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European Targets 

Ireland has ambitious targets for renewables, particularly wind 

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

Detailed  Technical  Analysis 

 

2008 -  All Island Grid Study 

2010 -  Facilitation of Renewables 

2011 -  Ensuring a Secure Sustainable System 
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Real Time Operational Limits and  

Impact on RES-E 
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Real Time Operational Limits and 

Impact on RES-E 
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Tomorrow: achieving 75%..... 

ÅRoCoF cascade failure 
ï Loss of mains protection (G59) 

ï Generator capability 

ÅRamping 
ï Increased Variability and Uncertainty over hours 

ï Require increased margin and performance to manage 

ÅSystem Voltage Control (Reactive) 
ï 25% reduction in Tx  online reactive power by 2020 

ï 50% of new windfarms in distribution including embedded generators 

ÅMaintaining System Transient Stability 
ï Increased electrical distance between remaining conventional gen 

ï Require improved dynamic reactive response from windfarms 

 

50% 75%
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Frequency Control:  Low Inertia 
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Frequency Control:  Lower Inertia 
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Frequency Control:  Lower Inertia 
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Frequency Concept 
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Frequency Control:  Minimum Frequency 

following event 
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Frequency Control 

 
ÅSynchronous Inertial Response 

ÅFast Frequency Response 

ÅFast Post-Fault Active Power 

Recovery 

ÅRamping Margin 
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European Energy Roadmap 2050 

2010                        2020                       2030                       2040                      2050 
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Outline 

ÅGeneration Trends 

 

ÅDenmark and Tasmania 

 

ÅSynchronous Condensers and HVDC 

 

ÅSynthetic or emulated inertia 
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ÅFrom swing equation increasing H reduces angular 

acceleration.  

ÅStability is also improved by reducing machine 

transient reactance. 

ÅTrend in manufacturing is to reduce H and to increase 

transient reactance. 

ÅMore dependence on controls especially excitation 

controls. 

ÅHQ requires generatorsô H to be compatible with 

inertia constants of existing plants in same region. 

(Min H for wind power is 3.5s) 

 

Generation Trends 



21 

 

Denmark 
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ÅTasmania is a small island system supplied by hydro-

generators, wind farms and one HVDC link. 

ÅTheir ROCOF criteria: 

ïInitial ROCOF to 49Hz is 3Hz/s 

ïDelayed ROCOF from 49 to 48.6 Hz is 1.176Hz/s 

ÅThese have been used to define the maximum amount 

of synchronous generation using equations such as  

 

 

Tasmania 
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Synchronous Condensers 

ÅBoth systems intend to use synchronous condensers. 

ÅIn Tasmania they will be based around their hydro 

generators ï óhigh inertiaô. 

ÅIn Denmark, synchronous condensers fitted with 

flywheels may also be considered. 

ÅWhat is size of inertial contribution from a 

synchronous condenser?   Figures of 7.84 have been 

obtained from hydro units with vertical shafts. 

ÅWhat will be the size of inertial contribution of a 

synchronous condenser with a flywheel be? 
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HVDC ï 1 

Inertia Emulation Control Strategy for VSC-

HVDC Transmission System 

This paper presents an inertia emulation control 

(INEC) strategy that uses the energy stored in the 

DC link capacitors of the VSC-HVDC systems 

to emulate inertia. This supports the AC network 

during and following disturbances, with minimal 

impact on the systems connected beyond the 

terminals of the HVDC system.  
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HVDC ï 2 

This can be realized by modifying the HVDC 

control systems. The proposed strategy is 

capable of emulating a wide range of inertia time 

constants using relatively small constant 

capacitances connected to the DC circuit. 

Additionally, the proposed strategy does not rely 

on df/dt measurement. 
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WT Emulated Inertia  

The problem: 

ÅPower balance on conventional systems well 
understood 

ÅHigher wind penetration levels 

ÅFewer conventional generators plus 
associated ancillary services 
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Response Shape 


