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Outline
Ã Integration of variable 

renewables

Ç Technological issues:  

Â Inertia product ?

Â future proofing the market design

Ç Resource issues:  shorter term 
issues  - raised already

Ã Some lessons from Ireland and 
other sources 

Ã aƛǎǎƛƴƎ ƳƻƴŜȅ ŜǘŎΦ Ǉŀǎǎ ΧΧΦ  



Variable Renewable Energy
Technical Characteristics   





Wind turbine (solar PV) generation technology ςnon synchronous



6Adding non-synchronous generation 

Synchronous generator

Doubly fed induction
generator wind turbine

Does not add 

to system inertia
Fixed speed wind 
turbine generator  

50/60 Hz 



Frequency stability & the nadir 
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Wind Installedin Republic of Ireland
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Synchronoussystemsin Europe

Continental Europe

Ireland & 
Northern 
Ireland

Great Britain (GB)

Scandanavia 

Baltic

Malta



Targets for non-synchronous sources in European Systems

* Based on analysis of  National Renewable Action Plans (NREAPs) as submitted by Member States

http://www.eirgrid.com/operations/ds3/



System Non-Synchronous Penetration (SNSP)

50% 75%

SNSP = 
Wind + Imports

Demand + Exports

OôSullivan,J., Rogers, A., Flynn, D., Smith, P., Mullane, A., and OôMalley,M.J., ñStudyingthe Maximum

Instantaneous Non-Synchronous Generation in an Island System ïFrequency Stability Challenges in Irelandò,

IEEE Transactions on Power Systems, Vol. 29, pp. 2943 ï2951, 2014.



SNSP �±Ireland  �±Early 2015
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