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Ireland: All Island Grid

Republic of Ireland (Rol) &
Northern Ireland

9.7 GW Installed

450 HVDC to GB
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European Wind Resources
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Wind Stats 2009
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Capacity Energy (%)# Wind capacity System

(MW)# factor (%)*

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 % 293 Island of Ireland
Ireland
Germany 25,777 6.5 % 17.5 Continental Europe
United 4,051 1.7% 26.1 England, Scotland,
Kingdom }/r\(laalgensd& Island of
USA 35,086 1.9%
China 26,010" 1%

# IEA, Wind Energy, Annual Report, 2009
* 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

AA http://energy-statistics.blogspot.com/2010/10/china-wind-energy-statistics.html



Capacity factor (Republic of Ireland)
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Wind Installed in Republic of Ireland
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Ireland: Very High Wind Penetration
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Wind in Republic of Ireland, April 2010
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EU Targets 20 20 20 - Wind energy as % of electricity
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Wind characteristics in Ireland




Ireland — Demand, Wind and Penetration -26 Dec 2010
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Ireland Wind & Load (21 Dec 2010)
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- Wind Generation in Ireland
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Yearly load & 100 % Wind
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Capacity Credit Ireland
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Keane, A., Milligan, M., D’Annuzio, C., Dent, C., Dragoon, K., Hasche, B., Holttinen, Samaan, N., Soder, L. and
O’Malley, M.J., “Capacity Value of Wind Power, IEEE Transactions on Power Systems, Vol. 26, pp. 564 - 572, 2011.



Correlation Between Wind Farms
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Correlation Between Farm Output vs. Distance
between them (km)
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Yearlx variations
w21

Deviations (%)

—e— Capacity value (1000 MW)
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Hasche, B., Keane, A. and O’Malley, M.J. “Capacity credit of wind power: calculation and data
requirements”, IEEE Trans. Power Syst., Vol. 26, pp. 420 - 430, 2011.



Frequency control & inertia




Frequency control
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y Wind Turbine Inertial Response
/4

M

on
o

=Y
©w
w

Frequency (Hz)
=
[1=]
[==]

49.7 |
49.6 .
| |
0 5 10 15
(1D
I =]
. — Synchronous Generator
g - — Fixed Speed WTG
2 ‘E DFIG WTG
o g —— DFIG WTG with SCL
£
o O
2o
© .o
_____'_‘—'—-—__
1

10 15

Time (s)

Mullane, A. and O’Malley, M.J., “The inertial-response of induction-machine based wind-turbines”,
IEEE Transactions on Power Systems, Vol. 20, pp. 1496 — 1503, 2005 .



Frequency Response
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Lalor, G., Mullane, A., and O’Malley, M.J., “Frequency Control and Wind Turbine Technologies”, IEEE
Transactions on Power Systems”, Vol. 20, pp. 1903 — 1913, 2005.
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power system under increasing wind penetration," Power and Energy
Society General Meeting, 2010 IEEE , vol., no., pp.1-6, 25-29 July 2010

Wind Penetration (% of System Loading)

o Frequency response
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2 Wind penetration increases

0 Stiffness decreases

= Indicates increased
vulnerability to a loss of
generation event

o Should there be a
market in
frequency
response ?



Experimental data: Inertia
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Ruttledge and Flynn, “System-wide inertial response from fixed Speed and variable speed wind turbines”, IEEE PES
General Meeting, Detroit, USA, July, 2011.



Results: Frequency Nadir
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. Operational Boundaries
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EirGrid, “All Island TSO Facilitation of Renewable Studies”, Final Report, 2010 .
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Frequency response USA
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Wind energy integration studies
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Stochastic Unit Commitment
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Meibom, P., Barth, R., Hasche, B., Brand, H., Weber, C. and O Malley, M.J., “Stochastic optimisation model to study the
operational impacts of high wind penetrations in Ireland”, IEEE Transactions Power Systems, in press, 2011.




Performance of Schedules
H 36 I

o One hour frequency of rolling commitment
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Tuohy, A., Meibom, P., Denny, E., & O’Malley, M., “Unit commitment for Systems with Significant Installed
Wind Penetration”, IEEE Transactions on Power Systems , Vol, 24, pp. 592 — 601, 2009.



Frequency Control & Cycling
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Impact of Wind on Base-load Start-ups
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Troy, N., Denny, E. and O’Malley, M.J. “Base load cycling on a system with significant wind
penetration”, IEEE Trans. Power Syst.,Vol. 25, pp. 1088 - 1097, 2010.




Creep fatigue interaction
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Burke, D.J., and O’Malley M.J. “A Study of Optimal Non-
Firm Wind Capacity Connection to Congested
Transmission Systems”, IEEE Transactions on Sustainable
Energy, in press, 2011.

Burke, D., and O’Malley, M.J., “Maximum firm wind
power connection to security constrained transmission
networks”, IEEE Transactions on Power Systems, Vol. 25,
pp. 749 — 759, 2010.

Burke, D J, and O’Malley M.J. “Factors Influencing Wind
Energy Curtailment”, IEEE Transactions on Sustainable
Energy, in press, 2011.




Firm Access
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Pii:f;;?ﬂ Wind Farm Bus Number

12 14 15 25 27 29 30
5 0 0 93.1 0 81.4 0 0
6 0 0 101.3 0 90.2 0 0
7 0 0 88.1 9.5 147.0 0 0
8 334 | 389 45.0 35.5 138.9 0 0
9 73.6 | 51.6 44.6 30.9 128.3 0 0
9.5 68.7 | 54.6 51.5 40.2 132.7 0 0

Burke, D. and O’Malley, M.J., “Maximising firm wind power connection to security constrained
transmission networks” IEEE Transactions on Power Systems, Vol. 25, pp. 749 — 759, 2010.



Curtailment and risk diversification
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Conclusions & societal issues




Yearly load & 100 % Wind
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Demand side management




Disruptive ?
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. Public acceEtance of transmission
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