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IMPORTANT  

Disclaimer 

The information in this document is provided in good-faith and represents the opinion of Transpower New 

Zealand Limited, as the System Operator, at the date of publication. Transpower New Zealand Limited does 

not make any representations, warranties or undertakings either express or implied, about the accuracy or 

the completeness of the information provided. The act of making the information available does not 

constitute any representation, warranty or undertaking, either express or implied. This document does not, 

and is not intended to; create any legal obligation or duty on Transpower New Zealand Limited. To the 

extent permitted by law, no liability (whether in negligence or other tort, by contract, under statute or in 

equity) is accepted by Transpower New Zealand Limited by reason of, or in connection with, any statement 

made in this document or by any actual or purported reliance on it by any party. Transpower New Zealand 

Limited reserves all rights, in its absolute discretion, to alter any of the information provided in this 

document. 

Copyright 

The concepts and information contained in this document are the property of Transpower New Zealand 

Limited. Reproduction of this document in whole or in part without the written permission of Transpower 

New Zealand is prohibited. 

 

 

 

 

Contact Details 

Address:  Transpower New Zealand Ltd 

22 Boulcott Street 

PO Box 1021 

Wellington 

New Zealand 

Telephone: +64 4 590 7000  

  

Email: system.operator@transpower.co.nz 

Website: http://www.transpower.co.nz  

mailto:system.operator@transpower.co.nz
http://www.transpower.co.nz/
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1 PURPOSE 

On 21 December 2024 the system frequency in the North Island fell below 49.25 Hz, resulting in an 

under-frequency event (UFE).  

Pursuant to clause 8.60 of the Electricity Industry Participation Code (Code), the System Operator 

investigated the event to assist the Electricity Authority (Authority) in determining a causer of the 

under-frequency event. 

This Causation Report is provided to the Authority pursuant to clause 8.60(5) of the Code and includes 

the following: 

 The System Operator’s recommendation of the causer of the under-frequency event. 

 The System Operator’s reasons for forming its view. 

 The information considered in reaching this view.  
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2 EXECUTIVE SUMMARY 

On 21 December 2024, two faults, most likely caused by lightning strikes, occurred on the network 

between Wairakei and Redclyffe causing both a loss of supply to the Hawke’s Bay region and 

disconnecting generation in the region. The resulting reduction in generation led the North Island 

frequency to drop to 49.2 Hz at 14:45:53. 

Both faults occurred on the Grid Owner’s transmission lines – the first one tripped the Tauhara B -

Wairakei circuit, the second was a double circuit fault which tripped both the 220 kV circuits supplying 

Hawke’s Bay. 

This second fault resulted in the disconnection of generation from Tauhara B, Te Huka C, Harapaki Wind 

Farm, Tuai and Piripaua with a combined total loss of 391.38 MW of power injection into the system; 

and a loss of supply for the Hawke’s Bay region. The loss of generation and load led to a net export 

reduction of 224 MW, and a drop in North Island frequency to 49.2 Hz leading to the UFE 

The System Operator investigation found that the direct cause of the UFE was the second double-circuit 

fault which tripped both the Grid Owner’s Whirinaki-Wairakei and Harapaki-Tauhara B circuits.  

2.1 RECOMMENDATION OF UFE CAUSER 

In accordance with clause (a) of the definition of “causer” in Part 1 of the Code, the System Operator 

recommends that the Transpower in its capacity as Grid Owner be found as the causer of the UFE.  

Although the investigation found the second fault disconnected generation, it also found that, without 

the first fault, the UFE may have been avoided. Specifically, if the Tauhara B-Wairakei circuit been 

returned to service then the second fault would likely not have disconnected the Tauhara B and Te Huka 

C stations, and the UFE could have been avoided. 

2.2 OTHER RECOMMENDATIONS 

The System Operator recommends that the Grid Owner investigate the cause of three pole tripping of 

Tauhara B CB662 for the recorded single-phase fault, and if this reveals a breach of Schedule 8.3 of the 

Code, to initiate the self-breach process. 

The System Operator also supports the Grid Owner’s own recommendation – as mentioned in the Grid 

Owner’s Interruption Report on the Hawke’s Bay Loss of Supply, 21 December 2024, sent to the 

Commerce Commission – to revisit the assumptions detailed in the 2017-18 protection review and 

assess whether they are still valid. The System Operator would be particularly interested in how effective 

single pole trip auto reclose schemes are in reducing the risk of supply loss, and in how increased 

generation on circuits between Wairakei and Redclyffe may increase the likelihood of further under-

frequency events.  
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3 SYSTEM EVENT – 21 DECEMBER 2024  

3.1 PARTICULAR ASPECTS OF THIS EVENT 

This event has been complex to assess compared with other UFEs caused by one fault that results in 

disconnection of generation. In particular: 

 There was only one UFE, but there were two faults on the transmission system within 7s of each 

other on closely connected circuits. 

 The second fault disconnected generation and resulted in a loss of supply to the Hawke's Bay region. 

However, without the first fault, the UFE may have been avoided. 

 Protection for the fault which triggered the UFE (the second fault) appears to have operated as 

expected, but the System Operator's investigation into the operations for the first fault have been 

more complex to assess. 

 Immediately preceding the UFE, the Hawke's Bay region had a net export of 224 MW. With a total 

generation 1.75 times this amount, a significant portion of the locally generated power was 

supplying the Hawke's Bay region's electricity demand, which was also lost during the event.  

3.2 SITUATION PRIOR TO THE UNDER-FREQUENCY EVENT 

All transmission assets in the region ahead of the event were in service. Generation in the region was 

operating as expected for the market conditions with Tuai (TUI), Piripaua (PRI), Harapaki (HRP), Te Huka 

C (TAC) and Tauhara B (TAB) all generating. There was a severe thunderstorm weather watch in place 

with lightning recorded. 

3.3 THE UNDER-FREQUENCY EVENT 

Two faults, most likely caused by lightning strikes, occurred on the network between Wairakei and 

Redclyffe causing both a loss of supply to the Hawke’s Bay region and disconnecting generation 

injecting into this part of the network or into Hawke’s Bay region. The resulting reduction in the net 

generation export from the Hawke’s Bay region led the North Island frequency to drop to 49.2 Hz at 

14:45:53. 

The first fault occurred at 14:45:43. In response to this first fault, confirmed by the Grid Owner as a blue 

phase to ground fault (a single pole fault), Tauhara B CB662 tripped all three poles and initiated an auto 

reclose sequence with a 15 second deadtime. This removed one of two circuits connecting Tauhara B 

and Te Huka as well as Harapaki to the rest of network. This circuit remained out of service ahead of the 

second fault. 

The second fault occurred 7 seconds later at 14:45:50 and was a two phase to ground fault as confirmed 

by the Grid Owner.  This triggered the initial tripping of two 220 kV circuits, disconnecting Tauhara B, Te 

Huka C, Harapaki Wind Farm, Tuai, and Piripaua, and resulting in the loss of 168 MW of load and 

generation supply to Hawke's Bay. 
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The disconnection of Tauhara B and Te Huka C removed approximately 212.38 MW, while 163.9 MW 

was removed due to the loss of Harapaki Wind Farm. The disconnection of Tuai and Piripaua stations 

removed another 15.1 MW of generation injection into the power system.  A total of 391.4 MW 

generation was disconnected. The reduction in net export from the region was 224 MW.  The loss of this 

net generation export caused the North Island frequency to fall to 49.2. At 14:46:10, the grid frequency 

returned to normal band. Figure 1 below shows the frequency over the event timeframe and the 

reduction in total generation.  

 

Please note the System Operator’s graph above may not map precisely to tripping of the Hawke’s Bay 

generation. This is because there is a time delay in the System Operator’s SCADA data. 

3.4 EVENT INVESTIGATION 

The System Operator undertook an investigation taking into account System Operator data and 

information provided by the Grid Owner and Generators in response to System Operator information 

requests. 

Details of this investigation are provided in the System Operator Event Report 4523.  

The investigation found that the trigger of the UFE was the second double circuit fault which tripped 

both Whirinaki-Wairakei and Harapaki-Tauhara B. However, if protection and autoreclose had operated 

differently for the first fault which tripped Tauhara B – Wairakei and this circuit had been returned to 

service before the second fault, the UFE could have been avoided. 

The investigation found there were contributing factors which increased the likelihood of the event.  

These factors are: 

1. The affected sections of circuits did not have overhead earth wires which would have reduced the 

chances of direct lightning strikes to a transmission line or tower causing faults.  

Figure 1 Frequency and Generation Injection during the event 

Figure 1: Graph of Frequency and Generation in Hawke's Bay during the 21/12/2024 UFE 
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2. Protection on Tauhara B CB662 operated as a 3-phase trip for the first fault, for what appears to be 

a single phase to ground fault. 

3. Auto reclose for a three phase trip involves a 15 second deadtime which was longer than the 7s 

between the faults. 

4. There is a high amount of generation connected between Wairakei and Redclyffe which increases 

the risk of a UFE from transmission line faults. 

3.5 RECOMMENDATIONS FOLLOWING EVENT INVESTIGATION 

The System Operator’s investigation has identified the above contributing factors, included analysis of 

the faults and observation of protection operation sufficient to recommend a causer.  

The investigation also raised questions around the operation of protection for the first fault, noting that 

protection on Tauhara B CB662 operated for a 3-phase fault for what appears to be a single phase to 

ground fault. However, the System Operator does not have the protection expertise to comment on or 

to recommend measures and best practices with regards to protection design. With this in mind, the 

investigation recommends: 

 The Grid Owner investigate the root cause of the protection relay initiating a three pole operation 

at Tauhara B CB662 instead of a single pole operation. 

 The Grid Owner to initiate the self-breach process if the above investigation reveals a breach of 

Schedule 8.3 clause 4 (4) (a) (ii) of the Code. 

The System Operator also supports the Grid Owner’s own recommendation – as mentioned in the Grid 

Owner’s Interruption Report on the Hawke’s Bay Loss of Supply, 21 December 2024, sent to the 

Commerce Commission – to revisit the assumptions detailed in the 2017-18 protection review and 

assess whether they are still valid. The investigation has raised questions about the protection operations 

and the System Operator would be particularly interested in how effective single pole trip auto reclose 

schemes are in reducing the risk of supply loss, and in how increased generation on circuits between 

Wairakei and Redclyffe may increase the likelihood of further under-frequency events.  
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4 RATIONALE FOR CAUSER RECOMMENDATION 

The investigation found that the UFE was triggered by the second double circuit fault which tripped 

both Whirinaki-Wairakei and Harapaki-Tauhara B and disconnected generators with a combined gross 

injection at the time of 391 MW – leading to a 224 MW reduction in the region’s net export.  

The Grid Owner’s statement has noted the anti-islanding protection operated after the loss of their 

circuits, which resulted in Tauhara B, Te Huka C, Harapaki, Piripaua and Tuai being disconnected from 

the Grid. The System Operator agrees with the Grid Owner’s note, as the sequence of events met the 

conditions of the anti-islanding schemes to arm and operate. 

Data from the Generators confirms this assessment. 

 Tauhara B and Te Huka C generating stations disconnected as the loss of the Tauhara B-Wairakei, 

Harapaki-Tauhara B and Whirinaki-Wairakei circuits, satisfies the anti-islanding conditions for the 

plants. 

 Harapaki station’s anti-islanding scheme tripped CB242 and CB282. 

 The Piripaua and Tuai generation stations responded to support the grid, and subsequently tripped 

on under frequency protection as the local frequency in the region fell below 43.5 Hz. Due to their 

comparatively small generation injection, their disconnection alone would not have been sufficient 

to trigger the under-frequency event. 

The investigation has found no other generator act or omission or property caused the circuits to trip.  

In accordance with clause (a) of the definition of “causer” in Part 1 of the Code, if an interruption or 

reduction of electricity from a grid owner’s assets is caused by the Grid Owner’s property, the ‘causer’ 

in relation to that under-frequency event is the Grid Owner. 

The System Operator recommends that the causer of the UFE on 21 December 2024 was the Grid 

Owner, based on the finding that the 220 kV circuit faults, most likely caused by lightning, resulted in 

the disconnection of generation. 

We note that the Grid Owner, in its response to requests for information from the System Operator, set 

out its view that clause (c) in the definition of “causer” in Part 1 of the Code applies. In the Grid Owner’s 

view the protection and autoreclose operated as expected and in compliance with Code requirements. 

It is the System Operator’s view that even if clause (c) applied, there are other factors that the System 

Operator’s investigation identified that call into question whether or not the Code requirements have 

been complied with. The investigation considered the operation of protection for the first fault, noting 

that protection on Tauhara B CB662 operated as a three-pole trip for what appears to be a single phase 

to ground fault. However, the System Operator does not have the protection expertise to provide 

detailed, further analysis on this point. We have therefore recommended that the Grid Owner investigate 

the root cause of the protection relay initiating a three-pole operation at Tauhara B CB662 and 15s 

autoreclose deadtime instead of a single pole operation with 1s autoreclose deadtime (if they have not 

already done so). 

It is for the Authority to decide whether clause (c) in the definition of “causer” in Part 1 of the Code 

applies in this case.  
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5 CALCULATION OF MW LOST 

The purpose of this calculation is to determine the MW value provided to the clearing manager for the 

purposes of calculating the under-frequency event charge.   

The System Operator follows the procedure ‘Calculating the Amount of MW lost’ (PR-RR-017) to 

determine the MW lost.  This procedure follows the formula set out in clause 8.64 of the Code for 

calculating an event charge. 

The event charge payable by the causer of an under-frequency event (referred to as “Event e” below) 

must be calculated in accordance with the following formula:  

𝐸𝐶 = 𝐸𝐶𝑅 × (∑(𝐼𝑁𝑇𝑦,𝑒  𝑓𝑜𝑟 𝑎𝑙𝑙 𝑦) − 𝐼𝑁𝐽𝐷

𝑦

) 

where 

𝐸𝐶 is the event charge payable by the causer  

𝐸𝐶𝑅 is $1,250 per MW  

𝐼𝑁𝐽𝐷 is 60 MW 

𝐼𝑁𝑇𝑦,𝑒 is the electric power (expressed in MW) lost at point y by reason of Event e (being the net 

reduction in the injection of electricity (expressed in MW) experienced at point Y by reason of Event e) 

excluding any loss at point y by reason of secondary Event e 

𝑦 is a point of connection or the HVDC injection point at which the injection of electricity was 

interrupted or reduced by reason Event e   

 

As the 𝐸𝐶𝑅 and 𝐼𝑁𝐽𝐷 values are constants the values to calculate and complete the formula are y and 

𝐼𝑁𝑇𝑦,𝑒. 

 

Using the event charge formula the calculation is as follows: 

Event Charge = $1,250/MW * (391.38MW – 60MW) 

Event Charge = $414,225.00 
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6 CORRESPONDENCE 

6.1 CONFIRMATION OF EVENT NOTICE 

Note the X-axis on the chart in the notice is incorrectly labelled. The x-axis should be 14:45:03 – 14:46:43. 

Note, while regrettable this error is immaterial and was of no consequence. 
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6.2 REQUESTS FOR INFORMATION 
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6.3 RESPONSES 
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The System Operator requested further clarification on the information received. See email 

correspondence. 
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