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• International evaluated research; Discipline oriented -> proof-of-concept 
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Use of ICT in the Electric Power System to Efficiently  Integrate Large Share of Renewable Energy 
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Denmark is a European Smart Grid Hub 
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22% of EU smart grid projects takes 
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Stability and security assessment   in real time (ms-range) 



Refs: International Journal on Power and Energy System, 2012         Patent No. 111681113.6 – 2207, 2011  



      Patent No. EP11195960.7, 2011 



Conventional approaches 



• Historically off-line analysis 



• Assessment times of 5 – 15 minutes 



• Insufficient for systems with high share of  stochastic energy sources 



Developed approach 



• Real-time monitoring of operating condition 



• PMU’s as enabling technology 



• Analytical approach 



• Assessment time (7917 nodes, 1325 gens, ≈2.5 ms) 



• Early warning (2003 SW-DK blackout -> ∆t ≈80 s)  



• Remedial actions can easily be calculated (wide area  control) 
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System Reserves Provided by  



Frequency Responsive Electricity Demand 



Field test w. 200 residential, commercial and industrial   demand units 



Refs:   IEEE Transactions on Power Systems, August 2011. 



IET Generation Transmission and Distribution, August 2009. 
 Field test at Bornholm 
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  End users 
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Source: Based on draft drawing by Danish Energy Association. 
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Thank you for the attention! 



Jacob Østergaard  



Professor, Head of Center 



Center for Electric Power and Energy (CEE)  Department of Electrical Engineering 



Technical University of Denmark  Web: www.cee.elektro.dtu.dk   Tel: +45 45 25 35 01 



Email: joe@elektro.dtu.dk 
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