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Purpose
Discuss what we can do to address 

the challenges of reactive power 

flows at the GXP.

Agenda
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THE FUTURE 

SECURITY AND 

RESILIENCE (FSR) 

PROGRAMME



Background
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Future security and resilience (FSR) roadmap
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Review of common quality requirements in Part 8 of the Code
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Future System Operation
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CHANGING POWER 

FACTORS (FROM 

LAGGING TO LEADING)

DR DAVID HUME,

ELECTRICITY AUTHORITY



Trends

Å NZ power factor trends since 2009

Å Lets take a look at GXP metering datatrends since 1997

Å Data from: 

https://www.ea.govt.nz/data -and-insights/datasets/wholesale/metered -data/

Å https://djhume.github.io/nz -power-factor/
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Over voltage ҭ The theory

Å Lets take a look at the two-bus power systems model to better understand the problem...

Å https://djhume.github.io/nz -power-factor/phasor/
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EDB power factor trends
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Power factor trend summary

ÅPower factors have steadily improved

ÅApproaching their apex (unity) 

ÅDecreasing into the leading region overnight

ÅConcerns around overvoltage management during low demand 

overnight periods
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Overvoltage issues

Å Increased transmission and distribution investment

Å Increasing levels of distributed generation

ÅDemand characteristics changing 

ÅLight-loading of HV transmission
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Overvoltage issues ҭ overnight circuit outages for voltage management  
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Overvoltage issues in New Zealand ҭ Kikiwa 50 MVAr and Islington 80 MVAr reactors
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Overvoltage issues in New Zealand- UNI 2x100MVAr Pakuranga Reactors
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Overvoltage issues in New Zealand- Brownhill ҭ Pakuranga B cable joint failure
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Where to from here?

ÅElectricity Authority progressing work on reactive power management 

with input from the Common Quality Technical Group (CQTG) and System 

Operator

ÅYqtm"hcnnu"ykvjkp"vjg"Cwvjqtkv{Ҳu"Hwvwtg"Ugewtkv{"cpf"Tguknkgpeg"*HUT+"

work programme

Åhttps://www.ea.govt.nz/projects/all/future -security-and-resilience

ÅWe are going to need Code changes...
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CHANGING POWER 

FACTORS AT GXPS

DR NYUK-MIN VONG,

SYSTEM OPERATOR



Reactive Power Flow at the GXP

Study and Findings

24.02.2026
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Background

The System Operator must maintain pre- and post-contingent event voltage 
within the Asset Owner Performance Obligation (AOPO) voltage range, that is:

Å+/- 10% for 220 and 110 kV nominal grid voltage
Å+/- 5% for 66 and 50 kV nominal grid voltage

To manage transmission system voltages, the System Operator currently
employs measures such as:
ÅDispatching a generator to absorb or produce reactive power
ÅUsing SVCs / STATCOMs to regulate voltages
ÅTapping transformers 
ÅSwitching on/off capacitor banks and reactors
ÅSwitching out lightly loaded transmission circuits



Characterisation of GXPs

Å Type 1: Active and reactive power 

flowing into the substation

Å Type 2: Active power flowing into 

and reactive power flowing out of 

the substation

Å Type 3: Active flowing into and 

reactive power flowing into or 

out of the substation

Å Type 4: Active power and reactive 

flowing into or out of the 

substation
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Type 4 GXP
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Summary of GXP types
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 Active and reactive 

power flow  

Number of 

substation s 

Observed Patterns  

Type 1 Active and reactive 

power flowing into the 

station 

11 These resembled an inductive distribution network 

that imported reactive power from the transmission 

network. 

Type 2 Active power flowing 

into and reactive power 

flowing out of the station 

11 These represented a highly capacitive distribution 

network with reactive power flowing out of the 

distribution network into the transmission network.  

Type 3 Active flowing into and 

reactive power flowing 

into or out of the station 

92 These drew active power from the transmission 

network and either imported or exported reactive  

from the transmission network depending on the 

demand within the distribution network.  

Type 4 Active power and 

reactive flowing into or 

out of the station 

14 These house enough embedded generation or DERs 

to occasionally export active power, as well as import 

and export reactive power to the transmission network 

based on distribution network demand.  

  
GZ1 GZ2 GZ3 GZ5 GZ5 GZ6 GZ7 GZ8 GZ9 GZ10 GZ11 GZ12 GZ13 GZ14 

Type 1 
  

2 2 
 

3 
     

1 
 

2 
Type 2 2 1 3 2 

   
2 

 
1 2 

 
1 

 

Type 3 8 8 8 9 5 6 8 10 5 5 3 3 6 7 
Type 4 1 1 1 2 

  
3 

 
3 

 
1 1 
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MANAGING REACTIVE 

POWER FLOWS AND 

VOLTAGE 

COORDINATION ON THE 

TRANSMISSION 

NETWORK

TIM CONNOLLY,

SYSTEM OPERATOR



The Art of Voltage Management

Date 26 February 2026
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The Art of Voltage Management 
The objective is to keep voltages within Code limits, both in 
steady-state operation and following credible 
contingencies (n-1)

Voltage is continuously monitored across the grid and at 
supply points using SCADA, RTCA, trends, load forecasts, 
and alarms to manage steady state and N-1 voltages

Proactive management is expected τ action should be 
taken before alarms are reached. Looking ahead and being 
prepared is imperative.

Voltage targets are achieved using: 

Å voltage control equipment such as capacitors, reactors, 
ǘǊŀƴǎŦƻǊƳŜǊ ǘŀǇǎΣ {±/ΩǎΣ wt/ǎ ŀƴŘ ŀŘƧǳǎǘƳŜƴǘ ƻŦ I±5/ 
Mvar requirements,  

Å Dispatching generators Mvar/voltage setpoints   



SCADA based Reactive Power Controllers (RPC)
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Additional Voltage Management Measures  
When core grid voltages cannot be maintained with usual 
available measures, last resort options include:

ÅwŜƳƻǾŀƭ ƻŦ ŎƛǊŎǳƛǘǎ ǘƘŀǘ ŘƻƴΩǘ ƛƳǇŀŎǘ ƻƴ b-1 security 
can be removed.  

Å Generators on TWD

Å HVDC reduced volts and/or single pole operation

Å Discretion on generators

Å Removal of circuits that do impact on security (GEN)
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High Voltage Challenges 
Å During low load periods there is a significant amount of Mvars 

flowing into the grid from distribution networks (and 
increasing) 

Å Less generation connected to the system to help

Å wŜŀŎǘƻǊǎ ŀƴŘ {¢/Ωǎ ƘŀǾŜ ƘŜƭǇŜŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ōǳǘ ŎƛǊŎǳƛǘǎ ŀǊŜ ǎǘƛƭƭ 
needing to be removed to achieve voltage objectives

Å Intermittent generation voltage support is unpredictable 

Å Very quick variations in solar causing voltage swings 

Å Unknown how close an area might  be to voltage runaway  
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Voltage Stability
Maintaining stability margins is a key objective. Otherwise voltage 
collapse is a major risk

Key areas are monitored including UNI, LNI, USI and LSI but 
stability can be an issue down to GOSZONE/GXP level

Any region can be prone to instability during outages with 
insufficient voltage support

5ƛǎǘǊƛōǳǘŜŘ ƎŜƴŜǊŀǘƛƻƴΩǎ ŀōƛƭƛǘȅ ǘƻ ǎǳǇǇƻǊǘ ǾƻƭǘŀƎŜ ƛǎ ƭŀǊƎŜƭȅ 
unknown, especially during disturbances 

 Lack of visibility/Data/Capability information behind the GXP can 
contribute to inaccurate assumptions and analysis 

  


