motitthe Severn as against the times of high
and low tide at Cardiff. Parallel consideratiopplg to MCT exploitation N of Anglesey vis a
vis Liverpool Bay[19-23]. But while this illustrates the ECOSTAR modelstgntial to help
co-ordinate and expand both the individual andective abilities of other RE resources (in the
UK, mainly wind and wave power) to supply grid dems, it seems unlikely to be a complete
answer — partly because of the lesser scale of id@&ntial, and partly from the relative lack
of flexibility of MCT’s in terms of being able toary the timing of power delivery.

TESAR is uniquely placed and sized to become thd lgartner to any such co-ordinated
strategy. But the flip side is that, to achiews,tkhe intrinsic grid capacity changes needed for
ECOSTAR's introduction to the power generation saanstbe tackled head-on and not dealt
with as an afterthought. Such a strategy for TESARNnot be less than UK-wide, but might
reasonably be planned on an international basengirance’s even greater TESAR potential
(Table 4). In particular, the Baie de la Seinemigomplement the UK's ECOSTAR-boosted
TESAR resources in terms of timing (Fig.12), tidiesre being about 3 hours ahead of both
Cardiff and the Golfe de St Ma[@5]. But is there any reasonable evidence that Frailte
wish to reactivate their tidal energy programme foshelp rekindle British interest in the
resource? After all, France ‘went nuclear’ at appnately the same time that the UK found
its pot of North Sea resources. Why, supportedumh a huge bonus, should the UK expect
any more of a pain-free path to resource indepearefenn leadership terms, a more robust and
productive stance is surely that the UK’s own TES@dRential should, so far as possible, be
developed to stand on its own as a base-load suUpglyework onto which her enormous
offshore wind and wave-power resources can betpld§i attached.
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By contrast, despite or because of the best offittes the present policy of a ‘20% by 2020,
gradually incremental yet blindly market-led shéoe assorted renewables, mostly wind and
therefore relatively unpredictable, procrastinatesr the search for any solution as to how RE
is ever to help supply the UK’s electrical baseleadow identifiable as the prinmeear-future
objective for any truly sustainable emissions réduacpolicy[14,53-58,76]

For example even the STPG itself, while urging clatign of the Severn Barrage by 2020 on
climate change mitigation grounds, still seems eoninto assume that a cocktail of nuclear, gas,
and ‘imports’ must continue to be the cushion updrich TESAR power should sit (Fig 16).
Yet TESAR’s technological maturity and critical mapotential surely makes it uniquely
capable of helping to challenge such comfortabsiiaptions. Without this and other similar
changes to present thinking, paradoxically whatedtiaoff as a well-intentioned target for RE
market penetration seems likely to be seen inanghsjust as an irrelevant delaying tactic,
putting off the time when renewables are made akndr strategy by wrongly pigeon-holing
them as only ofmarginal potential, applicability and importan{s].

Fig 16, from STPG documentation1,5]: the Severn Barrage output is sitting on a baselabcushion to
be filled - and presumably kept comfortably inplace - by ‘nuclear, gas & imports’. Cf. Figs 14 15.

How might primarily non-estuarial TESAR schemes kvout? To use UK examples (Fig 17
& 18), along Red Wharf, Conwy and Liverpool BayS-atage scheme could be devised for an
80 km long barrage enclosing 900 sq km of coasghtiyualong the 10-metre seabed contour.
Apart from contact points on the E coast of Angjese Llandudno’s Great Orme and at Rhyl,
from most beaches even such a big scheme wouldrnbugh out (7-9 kms) to be seen as a
line near the horizon. Because of the relativeeabs of boating activity this is presently seen
by visitors as being rather featureless. Givesarable investment, the local economy should
be encouraged to capitalise on pleasure maritimeitees at a time when jet-hopping to the
Mediterranean may become less desirable (and cheaf)e total mean output potential is
around 7 GW, i.e. commensurate with that of theeB®vand four times that of N Wales’ two
nuclear power plants (Trawsfynydd and Wylfa) thavdn closed or are closing. Though this
structure’s length would be 4-5 times that of tlewe&n Barrage, its depth would be shallower
and technicalities easier as regards the smatlat tange and gentler currents - the working
basis being to install a larger number of smalebines than for the Severn project.
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Fig 17 — sketchmap of proposed CATI (coastally-agiched tidal impoundment) complexes in NW Wales antiverpool
Bay , shown by the red dots. Underwater contoursra drawn by reference to Admiralty Chart No 1. Building would
be sequential, e.g. starting along the N Wales cdasith the Red Wharf Bay and Conwy Bay sub-schemedhe latter
involving canalisation of the Menai Straights — whih paradoxically should improve boating access acss them.
Impoundment walls essentially follow lines that areclose to the 10 m seabed contour. To improve flogeneration
potential, any parts of their length not devoted toturbine caissons might be partly composed of seatbenaterial e.g.
recycled from the shallowest areas of Conwy Bay arldverpool Bay opposite Dee Estuary and Formby Poin Once all
structures were in place littoral drift would still apply - but outsidethe impoundments. This is because impoundment
complexes would conform smoothly to the coastlinesther side of them, recreating bay-like overall sapes that stand to
have relatively predictable, benign effects on cota processes. The shallow rocky bar dividing Tremdog & Barmouth
Bays may be a useful adjunct, helping to divide aatherwise overly large embayment project. Potentidy there are two
sites for large new conventional pumped storage semes, Penmaenmawr Mountain and Lyn Trawsfynydd.
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Fig 18: sketchmap of potential tidal barrage siteg¢red dots) in E Scotland. Contours derived as foFig 15. The Firth of
Forth site is somewhat bigger in capacity (600 sqnk) than the Severn. Note the relative depth. Thishould make the
site well suited for flow generation under the ECOSAR model. 150 sq km of extra capacity could be dhined by
aligning the barrage 10 kms further E, i.e. approxthrough Bass Rock. The more northerly barrage carbe seen, both
by length and area, to be primarily an impoundmentof St Andrews Bay - the Tay’s shallowness upstreafrom Dundee
making a barrage directly across its mouth of litte use for flow generation. Neither scheme would heractical or
economic without priming energy inputs from relatively marginal (‘surplus’) energy e.g. derived from ¢her TESAR
sites with bigger heads. Because of environmentaihd social restraints, it is assumed that pump-pririmng must here be
applied mainly towards flow generation. On this bass it is assumed in Table 2 that the net effectivenergy density for
Tremadog/Barmouth and the above two Scottish schersgas compared area-for-area to the Severn, may kecreased
from 16-20% to 30% overall by aggregating the averge of a 20% energy density on ebb generation and4®% one on
flow generation. This could be done by pumping tadrop the basin water level to around 1.5-2.0 m belo OD prior to
flow generation. Fringe benefits are to increaseraas available for wading birds and low-tide recovey of golf balls at
two internationally renowned golf courses - the laer suggestion being easier to sell to the publiban relocation caused
by the ever-accelerating climate change related sdavel rises, seemingly inevitable on a ‘business-asual’ basis.
Worldwide and local openness about many such choices is neededvnm help obviate or mitigate tribulation later.
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From the viewpoints of (i) maximising round-the-ckospread of inputs from TESAR projects

to the UK grid; (ii) building up TESAR scheme camstion experience gradually by starting

work in the most sheltered waters; and (iii) pravgdwork to substitute for closure of the

Wylfa nuclear plant on Anglesey and its associatledhinium smelter, it would seem to make
sense to put the Red Wharf Bay and Conwy Bay schethead of the Liverpool Bay ones —
i.e. work from W to E (Table 2). Thus, insteadrefiving the presently shelved option of an
economically insignificant and environmentally ctenproductive ebb-generation scheme just
blocking off the mouth of the Conwy Estuary, it idseem logical to start by canalising the
Menai Straights - present navigability of which.edwo large tidal turbulences, is notoriously
confusing and dangerous. This would clear the feaya 10 km-long embayment between

Black Point on Anglesey and the Great Orme at Wand. Such a scheme would protect
Bangor, Beaumaris, several vulnerable towns ugCibrewy estuary, and be Llandudno’s ‘first

instalment’ of major protection. Planning for thi@mate exhaustion of Penmaenmawr Quarry
could be brought forward to around this time, teate a significant new use for the mountain
as a pumped storage station, with an energy cgpacighly equal to that of Dinorwic.

A similar logic brings Tremadog and Barmouth Bay®ifocus (Fig 17). Despite the modest
tidal range (Fig 12) these represent one of onty éasily identifiable TESAR locations where
the scale of basin capacity available for both abt flow generationand the timing of the
tidal incidence (Fig 13), can combine to contribsignificantly towards the idealized ‘three
cylinder tidal engine’ format envisaged in Fig. 1Between the two bays a 17 km long natural
ledge lies just below low tide, pointing to Irelaadd known as St Patrick’'s Causeway. This
feature may conveniently help to divide the ovefalhbayment’ process S of the Lleyn
Peninsular into two more easily managed stagesxifity to other key infrastructure in North
Wales is highly relevant i.e. not just large it3séirg pumped storage facilities but also the
further potential to adapt Lyn Trawsfynydd (whoselear power station is disused) as another
such scheme — this time of a capacity several tigneater than Dinorwic. To the Tremadog
and Barmouth Bay areas the biggest gain would berms of long term security from sea
level rise. Pwellheli’'s marina investment woukked careful safeguarding with boat-locks etc.
Overall scope exists for more collateral touriswestment, and as the scheme impinges on the
Snowdonia National Park the key must be to earp@udor a sensitive and highly integrated
development based on a high level of both offiarad public understandif@7].

This Welsh complex only half-answers the quesafbalanced ‘third cylinder to the tidal
engine’. Fortunately, potential exists in Scotldmda parallel scheme involving the Firths

of Forth and Tay (Fig 18), similar qualificationgpdying in terms of integrated development.
Features in common include not just the timingddltincidence but also the lack of shallow
sandbars, facilitating extra pump-energisation@f/fgeneration. Thus while ‘high tide’ level
behind these low-head complexes could be at or theamaximum astronomic tide level, for
Table 2 it is assumed that ‘low tide’ level could bonsiderably lower, somewhat greater
priming inputs for flow generation allowing summatoutputs from Tremadog/Barmouth and
Forth/Tay schemes almost to equal that of a Conwegfpool Bay complex (or the Severn).

It seems reasonable to assume that the ECOSTARIrhadepotential for such versatility,
though clearly more work is needed to prove tliigerywhere the concept depends, in the first
instance, on planning in enough installed turbiampacity. For flow generation at lower-head
sites, the mean neap-tide pattern shown in Figghtwiell be applied to medium tides, and so
on. Clearly this means some rise in the relevarE@ ratio. But whereas power outputs from
these schemes would be core rather than margimaldstrategy, costs of the necessary input
pumping costs, derived from higher head schemesassumed to be relatively marginal.

31



While the influential 1990’s Factor Four report dhedut ‘doubling wealth, halving resource
use’ as its motif78], the present paper advocates tripling or quadrgpie extractability of
one major RE resource at many if not most relesdas. To put Table 3 (below) into a world
energy resource context, the total mean outputnpiatevould be a minimum of 2500 GW if
all the TESAR sites shown were developed, as agtiasl 995 total of 70 GW in mean output
from conventional hydro-electricif{d]. At present hydro probably supplies a mostly sohew
static, 4% proportion of world enerdg¥7] despite some estimates pointing (rather hopefully,
since it means harnessing almost all rivers inmthdd, without allowing for falling capacities
of reservoirs due to siltation) to a worldwide meartput reserve of 626 GV8].

CONTINENT COUNTRY LOCALITY MEAN TIDAL AREA to be MEAN
RANGE (m) enclosed (sq OUTPUT
km) potential (GW)
Europe UK Sundry 4-8 5,000 40
France Golfe de San 6-7 12,000 150
Malo, Baie de la
Seine etc.
European Mezenskaya 6.7 15,000 200
Russia Guba
Asia Asian Russia Penzhinska 11.4 20,500 760
Guba
Indian Bay of Kutch 5 1,100-7,000 4-25
subcontinent B. of Khumbhat | 7 2,500-4,800 28-54
China & Korea | Yellow Sea incl.| 5-6 10,000-80,000 | 75-600
Bo Hai
N America USA Bay of Fundy 9 20,000 760
(Maine)
Cook Inlet 7.5 18,000 230
(Alaska)
Canada Turnagain Arm | 7.5 6,500 83
S America Argentina San Jose 5.8 780 7
Golfo Nuevo 5 2,400 29

Table 3: some large sitef3,8,10,79]illustrating the worldwide potential for two-way TESAR schemes

As with conventional hydro it can be argued thahynkcal TESAR schemes would be better
than a few macro ones. But the point of Table & isnderline, without elaborating a vast list
of sites, the quantitative extent to which ECOST#deping could change investment priorities
worldwide. Clearly, it is the barren controveryer the environmental impacts of ebb-only
generation that obliges the existing informatiosé#o focus more on relatively uninhabited
bays than populated estuaries (Table 4). But byst#tme token, once the ECOSTAR principle
gains credence any perceived ‘environmental coresst in confining TESAR to non-estuarial
sites seems likely to be swept aside as worldwetegptions grow, post New Orleans, that
‘environmental impact’ has itself now become arués$or two-way assessment. Indeed, a
major reason to expect TESAR to shoot to the tajh@fclimate change agenda is precisely its
deployability near burgeoning coastal populationtis where it can do most to help turn
threats into opportunities - a complete inversidnttee present paradigm whereby hydro-
electricity displaces human and animal habifat$7,45] Britain’s potential use of estuaries
pertaining to all three of her mainland capital ie&, both to generate clean energy and to
protect them from sea level rises, makes her caseree example of this welcome benefit.
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Thus a need may well arise to re-evaluate presextopceptions that the accessible tidal
resource represents a mere 10% of the conventiomab-power resourcgs,17]. Indeed, a
priority for the early 2% century could well be to see this ratio reverseith conventional
hydro often reverting to a subsidiary, supportinfgre.g. in pumped storage to help even out
relative deficits from TESAR at times of neap t{&&g 19).

Fig. 19: centile distribution for year 2003 of tidd ranges at a site (Swansea) intermediate betweelnet Severn and Liverpool Bay{9].
Note the highly eccentrically-skewed bimodal distbution, with twin ‘peaks’ near top and bottom endsof the x-axis range. Thus the
two lowest centile bars, if taken to be truly neagides (i.e. those below a 4.9 m tidal range) represt only 160 ex 705 (22.7%) of tidal
cycles, while the top two centile bars (i.e. thosepresenting a tidal range above 7.79 m) represer®34 ex 705 (33.2%) of the total.
Meanwhile the upper five centiles represent 402 €#05 (58.4%). This suggests scope, under the ECOSHAystem, for a fortnightly
storage/generation cycle based on conventional P&rthg spring tides to go some way towards compensag for neap tide deficits.
The pace of such a fortnightly cycle is leisurely yo comparison with conventional land-based pumped stage schemes, but fast
compared with the usual once or twice-yearly dry/weseason alternation often governing conventionalyjfdro. On this basis Monbiot’s
question may come to the fore as to whether convéanal PS capacity is also ripe for systematic re-axination [14].

What worldwide effects might there be from the aunsd extraction of tidal power on such a
scale? Tidal energy derives from the ‘freedomivater particles to oscillate under the effects
of the various gravitational and rotational enefigids operating at the earth’s surfd8e5].
Development of as much as 3000 GW mean capacitydwmineeded to control this freedom
to an extent liable to double the earth’s preseoitiyerved rotational slow-down rate, believed
to derive from natural tidal friction, of 1 secomdery 288 year$3]. Clearly, any such
modified period must be multiplied by the numberdalys in the year to estimate the number
of years (currently about 105,000) needed for eghto ‘gain’ just one second.

Incidentally, the science fiction scenarios citgdbvelock of tidal schemes eventually pulling
the moon ruinously closer to eafib] are indeed fictional. The laws of physics are sudit th
energy transfer is positive towards the moon¢he.earth’s tides energise it and have tended to
let it escape over the millennia as if on the ehd etretching piece of elastj8,6,79]. This

rate can be quantified as being of the same ogleuaown earth-bound intercontinental drift.
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The public has lived with offshore gas platformsl awastal nuclear plants for years, and is
mostly happy with offshore windfarms. So why lois? The Stern Review emphasises
public involvement in adaptation to climate chafgg]. Such schemes are on a scale that
stands to capture the imagination in a way hithertee hoped for than expected, offering real,
long term engagement in the fight against climdtgnge where it is most need@fd]. Even

at the design stage they broadcast that the ‘bsssiag-usual’ option - not least on other vital
fronts such as domestic energy saving and trangp@r®0] - amounts to surrender, i.e.
delaying decisions that when finally made may bveda late to have any serious mitigational,
let alone preventative, effects. Recent report®BFRA[91] and National Trusi92] double
previous end-of-century 0.5 m estimaf@8,94] of sea level rise to 1.0m. Robust application
of the Stern Review should surely mean governmeult lacal authorities for substantial
coastally inhabited areas encouraging each othixcwma stark choice between ‘strong action’
soon - based on reasonable ‘certainty, long-temnrphg and a secure financial framework’
[95] and a reasonable chance of assisting with timetyate stabilisation - and further delay,
drift and denial with progressively less realistiances of any worthwhile effectiveness.

From the Wales-based resident or tourism viewpéantexample, ‘spoiling the view’ from the
Great Orme might seem strong medicine — but whisweifalternative is to connive passively at
our children or grandchildren helplessly seeingeitert to being an island while Llandudno
itself is forever swallowed back by the sea? Timeate change problem is a global one, but
for all of us it begins and ends locally. Strongdicine is clearly needed to cure, or at least
control, the ‘planetary fever already threatenitogengulf us[55]. True, such strong and
unfamiliar ‘cures’ must be taken practically evehgre. But their taking also has to start
somewhere -really starting somewhere being essential towards theusagement and
acceleration of their being taken everywhere elgeinva real ‘One Planet EconomiB0].

On this basis, so far from Lovelock’s pessimistation of sustainable retreat the idea of a
protective ‘embayment’ of North Wales’ coastlineultb be taken into public debate as
sustainable advance - so long as it is implementéide to help be effective. Locally, such a
notion ties in with the historic record of coastabsion before the days of sea defences, in the
form of a number of County archive survey mapsmdpback to 1811 that indicate a steady
natural rate of coastal erosion of 1.4 m/yi€&]. A projection of this erosion rate backwards
in time would suggest that the proposed impoundrsemtcture (Fig 15) superimposes itself
upon what was the coastline at Constable Bank 8y886s ago, at the end of the last Ice Age.
Ice Age origins have also been ascribed to thededdf Tremadog and Barmouth B493].

The practical, environmental or economic case fmsaering Tremadog and Barmouth Bays
as possible TESAR development sites could hardlytalzen seriously, firstly without the
ECOSTAR principle itself, and secondly without beggparallel schemes to provide regular
and predictable priming inputs. Such schemes,galeith the Conwy Bay/Liverpool Bay
complex, are in one sense together merely thesftip of the Severn Barrage coilut by
itself a Severn Barrage may not be fully realisticealisable either. Strategically an obvious
analogy is with the naval flotilla whose flagshgay an aircraft carrier, though by far the most
impressive weapons platform lacks credibility withdhumbler supporting vessels. Here,
figuratively the Conwy/Liverpool Bay complex is aomkhorse range of accompanying
frigates, and Tremadog and Barmouth along withBHgcotland projects perhaps the required
number of auxiliary vessels, no less vital to siggtfor their less glamorous profile. There is
also the need to keep any emergent national ‘fieptojects’ concentrated enough to maintain
tactical cohesion. On this analogy, North Walethémajor geographic key to such cohesion,
Anglesey in particular being the arbiter of impaittdifferences in tidal incidences.

34



There is a historical counterpoint with the farkdeg initiative by the Clydeside politician Tom
Johnston, aided at the other end of the politipatsum once again by Winston Churchill, in
setting up the North of Scotland Hydro-ElectridBgard[98]. The shared motive was to help
counter depopulation of the Scottish Highlands legacy of the Clearances two centuries
earlier, further accelerated by the Great Depresaia feared to be nearing the final tipping-
point. Looking to the future, such is the popuwaticoncentration along or near UK coasts
(60% of Wales’ for examplg9]) that we stand on the threshold of two coming wees in
which every UK resident’s habitat is threatenededatly or indirectly, by the looming coastal
crisis — a planning tsunami just over the genenalitiorizon.

The political challenge is to recognise that taknegponsibility mean seizing the moment.
Planning buzzwords like SD, Strategic EnvironmeAsdessment and Integrated Coastal Zone
Management are no substitute for genuinely timdbas which however, for any hope of
success, must be joined down to the locality ashmascup to the centre. NOSHEB'’s brief
(for example) was to get all Highland communitiesside by using the nearer, more profitable
or easier-to-integrate hydro developments to extbedgrid towards remote and less easy or
economically forward areas. Likewise, a wise sggtfor UK deployment of TESAR would
surely be to ensure the most sustainably comprefeenserall regeneration brief reasonably
possible-a big opportunity for a devolved UK to show and imtain unity through diversity.

In practice, good arguments can be made for stgdginew ‘active’ Thames Estuary Barrier
alongside or even somewhat ahead of a Severn Bas@geme. London’s overriding flood
defence needs could be used to help bring susthipatsues into far clearer focus elsewhere,
too. Under ECOSTAR an economically highly usefat mean output of order 1.3-1.7 GW
could be available from (say) a 300 sq km basim-way scheme involving Whitstable Bay
and the Southend-Sheerness alignment — i.e. artbuad-quarters of that expected from an
ebb-only Severn Barrage. As already outlined, peraitroduction of complementarily phased
Irish Sea schemes could help greatly to balana igputs and economics — provided only
(once again) that shared threats are put to wodhas=d opportunities.  Either way, on any
responsible basis the following premise must sutedy Britain’s guide towards honest
allowance for future generations’ needs: the blarentality sees the coast as its front yard,
not the back one. TESAR gives London the oppdstuas Europe’s would-be honest carbon
offset broker, to set its face towards creatingaaldvclassanticipatory example, whereby the
Stern Review’s adaptation chapter does not neddk priority over the others in any self-
centred or negative way. Thus there need be roryiéor fear, only for the Churchillian spirit
of uncompromisingly honest, practical polemic sty of leading one nation’s population
whole-heartedly in the effort to confront the trunhtime to avoid defeat, and secondly of using
every available political and economic lever touteerly relentless and single-minded in the
pursuit of the most effectively engineered ‘weapdmsultimate victory. To be less than fully
resolute may be to lose the opportunity of savingentire coastal habitat (and not just that)
from the very waves we once ruled. As againsbttde for freedom against fascism, it might
be thought that things are different now becausethineat is internal as much or more than
external. But the moral genius of Churchill (andbaftforce) wadirst to confront the internal
threat, winning full acceptance that to avoid déespalefiantly honest and whole-hearted stand
was necessary. In the™&entury we led with industrialisation, in the™8gainst the Slave
Trade, and in the #0against fascism and loss of the ozone layer. ggmawhy not this? The
world followed in these matters and soon would hawechoice but to do so again - provided
we first win the internal battle over our own widl clear the decks and engage. The revolution
towards sustainable energy autonomy is perhapbiggest leadership opportunity yet — but
only once we fully accept and confront the shedubness of the parallel threat to survival.
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There can be no apology for alarmism when the lagsalready ringing. In some ways the
Titanic disaster, now nearing its 100th anniversary, Bl extraordinary resonance as a stark
reminder of the collision course with reality we aashly embarked upon. Substitute icebergs
for melting ice-caps - the global principle of ‘sasgers at risk’ from coastal and inland
flooding is little different. Clearly drought, tpas already no respecter of first-class ticket
holders[100,101] any more than is war fuelled by the inevitablspration attached to an
‘advanced’ way of life at root still the contempraequivalent of primitive slash-and-burn
crop culture, hence at dire risk of collap$62]. If the present rash of purposeless terrorism is
not a toxic by-product of greed and anxiety inhéterthe vying for hegemony over fossil fuel
supply, other explanations are needed for neaiflyofalal-Qaeda’s leaders originating as
jealously embittered outcasts from the world’s esthoil natior{103,104]

As the world’s fastest growing international bussmecentre, London could be foremost in
leading the way out of this mindless impasse. Gopaortunities exist, as above, in forward
planning actively and wisely for a Thames Barrieplacement, and in using the 2012 One
Planet Olympics platform to encourage others tot sg@ing active’ as well. From a big
business viewpoint, the general reaction followting Stern Review’s main theme - of a small
percentage investment now saving far greater ceies + was to agree in principle but ask
‘which RE investments areeady now to make more than a marginal differenfE?5,106]
Here it is TESAR’s intrinsic technological maturiyd vast worldwide opportunities of scale,
both coinciding with the inexorable rise and ridetlee electrical grid as the final common
pathway for energy exchange in developed counamebmost developing ond8,12-17,53-
58,94,107,108]that must surely be at the centre of its bid ta piime attention from many
now seeking constructive ways out both from deamnal despaif109].

Early acceptance of the importance of the anciatticCheartland of N Wales to the initiation
of a strategically sustainable UK TESAR programmeyropen up an lIrish dimension for a
joint British Isles renewables strategy. Irelamd &cotland both have much greater wind and
wave energy potential than England and/or Waleg suggested means of co-ordinating
efforts being via a DC supergijil10]. Carbon-neutral electrical energy self-sufficiemathin

the British Isles must surely be best developed ito-operative way, the TESAR platform
being used not just to launch plans to satisfy rotiernal energy needs such as transport but
also, as soon as reasonably possible, to consatngyinto a position of being able éxport
renewable energy to less favoured EU countries aaddenmark and the Low Countries. Such
a stance may well encourage France to do likewns&jng something constructive of her even
bigger tidal resource - probably able to supporesa large EU countries’ grids (Table 3).

The economics depend firstly on a demonstratiorersehto take TESAR out of its 40-year
walkabout in the wilderness. In the mean timeruale order of magnitude for capital costs of
the basic nationwide ‘3-cylinder tidal engine’ dam derived by multiplying the £28bn Severn
Barrage figure by a factor to cover the other sa@geneeded for synchronised energy transfers.
For example, the Forth Estuary component is swgikisimilar in size to the Severn Barrage
itself (cf. Figs 9 &17), this perhaps being usdioth as a reality check and as an economic
indicator — as would an ECOSTAR-based re-run, fmastally-attached tidal impoundment
schemes, of the OfGem repf2¥]. A more particularised cost-benefit analysis Hame Stern
Review principles is needed to measure up agaiestisked lost-opportunity social, economic
and environmental consequences and costs of ptimatien. Bearing in mind the problems
other RE sources and coastal adaptational needsawayin proving themselves any cheaper
or quicker or more durable even as part-soluticeen on an upfront figure of (say) £200bn
would be not be surprising if future savings alreadfset all presently foreseen costs.
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Such a sum is not out of scale with that propogaDi§n) by the Scottish National Party,
following Norway’s example, as a special investmianid from the residual estimated £400bn
of N Sea revenudd11]. This may be set against annual profits of $35th$25bn by two of
the four big oil companield 12], or the UK National Health Service’s annual budugfef75bn.
Indeed, in his forward to Securing Our Future thenB Minister in 2005 specifically urged
people to ‘regard the local environment as a puidivice, like the NHS or education, which
benefits us every dgy0]. But public services, too, get taken for grant@thirty years ago, in
days of less corporate greed at the outset of irehNSea oil boom, a managing director of
Shell warned ‘For heaven’s sake, use the oil regeras a springboard and not as a mattress —
and always remember that it won't last for ef&t3]. And yet now, as a report by NEF/WWF
has highlighted114], arguably the Exchequer finds itself not justrsitton this mattress but so
comfortably asleep - dependent as it is on oil gad for around 8% of all revenues - that
official intentions come across as if successivedRvarnings were just a snooze alarm.

The ideas listed by NEF/WWEF for use of an Oil Legkand (e.g. ‘fast-track access to the grid
for renewables’ especially on the small to mediwales plus eco-homes, school buses and
revamped public transport) are excellent and higlelgessarin themselves, buiy themselves
clearly only a part-solution. If the grid is to deawn upon for a whole range of new things
such as hydrogen fuel for transport, equally denmangupply-side changes must complement
the Small is Beautiful, energy conservation sid¢hef equation. The present study may serve
to illustrate how ‘Big is also Necessary’ (albeitradically new forms) may be the parallel idea
whose time has come: in particular, even to keep naclear power plants down to a
reasonable number renewabiaastbe scaled up enormously to fill the gap. By casitithe
‘Oil Legacy Fund’ idea may merely connive at pratir@ation — as if the best any government
could leave for future generations’ welfare isn’serious starhow to mainstreaming better,
alternative power sources. As in wartime, govesnimust put its trust in a sustained and
committed release of RD&D expertise to instruct amfdrm the whole social and economic
fabric as to how to abolish ‘alternative energy’rhgking it the new mainstream version.

Clearly, the political and planning ramificationse @normous. Nothing can happen without
honestly confrontingboth horns of both Big/Small, Centralisation/Devolution dilemmas.
Whitehall must accept, sooner rather than lateat th permanent UK Strategic Power
Authority is needed to stimulate and co-ordinate tlgions’ efforts, bringing authoritative
scientific and engineering inputs to bear thatdamamise matters and cut through the present,
Kafkaesque situation whereby despite good intesticmastal management means the direct
opposite[53-58,95,115] regional devolution stalls through lack of visidrl5], and ‘Spatial
Planning’ is supposedly consistent with sustaingoihen deliberately restricted to a 20-year
time-frame[116]. In the face of the seriousness of the threat n@mdanearly all inhabited
coastal areas, such a restriction now amountstmtradiction in terms that can weigh little in
the balance, in effect helping to join up nothitilgew than the writing on the wgll17].

As for offshore wind, the way forward for TESAR mib& to prove all-round deliverability in
an evidence-based, step-by-step manner. A pahdi€OSTAR test-bed project seems
essential and is in process of being suggestedE®RBDTI. Here an OTI would seem to have
obvious advantages from its self-contained natwlative abstraction from most habitat and
navigation pressures, and freedom from estuariaktcaints and preconceptions over the
working width of turbine-generator array. Besidesing as a scaled-down working model for
two-way generation, clearly there is also poteribalboth one-way ECOSTAR variants to be
simulated. And alongside turbine array optimisatjgeradoxically it may also be important for
a pilot OTI to simulate the ability to control oimmise estuarial sedimentation.
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Fig 20: situation of proposed N Wales pilot offshae tidal impoundment with its relationships to
nearby offshore wind farms currently built or under development. Drawing by Peter Kent.

Complex changes to water movement and sedimentatigst still be anticipated outside and
around any pilot OTI. Clearly the less riskysitto predict such changes at any particular site,
the easier and quicker it should be to gain consemte. At Rhyl (Fig.20) EW littoral
(longshore) drift is probably the biggest issue wptitential effects on beach nourishment.
Because of the 1990 N Wales coastal flood disasteady-to-use computerised information
base already exists as part of the recently coedumastal Flood Risk Analydis18].

Proponents therefore visualise a fairly compacteswh within a relatively large bay as
compared with Swansea, this benign combinationimglpo control and dissipate external
water movement. Besides a much more favourableautor electricity generation than the
bigger Swansea Bay proposal, the Rhyl site haadlientage of its seabed base being compact
and stable yet easily sculpted. Through use @fbéished geotextile bag and tube technology,
much of the structure could consist of vibrationer@pacted seabed material, to be covered by
rock armour as appropriate. Unlike Swansea Baygiteealso does not restrict pleasure sailing.
Instead, Rhyl is seen as a key ‘missing link’ ie ttoastal chain of pleasure berthing facilities
around Liverpool Bay. Furthermore a need is emerdor the round-the-clock commercial
berthing of a small fleet of purpose-built servicaamarans required to supply three major
offshore windfarms - either built (N Hoyle), consesh (Rhyl Flats) or at advanced planning
(Gwynt y M6ér, a Phase 2 scheme with a projectecasyp of 750 MW — see Fig 20). The
OTI would serve all such maritime development ndgdbeing connected to shore via a mile-
long pier following the line of the original ¥-miMictorian pier, also accessing a renewable
energy visitor centre that would be central toBinéish Isles as a wholg.19].
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As a region, North Wales is placed to benefit freach a scheme under EU fundifig0].
The closeness both to major existing and projectesthore windfarms and MCT arrays, to the
Dinorwic and Ffestiniog pumped storage stationsl, @mnmajor population centres, is relevant
in terms of helping study the true scale of TESAR®&ential. Exhaustion looms of the
Hamilton gas field, as does closure in 2010 of \fihdfa nuclear power station with (in all
probability) its associated aluminium smelter. Eterhis is also a valuable social test-bed
situation, meriting efforts to diversify regionahergy-based expertise and employment.
Decommissioning as a working TESAR scheme wouldasly happen as and when phased
deployment of a suitably staged, but much larger@timately inclusive, scheme right across
Liverpool Bay made this appropriate. However iuismately envisaged that the pilot OTI,
minus recoverable items such as the turbines, witggdf remain in position indefinitely as a
working offshore harbour and marina base from witdohts could have seaward access via a
lock built into the replacement ‘CATI’ structure w#th the Severn Barrage.

There is a parallel with the way that Blyth Northumberland continues its regeneration
around the UK’s national test-bed project for ofishwind developmerji21]. As at Blyth,
any pilot OTI scheme should be open to all inte@giarties in a co-operative way. All the
evidence is that setting out an imaginative pilajgct helps to bring forward rather than delay
subsequent bigger ones. At an estimated £150rNanid Wales scheme’s relatively modest
scale could entail 1-2 years for scoping, 2 foraded design, and 2 for building. With the
right political and administrative encouragemenbsek enthusiastic local support this could
well mean completion by the end of 2012, the ‘Otan& Olympics’ year.

Obviously, at this stage a number of preliminarggiions remain to be answered through
more detailed thinking of the kind that this agi@xemplifies. The presence close to hand of
RWE Innogy/npower’s UK headquarters for renewabkeBolgarrog, with their experience in
onshore hydro as well as offshore wind power, i®@acellent start although a wider capacity
must be built up to start the job of attractingaimd supporting the necessary mix of executive
and scientific talent. Previous schemes’ chequsteries show how vital it is to develop a
culture of clear-headed openness about all worksspmptions. An excellently led team of
enthusiastic professionals, preferably with anrimagonal dimension, must first be given the
opportunity to grasp the implications of the ECOX Arinciple and then how best to use a
pilot scheme to plan, demonstrate, study and opénts workings.

Despite or because of the post-privatisation cedapf RD&D and training in the UK
electricity industry{76] - it is hardly reassuring, for example, that tf®%2 OfGem report on
scaling-up RE deployment showed complete unawaseofethe vanadium flow cell battery’s
potential for dealing with RE intermitten¢27] - it must be hoped that honest application of
the principles guiding the Stern Review can musgher impetus for enough turn-around in
electrical infrastructure focus to warrant setttng012 target completion date for the proposed
pilot scheme.

Meanwhile the ideal way to attract and sustain igubterest could be via an engaging, well-
informed schools and media programme about thigegrron its wider context. The name
‘Resurgam Project’ has been proposed after Bradinst powered submarine, built by the Rev
William Garrett in 1879 and presently lying sunktjoff Rhyl[122]. Resurgams Latin for

‘I will rise up again’. This may be taken as asdapproximation to the prodigal (lost) son’s
first words on deciding to return to base and atoiseappetite for wilfully self- destructive
consumptiorf123] - certainly an apt enough 2&entury moral rallying call.
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7. CONCLUSION

In Adam Smith’s own words, ‘capitals are increadsd parsimony and diminished by
prodigality and miscondud¢f24]. How far and fast attitudes twature’s capital must now
change can be judged from the UK Education Segfetatatement in announcing a welcome
new schools programme coinciding with the interd@€C report. No doubt well-meaningly,
the Rt Hon Mr Alan Johnson said that ‘we need et generation to think about their impact
on the environment in a different wfi25]. But the burden of message from the IFCZ5],
the Stern Report and Conwy’s redefinition of SD ninusly points one way — that the next
generation(s) first needsis one, above all, not just to think differently hatact so.

The final prerequisite for the Titanic disaster vihe mutually reinforcing self-delusion of
‘unsinkability’ shared between a bluff but recklgssinimaginative captain and a totally
uninformed yet in the event surprisingly resourt@iassenger population. If the captain had
had the wit to inform passengers, the ship’s couosgd have been altered to avoid the iceberg
field completely. Later, the ship might have betpped or just slowed for the night, and all
would have been well. Alternatively again, evetemathe first impact a captain less sunk
already in complacency could have turned the shid and used the very object his ship had
mortally come up against as a temporary lifeboap&ssengers not otherwise catered for.

Similar delusions and complacency seem to be sHayadost politicians, professionals and
members of the public over the reality of climateacge impacts and the need to embrace
satisfactory solutions. If Churchill were with wather than being fatalistic or leaving things to
chance, having first recognised that survival wiastake he would tirelessly (and no doubt
tiresomely) be railing to seek re-armament with mmaxm effective ‘weaponry’. Earlier, more
tentative projections of climate change impactstiids century are not turning out to be over-
estimateg102,127,128] In particular, despite misguided pressure leyBhsh administration
on NASA and IPCC officials to down-play this mosaraning aspect of climate change, the
more rapid melting and break-up of ice caps thadlisady under way is virtually certain
greatly to accelerate sea level rifg29]. The fact that measurements confirming this rnagst
behind direct observation by a few years has beed as a cowardly excuse to avoid or negate
actions that prepare the public to face the thitestt without an urgent change of course now,
exponential sea level rises, as yet still barelg@gtible, could easily reach 5m by 21/a30].
Even now, no-one can tell how changes alreadyarptpeline may create devastating impacts,
massive habitat losses and hundreds of milliorengironmental refuged425-131]

Unlike the early to mid-20 century situation, failing countries now represtrd underlying
global security threaf53-58,102] This threat has been greatly magnified, if natmgrily
fuelled, by economically more advanced countridsikered manipulation of key aspects of
globalization[70,71]. In particular energy and food policies (the didoubble economy58])
are still the equivalent of declaring war on thstdate and then demanding reparations for the
privilege of bare survival70,131] On all such counts the need for trade justieatred on
sustainable energy autonomy for all, is both imfpegaand immediat§l6,70,71,89,125-131]

If 1957 was a time to recognise the winds of chaolgaiing away occupational colonialism
from just one continent, fifty years on it is tirfr a worldwide tide of informed opinion to
overturn careless and callous economic colonialislposed and perpetuated practically
everywhere by the failure both to control and reynedr acknowledged fossil fuel ‘addiction’.
Similarly, if the 1960’s and 1970’s were a timevisit the moon, surely now the stark survival
lessons of the Apollo 13 near-disaster must bedirbback to earth and applied with equal
urgency — and as big a gravitational pull-up asids from our nearest heavenly neighbour.
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We stand at a point in time at which only a synoised phase change in public, professional
and political attitude§l32] can avert disaster and strife on an unprecedestid. Britain on
her own is unable to avert this, but as in the 198Be is uniquely placed to give the strongest
lead. The current UK target of a 60% reductioremissions by 2050 - the first such to be
announced by any nation - was a helpful start bneirigthat developing countries need some
headroom for industrialisation it seems bound tverwoefully inadequate. Correcting this
means, amongst other things, facing up to the pagatisation collapse in the UK electrical
industry’s RD&D and training programme, highlighted2005 by the advisory body CRT as a
core issueequiring as much focused priority as the NHK8hools or armed servidg$].
Because the energy future will depend more and morectricity, to be less determined than
this calls into question, by the former Prime Miais own words[80], the government’s
whole understanding of and commitment to SD as ri@e just a soap-box issue. Otherwise
even nuclear power inputs cannot possibly be wotkealigh properlff133] and, taken as a
whole, our energy future for the next half-centaryst stand to be as shabbily disaster-prone
as the railways’ has been during the past[@Bd]. Meanwhile a viable alternative investment
avenue exists, and that is to embrace and corgripositively to the suggested new world
order of cross- and intercontinental DC supergritts;, example increasing Europe’s
electrically transmitted energy-carriage capacityabdactor of order threfd 10].

The links to the pre-WW?2 era hold because civilags a whole is already facing the gravest
threats from within and without to its very surndivaThe context is one of it being essential
bothto ‘rearm’ technologicallyandto declare the toughest intentions. Of all REhtetogies
currently available in northern climes, by itselESAR alone has both the scale and
predictability to match or exceed nuclear fissiddn offer, to an island nation, is perhaps the
most dramatically tangible of all Pacala & Socolswroposed ‘stabilisation wedggst]. |If

this comes as a surprise it comes none too so@vji@snce mounts for a need to ‘declare war’
by reducing atmospheric @Cand other levels — rather than continue ‘appeasinghighly
unstable situation, disguised by various forms lahetary inertia that are already perilously
close to being overwhelmdd4,16,17,53-58,125-131,135]The UK’s aim must surely be for
self-transformation into a net exporter of RE argkeauinely enthusiastic partner in associated
European and worldwide co-operative science, eeging environmental and (by future
example at least) social investment expertise. e®iver own enormous resources, only the
most demonstrably effective home down-payment felb&an’s proposed ‘crash programme
to rewire the globe with clean energy’ can provide UK with a moral platform for inspiring
equally effective investment agendas elsewherkarmptirsuit of ‘normative scenarios outlining
what should happen rather than what is likely topea’[57].

If the Stern Review has elaborated the economiaryhi®r timely intervention, what it lacked
was big practical exemplars, hence perhaps itsysbalbrace (alongside, to be fair, the IPCC
itself at present) of patently suicidal ‘stabilisat levels of atmospheric greenhouse gases
alongside a call for ‘strong actions’ and the selfitradictory statement that ‘uncertainty is an
argument for a more, not less demanding goal'thig;regard present findings suggest that, at
least for UK electricity generation, the 90% enossi reduction target Monbiot has proposed
for 2030[14] may be much more attainable than previously thguglbeit not without major
effort and a toughly focused and co-ordinated geatient of priorities.

The author’s hope is that the exciting prospectsafdtool for the job’, together with the

positive moral, social, environmental and econoimiplications here outlined, can assist in
getting such actions and attitude changes undewitaput further delays and excuses.
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SIREN CALL TO SCEPTICS

Thank you for getting this far. Please remembat:t
Only those who have been through a flood experieaceknow what it means and may yet mean.

When climate change still seemed like a tiny clondhe horizon, Margaret Thatcher lost power
through turning her back on the North Wales Coddtadd Disaster. (The then local MP Sir Anthony
Meyer was so incensed by her failure to visit thighin a year he had put himself forward as the
‘stalking horse’ candidate in a leadership baliog first round of which she failed to win outrigiy 3
votes, thus opening herself to subsequent roundshvehie could not win).

The lesson, equally to engineers as to politiciamsst be that just as ‘no man is an island, erafre
itself’ so no part of our island is separable fritva rest as regards what we can and must learnifrom
The biggest of these is humility before the foreErature.

While well-intentioned denial that a fight for siwal could be looming was the majority sentiment
throughout Britain until well after the invasion Gkechoslovakia, our ability to stay free dependied
realists prepared to roll their sleeves up welbbethis to start designing, testing and buildimg t
necessary defensive weaponry.

Why not re-read the article and references after stdying NASA
director Jim Hansen’s words in the Appendix overle?
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‘ON THE EDG E’ —front page of ‘The Independent’, Fri 17.2.06

‘Greenland ice cap breaking up at twice the rate itvas five years ago’, says Jim

Hansen, the scientist Bush tried to gagim Hansen, the director of the Nasa Goddard totgi
for Space stuies in New York, is President George Bush's tapaté modeller. He was speaking to Fred
Pearce

‘A satellite study of the Greenland icecap shoved this melting far faster than scientists haddea-twice
as much ice is melting into the sea as five yegos &he implications for rising sea levels — alichate
change — could be dramatic.

‘Yet, a few weeks ago, when | - a Nasa climatersiist — tried to talk to the media about thesedss
following a lecture | had given calling for promgituctions in the emissions of greenhouse gases, dba
public affairs team — staffed by political appoegdrom the Bush administratiortred to stop me doing ¢
| was not happy with that, and | ignored the retitths. The first line of Nasa’s mission is to argtand
and protect the planet.

‘This new satellite data is a remarkable advantte are seeing for the first time the detailed bahavof
the ice streams that are draining the Greenlandheet. They are showing that Greenland is logirgast
200 cubic kilometres of ice a year. It is diffearérom even two years ago, when people still sh@ite
sheet was in balance.

‘Hundreds of cubic kilometres of ice sounds a lotBut this is just the beginning. Once a sheet starto
disintegrate, it can reach a tipping point beyond Wich break-up is explosively rapid. The issue is ho
close we are to that tipping point. The summer a2005 broke all records for melting in Greenland. &
we may be on the edge....

‘Our understanding of what is going on is very nelmday’s forecasts of sea-level rise use climabelets
of the ice sheets that say they can only disintegreer a thousand years or moBut we can now see the
the models are almost worthlessThey treat the ice like a single block of ice thét slowly melt. But
what is happening is much more dynamic.

‘Once the ice starts to melt at the surface, infofakes that empty down crevasses to the bottdheadte.
You get rivers of water underneath the ice. Anditeeslides towards the ocean. Our Nasa sciethiists
measured this in Greenland. And once these iearss start moving, their influence stretches righihe
interior. Building an ice sheet takes a long tilmecause it is limited by snowfall. But destroyihgan be
explosively rapid.....

‘How fast can this go? Right now, I think our best measure is what hagplen the past. We know that,
for instance, 14,000 years ago sea levels ros®inyi 400 years — that is, five metres in a centumhis
was towards the end of the last ice age, so thasemore ice around. But, on the other hand, temtyners
were not warming as fast as today.

‘How far can it go? The last time the world was three degrees wathgar today — which is what we
expect later this century — sea levels were 25mdrigSo that is what we can look forward to if o't
act soon. None of the current climate and ice dsopieedict this. But | prefer the evidence frore tarth’s
history and my own eyesl think sea-level rise is going to be the big issuson, more even than
warming itself. It's hard to say what the world will be like His happens. It would be like another plai
You could imagine great armadas of icebergs brgatdhGreenland as they float south. And, of ceurs
great areas being flooded.

‘How long have we got?We have got to stabilise emissions of carbon diox@dvithin a decade, or
temperatures will warm by more than one degree. Tét will be warmer than it has been for half a
million years, and many things could become unstogble.

‘If we are to stop that, we cannot wait for newhtealogies like capturing emissions from burninglcd&le

have to act with what we have.This decade that means focusing on energy efficiency and renelke
sources of energy that do not burn carbon. We dohhave much time left.....’
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