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Outline
 Integration of variable 

renewables

 Technological issues:  

 Inertia product ?

 future proofing the market design

 Resource issues:  shorter term 
issues  - raised already

 Some lessons from Ireland and 
other sources 

 Missing money etc. pass …….  



Variable Renewable Energy
Technical Characteristics   





Wind turbine (solar PV) generation technology – non 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 

Time (s)

F
re

q
u

e
n

cy
 

(H
z)

50.0

49.3

48.9

Source:  Jonathan O’Sullivan, EirGrid



The Vatican Sept 28th 2003 8



Wind Installed in Republic of Ireland
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Source: EirGrid http://www.eirgrid.com/operations/systemperformancedata/all-islandwindandfuelmixreport/



Synchronous systems in 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

O’Sullivan, J., Rogers, A., Flynn, D., Smith, P., Mullane, A., and O’Malley, M.J., “Studying the Maximum

Instantaneous Non-Synchronous Generation in an Island System – Frequency Stability Challenges in Ireland”,

IEEE Transactions on Power Systems, Vol. 29, pp. 2943 – 2951, 2014.



SNSP – Ireland  – Early 2015
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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 % 



Mainland Europe & US 

http://www.nrel.gov/docs/fy15osti/62906.pdf

http://www.nrel.gov/docs/fy15osti/62906.pdf


Future > 75 % SNSP   

50/60 Hz ?



Markets for Inertial Response ?

Ela, E., Gevorgian, V,  Tuohy, A., Kirby, Milligan, M. and O’Malley, M.J. “Market Designs for the Primary Frequency Response Ancillary 
Service— Part I: Motivation and Design”, IEEE Transactions on Power Systems, Vol. 29, pp.421- 431, 2014. 
Ela, E., Gevorgian, V,  Tuohy, A., Kirby, Milligan, M. and O’Malley, M.J. “Market Designs for the Primary Frequency Response Ancillary 
Service— Part II: Case Studies”, IEEE Transactions on Power Systems, Vol. 29, pp. 432- 440, 2014. 



Not a new idea 

Doherty, R., Lalor, G. and 
O’Malley, M.J., “Frequency 
Control in Competitive 
Electricity Market Dispatch”, 
IEEE Transactions on Power 
Systems”, Vol. 20, pp. 1588 -
1596, 2005.
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Key Take Aways

 Variable renewable energy 
(VRE) technologies are 
non synchronous

 At high penetrations of 
VRE may lead to a 
fundamental change in 
electricity system 

 Should we
 Introduce an “inertia” market 

now  

 Should we future proof the 
market designs ?



Variable Renewable Energy 
Resource Characteristics    



With Variable Renewables More Flexibility is Needed
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Paying for something you cannot quantify: Flexibility Metrics

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. 
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Transmission 
playing its part 

Note the sag on 
the line 



Can Thermal Power Plant Skip ? 
24

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



The Role of Gas in Ireland

http://www.eirgrid.com/media/All_Island_Wind_and_Fuel_Mix_Summary_2014.pdf



System 
Services

Performance 
Monitoring

Grid 
Code

DS3 Programme (Delivering a Secure Sustainable Electricity System (DS3))

Frequency

WSAT

DSM

Control 
Centre Tools

Model Dev. 
& Studies

Voltage

Renewable 
Data

ROCOF
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System services: Incentivising the 

Portfolio 

• 60 €m

• 7 Services

• 235 €m

• 14 Services

Ancillary Services

Capacity Payments

Energy Payments

Ancillary Services / 

System Services

Capacity Payments

Energy Payments

Today Tomorrow
27



DSM – A New Service Provider…



100 % Wind we will have to change how we live
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Key Take Aways

 Flexibility is a competitive field

 How do you measure flexibility

 Flexibility is both physical and institutional

 Good market design that considers the physics 
enables flexibility 

 Transmission is the great enabler of flexibility

 Curtailment is form of flexibility – how to get the 
balance right

 Thermal power plant are flexible and can be made 
even more flexible

 Large penetrations of variable renewables may 
alter how we use energy  



Conclusions

 The nonsynchronous nature of future system could be a game 
changer technologically – what about the market ?

 Flexibility comes in many shapes and forms – all need to 
compete 
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