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Flexibility 

• What is it ?

• How do you measure it ?

• How do you value it ?

• How can you compare 
sources?

• Is heat coupled with 
electricity a contender ?



With Variable Renewables More Flexibility is 
Needed

Source:  Michael Milligan , 
NREL
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Transmission 
playing its 
part 

Note the sag 
on the line 



Flexibility Sources, Sinks and Facilitators
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Dance partners 

Ireland ERCOT

AEMO, Australian Energy Market Operator, “Wind Integration In Electricity Grids: International 
Practice And Experience” Work Package 1, 2011.
http://www.aemo.com.au/~/media/Files/Other/planning/0400-0049%20pdf.pdf

http://www.aemo.com.au/planning/0400-0049.pdf


Flexibility chart 
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Y. Y asuda et al.: “Flexibility Chart – Evaluation on Diversity of Flexibility in Various Areas”, 13th Wind Integration Workshop, WIW13-1029, (2013, 10, London).



Flexibility Metric

Lannoye, E., Flynn, D. and O'Malley, M.J. "Transmission, variable generation and 
power system flexibility”, IEEE Transactions on Power Systems, Vol. 30, pp. 57 – 
64, 2014. 
Lannoye, E., Flynn, D., O’Malley, M., “Evaluation of Power System Flexibility” IEEE 
Transactions on Power Systems, Vol. 27, pp. 922 – 931, 2012. 



More metrics 

•For each time horizon
• For each time period

• Calculate the flexibility available from 
generation

• Calculate the net load ramp
• Add the outage of the largest online 

generator to the net load ramp
• If there insufficient flexibility to meet the 

ramp, increase the PFD counter by one.
•  Final PFD is the number of problem periods  

for that time horizon

Periods of Flexibility Deficit 
(PFD)

Ma, J.; Silva, V.; Belhomme, R.; Kirschen, D. S.; Ochoa, L. F.; , 
"Evaluating and Planning Flexibility in Sustainable Power 
Systems,"Sustainable Energy, IEEE Transactions on , vol.4, 
no.1, pp.200-209, Jan. 2013

Lannoye, E., Tuohy, A., Daly, P., Flynn, D. and O’Malley, M.J., 
“Assessing Power System Flexibility for Variable Renewable 
Integration: A Flexibility Metric for Long-Term System 
Planning”, CIGRE Science and Engineering, in review, 2015.



Flexibility Supply Curve
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How do we choose the optimum mix of flexibility 
resources?



Can Thermal Power Plant Skip ? 11

NEA 2012 “Nuclear Energy and Renewables: System Effects in Low-carbon Electricity Systems”  Nuclear Energy 
Agency ISBN 978-92-64-18851-8



Combined heat and power (CHP) can be made 
flexible

X. Chen, C. Kang, Q. Xia, B. Jianhua, L.Chun, L. Ji, R. Sun, L. Hui and M.J. O’Malley, “Increasing the Flexibility of CHP with Heat Storage 
and Electrical Boilers for Wind Power Integration in China: Modeling and Implications”, IEEE Transactions on Power Systems, in press, 2015.



X. Chen, C. Kang, Q. Xia, B. Jianhua, L.Chun, L. Ji, R. Sun, L. Hui and M.J. O’Malley, “Increasing the Flexibility of CHP with Heat Storage 
and Electrical Boilers for Wind Power Integration in China: Modeling and Implications”, IEEE Transactions on Power Systems, in press, 2015.

Flexible CHP can reduce wind curtailment



Conclusion 

• It is very difficult to 
measure and value 

• Multiple sources “very 
competitive”

• Heat electricity 
coupling an excellent 
source 

• Getting an accepted 
methodology for 
comparison is the 
challenge



Enter the “consumer” 

‘Engineers and 
economists are 
ignoring people and 
miscasting decision 
making and action’, 
Sovacool, B.K. (2014) 
Nature 511, 529-530



Impact of SNSP on Wind Curtailment

40 % energy 

Curtailment is form of 
flexibility – can the 
markets get the balance 
right ?

In ERCOT they used 2 % 
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