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coordination across GXPs
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Purpose

Discuss what we can do to address

the challenges of reactive power
flows at the GXP.

Agenda

Time Item
9:30 am Welcome and introduction to workshop
Sheila Matthews (Electricity Authority)
9:45 am Presentation on changing power factors (from lagging to leading)
Dr David Hume (Electricity Authority)
10.05 am | Presentation on changing power factors at GXPs
Dr Nyuk-Min Vong (System Operator)
10.25 am | Presentation on managing reactive power flows and voltage coordination
on the transmission network
Tim Connelly (System Operator)
10:45 am | Morning tea (15 minutes)
11:00 am | Drivers causing, and implications of changing power factors and reactive
power flows for the transmission grid
Gerk Chen (Grid owner)
11.30 am | Drivers causing, and implications of changing power factors and real and
reactive power flows for distribution networks
* Robin Pittwood (Powerco)
e Stephen Hirsch (Orion)
12:30 pm | Lunch (30 minutes)
1:00 pm What are the drivers of these observed changes? Open forum
1:45 pm Afternoon break (15 minutes)
2.00 pm What can we do? Open forum
2.50 pm Wrap up/Next steps
Sheila Matthews (Electricity Authority)
3:00 pm End of workshop
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Background

November 2021 August 2022 April 2023 May 2023 July 2023

C-e-e-@-

FSR discussion @ FSR Roadmap ReviewofPart8 FSRindicators CQTG formed
paper Issues paper published
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Challenges &
Opportunties

within technical
equirements

ure security

Rieview and update Part G of the Code

Feview and update Parts Parts 6,7, 13, 1 of the
Cade to snsurs they slign o Pan &

Identify standard to support technical requirements.
inthe Code

Update the Polioy Statement to manage emerging
tisks

Updste the System Operator's policies, procedures,
guidelines and tools

Why is it required?

To ensure the technical requirements in Part 3 are
aligned to new generation technologies,

Ta ensure the technical performance of DER s
sligned o Part B of the Code and enable DEF to offer
ancillary services, thersby snsuring the sffzctive
operation ofthe power system and market system.

To ensure appropriate standards are in place that
ultimately maintain 2nd idezlly improve the security of
the system

To ensure the System Operator canmanage new
tisks and thereby maintain the security and relisbilit
of the system

To enzure the secure and efficiznt operation of the
power system and the electricit market

Managing reducing
system inertia

Create = hequencyressiue srateguto manags low
inertia

Ensure that the Code and market system can
acoommodate new reserue types

Incorporate new reserve types intothe Procurement
Plan & testing methadalogy

Updste operationsl procedurss sndracls

To ensure the effective operation of the system.

To ensure system frequency is maintained within the
normal band

To ensure system frequency is maintained within the
normal band

To enzure system frequency is maintained within the
nrormal band

perating with low
em strength

Irwestigate system stength challenges and
apporunities

#Amend the Code to support performance criteria

Develop suitable market products and tools

To ensure performance levels for IER sre sppropriste
and ultimately maintain the secure and stable
operation of the system

Ta ensure performance levels for ISR are appropriate
and ultimately maintain the secure and stable
operation of the sustem.

To ensure system strength daes not drop below the
levelthat can cause IBR to operate below the

Balancing
renewable
generation

Improve market system and gsnerstionidemand
farecast

Consider new or revised ancillary senices to
maireainbalancing

Tareduce the propertion af inaccurate offers,
inaccurste demand forecasts and sy combined
inacourasies, and thereby ultim ately ensure the
security and reliability of the system.

To ensurs system hrequency is maintsined witin the
mormal band.

Coordination of
increased
connections

Update Grid wner and System Dperatar
commissioning processes and benchmark
acreement

Review the approach to planning connection
studies

Review operational study tools

Ta ensure the timely and effisient integration of DER
inta the system,

Ta reduce the effort required to carry out planning
and connection studies and thereby ensure
adequate assessment of the impacts of new
connections.

To enable power system operations to benefit from
the capability of DER.

and resilience (FSR) roadmap

Challenges &
Dpportunties

Update Grid Ownier and System Dperator
commissioning processes and benchmark
agresment

Coordination of Review the appraach to planning connection

YWhy is it required?

To ensure the timely and efficient integration of DER
inta the sustem.

Tareduce the effart required ta carry out planning
and connection studies and thereby enzure

Year2 | Yeard [ Yeard | Year5 | Yearb | Year T | Year8 | Yeard |Year 10

- studies adequate assessment of the impacts of new .
increased connections,
connections
. . To enable power system operations to benefit from
Review operational study tools
the capahility of DEFR:
Ta ensure that market dispateh capability can
Enhance the Code and market system dispatch accommodate all participants whao wish to be
wapability to accommodate DER offers dispatched andthase participants who are required
tabe dispatched.
Enabling DER
services for efficient Ta ensure DER ability to actively and optimally
Improve real-time security madelling within support the security and reliability of supplyis
FEIETESED operaitonaltools =ccaunted for within aperational tools and
operations procedures.
Investigate new DER sevices to support efficient To ensure the system fully utilises DER capability, o
operation of the power system ultimately improve its operation.
Establish the impact of DER Ta establish op.elalior\al measures to maintain the
system’s security.
Tomitigate the risk that may result from widespread
Determine the redible event risk of DER & 4 s
dizconnection or the unstable operation of OER.
Visibility and Update the Cade to olariby DER obligations and To ensure that uptake of DER acours accarding to an
observability of operational requirements appropriate regulatorny framewark.
DER Toincrease the visibility and observabilivg of DER, 1o

Update procedures and tools toinclude DER asset
information

enable improved demand forecasting, outage

assessments, security of supply madelling, system

security forecasts and annual security assessment,

among other procedures and tools, and thereby

ultimately enhance the secure operation of the
ystem,

Irwestigate changes to ancillar services

Ensure taols monitor the performance of the power
system

Update the Code. market sustem and Procurement
Planto enable new technology to provide ancillary
sewices

Ta ensure the System Operatar procures the right
wpe of sevices to manage the power sustem at the
lowest cost to consumers.

Ta ensure the pow er system continues to operate in
a safe and secure manner

Toenhance and increase competition inthe ancillary
sevices market and maintain the security of the
power sustem

Continually review and update cuber securiny
measures

Taimprave the effectiveness of cuber security
measures and enzure they are up ta date

Encaurage and train the warkfarce's nest
generation

To mitigate warkforce shorages and ensure that the
expected transition within the energy sector takes
placein a zafe and imely manner.
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Review of common quality requirements in Part 8 of the Code

;1 Frequency @

)

5 Harmonics g

Part 8
Review

Inforraation 9

Terminology

Defining the first voltage-related problem: Inverter-based

resources cause greater voltage deviations
The first voltage-related problem is that inverter-based variable and intermittent
resources cause greater voltage deviations, which are exacerbated by changing patterns

of reactive power flows.
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Future System Operation

Total TSO Hybrid DSO

e
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CHANGING POWER
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Trends

NZ power factor trends since 2009
Lets take a look at GXP metering datatrends since 1997

Data from:

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

https://djhume.qithub.io/nz_-power-factor/

All New Zealand — 1997

Mean PF: 0.9589 lagging + Leading 0.0% of the time

Active Power (MW)
Year: 1997

All New Zealand — 2025
Mean PF: 0.9984 leading - Leading 63.7% of the time

Active Power (MW)
Year: 2023
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https://www.ea.govt.nz/data-and-insights/datasets/wholesale/metered-data/
https://www.ea.govt.nz/data-and-insights/datasets/wholesale/metered-data/
https://www.ea.govt.nz/data-and-insights/datasets/wholesale/metered-data/
https://www.ea.govt.nz/data-and-insights/datasets/wholesale/metered-data/
https://www.ea.govt.nz/data-and-insights/datasets/wholesale/metered-data/
https://www.ea.govt.nz/data-and-insights/datasets/wholesale/metered-data/
https://www.ea.govt.nz/data-and-insights/datasets/wholesale/metered-data/
https://djhume.github.io/nz-power-factor/
https://djhume.github.io/nz-power-factor/
https://djhume.github.io/nz-power-factor/
https://djhume.github.io/nz-power-factor/
https://djhume.github.io/nz-power-factor/
https://djhume.github.io/nz-power-factor/

Over voltaga The theory

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

A https://djhume.qithub.io/nz_-power-factor/phasor/

ELECTRICITY
AUTHORIT
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https://djhume.github.io/nz-power-factor/phasor/
https://djhume.github.io/nz-power-factor/phasor/
https://djhume.github.io/nz-power-factor/phasor/
https://djhume.github.io/nz-power-factor/phasor/
https://djhume.github.io/nz-power-factor/phasor/
https://djhume.github.io/nz-power-factor/phasor/

EDB power factor trends

Overnight Power Factor by EDB (2013-2024)
Each row scaled to its own range — blue = lagging, red = leading
Annotations show actual PF | Every EDB is shifting the same way

Buller Electricity (BUEL) Looo Lo01 1.002
Aurora Energy (DUNE) 1049
Firstlight Network (EAST) q 0.985 0.986 1.033
Orion (ORON) 1016 L0189 1.013
Vector (VECT) A 1004 1004 1.005
WEL Networks (WAIK) 1002 1003 1.003
Electra (ELEC) A 0.987 0.991 0.992
Most
Northpower (NPOW) {  0.999 0.998 0.999 leading
EA Networks (EASH) 0.994 0.995 0.998
Wellington Electricity (CKHK) 1.000 Lo01 0.999
Scanpower (SCAN) 0.998 1.000 1.000
r T
Mainpower (MPOW) - 0.999 0.999 0.999 =]
._rEU
Counties Energy (COUP) 3
Powerco (POCO) 8
—
Marlborough Lines (MARL) FUnity =,
=
=
Electricity Invercargill (ELIN) =}
Top Energy (TOPE) E'
o
o
Waipa Networks (WAIP) ]
. r 4
Nelson Electricity (NELS)
Westpower (WPOW)
Unison Networks (HAWK)
Alpine Energy (ALPE) Most
lagging

MNetwork Tasman (TASM)
The Power Company (TPCO)
Network Waitaki (WATA)
Centralines (CHBP)
OtagoNet (OTPO)

The Lines Company (LINE)

Horizon Networks (HEDL)

T T T T T T T ELECTRICITY
2018 2019 2020 2021 2022 2023 2024 AUTHORITY 14
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Power factor trend summary

A Power factors have steadily improved
A Approaching their apex (unity)
A Decreasing into the leading region overnight

A Concerns around overvoltage management during low demand
overnight periods

UUUUUUU
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Overvoltage issues

A Increased transmission and distribution investment
A Increasing levels of distributed generation
A Demand characteristics changing

A Lightloading of HV transmission

UUUUUUU
AAAAA



Overvoltage issuep overnight circuit outages for voltage management
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Overvoltage issues in New Zealgndikiwa 50 MVAr and Islington 80 MVAr reactors
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Overvoltage issues in New ZealadNIl 2x100MVAr Pakuranga Reactors
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Overvoltage issues in New Zealar@trownhilit Pakuranga B cable joint failure

@ Transpower Brownhill - Pakuranga B Cable Joint Bay Works

Transmission Network
New expression

e Brownhill - Pakuranga Cable
Transmission Line

Other Cables

dimss
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Where to from here?

A Electricity Authority progressing work on reactive power management
with input from the Common Quality Technical Group (CQTG) and System
Operator
AYgtm"hcnnu"ykvjkp"vjg"Cwvjgtkv{Xu"Hw
work programme

A https://www.ea.govt.nz/projects/all/future _-security-and-resilience

A We are going to need Code changes...


https://www.ea.govt.nz/projects/all/future-security-and-resilience/consultation/promoting-reliable-electricity-supply-code-amendment-proposal-on-common-quality-related-information/
https://www.ea.govt.nz/projects/all/future-security-and-resilience/consultation/promoting-reliable-electricity-supply-code-amendment-proposal-on-common-quality-related-information/
https://www.ea.govt.nz/projects/all/future-security-and-resilience/consultation/promoting-reliable-electricity-supply-code-amendment-proposal-on-common-quality-related-information/
https://www.ea.govt.nz/projects/all/future-security-and-resilience/consultation/promoting-reliable-electricity-supply-code-amendment-proposal-on-common-quality-related-information/
https://www.ea.govt.nz/projects/all/future-security-and-resilience/consultation/promoting-reliable-electricity-supply-code-amendment-proposal-on-common-quality-related-information/
https://www.ea.govt.nz/projects/all/future-security-and-resilience/consultation/promoting-reliable-electricity-supply-code-amendment-proposal-on-common-quality-related-information/
https://www.ea.govt.nz/projects/all/future-security-and-resilience/consultation/promoting-reliable-electricity-supply-code-amendment-proposal-on-common-quality-related-information/
https://www.ea.govt.nz/projects/all/future-security-and-resilience/consultation/promoting-reliable-electricity-supply-code-amendment-proposal-on-common-quality-related-information/
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RANSPOWER

Reactive Power Flow at the GXP

Study and Findings
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Background

TheSystem Operator must maintain peand postcontingent event voltage
within the Asset Owner Performance Obligation (AOPO) voltage range, that is:

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

Tomanageransmissiorsystenvoltagesthe SystenOperatorcurrently
employsmeasuresuchas

A Dispatchingrgeneratorto absorbor producereactivepower

A UsingSVC¢ STATCOMe regulatevoltages

A Tappingransformers

A Switchingon/off capacitotbanksandreactors

A Switchingput lightlyloadedtransmissioreircuits



Characterisation of GXPs

Plot on MW Vs Mvar Plot on MW Vs Mvar

A Type 1Active and reactive power.
flowing into the substation

XP Mvar
=]
GXP Mvar

A Type 2Active power flowing intd |
and reactive power flowing out of
the substation )

10 -15

GXP MW GXP MW
+ Actugl + 0.9PF - 0.95FF + Actual + 0.9PF - 0.95PF
A Type 3Active flowing into and Pl on 1 s ver Ploton ww vs var

reactive power flowing into or
out of the substation

XP Mvar
GXP Mvar

A Type 4Active power and reactive”
flowing into or out of the
substation

30

GXP MW GXP MW

+ Actual + 09PF - 0.95PF + Actual + 0.9PF - 0.95PF



GXP Mvar

GXP Mvar

Type 1 GXP

Plot on MW Vs Mvar

10
GXP MW

+ Actua! + 0.9PF - 0.95PF

Plot on MW Vs Mvar
15
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-10
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GXP MW
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Lichfield - LFD

Plot on GXP MW, Mvar and PF
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GXP MW, Mvar
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26/08/24

7/07/24
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Date dd/mm/yy
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MW Mvar

Stratford - SFD

Plot on GXP MW, Mvar and PF

20/12/23 8/02/24 29/03/24 26/08/24

31/10/23 18/05/24 7/07/24
Date dd/mm/yy
GXP M GXP GXP PF
MW Mvar

15/10/24

15/10/24

r 1.02

- 0.98
- 0.96
- 0.94
F 0.92
- 0.9

- 0.88

r 1.2

- 0.8
- 0.6
- 0.4
- 0.2

GXP PF
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GXP Mvar

20
15
10

-10
-15
-20

GXP Mvar

Type 2 GXP

Plot on MW Vs Mvar

_— + I L M
5 30
GXP MW
+ Actual <+ 0.9PF - 0.95PF
Plot on MW Vs Mvar
60
40 -
20 i
0 *
10 60 70 80
-20 .
-40 S
-60
GXP MW
+ Actual + 0.9PF - 0.95PF

35

90

GXP MW, Mvar

Upper Hutt - UHT

Plot on GXP MW, Mvar and PF

35 r 1.02
F 1
25 + 0.98
+ 0.96
+ 0.94
- 0.92
5 - 0.9
- 0.88
5 ettt it bttt St R Al it L 0.6
11/09/23 31/10/23 20/12/23 8/02/24 29/03/24 18/05/24 7/07/24 26/08/24 15/10/24
Date dd/mm/yy
GXP M GXP GXP PF
MW Mvar
Frankton - FKN
Plot on GXP MW, Mvar and PF
“ 100
S =0
S 60
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S 20
Q o T —
>L§ -20
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GXP M GXP GXP PF
MW Mvar

GXP PF

r 1.05

I 0.95
- 09
I 0.85

- 0.8

GXP PF



GXP Mvar

GXP Mvar

Type 3 GXP

Plot on MW Vs Mvar/PF

Blenheim - BLN

Plot on GXP MW, Mvar and PF

- a0 - 1.01
g h [ 399
L 099 W,
S 50 | a
§ 0.98 Q
30 - 0.97 ><
SOE L 096 O
20 —1 % 10 adhe .-‘m..m SRR it L 0.95
-30 o -10 ' L 0.94
e 11/09/23 31/10/23 20/12/23 8/02/24 29/03/24 18/05/24 7/07/24 26/08/24 15/10/24
-40
GXP MW Date dd/mm/yy
. . . GXP B GXP GXP PF
Actual 0.9 PF 0.95 PF MW Muar
Edgecumbe 1 EDG
Plot on MW Vs Mvar
20 Plot on GXP MW, Mvar and PF
70 1.2
S 60 W
2 50
E 40 - 0.8 Iﬁ,L
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R 8
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-40 11/09/23 31/10/23 20/12/23 8/02/24 29/03/24 18/05/24 7/07/24 26/08/24 15/10/24
GXP MW Date dd/mm/yy
+ Actual + 0.9PF - 0.95PF GXP B GXP GXP PF
MW Mvar




Type 4 GXP

GXP Mvar

GXP Mvar

Plot on MW Vs Mvar

15

-15

+ Actual

GXP MW

* 0.9 PF

- 0.95 PF

Plot on MW Vs Mvar

+ Actual

GXP MW

* 0.9 PF

- 0.95 PF

GXP MW, Mvar

GXP MW, Mvar

Southdown T SWN

Plot on GXP MW, Mvar and PF

-10

11/09/23 31/10/23 20/12/23 8/02/24 29/03/24 18/05/24
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MW Mvar
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Plot on GXP MW, Mvar and PF
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Summary of GXP types

Type 1 | Active and reactive | 11 These resemblel an inductive distribution network
power flowing into the that imported reactive power from the transmission
station network.
Type 2 | Active power flowing | 11 These represened a highly capacitive distribution
into and reactive power network with reactive power flowing out of the
flowing out of the station distribution network into the transmission network.
Type 3 | Active flowing into and | 92 These drew active power from the transmission
reactive power flowing network and either imported or exported reactive
into or out of the station from the transmission network depending on the
demand within the distribution network.
Type 4 | Active power and | 14 These house enough embedded generation or DERs
reactive flowing into or to occasionally export active power, as well as import
out of the station 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 1 2
Type 2 1 3 2 2 2
Type 3 8 8 9 5 10 3 3 7
Type 4 1 1 2 1 1
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MANAGING REACTIVE
POWER FLOWS AND
VOLTAGE
COORDINATION ON THE
TRANSMISSION
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The Art of Voltage I\/Ianagement

The objective is to keep voltages within Code limits, both
steadystate operation and following credible
contingencies (1)

Voltage is continuously monitored across the grid and at
supply points using SCADA, RTCA, trends, load forecast: :
and alarms to manage steady state and Moltages =t

Proactive management is expectedaction should be
takenbeforealarms are reached. Looking ahead and bein
prepared is imperative.

Voltage targets are achieved using:

0 NJ yat?2 NYSNJ (F LA X { + QaZ
Mvar requirements,

A Dispatching generatofi§lvar/voltage setpoints




based ReactRewer Controllers (RPC)

Time:17-Feb-2026 14:09:00

RPC (Il RPCOperations

Regional RPC UpperNI ©F @ On

220 k¥ Step:  1.00

SCADA || ALARM

110 kV Stepc 050

Metwork

Area Morthland

2] Locd Marsden
MDMNZZD
MDM110

STCE 220
5TCE 220
S5TCS 110
&10

Off @ Auto

Area Auckland
AKL-O5LOPE il ! . [

2] Locd Albany @ futo
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L
2] Local Penrose
PEM220

PENT10
1

Time Message

Time Mez=ge Ope

i

3300:13 OHW.C2 detected state change to CLOSED
3402 Loop AKL-OSLOPE HEN.C1 next equipment for buck
34:02 Loop HENZH - equipment now 2vai
3402 Loop MDN110 -
34102 Loop MDN220 -
3400 Loop MDN110 -
34300 Loop MDN2Z20 -

{07-55:36 Loop AKL-OSLOPE successfully operated equipment PENLC1 for BOOST
{7-55:36 BOOST control reguest for equipment PEN.C1 SUCCESSFUL

{07-55:34 Loop AKL-OSLOPE OTA.C31 next equipment for boost

{7:55:34 Loop PEN220 - NO equipment available

{07-55:31 Bguipment PEN.C1 iszued control PENLCE.T32 POS.CLOS

{70849 Loop AKL-OSLOPE HEN.C1 mext equipment fior budk

{70849 HENLC1 detected state change to CLOSED

07:01:06 Loop AKL-QSLOPE PAKRS62 mext eqguipment for budk

070104 Loog AKL.OSLOP 72 next ey

Cci2

C13
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Additional Voltage Management Measures

When core grid voltages cannot be maintained with Usu g -
available measures, last resort options include: T R R

A »ow (ra ) -7m (m )
-3 Mvar T 6 Mvar 0

AwSY2glf 2F OANDdzA dldsecirig |
can be removed.

0.5 L40-40+40-40
{Combined +0 -50)

A Generators on TWD =

Round Power
HPC Round Power
BIFOLE

A HVDC reduced volts and/or single pole operation

A Discretion on generators
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High Voltage Challenges

During low load periods there is a significant amount of Mvars
flowing into the grid from distribution networks (and
increasing)

Less generation connected to the system to help

wSFOU2NAR YR {¢/ Qa KIFI@S KSf LISR
needing to be removed to achieve voltage objectives

Intermittent generation voltage support is unpredictable
Very quick variations in solar causing voltage swings

Unknown how close an area might be to voltage runaway




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

SAa0NAROdz SR ISYSNI A2y Qa oAfAGe (G2 &adzlll2NL @2t Gl 3S A
unknown, especially during disturbances

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



