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Wind installed worldwide
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European Wind Resources

KM X EE TR

Wind resources’ at 50 metres sbove ground level for five different topagraphic eonditions 5 5 = = =
Sheltered terrals” 3] luin? AL * Oipem nea® | Py ey o | m m m m =
P 'Nf-‘ _:nxu ek -2 ,T“ ey 1 e > Thills and ndges s W ! ms ! W ? ms ' Win * ma ! W ¢ mat W4
me Win—=% "W Wm me Wm ms ' Wm wma ! Wm = .
a0 A fach s T - T 5 =3 98 >80 5GW | »83 700 | XU 0 80 | »100 1100 | >110 > 1500
GUGU 160860 | &ATH / 'sm TORE  AGDTN o e, Sha Ry TOHL W06 | TO-E6 450700 | 050 GOO-HOD | SG6-10.0 6601100 | S5-110  900-1600
een ot | shes - snatal d "“;‘ oogivnond B orlllitond] oy sotop e Bepaniye; i AOTAH 250800 | ASTH 800450 | T.ORD  400-A00 | TS RS 450- A50 | AD- 85  A0- 900
-Fi. ! : o : T o0 600 5100 70012 — g , : e
i B diih: S U] MENE HREE| SERe. N 4560 10020 | 3065 10000 | 5370 200400 | B0 75 U0 6 | 65 S0 U0 GUU
4540 : 1333 100 200 L0600 150350 an-70 200400 70 RS 400- 700 v 40 < 100 - G0 - 150 GG < 800 v ED - 950 &R - 300
< Jb v 00 < 406 « 100 < 0 < IR0 <55 <0 | <%0 v 400 e —

Onshore ffi_E

Wind resourees aver open sea (mare than 10 km affshore) for five standard heights

Offshore ;8 _I

Sustainable development commission, Wind Power in the UK, 2005



EU Targets 20 20 20 - Wind energy as % of electricity
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Wind Stats 2009
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Capacity Energy Wind capacity System
HHNEE ZHEALE factor B ARG
(MW)# (%)# BERY (%)*
Denmark 3,480 19.3 % 22.8 Continental
Europe & Nordel
Spain 19,149 14.4 % 24.8 Continental
Europe
Portugal 3,616 15% 22.7 Continental
Europe
Republic of 1,264 10.5 % 29.3 Island of Ireland
Ireland
Germany 25,777 6.5 % 17.5 Continental
Europe
United 4,051 1.7% 26.1 E\P?Iang,lslcot(ljans,
: ales siand o
ngdom Ireland
USA 35,086 1.9% 30 % (wiser &
Bollinger, 2010)
China 26,010" 1%

* Boccard, Nicolas,Capacity Factor of Wind Power: Realized Values vs. Estimates(October 25, 2008). Available at SSRN: http://ssrn.com/abstract=1285435
A World Wind Energy Report 2009, WWEA
AN http://energy-statistics.blogspot.com/2010/10/china-wind-energy-statistics.html

# IEA, Wind Energy, Annual Report, 2009



Penetration metrics
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Capacity penetration (%) - is the installed capacity of wind as a percentage of total installed
generation. This measure gives a relative measure of the wind to the rest of the system but fail
to capture the capacity factor or operational penetration levels. X5 ] (%) -2 XHEEERLA
A EAEMA R R X as af INE XA AL R G TR A0, BB LA i REL
, WANREFSFNSEp A& FEAY EE Ao

Energy penetration (%) - is taken as the ratio of annual wind energy to annual total energy
demand on the grid (excludes any net exports). This metric captutes the capacity factor and
operating penetration levels but as an average measure fails to account for the extremes. FE&

FeBl (%) -2 XA L RS RS REIRT ORISR OhEfid i ) o X ERATL
PRI 1 RECR LR 2 HAG O, ABAED N — PP S A e S et o 5 0 o

Maximum instantaneous penetration (%) - is the maximum observed ratio of wind energy to
demand (including exports) over a defined period (typically one year) at any instant in time
(typically on an houtr/ half houtly intervals). This metric captures the extreme of wind
generation relative to other generation as exports are included. This metric can be reported
excluding exports but can be misleading and is defined here as Maximum instantaneous
penetration (excluding exports) (%). Both these metrics differ from the others as they are
observed values which makes them somewhat more meaningful. F kKB#[E LA (%) -—2FFE
— BN GEFEN—F) BRI BEE GEFZ VNS /N BRI EH R K&
R HERTORIVIE (EREE THE) o XFMEFR r MR & AR HABREIR & L (G046
) AORSm R e Xt il LA HE TR A 25 SR AR, Dl BB, IXFR
MFRA “ERBERZEER OMIFEH R o XM IS, XSS Afe R ANE
, FERMRRE EEASET L



Penetration metrics (cont.)
thBlfetn  (42)

o Maximum possible instantaneous penetration (%) - is the ratio of maximum
wind (i.e. installed capacity) to minimum demand, assuming zero exports.
Maximum wind, minimum demand and zero exports is highly unlikely and
this is truly an extreme value. Therefore Soder et al.,, (2007) modified this
metric to include maximum export defined here as the S6der Metric - the ratio
of maximum wind (i.e. installed capacity) to minimum demand plus
maximum export. 1 K A BEBR[E] L] (%) 2B H I F ORI
ok, mAME CEVAE) S/ TR E. SOOXHE.

5/ N KO T AEAR KRR B @A TR R 4B, Fr A2
PNEIESRE. AISoder (2007) WICHME T X A TEIR RS
RHCT S, X HE ChSoderBhR-Fl 5 KX CREFLAED) [
¢/ N TR R S oK H FTHE A AR B AE




Score card
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Max. inst.
pen. (no
: : exports) Max. possible - .
apacity pen. | Energy pen. (%) inst. pen. (%) oder Metric
(%) (%) (%)
Ireland 16.36 10.00 > 50 81.82 67.92
Iberian Peninsula 20.88 15.00 > 55 99.30 93.76
West Denmark 34.95 30.00 >100 195.71 59.05
ERCOT 11.40 8.00 > 25 27.43 26.61
South Australia 22.06 20.00 86 118.63 67.08
Tasmania 5.06 5.00 17 % 18.04 9.96
> 40 57.14

Crete 16 15.1 57.14

Penetration Metrics for Ireland, Iberian Peninsula, West Denmark,
Electric Reliability Council of Texas (ERCOT), South Australia and Tasmania and Crete.
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Wind Installed in Republic of Ireland
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Synchronous grids in Europe
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Ireland: Very I—I1gh Wind Penetration
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World Record Wind Penetration in Ireland
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http://erc.ucd.ie/RealTimeData/chartsirish.html Nov 25/26, 2011

Wind Generation, Ireland (as % of total demand)
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A good example in Australia
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Four days of wind and demand South Australia. Instantaneous
penetration (excluding exports) (%) also shown (http://aemo.com.au).



Another example from USA
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Daily wind and demand profile Ireland
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Normalized Demand and Wind
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Normalized Demand and Wind
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Daily wind and demand profile Texas (ERCOT)
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NSW - Normalized Demand and Wind

Daily wind and load profile NSW (Australia)
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SA - Normalized Demand and Wind

Daily wind and load profile Tasmania (Australia)
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Variability
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Wind power output for Ireland, three days in May 2011,

May average and typical yearly average (http://www.eirgrid.com)
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Yearly 2R,

Wind Capacity Factor
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Ramp AESO - 30t July 2009
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Change in Wind Power Generation Output (MW)
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Flexibility metrics R
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Metrics: Increased wind generation
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Storage, curtailment and forecasting
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Energy Policy, Vol. 39, pp. 1965-1974, 2011.
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Aggregation
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Impact of aggregation on wind variability. Time series of wind power output
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Asynchronous generation technologies are
changing the grid fundamentally
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lectricity Grid Model
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System frequency (Hz)
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Frequency Response
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Operational Boundaries
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