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Ongoing uptake of solar PV

SOLAR PV AC CAPACITY
ENERGEX AND ERGON ENERGY COMBINED

B Premium (44c) FiT Regional/Retail FiT Other (>30kVA) Solar Farms (> 5MVA)

0 -
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NB. Solar farms connected to Powerlink’s transmission network are not included



Solar PV Uptake

Regional Queensland
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Distributed Solar PV (DPV) continues to
increase reverse flows
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https://www.energex.com.au/our-network/network-data/zone-substation-load-data

Per cent of time

Queensland price setter by time of day, Q3 2023 vs Q3 2022
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https://www.aer.gov.au/system/files/Q3%202023%20Wholesale%20markets%20quarterly%20report.pdf
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CIGRE AU C6 Survey on
Distribution Voltage Management




Global survey on distribution voltage management

* Focused specifically on voltage management practices associated with the
medium and low voltage electricity networks

* This is an area that has received increased attention and innovation, with the
rise of DER, reverse flows and increasing customer awareness

* VVoltage constraints have emerged first on distribution networks with growing
distributed PV, spurring innovations in standards, voltage remediation, LV
technologies, smart inverters and MV regulation

* This initially began as a survey of Australian DNSPs but with the support of
CIGRE Australia extended to a global sample

B

CIGRE AU C6 Survey 10



Global distribution of respondents

CIGRE AU C6 Survey



Respondents’ low voltage ranges

230V +10%

240V +6%
230V £6%

240
V*G%/Joo
%

-6%
230V

_ £6% 230V +10%/-6%
What is the current LV supply range in your jurisdiction?

Are there any plans to change the LV supply range?

CIGRE AU C6 Survey



4-wire low voltage standards

Transition from 240V to 230V standard > < Transition from 220V to 230V standard

260

@ 250 -

o0

©

>

g 240 -

3

S

) 230 -

n

©

N =

Q- 70 -

]

o 213.6

=

v 210 -

204.7 204.7
Old Aust Standard Aust preferred range EU and New Aust Standard New Zealand Old European Limits
240V £6% 225V - 244V 230V £10% 230V 6% 220V +6%
AS2926:1987 AS61000.3.100:2011 AS IEC60038 & EN50160:2010
B Overvoltage B Upper Supply Range B Preferred Supply Range B Lower Supply Range Utilisation min B Undervoltage




Reactive work mostly for
overvoltage or undervoltage?

Overvoltage
+ emerging
ndervoltage

Yes,
reactive
work
undertaken
22%

No or no
comment
26% Proactive No or no
manual tap comment
Reactive changes 48%
Overvoltage manual tap 52%
56%
changes
No or no 74%
comment
9%

Does your organisation undertake reactive work more commonly to address undervoltage or overvoltage on LV networks?
Does your organisation undertake reactive manual tap changes of distribution transformers supplying LV networks where voltage constraints are identified?
Does your organisation undertake proactive manual tap changers of distribution transformers supplying LV networks where voltage constraints are

expected/forecast ?

CIGRE AU C6 Survey 14




New LV distribution technologies

Voltage Regulating

Distribution Transformers LV Statcoms LV Regulators

m No
W Trial 18%
m 10-50

>50
m 50-500

annually
m All new DT

m No ®mTrial = 10-50 mNo = Trial =~100 >1000

Voltage Regulating Distribution Tr

CIGRE AU CG Survey igation i ogies for future Australian Suburban distribution networks (racefor2030.com.au) E



https://racefor2030.com.au/wp-content/uploads/2023/10/0249_Final-Report.pdf
https://www.vde.com/resource/blob/1570326/c4c73c2670f47f82071b81eab368b85e/download-englisch-data.pdf

Smart inverter functions®

Inverter Grid Support Functions
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MV regulation

MV Regulation Techniques
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Noteworthy takeaways from the survey

* Transitions to the 230V standard are progressing slowly but surely

* Overvoltage associated with PV has become the primary distribution voltage
management constraint globally

* Undervoltage constraints associated with EV and heat pumps emerging

* VRDTs are leading LV regulators and LV statcom deployments, especially in
Europe

* Australia [Q(V) & P(V)] and Germany [cos ¢(P)] have the most consistent
although distinct approaches to LV inverter grid support functions

* Both fixed MV regulation and line drop compensation are still widely used,
with many reports of reducing set points/float levels, closed loop regulation is
under development in a small but growing number of distribution utilities

—18
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Distribution voltage management




Improved distribution |
voltage management

----

* Targeted distribution transformer tap reductions
* Targeted at sites with high PV penetrations and modest peak demand voltage drop

* Widespread MV reductions to transition from the 240V standard to 230V
* From 225.6-254.4V to 216-253V LV range
* Increased voltage headroom for reverse flows
* Median supply voltage compliance with Preferred range 225-244V (AS 61000.3.100)

* Application of line drop compensation to buck MV during reverse flow & minimum demand
* Applied at zone substations and on MV feeder regulators
* Reduces voltage spread at end of distribution feeders and accommodates additional feeder voltage rise
* Constrained by buck tap range on some On Load Tap Changers (OLTCs)

“Voltage Management on Distribution Networks with High PV Penetrations” presented to QUT PECT by Mr Peter Kilby 2019



https://cloudstor.aarnet.edu.au/plus/s/sAwMa8JhIPoPw0d
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Voltage constrained VS Capacity constrained
Distribution transformers

SC2160780 Load profile - Voltage constrained SC2196527 Load profile - Capacity constrained
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Transformer monitoring data | Energex



https://www.energex.com.au/our-network/network-data/transformer-monitoring-data

Steady-state voltage distribution




Transformer Monitoring —Jan 2021

Voltage Measurements for Transformer Monitoring BV01%
on Ergon Energy and Energex Networks in January 2021 = Voo (Median)
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Low Voltage Monitoring —Jan 2021
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Low Voltage Monitoring — Peak week Feb 2021

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
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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



Volt-watt response, limiting
active power above 253V
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Figure 3.1 — Example curve for the volt-watt response mode
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% Rated VA

Inverter Voltage Response — AS/NZS 4777.2 Australia A Region
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For power system security,
active power response to under

and over frequency P(f)

Minimum power output level of inverter
in response to frequency returning to
50 Hz after a decrease in frequency

fomax flico Maximum power
output of the
inverter
3 100 < —
o Allowed ramp down rate
® b (Wg,s) once frequency has
3 o returned ”LLCO - fhw}
L = b for at least 20 s
>
w
-l
'5 Required increase in \
o power output of the Power output of
'5 inverter in response to a inverter prior to
0 decrease in grid frequency frequency disturbance
i below f o 10 foyax to be held as reference
w ower level
= p
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FREQUENCY, Hz

Figure 4.1 — Example frequency response for a decrease in frequency for an inverter that hasa
reduced output



+ Extensive voltage disturbance

ride-through requirements
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Figure 4.5 — Example of two multiple voltage disturbance events where the inverter is
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Curtailment associated with volt-var and volt-watt

Real-world data analysis of distributed PV and battery energy storage

Impacts of Voltage-Based Grid-Support Functions on

Energy Production of PV Customers: Preprint (nrel.gov)

TABLE II.

IMPACT OF ACTIVATING GSF CONTROL ON PV SYSTEMS
AND ENERGY CURTAILMENT AT DIFFERENT PENETRATION LEVELS
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Fig. 11. a) V-Watt power reduction line and voltage threshold identification for a sample
D-PV inverter, b) example daily operation with V-Watt curtailment.
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Changing reactive power demand




PV inverters with GSF are absorbing reactive power at
minimum demand

110kV Bulk Supply Minimum Demand
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High Demand

110kV Bulk Supply High Demand
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Active Power Vs Reactive Power

110kV Bulk Supply Active Power Vs Reactive Power
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Significant var injection now occurs at light load
-exacerbating OLTC buck tap limitations

.G. Kaloudas, L.F. Ochoa, B. Marshall, S. Majithia and I. Fletcher, "Assessing the Future Trends of
Reactive Power Demand of Distribution Networks", IEEE Trans. on Power Syst., vol. 32, no. 6, 2017.



Dynamic Operating Envelopes (DOE)




Dynamic Operating Envelopes

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

* This can apply to a range of DER including PV, BESS and EV.

* |t can be used in conjunction with autonomous DER responses to ensure network/system
constraints are not breached by DER operation.

* DOE differ from demand response in that they do not dispatch or target a response; but specify the
limits of active power import or export. Within the limits DER behaviour is unaffected.

* DOE also permit a range of behind-the-meter responses to achieve the specified limit — curtailment
isn’t necessarily required.

* 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

* Now supported by two protocols IEEE2030.5 CSIP-AUS and OpenADR 3.0

—



Native/underlying Load (before DER operation)
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Net Load with significant PV generation
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Net Load with additional PV generation
can breach capacity constraints

- Net load - == Native load Passive solar - Active DER




Net Load with significant PV generation
Newer PV managed with DOE
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DOE can manage constraints
associated with load also
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315kVA distribution transformer supplying 89 households with OH network
50% already have solar PV

How do DOEs complement autonomous voltage response modes with
Increasing uptake?

Figure S: Model developed in PowerFactory of study case on a section of the GLY15A



Existing 50% penetration
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Figure 14: Transformer loading in existing solar PV scemario. Transformer loading

threshold (black dotted line).



Simulating 100% PV penetration
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Figure 25: Transformer loading in 100% solar PV scenario. Transformer loading

threshold (black dotted line).
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Figure 24: Network voltages (phase A) for all cases in 100% solar PV scenario.
Overvoltage tripping limit 257 V (red dotted line), upper voltage threshold 253 V (black
dotted line), lower voltage threshold 216 V (blue dotted line).




Example of a Dynamic Connection
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Electrification - surfing CER wave




Figure 63 Components of Queensland residential electricity consumption forecast, ESOO Central scenario,
2023-24 to 2052-53 (TWh)
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Figure 64 Components of Queensland business electricity consumption forecast, ESOO Central scenario, 2023-24

fo 2052-53 (TWh)
140

. Energy Efficiency
= 120
E Supplied by Small Non
- Scheduled and PV
£ 100 -
S e o=
2
= 80
s
g &0
c
<
40 =
20
0
b © 5o Qs © Ge O 02 b © Nl an
S qu:fq' o v o 0'5.\:5 &f’%?? Q‘bﬁ{b Qﬂl’\‘b @q)‘ 0"‘\’& Q‘p} Q&Jy Ay > Q&;P & 2
v v P v P v v v v N% v v v v
mmm Business Mass Market (Underlying) | arge Industrial Loads and LNG mmm Electrification
m Electric Vehicles Hydrogen | 0sses
I Reduction: Energy Efficiency = == «Business Delivered = = Business Underlying

Note: Small non-scheduled combines PVNSG and ONSG.

Electrification of residential & commercial loads also present opportunities
for customer DER flexibility to reduce energy costs and curtailment

Most new electrified
demand is flexible
(suitable for demand
management/smart
charging via DERMS)
limiting contribution
to peak demand, and
reducing curtailment,

whilst increasing
distribution network
utilisation

2023 Electricity Statement of Opportunities (aemo.com.au)



https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2023/2023-electricity-statement-of-opportunities.pdf

#. Increasing DER integration supported
) by emerging DSO capabilities

* |In a bit 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

* This and other DSO capabilities enable customers to
surf the DER wave
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