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Abstract—We present a new approach to visualising the wind II. DATA

resource at times of high demand, plotting the mean capacity . : .
factor across all hours above a given demand level. This combines The wind output data used is based on wind speed records

both aggregation of data which is necessary to see trends, with from 26 meteorological stations (both onshore and offshore
focus on the very highest demands. Examples have been presahte spread throughout Great Britain [1]. Wind speeds are trans-
for GB, however the same technique could be used in any other formed to wind capacity factors (CF) scaling the wind speeds
DI i appoach lstates e carty of ST AR to hub height and appying an agaregated wind i power
ma’ . , . . . . .
hig%-tech mathemati(:sg.J In particulgr, ii shows definitively thaty curye; a S'teS.WI.nd spged t|me.ser|es Is taken as reprdienta
the quality of the wind resource in GB deteriorates considerably ©Of Wind farms in its region. Similar approaches have been use
at very high demands, and gives insights into whether the volume in [5], [6].

of data is sufficient for robust wind integration studies. A consistent GB demand data time series stretching back
to April 2001 [7] is available; we therefore have coincident
wind and demand data for calendar years 2002-08. So that
all wind generation is treated on an equal basis, we add
an estimate of the output from non-transmission metered
embedded wind generation to each hour's demand. To allow

HE penetration of wind generation, and hence its infomparison between years, demand is expressed relative to
portance in system planning and operation studies, A¥erage Cold Spell (ACS) peak demand, the standard GB
increasing in power systems worldwide; recent major swidigieasure of underlying peak demand level, corrected for the
from Great Britain are described in [1]-[3]. weather which occurred in a given winter.
A key issue is the contribution which wind generation makes
to supporting demand. In GB, the highest demands are driven . WIND RESOURCEVISUALISATION
by cold weather; there is a concern that such cold conditionsAny useful visualisation of the wind resource at times of
usually result from high pressure weather systems, whigkry high demand must combine the following:
would also imply low wind output. « Some degree of aggregation of data is requirgdcatter
Whether this concern is justified remains a matter of some plot of CF against demand gives limited insight into
controversy. The experience of National Grid (the Transmis trends in resource quality as demand varies, due to the
sion System Operator) is that annual peak demand often variation about any trend; examples may be seen in [1].
coincides with very low wind output [2]. This is supported « Focus on the application, i.e. the highest demarttsurs
by some independent studies (e.g. [4]), but not all (e.g. [5] of lower demand, are not directly relevant to peak, must
Here we introduce a new visualisation approach which not be treated on an equal basis.
answers this question definitively, combining the aggtiegat Our visualisation of the wind resource for 2010 and 2020
necessary to see trends in the data with focus of hoytke latter using a forecast by National Grid andyR of
of highest demand. The GB wind resource does deterioraietalled wind capacity and locations) is shown in Fig. E th
substantially in quality from about 90% to 98% of pealnstalled capacities are 5.735 GW (onshore) and 0.410 GW
demand, but the picture is much less clear at the very highésffshore) in 2010, and 14.241 GW (onshore) and 18.458 GW
demands due to the small number of hours of direct relevanésffshore) in 2020. In order to combine aggregation withufoc
This approach also provides interesting comparisons legtwenn the highest demands, we plot:
the quality of the onshore and offshore resources. . x-axis Demandd as a percentage of ACS peak demand.
At another level, this paper also demonstrates the powerfuls y-axis Mean wind CF across all hours with demand at
insights which can be drawn through relatively low tech data |eastd.

analysis (in this case, identifying the right graphicaluat- The wind CF time series for each year (2002-08) is based on
sation), and how such data analysis is a vital precursoreo #hat year's wind records, and either 2010 or 2020's inddalle
application of higher mathematical and statistical teébgies. wind capacity and locations. This reveals a very substantia

deterioration in the quality of the wind resource going from
5 CHJ- DSnt_ is with Dt:i ;‘_SEOCEIJ Kof EEngﬁFeer]ringdand gomputing ri}rtﬁfs, typical winter hours (e.g. 90% demand) to about 98% demand.
p;pr)e?nv?/as r\]/\ll\:i?trg:?:’juring a Kn’(JWIed(gemT?gn(s:fterlrS.Seir:Jtr%mu(erngP(zJL:gi Grilds| The picture of the ve_ry highest demands from Flg' 1is less
funded by the UK EPSRC and National Grid. robust due to the paucity of relevant hours even with 7 years

M.B. Roberts is with National Grid, Wokingham, UK (Email: of data. Other valuable insights derived from Fig. 1 are:
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producing the wind generation data on which this paper igdhas those onshore. The much smaller deterioration of the
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I. INTRODUCTION
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Fig. 2. Visualisation of 2020 aggregate wind resource: ispleach with
S 60% ; one year's data removed.
3
c M
g ------------- e S W . 3
2 4o% Tt ol , Our new approach is fundamentally different from conven-
§ e / tional histograms or moving average plots, such as Fig. 9 of
é [5], which uses too much smoothing to allow real focus on
£ 20% 1 —Geonshore e the highest demands. Indeed, Section 5.4 defines peak demand
------- offshore D e == . .
= | o hours as all hours above 80% of peak, most of which have little
=== GBtotal minus 9-12Dec02 relevance to the few hours of near-absolute peak demand.
o i ; 5] also characterises the pairwise relationship betwéien d
90% 95% 100% [ ]a_so characterises the pairwise relationship betwéfen
Demand / ACS peak (d) ferent sites’ wind outputs using correlation coefficieM#hile

this might give some information regarding the volatilitf o

. o . aggregate wind output over the whole year, it must not be
Fig. 1. Visualisations of the GB onshore, offshore, and eggre wind . . . .
resource in 2010 and 2020. interpreted as giving information relevant to peak demands
from different perspectives the correlation coefficierdats
all hours equally, or alternatively assumes the dependence

offshore resource at the highest demands has positﬁ}éucwre of a multivariate Normal distribution.

implications for its contribution to demand security. IV. CONCLUSIONS
o There is very little difference between the 2010 and 2020

. . . - We have presen new roach to visualising the win
onshore plots, suggesting that the geographical diversj e have presented a new approach to visualising the d

does not increase substantially with the higher installer%/Source at times of high demand, which combines both

. .. aggregation of data to see trends, with focus on the very
cgp_acny (due _to the small 20_10 offshore capacity, fﬁghest demands. Examples have been presented for GB,
S|m|lar_compar|son for offshore is not very relevant.) owever the same technique could be used in any other
« The picture of the resource at the highest demanggsstem_ This approach illustrates the clarity of insightalih

;:h;n%ezictrrl]tlcally ';JUSI Llll daysn:rgnm Escfmﬁeaaoorﬁ ?lr ay be obtained through data analysis, without the need for
emoved; these (unusually) co ed very high dema ﬁy high-tech mathematics. In particular, it shows defiali

. o R ;
with CFs around 50%; _th|s combination was certam%at the quality of the wind resource in GB does deteriorate
not caused by a large high pressure area. Without MQIS <iderably at ver high demands

data, one cannot say (e.g.) whether this is a 1 in 2 year y y '
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