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Abstract—This paper presents the first detailed capacity value capacity value of tidal barrage generation (an earlier Iresu
calculation for tidal barrage generation, based on modelling of pased on less detailed modelling has been published in [5]).
operational modes for the proposed 8 GW Severn Barrage scheme The next part of the paper provides background on capacity

in Great Britain. The key finding is that the Effective Load . - . -
Carrying Capability is Veyry low gas a percentage of installed value calculations (Section Il) and tidal modelling (Sewtlll)

capacity (less than 10% for the example presented here). This is {0 motivate the new work. Section IV then presents a capacity
because of the high probability of having zero available output value study for the Severn Barrage, based on modelling of
at time of peak demand, if peak demand occurs on the wrong gperational modes for the scheme, and Section V demonstrate
part of th(_a tidal cycle; this result may be explained transparently how a simple two state model of the barrage’s availability

using a simple two-state model of the barrage. The prospects for .

building a probabilistic model of tidal barrage availability are can e.xplaln trqnsparently the Severn Barrage results (the
also discussed. capacity value is found to be very low as a percentage of
the rated capacity.) Finally, Section VI discusses the fitsne

of diverse locations in enhancing the load-carrying abitit

tidal generation, and conclusions are given in Section VII.

Index Terms—Tidal power generation, Power system reliability

l. INTRODUCTION Il. CAPACITY VALUE ANALYSIS

T HE availability of renewable generation capacity is priA Definition and Purpose of Capacity Value
marily determined by natural resource availability; as a’ 1) Definition:

result, renewable technologies are often referred to as hav ) . o
The concept of capacity value quantifies the contribution of

ing variable output (wind generation availability is vdilia 4 : X i
and unpredictable, whereas tidal output is variable and pRENerating units or technologies to securing demand. Tée sp

dictable.) Their ability to support demand is thus quaiity cific definition used here is Effe_ctive Load I(?arrying Capiapil
different from that of conventional generating plant, whis (ELCC), th_e extra demgnd which an additional gengrato_r can
able to generate at maximum output provided it is mecharjdPPOrt without increasing the value of a chosen risk index
cally available and has an adequate fuel supply. [6]. Alternatwe _Qeflmtlons mcl_ude comparison with thaatb
Tidal barrage power plants are one example of renewal§i&""ying capability of conventional plant [7], and defioits

generation technology, and are attractive in Great Britalfi €'Ms Of & given percentile of the distribution for avalta

because of the high available tidal range; they generatepowaPacity from the new generation. We prefer ELCC, as it

by exploiting the difference in sea level between high arféP€S not depend on the properties of a test unit (c.f. the 1st
low tide (see Chapter 6 of [1]). Britain's tidal potential iAlternative), and is directly related to system risk (@& 2nd).

dominated by the proposed Severn Barrage scheme, which i) PUrPose: _ o

built could have an installed capacity of around 8 GW [2]. The importance of the concept of _capaC|ty va_lue lies in the
The concept of capacity value is important in quantifyina'ansparency of the results. A full risk calculation (e_.lgatt

the contribution of renewables to support demand, and Widerlying the ELCC method presented next) provides the

comparing this to the contribution of conventional plarkeT MOSt comprehensive view of system risk within the scope of

most common definition of capacity value (referred to d8€ calculation. However, such complex algorithms geheral

Effective Load Carrying Capability, or ELCC) is the additid are not very trgnsparent in _demonst_rat_lng which fact_or\sedrl

demand which the generation unit (or ensemble thereof) CQ}T reSL_"tS wh|c.h are obtained. Th,'s is why capaqty v_alue

support without increasing the chosen measure of systdm rigé culations are important; they provide a means of visirgi

To date, most of the work on capacity value of renewables h contr|b_ut|on of different generating units and tecligas

concentrated on wind generation, e.g. [3]. There has been & SUPPO”'”Q demand. . L '

previous study on the capacity value of tidal current getiwara Unlike load factor overa pe‘rlod (V‘_’h'Ch IS (,j(.afmed as _[mean

[4]; we believe that this paper is the first detailed studyhaf t OUtPutl / [rated capacity]), the ‘capacity value’ is not aaqtity
which can be calculated directly from observed data. Indeed
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The informal description of ELCC presented above is mac Earth Moon
more specific by the following two-point algorithm for cafcu
lating the ELCC of additional generation on a system:

1) Calculate the valué, of the chosen risk index without
the additional generation.

2) Introduce the additional generation to the risk calcul:
tion. The risk index will then decrease if the deman
level remains the same. The ELCC of the addition:
generation is the extra peak demand which returns t
risk index’s value tal.

2) Choice of Risk Index:

The aspect of risk considered in capacity value calculatio
is usually system adequacy, defined as the ability of tl
system to support demand in steady state (as opposed
system security, which is the ability to respond to sudde..
dlswrban_ces)' The risk index used here is Loss Of Loia-'gg. 1. llustration of how the differential gravitationatceleration of the
Expectation (LOLE) [8]: earth and seas causes lunar tides.

o The Loss Of Load Probability (LOLP) at any time is the

probability that generation is insufficient to meet demand: = ) ] ] ] ]
availability will be discussed in Section V. The next seatio

IFOMF — (X, + Ry < Dy), (1)  will show how a realistic ‘hindcast’ time series for tidaltput
may be produced, as tidal cycles are completely predictable

Different gravitational accelerations at
different distances from moon

where X is the available conventional capacity, the
demand, and? the available renewable capacity (all are
random variables in the most general formulation).

« The LOLE over a period is then the expected number &. Origin of Tides
sub-periods (in this case half-hours) in which the avail- 1) Equilibrium Theory of Tides:

able generation cannot support demand, or equivalentlygceanic tides on the earth are driven by the gravitational
the sum over sub-periods of the LOLPs: attraction of the moon and the sun, and specifically the
JLOLE _ Z [LOLP, @) differential acceleration of the oceans on t.he earthisa@r,f
relative to that of the earth’s centre of gravity. For simijpyj,

o i , lunar tides will be described first; for more detail, see gkb@
The historic demands might be scaled using a measure © [11], [12].

underlying (weather corrected) peak demand level, so @t t 10 ootk and the moon orbit about their mutual centre of

risk calculation is performed for a chosen future prediCteéjravity, with the required centripetal acceleration bednigen
dem_and_ Ie\_/el. . by their mutual gravitational attraction. Because it is gidi
Risk indices which look at the volume of demand r‘Oﬂiody, the gravitational acceleration of all solid parts bé t

supplied are also available; these might be regarded M'Vi:rth must be the same as that of its centre of mass. However,
it is closer to the moon, the gravitational acceleratibn o

a more detailed picture of risk, but in an application suc

as capacity values where only comparisons between differgi o o, the surface of the earth nearest to the moon is greate
circumstances are required, this is likely to deliver vemyiar 5 hat of the earth itself; as a result, this water follaws
results to the computationally simpler LOLE index. slightly smaller orbit than the part of the earth immediatel

3) Evaluating LOLE With Renewables: _ underneath, and bulges outwards slightly from the earth’s

) There are two common a}pprogches to including rene\"""‘bﬁﬁface. Conversely, the water on the earth’'s surface which
in an LOLE calculation, using either: is furthest from the moon experiences a smaller acceleratio

« aprobabilistic model for the available renewable capacitihan the part of the earth’s surface immediately underneath
based on historic data [9], or This effect is illustrated in Fig. 1.

« the historic time series directly in the risk calculation, 2) Mu|tip|e Tidal Cyc|es:The previous paragraph describes
modelling renewable output as negative demand [%0]; the origin of the lunar tidal cycle. The sun generates a tidal
versions of a future study year could then be simulatemponent in the same way, the solar tides in isolation being
using the renewable output and demand frorhistoric  gpout half the size of the lunar tides.
years. There are several different periodic cycles which affeet th

The second (time series) approach is used here, as it dgpturitial ranges, the most important being the lunar tidal cycle
and straightforwardly captures the available statistinfdr- (period 12.4 hours, the familiar approximately twice-gail
mation on the relationship between resource availabilitg acycle) and the solar tidal cycle (usually interpreted asatin
demand; despite the predictability of tidal heights, theglo in the difference in sea level between low and high tidesh wit
term tidal resource is not necessarily the same acrossredsti a period of approximately 1 month). The tidal range is gr&tate
of day. The potential for a probabilistic representatiortidél when the lunar and solar high tides coincide (‘spring tijles’

IIl. M ODELLING TIDAL BARRAGE GENERATION

t



and smallest when they are in anti-phase (‘neap tides’). The
part of the lunar cycle where the sea level is rising is known
as the flood tide, and the part where the sea level is falling is
known as the ebb tide.

3) Local Geographical Effects: Proposed

The equilibrium theory described above explains the the Barrage
existence of tides, including the temporal cycles in tidal
behaviour; however, it cannot directly explain the locativa
ations in amplitude caused by the shape of the seabed anc
coastlines. These modify the response of the oceanic waters Flood
to the gravitational tide generating forces [13]. In soméga
of the world, coastal and seabed conditions result in exdrem
tidal current speeds, and also extreme tidal ranges (tlghhei Sea
difference between high and low tides).

Either of these extreme effects can be used to generate elec-
trIC_IW. This p_aper WI". confine IFself t.o tidal barrage _gea&on’ Fig. 2. Map showing the proposed 8 GW tidal barrage schemeeB¢hiern
which exploits the difference in height between high and logsiary; water would enter the basin through sluices on thaiftide, and
tides. A detailed description of tidal current generatiwhjch  generation would occur on the ebb tide.
exploits the velocity of tidal currents directly (typicallsing
an ‘underwater wind turbine’-like device), may be found i

[14]; an investigation of tidal current generation’s cdmttion rb The Severn Barrage Scheme
to supporting demand may be found in [4]. This paper discusses a barrage across the Severn Estuary

4) Predictability: from Cardiff to Weston Super-Mare [2], [24]; this is shown on
the map in Fig. 2. The peak tidal range in the Severn Estuary
is approximately 13m, one of the highest in the world.

Because tides are ultimately driven by the gravitation
forces acting between bodies in periodic orbits, they ar®at . ! -
perfectly predictable over timescales of centuries (somalls 1€ barrage as modelled is equipped with 216 kapeller
perturbations might be caused by local meteorologicabfack turbines, as proposed in [_2]' T_h_ese_ar_e arranged in 9 groups
For this work, the Totaltide package [15], produced by i 2_4 turbines [25_]. For simplicity, it is assumed h_ere that
UK Hydrographic Office, has been used to generate tidtéjrblnes operf_ite either at zero or the greatest pos_&btmbut
height data for the Severn Barrage site on a half-hourly tin/€n the available head, and that only whole turbine groups
resolution: this matches the time resolution of the puplicl (8 0Pposed to individual turbines) may be switched on or
available Great Britain demand data [16]. o_ff; t_h_ls assumptlon is not expected to affect the_concmslo
significantly. It is further assumed that any any time 95% of
turbines are mechnically available.

B. Tidal Barrage Generation The turbir}e e_fficiency is taken as 90% for heads above
4m, and varies linearly from 70% to 90% for heads between

As described above, tidal barrage power plants explaitsm and 4m; for heads below 1.5m, generation stops. The
the difference in sea level between high and low tides Enwer output from a single turbine varies linearly from 0
generate electrical energy [17] (see Fig. 2 for a map of thgw at 1.5m head to 40 MW (rated capacity) at 4m head;
proposed Severn scheme, which illustrates the generietaygyr any head above 4m, a constant 40 MW is available
of barrage schemes.) The two most important examples @ke Fig. 3). The fixed and variable parts of each turbine
existing barrage schemes are on La Rance in France, an@dmerator’s electrical losses are respectively 2.5%, anging
the Bay of Fundy in Canada [18], [19]. quadractically between 0 and 2.2%, of the turbine’s maximum

For ebb generation, which is modelled here, water is allowgg@tput.
into the basin through sluices in the barrage during the floodThe available output and corresponding discharge rate for
tide; these are then closed at high tide. Generation woeld tha single turbine are shown in Fig. 3; the output is as defined
occur on the ebb tide, once a sufficient head is available faihove, and the corresponding discharge rate is calculated a
the turbines to operate. described in Section IlI-D. These curves are similar to ¢hos

Other classes of tidal barrage schemes are available [18) real turbines described in [19], [23], [26].

[21], using different combinations of generation on flood
and ebb cycles, and pumping to increase the available hebd.Modelling of Barrage Output

However, ebb-only geperation is typica!ly found to ma>_<ienis The average power output per turbine from an ebb-only tidal
the value of a scheme’s energy production [22]; the typical Lﬁarrage during a time period may be calculated as [21]:
shape of estuary cross-sections permits more water to flow

through the turbines at the highest heads. Small barrage piurb — M, (3)
schemes, where the dam makes up all or most of the boundary T

of the tidal basin, are sometimes referred to as tidal lagoamere P{"™ is the output per turbine; is the density of sea
schemes [23]. water (taken as 1030 kgm), ¢ the acceleration due to gravity



1250 50 IV. SEVERN BARRAGE CAPACITY VALUE: RESULTS
Discharge A. Description of Risk Calculation

- 1000 rate /\ - 40 In this section, results for the effective load-carryingp@a

E / / < Power bility of the Severn Barrage project are presented; the ELCC

= 750 30 F calculation is as described in Section Il. The input datehto t

5 \ = risk calculation described above is as follows:

g / g « Demand dataHalf-hourly time series Great Britain de-

s 500 ! / 20 5 mand data from the winters of 2005 to 2009 is used [16].

2 « Choice of peak demand levetach winter’s demands

O 250 10 are scaled to give an ACS peak demand level (Average
/ Cold Spell — the measure of underlying weather-corrected

demand level used in GB) of 61 GW.
« Conventional generationThe distribution for available
1 3 S5 ! conventional generation is as described in [27]; it is based
Average head difference [m] . . .
on unit capability data supplied by the system operator,
and generated from a capacity outage table calculation
Fig. 3. Turbine performance curves, giving discharge rateariput power (8]. .The calculatgd mean an.d standard deviation of the
per turbine as a function of head. available conventional capacity are 64.88 and 1.92 GW.

(taken as 9.81 m%), h,, the average head difference across: Capacity Value Results

the barrage in period, n the turbine efficiency@,, the water 1) Operational Modes Considered:

volume per turbine discharged in3mand 7, the length of  Three operational modes will be considered here; in each

periodn. The assumptions required are that the water surfacese the following decisions must be made for each tidakcycl

upstream and downstream of the barrage are both horizontal, How many turbines to run.

and that that the upstream and downstream water surface areg How long after high tide to start operation.

remain constant. The derivation is based on the gravitatioRrhe three modes are:

potential energy lost by the water passing through the iexbi
The operational choice to be made for perieds, in the

simplified model used here, the number of turbine groups to

run. The discharge rate in periad is then a function (of as *

yet unknown value) of the mean heéagd; the efficiency and

output per turbine are also functions fof, whose values are

as defined in Section IlI-C. It is therefore necessary toesolv

(equivalently) for the discharge volume or average head in

periodn, which may be achieved by eliminatirig, from (3).

« ‘Constant’. Same number of turbine groups for all tidal
cycles. Start times chosen to maximise energy output.
‘Variable’. The number of turbine groups operating in a
tidal cycle is chosen according to the tidal rang@ in

that cycle. A minimum of one turbine group is run. If
ht exceeds 5 m, then a second turbine is run. For each
further 0.6 m of tidal range, another turbine is added.
The start time for each cycle chosen to maximise energy

. : . ; output.
The level of the tidal basin at the end of periodh;’, is « ‘MinRisk’. As with Constanfthe same number of turbine
hB —pB | QN ) groups is run in all tidal cycles. However, the start time
oo A7 for each tidal cycle chosen to maximise the sum over
where T’, is the length of periodr, NV, is the number of half hours in the cycle of ([Power output} [LOLP
turbines running, and! is the surface area of the water behind  without barrage]). This mode ensures that the barrage
the barrage. The average head in periot$ makes the greatest possible capacity available at times
hB +hB | —hS—hS | of highest demand. Clearly this policy would not be
hn = 5 ; ) financially optimal for the barrage if followed over all

cycles. However, a capacity value calculation is about
what the generatoran do when needed, not whatwill
do when system margin is not tight.

whereh? is the sea level at the end of periad Eliminating
hE from (5) gives

Qhy =208 | — (WS + RS ) — M (6) This range of modes does not cover all possible operational
A modes, but is sufficient to illustrate the important intaypl
Finally, substituting this expression far, in (3), between energy maximisation and system risk minimisation.
Ptub(p T, 2) Results: Energy Maximisation:
Qn = B hS+hS_  Q.N @) Total energy output over the four winters, and ELCC, are
pgn(ha) (hn—l -T2~ W) shown in Table | for mode€onstantwith 7, 8 and 9 turbine

This may be solved for),, by formula iteration. After each groups operating, and also for modariable with a maximum
iteration, the value o, is updated using (6), and using this?f 7, 8 or 9 groups operating. Several trends may be observed:
the values forPt*(h,,) andn(h,) are in turn updated. The « As the number of turbines run goes down (either moving
discharge rate in Fig. 3 is derived using this method. from Constantto Variable or reducing the maximum



TABLE |

ENERGY OUTPUT AND CAPACITY VALUE RESULTS FOR OPERATIONAL B Minimum Risk
MODES ConstantaAND Variable. _| mConstant
Mode Energy [TWh] | ELCC [MW] ELCC [%] 800 1. ] ]

9 Constant 34.54 286 3.3%
turbine | Variable 31.51 496 5.7%
groups | Change -8.8% +73% E' 600 1

8 Constant 33.05 311 4.0% =
turbine | Variable 30.66 499 6.5% 8 400
groups | Change -7.2% +60% d

7 Constant 31.40 331 4.9%
turbine | Variable 29.47 510 7.6% 200 T
groups | Change -6.1% +54%

0+ T T T T
50 —&— Energy output during spring tide ° 8 7 6 S 4

- - Available turbine groups
—+ -Energy output during intermediate tide

--4--Energy output during neap tide

40

\. — - Tidal level (without scale) e

Fig. 5. Comparison of capacity values betwd#&inRiskandConstantmodes.

30

it would be possible to focus directly on hours when margin is
known to be tight (on a 12-hour lead time there will be a fairly
accurate assessment of the availability of other genedator
If the barrage’s goal is to maximise income, then electricit
price spikes will provide the necessary financial incentive
maximise output at times when system margin is tight.

It should be emphasised once more that, while the energy
output might be low on tidal cycles where the barrage’s autpu
is modified to support peak demand when margin is tight,
this will not impact significantly on total energy output ove
Fig. 4. Energy output versus start time, for spring, neap atermediate the course of a year; when the system margin is comfortable,
tides. which it is in most tidal cycles, income will be maximised by

near-maximising energy output.

Results from this risk-minimising mode are compared with
number), the energy output decreases. This is becaugg energy-maximising mode considered earlier in Fig. 5. As
in raw energy terms, it is optimal to generate as hard ggfore, the capacity value increases as the number of &gbin
possible when the available power is at its greatest. ysed decreases (and hence the barrage operates for more of

+ As the number of turbine groups run decreases, the time). As would be expected, the Minrisk mode results in

ELCC increases. This is because decreasing the numgefigher MW capacity value, although the capacity value is

of groups increases the number of hours in which powstj|| small as a percentage of the barrage’s total ratedaigpa
is generated, and hence increases the effective avaijabili

probability of the barrage.

« The ELCC is very low as a percentage of rated capacityy; T\pa. BARRAGE CAPACITY VALUE: PROBABILISTIC
The last two points will be discussed further in Section V. MODEL

The effect on energy output of shifting the generation staxt
time are further illustrated in Fig. 4, which plots energypu . .
in the tidal cycle against start time of generation, assgmin These _surprlsmgly I.(?W. ECCC valu_es may be explained
that all nine turbine groups are run at maximum output ontE'nY a simple probabilistic model, which assumes:
generation has begun. For maximising energy, the optiragi st * Fixed demandi of 60 GW.

time is about 4 hours after high tide for a spring tide, wita th Normal distribution for available conventional capacity
delay increasing to six hours for a neap tide. X, with mean 64.88 GW and SD 1.92 GW.

3) Results: Risk Reduction: « Barrage modelled as a single two-state conventional unit,
The MinRisk mode described in Section IV-B1 seeks to With available capacity: available with probabilitya at
maximise over the course of a cycle the time integral of P&2ak, and zero capacity available with probability- a.
([LOLP without barrage]x [power outut]). On the planning The ELCCdd in then given by:
timescale considered here, this means of focusing on theshou
of highest demand will allow exploration of the h?ghest leng Fx(d) = aFx(d+0d =)+ (1 —a)Fix(d+0d),  (8)
term capacity value achievable. On an operational timescalhere F'x (d) = p(X < d) is the LOLP at demand.

20
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5 10
Start time of generation after high tide [h]
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Fig. 6. Dependence of ELCC of two-state tidal barrage on dapand Time
availability.

Fig. 7. Tides at Severn, Mersey and Solway estuary on 1 JarA@a9.
B. Results and Discussion

The dependence of the ELCC on the capacignd avail- reducing risk to near-zero when available, and this effeatdp

ability probability a in the simple barrage model are Showri‘ndependent of its precise capacity, would still apply.
in Fig. 6. As expected, for any installed capacity the ELCC

increases as the availability probability increases. ThEE

increases with installed capacity up to capacities of atutB. Probabilistic Representation of Tidal Availability

GW, but is then almost constant as the capacity increaseshis paper has presented a time-series hindcast based ELCC

further. This is because, for large capacities, when theaar analysis for tidal barrage generation. This use of histinie

is available the haIf-hourIy LOLP risk is reduced to almosteries is Widely seen as the preferred approach for Cajhglat

zero; almost the same effect occurs independently of thee ELCC of wind generation, as incorporating the relafiims

precise installed capacity. between wind availability and demand correctly within a
Because there is a very large probability of zero availabjgobabilistic wind model is not straightforward [28]; tHme-

capacity (for an ebb-only scheme the barrage must be al@ilageries approach automatically takes into account theadtlail

to generate for less than half the time), the resulting ELCéatistical information regarding this relationship.

is very small as a percentage of rated capacity. As the ELCCAs tidal cycles are completely predictable over many years,

does not depend strongly on the installed capacity for largeriving a probability distribution for the tide height anya

barrages, it is more appropriate to express the value in M¥fe at time of peak demand is quite straightforward (this

rather than as a percentage of installed capacity. probability distribution is not necessarily the same atiales
of day.) However, as illustrated above, the available c#ypac
VI. DISCUSSION from tidal barrages at a given time is not a function of the

physical resource parameters at that time alone; a funtipert i
] ) ] . required for a capacity-value calculation is the operation
This work has considered the ELCC of a single tida)qjicy which maximises availability at time of peak demand.

scheme, added to an otherwise all-conventional system,HRyiving a probability distribution for available tidal pacity
isolation. As mentioned in Section Ill, the tides are cortlle 4 time of peak demand is therefore not straightforward.

predictable many years ahead. As a consequence, if the tida\'—|owever, as an almost unlimited amount of tidal data is

cycles at two different sites are out of phase with each othgy,jjapie such a probabilistic representation of tidailabil-

this will enhance the ELCC of the combined tidal generatiqR, might provide a better estimate of the adequacy risk than

fleet, as the probability of neither being available is Mudie time series approach: it takes into account all possible

redgced.. . . " . tidal scenarios in the small number of half hours of high
Fig. 7 illustrates this for possible British sites at the &ev demand which dominate the risk, as opposed to considering

and Mersey E_stuaries, and the_ Solwgy Firth. AS the SOIWﬂYst the scenarios which were actually realised over thger
and Mersey tides are almost in antiphase with the Seve cidered.

their combined available output is guaranteed to be noo-zer
for a much higher proportion of the time than that of any
individual scheme. This would however not connect the load-
carrying ability of the Severn scheme directly to its redate This paper has presented the first detailed capacity value
capacity, as the potential rated capacity of this scheme ciaglculation for large scale tidal barrage generation. Teg k
considerably greater than that of all other potential GRiltidfinding is that the Effective Load Carrying Capability is yer
schemes combined; the same picture of a very large barrdo® as a percentage of installed capacity (less that 10%hfor t

A. Benefits of Diversity

VIl. CONCLUSIONS



example presented here). This is due to the high probabilit#] “Severn Barrage Project General Report,” Severn TRawer Group
of having zero available output at time of peak demand, dakje and Department of Energy, Tech. Rep., 1989, energy Paperd3H

h ibili f K d d . h ] “Severn Barrage Project Detailed Report, Volume |I: dilieal and
to the possibility of peak demand occuring on the wrong part™ echanical Engineering,” Severn Tidal Power Group and Btepent

of the diurnal tidal cycle. of Energy, Tech. Rep., 1989, eTSU TID 4060-P2.
Tidal barrage might therefore be regarded as a truly intdgf] R. Clare,Tidal power: trends and development92.

. f f . h . deb hethadwi 27] P.E. Olmos Aguirre, C. J. Dent, and J. W. Bialek, “Red#tis@alculation
mittent form of generation (t ere Is a debate over whethedwi of wind generation capacity credits,” @igré/IEEE PES Symposium on

should be called intermittent or variable, as the probighdf Integration of Wide-Scale Renewable Resoyrdesy 2009.

it having precisely zero available capacity is small.) (28] C. J. Dent, A. Keane, and J. W. Bialek, "Simplified Methotis
Renewable Generation Capacity Credit Calculation: A €altReview,”

Itis thus more natural to express the ELCC as a MW value, i, |egE PES General Meeting@010.
rather than a percentage of rated capacity. When available, a
very large barrage reduces the generation adequacy rigato n
zero, an effect which does not depend on its precise capacity
as a result, for large barrages the ELCC is also independent
of the installed capacity of the barrage.
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