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“Electricity has a value at every instant

in time and at every point in the system”

Schweppe, F. C,, et al., Spot Pricing of Electricity, Kluwer

Academic Publishers, 1988.
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Electricity Research Centre (ERC)
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ERC currently consists of four research strands
O Operations
O Networks
O Economics
O Systems

Prof Mark O'Malley, director
Established in 2001
Research group of 33 in 2010

http://erc.ucd.ie
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Ireland has a uniqgue renewable

resource & technical environment
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Ireland: Resource
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Ireland: Very High Wind Penetration
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Wind in Ireland, April 2010
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Wind Installed in Republic of Ireland
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All Island Grid Study (AIGS)




AIGS: Portfolios
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Capacity Credit




_ Capacity credit declines with more wind
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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 Credit of Wind Power, IEEE Trans. Power Syst.,in press, 2010.



Yearlx variations
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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., in press, 2010.



_ AIGS: Minimum suEBort for renewables
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AIGS: Import/export GB (portfolio 1)
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AIGS: Import/export GB (portfolio 5)
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Denny, E., Tuohy, A., Meibom, P.,, Keane, A., Flynn, D. Mullane, A. and O'Malley,
M.J., “The Impact of Interconnection on Electricity Systems with Large
Penetrations of Wind Generation”, Energy Policy, in press, 2010.



AIGS: Relative CO, Emissions Impact
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Risg DTU

AIGS: Stochastic Unit Commitment
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“Stochastic optimisation model to study
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Power Systems,in press, 2010.
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Performance of Schedules
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o Not ‘reliability’, but indicates performance

o One hour frequency of commitment
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System Costs - Effect of Rolling UC
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1 Counter intuitive — would expect it to be less expensive as
rolling happens more often — due to assumption of perfect
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g AIGS: Benefits of Improved Forecasting
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AIGS: Portfolios
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Flexibility




ERCOT Today
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Flexibility Paradigm
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. Flexibility metric (can we measure it ?)
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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.



" Portfolio optimisation (under uncertainty)
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Doherty, R., Outhred, H. and O’Malley, M.J., “Establishing the role that wind generation may have
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Harvesting renewable energy
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Test Network
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. Merging Operational and Planning Timeframes?
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Results — Firm Access
3 S
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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.



Dynamics: Frequency Stability
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System Frequency control
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Historical data Ireland
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Storage




_ AlIGS: PumE storaﬁe utilisation
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Emissions
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Additional Capital Expenditure justified
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Demand Side Management (DSM)
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Teenage girls changed the world




Conclusions
N 40 I

Nature of the grid is changing

New markets will evolve

Energy: Capacity: Ancillary services (e.g. Inertia, Flexibility)
Laws of physics dominate — prices are driven by constraints
Have to develop metrics

Plenty of stochastic optimisation problems

More data is required

It is a system problem

Modelling behaviour may become more important
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