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Background

• EC engaged SO in 2 part investigation
– Part 1: Review of existing criteria

– Part 2: Dynamic system studies and 
recommendations

• Objective: to determine FRT requirement 
for EGR’s
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Why?

• Current EGR’s insufficient
– Part C, sect 3, 3.2 – plant must operate 

continuously to support system stability

– No specific criteria for FRT

• Provide a specific requirement for vendors 

• More certainty to SO around post fault 
generator performance
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Fault Ride Through Envelope

4

WECC- USA 



Existing Criteria
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International FRT Requirements

AEMC LVRT AEMC HVRT AESO Alberta Canada LVRT AESO Alberta Canada HVRT
EIRGRID LVRT EIRGRID HVRT Eltra Elkraft >100kV LVRT Eltra Elkraft >100kV HVRT
Energinet.dk/Nordel LVRT 400kV Tf=250ms Energinet.dk/Nordel LVRT 132kV Tf=250ms Energinet.dk/UCTE 132kV LVRT Energinet.dk >100kV HVRT
E.ON Type 1 LVRT Tf=150ms E.ON Type 2-Limit Line 1 LVRT Tf=150ms E.ON Type 2-Limit Line 2 LVRT Tf=150ms FERC USA LVRT
Hydro Quebec LVRT NGT UK LVRT 275kV Tf=140ms Nordel LVRT Tf=250ms PSE Poland LVRT
REE Spain LVRT Scottish LVRT Part 1 132 kV Tf=140ms Scottish LVRT Part 2 132 kV Tf=140ms Scottish 132kV HVRT
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Transpower HVDC TOV and TUV  Requirements

220kV HVDC HVRT (1.0) 220kV HVDC HVRT (1.1) 220kV HVDC LVRT (0.9) Tf =140ms 



System Performance Under 
Fault Conditions

• Driven by load behaviour

• System conditions at time

• Protection operation times

• Other plant operating times (AVR, RPC, 
SVC etc)
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System Studies

• Load Modelling
– Dynamic load model

– Load composition: static/motor load %

– % motor tripping under TOV and TUV

• Load/Generation scenarios
– Historical SCADA data used

– Seasonal peaks

– Low/high load, low gen, north/south transfer
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• System Faults
– Close in zero impedance 3ph fault

– Faults at transmission level only

• Credible contingencies
– Regional/sub-regional effect

– N-1

– Loss of single circuit, generator, HVDC pole,  
dynamic reactive plant

– Faulted and non faulted conditions
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• Protection and other plant performance
– Actual protection operation times

– Signal aided and non-signal operation

– No operation of shunt reactive plant and tap 
change control

– HVDC RPC operation considered

• Future Grid
– Committed upgrades and projected load to 

2015 reviewed
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Results
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Example Plot- NI 220kV Profile
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TUV – North Island worst 10 buses
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Loss of  a 220 kV asset: 220 kV bus voltage profile - worst 10 buses

MDN220 OTC HPI_220_1 OTC HEN220 OTC PEN220 OTC SWN220 OTC

OTA220 OTC HPI_220_1 HLYOTA2 MDN220 HLYOTA2 MDN220 OHWOTA BRB220 OTC

TUV – South Island worst 10 buses
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Loss of  a 220 kV asset: 220 kV bus voltage profile - worst 10 buses

KIK_220 ISLTKB ASB_220 ISLTKB TIM_220A ISLTKB STK_220 ASB_TWZ TIM_220A ASB_TWZ 

KIK_220 ISLKIK3 STK_220 ISLKIK3 INV_220 CYDTWZ TWI_220 CYDTWZ NMA_220 CYDTWZ



TOV – South Island
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Light load - Loss of 700MW DC north at BEN 

ASB_66 BRY_66 ADD_66A ISL_66 SPN66A BRY_66 WPR_66 KKA_66 GYM_66
HOR_66 STK_66 TIM_220A TIM_110 TIM_11 TMK_110A BEN_220 TMK_33 CML_110B
CML_33 ABY_110 ABY_33 ABY_11 ASB_220 FKN_110B FKN33 ASB_33 ASB_66
BRY_220 BRY_66 TKA_110 LIV_220 NSY_220 NSY_33 OAM_110A TWI_220

TUV Summary
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Transpower  220/110/66 kV TUV performance 

average worst 10 NI 220kV average worst 10 SI 220kV average worst 10 NI 110kV average worst 10 SI 110kV average worst 10 66kV



TOV Summary
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Transpower  220/110/66 kV TOV curves

worst case 220/110 kV NI worst case 220/110/66 kV SI

TUV and Existing Criteria
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Transpower  220/110/66 kV TUV performance and Criteria - International Criteria 

AESO Alberta Canada LVRT EIRGRID LVRT Eltra Elkraft >100kV LVRT
Energinet.dk/Nordel LVRT 400kV Tf=250ms Energinet.dk/Nordel LVRT 132kV Tf=250ms Energinet.dk/UCTE 132kV LVRT
E.ON Type 1 LVRT Tf=150ms E.ON Type 2-Limit Line 1 LVRT Tf=150ms E.ON Type 2-Limit Line 2 LVRT Tf=150ms 
FERC USA LVRT Hydro Quebec LVRT NGT UK LVRT 275kV Tf=140ms 
Nordel LVRT Tf=250ms PSE Poland LVRT REE Spain LVRT 
Scottish LVRT Part 1 132 kV Tf=140ms Scottish LVRT Part 2 132 kV Tf=140ms WECC USA LVRT 
220kV HVDC LVRT (0.9) Tf=140ms V90 AGO2 criteria - HV bus AEMC LVRT
average worst 10 NI 220kV average worst 10 SI 220kV average worst 10 NI 110kV
average worst 10 SI 110kV average worst 10 66kV



TOV and Existing Criteria
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Transpower  220/110/66 kV TOV performance and Criteria - International  TOV Criteria 

220kV HVDC HVRT (1.0) 220kV HVDC HVRT (1.1) worst case 220/110 kV NI AEMC HVRT Energinet.dk >100kV HVRT

WECC USA HVRT EIRGRID HVRT AESO Alberta Canada HVRT Eltra Elkraft >100kV HVRT Scottish 132kV HVRT

worst case NI with margin worst case 220/110/66 kV SI worst case SI with margin

Proposed North Island Envelope
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Proposed South Island Envelope
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South Island FRT Envelope 

SI TOV criteria SI TUV criteria 

Conclusions
• TOV and TUV system performance 

determined using dynamic studies

• NI and SI performance differ

• NI and SI FRT envelope have been 
developed

• FRT envelopes compare favourably with 
existing criteria

• Proposed FRT criteria will give more certainty 
to both SO and AO for new generator 
connections
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Questions?
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