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Distribution voltage management MV Regulation
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0 . 230V Standard in Qld
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230V Transition

* Phase 1 (Nov 2017 — Oct 2018):
¢ From 225.6-254.4V to 216-253V LV range
* MV (11kV & 22kV) reductions across state, primarily at zone substations of 1-2% to maximise impact
(limited by OLTC buck taps/high transmission voltages)
* Phase 2 (Nov 2018 —June 2020):
 Increased compliance with Preferred range 225-244V (AS61000.3.100)
* More targeted reductions at remaining substations, MV regulators and also distribution transformers
based on revised tap plans, monitoring and customer feedback
* Phase 3 (July 2020 onwards):

* Ongoing response to issues identified by maximum and minimum demand forecasts, by monitoring and
customer feedback

Reverse Flow & Voltage Regulation
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230V (+10/-6%) Regulation O

Fixed Line Drop Compensation (LDC)
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Voltage and capacity constraints on the
LV network
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Improved distribution
voltage management

* Targeted distribution transformer tap reductions
* Targeted at sites with high PV penetrations and modest peak demand voltage drop Ergon Energy Energex
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Steady-state voltage distribution Transformer Monitoring — Jan 2021

Voltage Measurements for Transformer Monitoring 2V01%
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Low Voltage Monitoring —Jan 2021 Low Voltage Monitoring — Peak week Feb 2021

Voltage Measurements for LV Monitoring Voltage Measurements for LV Monitoring
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Smart Inverters and Grid Support Functions (GSF)

AS/NZS 4777.2:2020 Grid connection of energy systems via inverters, Part 2: Inverter requirements

Volt-var response, mitigating
voltage rise from reverse flow
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Figure 3.2 — Example curve for the volt-var control mode AS/NZS 4777.2:2020)
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Capability ¢

; PIS 109
T100%1-80%|-60%  -20% 20% 50% |80% [100% (Outpui)

(Input)

Figure 2.1 — Minimum reactive power capabilit;

Volt-watt response, limiting
active power above 253V
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Changing reactive power demand P\{ |pverters with GSF are absorbing reactive power at
minimum demand

110kV Bulk Supply Minimum Demand

PV Inverter Reactive Compensation

— Active Power (MW) —Reactive Power (Mvar)
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Active Power Vs Reactive Power Dynamic Operating Envelopes (DOE)

110kV Bulk Supply Active Power \AsReactive Power

PV Reactive Compensation
Active Power (M) Significant var injection now occurs at light load
-exacerbating OLTC buck tap limitations

jithia and . Fletcher ture Trends of
eworks", IEEE Trans. on Power Syst., vol. 32, no. 6, 2017.

27



Dynamic operating envelopes

* A DOE specifies a varying operating range at the
connection point for exports and/or imports.

This can apply to a range of distributed energy
resources (DER) including PV, BESS, EV etc.

It can be used in conjunction with autonomous GSF to
ensure network/system constraints are not breached
by DER operation.

While DOE are initially limited by existing visibility and
systems, as capabilities scale and grid visibility
increases, the DOE we send to active DER can be
optimised

IEEE 2030.5 Smart Energy Profile (SEP2) is the
proposed protocol

* CSIP-AUS - Australian version of the Common Smart
Inverter Profile

Net Load with significant PV generation

—— Net load — — Native load Passive solar
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Native/underlying Load (before DER operation)

— Net load

ooloo 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00

30
Net Load with additional PV generation
Can breach capacity constraints
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— — Native load Passive solar —— Active DER
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Net Load with significant PV generation
Newer PV managed with DOE

—— Net load

Export limited to prevent

overload from reverse flow
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In addition to network augmentation
DR & DER Services can mitigate DOE constraints
fmmiDER envelope  —— Net Ioaé“v’ — — Native load P;Ekae solar  —— Active DER DER Service
° 4 A - Import limit relieved by DR or
P S — DER Service (eg. BESS discharging)
© \ Export limit relieved by DR or DER Service
(eg. Hot water, BESS or EV charging)
. . /// \ | ‘
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DOE can manage constraints
associated with load also

,,,,,,,, —/N’et load —— Active DER

~ — Native load Passive solar

Import limit reduced (eg. charging)
to prevent network overload

Export limited to prevent
overload from reverse flow
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From passive PV to active DER

* In just over a decade solar PV capacity in Qld has
increased 1000 fold, primarily on the distribution
network

* The 230V standard & improved distribution voltage
regulation accommodates more voltage rise/PV

* Advanced autonomous inverter GSF mitigate
impacts and maximise PV penetration

* DOE enables active DER management & DER service
participation to maximise hosting capacity
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Appendices

ds of Reactive Power Demand of Distribution

r Distributed Energy Resources,” December 2021. [Online].

MV feeder level: A, Ins!ag iva 1orsph‘tmne
Affecting multiple LV circuits load profile sub bus & regulate

Volt-var response and mitigation of voltage rise

Local: affectinga Ao ) o (&
single LV circuit ‘-n ﬂ' l‘ l] 5 & .
Reconductor,
split 11kV feeder and/or
install SVR
as required

Rebalance LV network

Scattered installation of LV
shunt solutions targetin Widespreadinstallation of
long LV networks and/or regulatingtrans

Regulating
distribution transformer

high PV penetration &V regulators

ditional soluti®
practical/ cost

Upgrade transforn

Network Augmentation Options

reconductor or split LV e Regulating distribution
&install extra transformer with LDC
distribution transformer
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Inverter Voltage Response - Australia A Region
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X/R=1, cos@=1, S=1p.u.

Voltage vectors (V)
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X/R=0, cos@=1, S=1p.u.

Voltage vectors (V)
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6 % reduction in
voltage rise from

X/R=1, cos@=1, $S=0.9p.u.

Voltage vectors (V)

active power
curtailment
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60 % reduction in
voltage rise from
reactive power
compensation
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Summary on volt-var

* Reactive power mitigates voltage rise associated with active power
generation from DER with much less impact on output than active
power curtailment

* This is true even on LV networks with relatively low X/R ratios

* Volt-var response only requires significant reactive power (associated
with modest active power curtailment at full output) near voltage
limits unlike fixed power factor or reactive power modes.

* Imposing volt-var response sooner (closer to nominal), ensures more
DER on a distribution network contribute and mitigate voltage rise,
reducing number of customers exposed to higher voltages that
require volt-watt response
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