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Methodology  



Outline   

• Background – supply demand balance & flexibility 

 

• What moves us ahead ? & what holds us back ?  

 
o The Good:  Who is integrating large volumes of variable 

renewables and how ? 

o The Bad:  Myths & Mistakes 

o The Ugly:  What are the really difficult challenges and how 

can we solve them ? 

 

• Energy Systems Integration 
o Importance for high penetrations  

o International collaboration and human capacity building 

 

• Conclusions 
 

 

 



Supply demand balance and flexibility  
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Italian blackout 28th September 2003 



Italy in the dark  



Wind Generation Hourly Variability 

Source: EirGrid 

0

200

400

600

800

1000

1200

1400

00:00 06:00 12:00 18:00 00:00

W
in

d
 O

u
p

u
t 

(M
W

) 

Time 

May 2011 Wind Output 

19th May 21st May



With variable renewables, more flexibility is needed 
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Uncertainty   

Pinson, P., Madsen, H, Nielsen, H., Papaefthymiou, G. and Klöckl, B., From probabilistic forecasts to statistical 
scenarios of short-term wind power production, Wind Energy, volume 12, issue 1, January 2009 



Scope and time frames 
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Key Messages  

 Variable renewables require more flexibility 

 

 Supply demand balance is about reliability 
and cost 

 

 Pick the cheapest cost solutions from the 
set of possible solutions. 

 

o A complex problem with many actors and across 
many time scales  

 

 

 

 
 

 

 



The Good 



Wind energy %, electricity, Denmark  



Smart City Dialog, Singapore, October 2015 https://www.energinet.dk/EN/El/Sider/Elsystemet-lige-nu.aspx 



Smart City Dialog, Singapore, October 2015 



Denmark integration of wind: the role of 
interconnection  

 



Flexibility chart  

0% 

20% 

40% 

60% 

80% 
Interconnection 

CHP 

CCGT Pump 

Hydro 

Wind: 47.3%	


Portugal 

0% 

20% 

40% 

60% 

80% 
Interconnection 

CHP 

CCGT Pump 

Hydro 

Wind: 34.4%	


Ireland 

Denmark(Intercon

nection-oriented) 

Ireland  

(CCGT-oriented) 
Portugal  

(Hydro-oriented) 

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



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

24 % electricity from wind 2015 (provisional)  



6th & 7th March 2016 (Ireland)  



Monthly Fuel Mix Ireland Feb 2016 

http://smartgriddashboard.eirgrid.com/#all/generation?scroll=fuel 

http://smartgriddashboard.eirgrid.com/#all/generation?scroll=fuel


Renewable energy and load characteristics   

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 

Dance partners   

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

 Denmark, Ireland, Portugal etc. are “good” 

 

 Every system is different  

 

 They have worked hard at it and had a plan 
  

 
  

 

 

 

 
 

 

 



The Bad  





Myths 

Milligan, M., Porter, K., DeMeo, E., Denholm, P., Holttinen, H., Kirby, B., Miller, N., Mills, A., O’Malley, M.J., Schuerger, M. and 
Soder, L., “Wind Power Myths Debunked”, IEEE Power & Energy Magazine, pp 89-99, Vol. 7, No 6, 2009. 





Unannounced Wind Power in the Northern Germany  
Scheduled Power Exchanges 
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Unannounced Wind Power in the Northern Germany   
 Scheduled Power Exchanges vs  Physical Power Flows 
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Coordination is the key  

Mackay, M., Bird, L., Cochran, J., Milligan, M., Bazilian, M., Neuhoff, K., Denny, E., Dillon, J., Bialek, J. and O’Malley, M.J., “RES-E-NEXT, Next 
Generation of RES-E Policy Instruments”, IEA RETD, July 2013. 
http://iea-retd.org/wp-content/uploads/2013/07/RES-E-NEXT_IEA-RETD_2013.pdf  

http://iea-retd.org/wp-content/uploads/2013/07/RES-E-NEXT_IEA-RETD_2013.pdf
http://iea-retd.org/wp-content/uploads/2013/07/RES-E-NEXT_IEA-RETD_2013.pdf
http://iea-retd.org/wp-content/uploads/2013/07/RES-E-NEXT_IEA-RETD_2013.pdf
http://iea-retd.org/wp-content/uploads/2013/07/RES-E-NEXT_IEA-RETD_2013.pdf
http://iea-retd.org/wp-content/uploads/2013/07/RES-E-NEXT_IEA-RETD_2013.pdf
http://iea-retd.org/wp-content/uploads/2013/07/RES-E-NEXT_IEA-RETD_2013.pdf
http://iea-retd.org/wp-content/uploads/2013/07/RES-E-NEXT_IEA-RETD_2013.pdf
http://iea-retd.org/wp-content/uploads/2013/07/RES-E-NEXT_IEA-RETD_2013.pdf
http://iea-retd.org/wp-content/uploads/2013/07/RES-E-NEXT_IEA-RETD_2013.pdf
http://iea-retd.org/wp-content/uploads/2013/07/RES-E-NEXT_IEA-RETD_2013.pdf
http://iea-retd.org/wp-content/uploads/2013/07/RES-E-NEXT_IEA-RETD_2013.pdf


Key Messages 

 There are many “bad” myths 

 
 “Education” is required  

 

 There are also some “bad” mistakes 
 

 Coordination is the key  

 

 
  

 

 

 

 
 

 

 



The Ugly 



 
 

An opportunity  
 
 



 
 
 

Grid Flexibility 

 
 



Transmission playing its part  
 
Note the sag on the line  



Aggregation of solar 

The lack of correlation in 

changes solar over short time 

scales means that the 

variability of the aggregated 

multiple sites is significantly 

smoother than the variability of 

an individual site.  

  
Five closest sites: 50 – 170 km 

apart 

 

All 23 sites: 20 – 440 km apart 

Mills, A. D, and R. H. Wiser. 2011. Implications of geographic diversity for short-term variability and predictability of solar power. In 
2011 IEEE Power and Energy Society General Meeting, 1-9. IEEE, July 24. doi:10.1109/PES.2011.6039888. 
Source: Andrew Mills, LBL 



Aggregation of wind with transmission 

Krewitt, W. et al.  Integration of Renewable Energy into Present and Future Energy Systems. In IPCC Special Report on Renewable Energy 
Sources and Climate Change Mitigation, Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 2011. 



If you love wind and/or solar,  

you have to at least like 

Transmission! 



Enter the “consumer”  

‘Engineers and 

economists are ignoring 

people and miscasting 

decision making and 

action’, Sovacool, B.K. 

(2014) Nature 511, 529-

530 
 



Key Messages  

 Transmission is the key enabler of flexibility  

 

 But society is not supportive of its 
construction 

 

 This is a social science and political 
problem not an engineering one 

 

 

 

 

 

 
 

  

 

 

 

 
 

 

 



Synchronous Electrical Energy Systems   



Synchronous System 
50/60 Hz 



North America 60 Hz 



Adding non synchronous generation  

Synchronous generator 

Modern wind turbine 
 designs (& solar PV)  

Does not add  

to system inertia 

Older wind 
turbine 
designs    

50/60 Hz  



Frequency stability & the nadir  

 
 
 
 
 
 

Time (s) 

Fr
eq

u
e

n
cy

 
(H

z)
 

50.0 

49.3 

48.9 

Source:  Jonathan O’Sullivan, EirGrid 



Synchronous systems in Europe (50 Hz) 

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 ? 



Key Messages 

 Non synchronous generation is a challenge for 
integration at high penetrations 

 Like changing the engines on an A380 while crossing 
the Atlantic  

 

 Ireland is a unique place for the integration of 
variable renewables (now at 55% SNSP) 

 

 We need to research on how a near zero inertial 
system could operate 

 

 Curtailment is a related challenge   

 

 

 

 
 

  

 

 

 

 
 

 

 



Curtailment  



Wind & solar PV curtailment in China   

Source: raponline.org 



Combined heat and power (CHP) can be made flexible 

Chen, X., Kang, C., O’Malley, M.J., Xia, Q., Bai, J., Liu, C., Sun, R., Wang, W. and Hui, L., “Increasing the Flexibility of Combined Heat and 
Power for Wind Power Integration in China: Modeling and Implications”, IEEE Transactions on Power Systems, Vol. 30, pp.1848-1857, 2015.  



Flexible CHP can reduce wind curtailment 

Chen, X., Kang, C., O’Malley, M.J., Xia, Q., Bai, J., Liu, C., Sun, R., Wang, W. and Hui, L., “Increasing the Flexibility of Combined Heat and 
Power for Wind Power Integration in China: Modeling and Implications”, IEEE Transactions on Power Systems, Vol. 30, pp.1848-1857, 2015.  



100 % Wind: We will have to change how we live   
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Key Messages  

 Coupling electricity and heat (and other 
vectors) across scales can help integrate 
variable renewable energy 

 

 To make a real impact it probably requires 
changes at the planning stage 

 

 

 

 

 

 
 

  

 

 

 

 
 

 

 



Energy Systems Integration (ESI)  



Energy System Integration (ESI) is 

the process of coordinating the 

operation and planning of energy 

systems across multiple pathways 

and geographical scales in order to 

deliver reliable, cost effective 

energy services with less impact on 

the environment.  
 



Energy Systems Integration (ESI) 
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• optimization of energy systems across multiple pathways and scales 
• increase reliability and performance, and minimise cost and environmental impacts 
• most valuable at the interfaces where the coupling and interactions are strong and 

represent a challenge and an opportunity 
• control variables are technical economic and regulatory 
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Capacity building and succession planning 



Conclusions  

 High penetrations of variable renewables currently exist 

 Every region/country  

 Can do it 

 Are different 

 Need a plan   

 There are a lot of myths and mistakes 

 Very high penetrations have challenges & opportunities  

 Transmission – social science & politics 

 Low inertia systems – electrical engineering  

 Curtailment – multidisciplinary  

 Energy System Integration is a key enabler 

 Engineering, economics, policy etc. 

 International collaboration and human capacity building is 
crucial 

 

 

 






