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Executive Summary

SA Power Networks is required, by the South Australian Electricity Distribution
Code and the National Electricity Rules, to meet specific criteria relating to
quality of supply. With recent and forecast increases in penetration of
distributed energy resources (DER) in the low voltage (LV) and SWER (HV)
systems, SA Power Networks engaged PSC to assess the impact of DER
penetration on quality of supply. Quality of supply parameters examined in this
report are steady state voltage regulation, voltage fluctuations and voltage
unbalance. Harmonics, a further quality of supply parameter regulated by the
Electricity Distribution Code, have been excluded from the scope of the study.

The increase in photovoltaic solar is of particular interest in the South
Australian context. The study scope has also included electric vehicles,
energy storage and controllable load.

The investigation has been carried out by creating models of fifteen
representative feeders, spanning several categories of supply area, including
underground, overhead and single-wire earth return (SWER). Typical per-
customer energy ratings for the various DER types have been included for
varying penetration levels. Simulations have been run on the models to
assess the quality of supply parameters under study.

Key findings of the investigation are:

1. On some old LV feeders in both overhead and underground networks,
voltage regulation requirements limit acceptable photovoltaic solar (PV)
penetration to around 25% of customers.

2. For SWER feeders, voltage regulation limits are stressed under peak
demand prior to the introduction of DER. Addition of photovoltaic
penetration to 100% of customers introduces no new voltage regulation
violation under minimum demand.

3. Voltage fluctuations are, with one exception, within the acceptable
range suggested by AS/NZS 61000-3-7 across the scenarios studied.

4. Voltage unbalance, which simulations show to be in excess of the
present 2% limit for one feeder, is exacerbated by the addition of
credible penetration levels of DER, including DER other than solar.

Analysis of mitigation measures on a subset of representative LV feeders
suggests that:

1. HV substation voltage regulation can be used, in most instances, to
overcome voltage regulation issues provided that the voltage regulation
range of the LV network is known.

2. Changes to transformer tap settings (where available) or
reconductoring feeder backbones may be sufficient to enable
substantial increases in acceptable DER penetration levels.

3. Feeder load balancing and controllable load are also effective, provided
that the HV voltage can be kept in the lower half of its usual range —
that is, (i) the full LV network operates at a lower voltage, and (ii) the
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HV voltage is managed to avoid introducing voltage regulation
violations under peak demand.

4. Forecast levels of energy storage do not offer substantial increases in
the acceptable photovoltaic solar penetration level.

5. Dynamic VAr support is also broadly effective as a mitigation measure,
while offering the disadvantage of requiring additional capital
investment.

For the SWER feeders, analysis of mitigation measures suggests that:

1. Changes to HV voltage regulation, such as replacement or optimal
placement, and / or the addition of LV voltage regulation for specific
customers may be sufficient to allow addition of DER load during
feeder peak demand periods.

2. Changing the taps of the SWER transformer to control voltage
regulation issues arising during peak demand introduces new voltage
regulation issues under minimum demand.

3. Discharging of storage load is not an effective mitigation measure.

4. Dynamic VAr support is also broadly effective as a mitigation measure,
while offering the disadvantage of requiring additional capital
investment.
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1. Introduction

1.1 Objective

This project assessed the likely impact of photovoltaic solar (PV), plug-in
electrical vehicle (EV) and other distributed energy resources (DER) on the
Quality of Supply (QoS) for typical LV and SWER network areas. For
example, increasing penetration of distributed PV within the network can lead
to challenges in complying with upper bounds on voltage requirements;
increasing penetration of distributed EV load within the network can lead to
challenges complying with lower bounds.

The results of the investigation and details of proposed remediation are
intended to be used by SA Power Networks to underpin the future approach to
Quality of Supply issues, as well as to provide support to current and future
reset submissions.

1.2 Scope of work

The scope of this project was to develop a power systems model predicting
the impacts on Quality of Supply of increasing distributed energy resource
penetration for typical LV network areas within the SA Power Networks
service area. Whilst the primary concern was steady state voltage regulation,
for the purposes of this investigation QoS was taken to encompass broader
issues of power quality, in line with the principles of Section 1.1.5 of the South
Australian Electricity Distribution Code EDC10:

e Steady-state voltage at the customer’s supply address, per AS 60038.

e Voltage fluctuations at the customer’s supply address, per AS/NZS
61000.3.7 which is called up by Schedule 5.1a.5 of the National
Electricity Rules.

e \Voltage unbalance factor in three-phase supplies, per SA Power
Networks specification via Power Quality Manual clause 3.9.2.
Four DER categories have been considered in this analysis:
1. [PV] photovoltaic solar;
2. [EV] plug-in electrical vehicles;
3. [CL] controllable load, considered to be hot water systems; and
4. [ST] battery storage.

The scope of work has been executed via a collaborative approach between
SA Power Networks and PSC.

JA4679-4-1 Page 8
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2. Approach to the study

2.1 Overview of methodology
At a high level, the work carried out for this investigation has been:

a) the selection of a representative sample of the SA Power Networks
network in the form of 15 representative feeders, three each
representing the area types of old and newer underground, old and
new overhead and SWER (single-wire earth return) networks;

b) obtaining feeder topology and load profile data in preparation for
modelling analysis;

c) DER scenario configuration including PV, EV, CL and ST implemented
in each of the LV models; and

d) an assessment of the quality of supply parameters and limits which
include voltage regulation, voltage fluctuation and voltage unbalance
conducted.

This section outlines the methodology used in the study.

JA4679-4-1 Page 9
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2.2 DER scenario configuration

Figure 2-1 outlines the PV, EV, CL and ST categories to be constructed and
assessed for both a peak (D1) and minimum (D2) demand level for each of
the test cases.

Demand levels were obtained from feeder load profile data and correspond to
time periods when feeder demand is generally at a peak or at a minimum. The
12-2PM time slot was used to construct D2 since this corresponds to
maximum PV output and minimum demand; the 5-7 PM time slot was used to
construct D1 since this corresponds to maximum residential customer load
and minimum PV output.

15 LV Feeders

Peak demand Minimum demand
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Figure 2-1: Construction of DER scenarios to be assessed for the 15 test
cases

Table 2-1 provides a description of each of the DER categories shown in
Figure 2-1.
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Table 2-1: DER penetration levels to be employed in scenario construction

“ DER Penetration Level
Categor

No PV installed
P1 Present level of PV installed on LV feeder
P2  25% of customers on LV feeder; each inverter @ 2.5 kW
P3  50% of customers on LV feeder; each inverter @ 2.5 kW
P4  75% of customers on LV feeder; each inverter @ 2.5 kW
P5 100% of customers on LV feeder; each inverter @ 2.5 kW
P6  50% of customers on LV feeder; each inverter @ 5 kW
. EO NoEV
\E/frfité;g E1 5% of customers on LV feeder, each EV @ 0.8 kW
Loed E2 10% of customers on LV feeder, each EV @ 0.8 kW
E3  15% of customers on LV feeder, each EV @ 0.8 kW
Other LO  No Other Controllable Load is available for control
@opligellzlellsl L1 Existing Controllable Hot Water Load on LV feeder , each hot water
Load system @ 2.5 kW
SO No storage
S1 5% of customers on LV feeder; each storage system @ 2.5 kW —
charging (load)
S2  10% of customers on LV feeder; each storage system @ 2.5 kW —
Storage charging (load)
S3 5% of customers on LV feeder; each storage system @ 2.5 kW —
discharging (generation)
S4  10% of customers on LV feeder; each storage system @ 2.5 kW -
discharging (generation)

PV
Generation

The DER categories were based on the following assumptions as provided by
SA Power Networks:

e PV inverter size of 2.5 kW for P1 to P5.

e PV inverter size of 5 kW for P6 (enabling assessment of the impact of
a larger PV inverter size).

e Typical EV load to be 0.8 kW.

e Typical size of hot water system to be 2.5 kW.

e Typical size of battery storage to be 2.5 kW, capable of storing the
power provided by the PV output, at any time and capable of charging
at minimum load and discharging under peak load scenarios.

Solar profile data provided by SA Power Networks (sourced from Energeia)
was analysed to determine likely PV utilisation factors1 to be assumed under
each of the peak and minimum load cases. This data was used to construct
load duration curves to determine PV utilisation versus percentage of time
under each of the peak and minimum load periods. In order to represent a
worst case scenario for PV utilisation, a PV utilisation factor at 20% of the time
was derived from each of these load duration curves. Based on this
assumption, a PV utilisation factor of 80% was assumed for minimum load

L PV utilisation factor describes the solar PV performance in relation to the installed capacity.
At a PV utilisation factor of 80%, a 2.5 kW inverter would be generating 2 kW
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case (12-2PM) as shown in Figure 2-2. A PV utilisation factor of 20% was
assumed for the peak load case (5-7PM) as shown in Figure 2-3. 2

Load Duration Curve - Solar output during
1200-1400hr minimum demand period
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Figure 2-2: Load duration curve — PV output during 12-2PM load period

Load Duration Curve - Solar output during
1700-1900 peak demand period
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Figure 2-3: Load duration curve — PV output during 5-7PM load period

2 A sensitivity analysis was also conducted on one LV feeder under the assumption of
average solar output, i.e. 50% of the time, which corresponds to 70% PV during 12-2PM and
5% PV during 5-7PM demand periods. The sensitivity analysis showed only slightly lower
voltages under each of these assumptions but no difference in the amount of PV able to be
connected to the feeder. The assumption of a maximum 80% PV utilisation therefore
represents a worst case scenario for minimum demand conditions. For the 5-7PM peak
demand period, a sensitivity analysis was conducted on one SWER feeder. Since the PO
scenario assumes no PV on the feeder, where PO shows no undervoltage issues, the rest of
the penetration scenarios will only result in voltage increases if the PV utilisation factor is
reduced from 20% to 5%.
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2.3 Representative test cases

Three feeders from each of the area type categories (old and newer
underground, old and new overhead, and SWER) were selected for study.
The representative sample of feeders was based on:

e areatype;

e acombination of 11 kV and 7.6 kV HV feeder voltages;
« various levels of existing PV penetration;

« availability of feeder monitoring; and

e SWER feeders with known quality of supply issues.

Table 2-2 shows the list of LV and SWER feeders selected for the analysis,
which represent typical feeders in their respective area types.

Table 2-2: Selection of representative feeders for study

Area Type LV Feeder / Voltage Substation HV Feeder
Transformer \%

old HH341A - 81 11000/433 Norwood Kensington 11 kV
Overhead AP351B - 2034 7600/433  Woodville Cheltenham 7.6 kV
AP344D - 15 7600/445  Port Adelaide  Alberton 7.6 kV

SM126A - 159 11000/433 Blackwood Glenalta 11 kV

New EL13 - 57 11000/433 Elizabeth Anderson Walk 11 kV
Overhead Downs
HH177F - 253 11000/433 Ingle Farm Montague Farm 11 kV
EL14 — TC54743  11000/433 Elizabeth JK Cable Elizabeth

Oold Downs Downs 11 kV

Olgfe[=lgel folfilsf AP125B - 15350 7600/433  Blackpool Pelican Point 7.6 kV
AP529E - 30156 7600/433  Largs North Military Road 7.6 kV
HH496C - 26079  11000/433 Golden Grove Wynn Vale South 11 kV

Newer HH121B — 11000/433 Campbelltown Felixstow 11 kV
(Uale[CTdelTel0Ns[oll | TC46352
HH409F - 29068 11000/433 Woodforde Morialta 11 kV

GU - 37 11/19 kV Cookes Hill 19 kV SWER
SWER MTB — 82 11/19 kv Bremer 19 kV SWER
M - 23 11/19 kV Rockleigh 19 kV SWER

2.4 Feeder data

2.4.1 Feeder topology

Transformer ratings, cable / conductor types and lengths, customer numbers
and locations for each of the representative feeders were extracted from
FieldView®. For the overhead networks the conductor types were not available
in FieldView and were provided following a visual inspection of these feeders
by SA Power Networks. For some old overhead LV feeders (AP344D-15 and
AP351B-2034), typical conductor types were modelled instead of actual, in
order to provide a more accurate representation of a typical old overhead
area.

® The geographical information system used by SA Power Networks.
JA4679-4-1 Page 13
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2.4.2 Load profile data

Load profile data (September to December 2013) was extracted from
OpenGrid* for each of the metering points of most of the test cases. For the
test cases with no meters in OpenGrid, the load profile data was provided by
the QoS Planning team.

Figure 2-4 provides a graphical overview of each feeder showing the peak
and minimum load in relation to the transformer rating as well as the existing
PV penetration on each of the feeders.
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Figure 2-4 : Feeder overview of 15 test cases

2.5 Quality of supply parameters

The limits against which the QoS parameters are assessed are shown in
Table 2-3. AS 61000.3.100 only provides the nominal steady state voltage
limits for 230/400 V low voltage systems but since the LV networks in the
study are predominantly 433/248 V, these limits have been adjusted based on
the nominal values used in the standard, as shown in Table 2-3°.

Table 2-3: Quality of supply limits

Nominal steady state voltage | HV steady state voltage limit
limit (phase to neutral)® phase — phase
400/230V 433/248V LV 19.1 kV SWER

Voltage Regulation &Y/ systems
systems

* A data management tool used to collect and store data from LV transformer monitoring trial.
® One LV feeder, AP344D-15, is a 445/256V system and thus has a overvoltage limit of
0.98 pu and an undervoltage limit of 0.83 pu

® AS 61000.3.100-2011 — Table 2

" AS 61000.3.100-2011 — Table 4
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1.1pu 1.02 pu 1.06 pu
Undervoltage limit RN )0 0.87 pu 0.90 pu

QoS Parameter Voltage fluctuation®
Voltage Fluctuation limit ERWiGTReEN)

QoS Parameter Voltage unbalance factor’
Voltage Unbalance limit  JL/ Xl [I{elI

Voltage fluctuations can be identified by determining voltage changes
attributable to changing cloud cover. For each representative feeder, the
voltage change occurring between PV at full output and PV off was calculated
and tested against the 3-5% criterion in AS/NZS 61000.3.7.

For voltage unbalance, the results are taken directly from the PowerFactory
results and have been calculated as:

VOltage unbalance = Vnega’[ive / Vpositi\/e * 100%

Voltage unbalance is tested against the voltage unbalance limit of 2% as
specified in the SA Power Networks Power Quality Manual clause 3.9.2.

® AS/NZS 61000.3.7
° SA Power Networks Power Quality Manual clause 3.9.2
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3. Power system modelling and analysis

This section outlines the methodology behind the development of three-phase
unbalanced PowerFactory models for the representative feeders. Each of the
15 representative feeders include both a peak demand and a minimum
demand case.

3.1 Data requirements

3.1.1 Cable / conductor parameters

Table 3-1 outlines the conductor types used for each of the area types as well
as the electrical parameters used in the models. Full details of the data
employed in the models are given in Appendix A.

Table 3-1: Cable / conductor types and parameters

Areatype Cable / conductor Cable / conductor electrical parameters
types

- Rpos Xpos Rzero  Xzero Rating

(Q/km) (Q/km) (Q/km) (Q/km) (uS/km) (A)
XLPE AL 150 mm? 0.265 0.088 0.825 0.088 - 235
Underground XLPE AL 35 mm? 1.11 0.095 3.47 0.095 - 100
PVC Cu 0.06 sq in 0.627 0.083 1.95 0.083 - 110

PVC Cu 0.0225sqin 1.5 0.086 4.67 0.086 - 66
0.06 Cu 0.252 0.378 0.428 1.361 - 252
0.1 Cu 0.272 0.361 0.463 1.30 - 349
0.2 Cu 0.139 0.336 0.236 1.211 - 528
7/14 Cu 0.787 0.395 1.339 1.421 - 183
Overhead 7/16 Cu 1.231 0.409 2.093 1.471 - 140
4x95 ABC 0.385 0.119 0.654 0.429 - 225
7/2.75 AAC 0.689 0.376 1.171 1.352 - 208
713.75 AAC 0.37 0.356 0.629 1.282 - 304
7/14.75 AAC 0.232 0.341 0.394 1.229 - 404

3/12 SCGzZ 10.352 0.634 - - 2.029 47

SC/AC-MET 3/2.75 4.8 0.390 - - 2.086 73

SC/AC-IMP 3/.1019 5.416 0.417 - - 2.029 68

3/10

3.1.2 Load profile data preparation

For each case the load profile data was sorted according to demand level.
From each of these data sets, a maximum load kVA value was extracted from
the 5-7 pm (peak demand) data set and a minimum load kW value was
extracted from the 12-2 pm (minimum demand) data set™°

To obtain the load balance between the phases, the percentage load balance
for each of the three phases was calculated at the time the maximum load
occurred. The percentage load balance is the phase loading divided by the
total load across the three phases. This was then used to determine the
loading per phase and thereafter the number of customers on each of the

1% Since the 12-2 pm time slot is when maximum PV penetration occurs, it was necessary to
use the kW (real power) values in order to see the effect of PV on the feeder, which was
represented as a negative value on the kW profile.
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phases. The peak demand data was used to determine the load balance
across the phases since very little PV is expected during this time; the peak
therefore most closely represents the actual customer connection
configuration.

To determine the minimum demand value to be used to scale the feeder load
in each of the test cases, since this data includes the PV penetration, some
manipulation of the minimum load data was required. To determine the actual
minimum load value, the actual number of PV customers on a particular
feeder was related to a kW value (assuming each PV inverter at 2.5 kW and
80% utilisation), which was then added to the minimum kW from the load data
to obtain the actual minimum load value on the feeder.

3.2 Model construction

3.2.1 PowerFactory model

Each of the test cases has been modelled from the actual feeder data
extracted from FieldView and the HV/LV transformer data provided.
Distribution legs have been numbered sequentially, originating from the low
voltage busbar. Connection points along the feeder backbone have been
numbered in order to derive voltage profile plots according to distance from
the LV busbar. Figure 3-ldepicts the PowerFactory model of one of the
representative feeders (AP125B-15350).
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Figure 3-1 : PowerFactory test model: AP125B-15350

JA4679-4-1 Page 18




® Impact of Distributed Energy Resources on Quality of Supply

PSC

3.2.2 Assumptions

To determine the distribution of customers on a feeder, it was assumed that
30% of the customers were three-phase and 70% single-phase. This
assumption was based on the general composition of typical feeders in the SA
Power Networks system. From the total number of customers on a feeder, the
numbers of customers per phase was then calculated from this assumption as
well as from the actual percentage load balance across each of the phases
(see 3.1.2). Where metering data was available for individual distribution legs
on a feeder, the number of customers per phase was calculated from the total
number of customers on that leg as well as the percentage load balance of
phases on that leg. The same process was followed for each leg on that
feeder, where metering data was available. For feeders with only one meter,
the numbers of customers per phase was calculated from the total number of
customers on the feeder and the percentage load balance across the phases,
regardless of the number of distribution legs on the feeder. This process was
used since the customer phasing data was not available.

Table 3-2 and Table 3-3 show the data and process used to determine the
breakdown of customers across each of the feeders, based on the example of
AP125B-15350.

Table 3-2: Percentage load balance feeder AP125B-15350 (as per peak
demand data)

L |PhaseA |PhaseB |PhaseC |

7.6 % 52.6 % 39.8%
26 % 27 % 47 %

Table 3-3: Distribution of customers across feeder AP125B-15350

[ JLegl  Jleg2 |
53.2 % 46.8 %

25 22

7 7

| 1-Phase Customers K 15
| 1-PhaseA |l 4
| 1-PhaseB [N 4
| 1-PhaseC | 7

The distribution of customers and feeder phase balance used for the other
representative feeders can be found in the summaries for each of the feeders
in Appendix B.

3.3 DER scenario construction

Following construction of the PowerFactory model of each LV and SWER
feeder, the DER scenarios were implemented as per Table 3-4.

The existing number of customers with PV and controllable load on each of
the feeders is given in Appendix A.
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Table 3-4: Implementation of DER scenarios

il
Customers
PO O

N/A

DER rating per | DER implementation
installation

N/A

P1  Present Present level of  As per P2 (adjusted up or down depending on
level PV installed actual numbers)
P2  25% 2.5 kw PV placed at every 4th customer along the
feeder
P3  50% 2.5 kw PV placed at every 2nd customer along the
feeder
P4 75% 2.5 kw PV placed at every 3 out of 4 customers along
the feeder
P5 100% 2.5 kw PV placed at every customer along the feeder
P6  50% 5 kw As per P3, with 5 kW inverters
EO NoEV N/A N/A
EV El 5% 0.8 kW EV load placed close to or at the end of the
E2 10% 0.8 kW feeder as this would result in the worst case
E3 15% 0.8 kW voltage profile
LO 0 N/A N/A
L1  Existing 2.5 kW Controllable load distributed evenly across the
feeder (the existing numbers of customers —
CL but not locations of those customers — with
controllable load were provided per feeder;
controllable load in the models has been
distributed using the same principle as the
distribution of PV)
SO Nostorage N/A N/A
S1 5% 2.5 kW — Distributed according to the PV distribution,
charging (load) starting from P1
S2  10% 2.5 kW — Distributed according to the PV distribution,
charging (load) starting from P1
SIF S3 5% 2.5 kW — Per S1
discharging
(generation)
S4 10% 2.5 kW — Per S2
discharging
(generation)

3.4 Feeder load scaling

The final step to prepare the models for analysis was to perform feeder load
scaling to represent both the peak and minimum demand scenarios. A
representation of a peak demand scenario was required to understand the
behaviour of the network without the presence of PV or other DER and to
assess the implications the connection of CL, EV and ST (discharging) would
have on the network. A representation of the minimum demand scenario was
necessary to understand the behaviour of the network under the scenario
when maximum PV penetration would exist and further to assess the impact
the connection of additional PV has on the network.

Each of the feeders was firstly scaled according to the peak demand data.
This was achieved by firstly calculating the kVA per customer from the total
kVA value, the percentage feeder load balance (Table 3-2 example) and the
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breakdown of customers per feeder (Table 3-3 example). An example of the
data used to scale the feeder to the peak demand is shown in Table 3-5.

The minimum demand case was scaled similarly to the peak demand case for
each feeder. The minimum demand kVA value was determined from the
minimum load data and the existing PV penetration on the feeder. An example
of the data used to scale the feeder to the minimum demand is shown in
Table 3-6.

The peak and minimum load data used for the other representative feeders is
given in the feeder summaries in Appendix B.

Table 3-5: Peak demand kVA per customer breakdown - AP125B-15350

Leg 1 Leg 2
kVA /[ customer kVA / customer

1.83 2.14
0.00** 1.82
1.98 1.94
1.99 2.45

Table 3-6: Minimum demand kVA per customer breakdown - AP125B-15350

Leg 1 Leg 2
kVA [ customer kVA / customer

0.26 0.30
0.00 0.26
0.28 0.28
0.28 0.35

3.5 Mitigation measures

Evaluation of the efficacy of mitigation measures has been carried out for a
subset of the representative feeders selected by SA Power Networks. Three
representative feeders were selected for further analysis, with the mitigation
measures assessed listed in Table 3-7.

Table 3-7: Mitigation measures studied for three representative feeders

Feeder LV feeders: SWER feeder:
HH341A-81 (old overhead) and M-23
EL14-TC54743 (old underground

Transformer tap setting changes Transformer tap setting changes
Reconductoring feeder backbone MV voltage regulation

Dynamic VAr control Dynamic VAr control
Controllable load and storage LV voltage regulation

Feeder load balancing Controllable load and storage

Mitigation

Measures

™ This number is zero since Phase A of Leg 1 is only 7% loaded, which is entirely accounted
for within the 3-phase customers.
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4. Quantitative impact of DER penetration on QoS
parameters

4.1 Voltage regulation

Figure 4-1 presents an overview of the voltage regulation results for each of
the test cases. The per unit values in the table show the highest (for
overvoltage) or lowest (for undervoltage) value recorded on each of the
phases for all the feeder distribution legs. For the LV networks, the per unit
limit is based on a voltage base of 400/230 V (nominal)*?. For the SWER
networks, the HV steady-state voltage limit is based on a 19.1 kV nominal
voltage as per AS 61000.3.100-2011 — Table 4.

Six LV feeders were found to have overvoltage issues and one SWER feeder
exhibits undervoltage issues.

Overvoltage ( limit 1.02pu) Undervoltage ( limit 0.87pu)
Phase A | Phase B | PhaseC | Phase A Phase B Phase B
HH341A 81 0.889 0.924 0.936
Old Overhead ~ [AP351B 2034 0.994 0.997 0.994
AP344D 15 0.94 0.927 0.976
SM126A 159 1.01 0977 0.998 0.98
New Overhead [EL1357 0.918 0.945 0.921
HH177F 253 0.971 0.976 0.965
EL14 TC54743 0.94 0.969 0.973
Old Underground |AP125B 15350 1.015 1.01 0.975 0.973 0.962
AP529E 30156 1.003 1.002 1 0.979 0.99 0.988
HH496C 26079 1.017 1.019 1.014 0.986 0.969 0.974
New Underground |HH121B TC46352 1.013 1.012 1.009 0.991 0.995 0.992
HH409F 29068 1.015 1.018 1.017 0.949 0.964 0.963
Overvoltage (limit 1.06pu) Undervoltage (limit 0.90pu)
Phase A Phase A
GU37 1.016 0.941
SWER MTB82 1.028 0.947
M23 1.048

Figure 4-1 : Overview of greatest voltage regulation violations for the 15
representative feeders studied

Several feeders®® in the old and new overhead categories show similar results
since these are largely comprised of the same overhead conductors that have
higher impedance compared to the rest of the feeders in these categories,
which do not show any issues. The higher overvoltages at points of DER
connection can appear to be attributable to the higher conductor impedances
back to the grid.

12 Refer to Table 2-3.
13 HH341A-81, AP344D-15, EL13-57 and HH177F-253.
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The networks in the newer underground areas (primarily XLPE insulated
aluminium conductor cable) did not show any voltage regulation issues,
whereas overvoltage issues were seen in the old underground areas which
consist largely of higher impedance copper cables.

Only one SWER feeder, M-23, showed undervoltage issues, attributable to
the length of the feeder and to transformer overloading. An increase in feeder
voltage has been observed with increasing PV penetrations but no breach of
the overvoltage limits was seen.

Old overhead feeder AP344D-15 is in breach of the overvoltage limit on all
phases. Since AP344D-15 is a pole mounted transformer, the operating
voltage is 7600/445 V. Considering the 400/230 V voltage limits of +10% and -
6%, at an operating voltage of 445 V, this implies that the voltage limits will be
0.98 pu and 0.83 pu. Therefore at the nominal voltage of 445 V, the feeder is
already in breach of the voltage limits according to the standard and this
breach is only exacerbated with the addition of any amount of PV. Possible
mitigation for this issue would be a review of the approach to the existing AS
61000.3.100 standard to accommodate operating voltages other than the
400/230 V specified or changing the operating voltages of the old networks.

Figure 4-2 shows the boundary points at which an increase in DER
penetration first results in breach of the undervoltage and overvoltage limits.
Figure 4-2 also shows the effect that storage and controllable load have on
mitigating the overvoltage issues. This table shows that introducing
controllable load allows increased levels of PV penetration but is dependent
on the amount of controllable load on a particular phase. In all cases, the
addition of storage as a load has negligible impact on the voltage regulation;
the addition of both storage and controllable load offers minimal improvement
over the addition of controllable load only. Since the overvoltage issues occur
during a minimum load scenario, storage is not expected to be discharged at
this time; therefore, it has only been considered as a load for the purposes of
the results in Figure 4-2. The addition of both controllable load and storage
has been deliberately used as a mitigation strategy to understand the impact it
has on the feeders concerned.

Furthermore, it was also noted that the boundary points vary across the three
phases due to the unbalanced load across the phases of most feeders. The
maximum amount of PV that may be connected to a feeder will be restricted
by the phase with the lowest boundary point so as to avoid any voltage
regulation issues.
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Overvoltage Boundary New overvoltage boundary point with addition of:
Point
STORAGE (S2) CONTROLLABLE LOAD (L1) BOTH (S2 & L1)
Phase A | Phase B [Phase C|Phase A | Phase B|Phase C| Phase A [ Phase B | Phase C |Phase A|Phase B[ Phase C
Old Overhead |HH341A 81 P3 P4 P4 P3 P4 P4 P6 P5 P4 P6 P5 P4
New Overhead EL13 57 P4 - P4 P6 - PS5 P6 - P6 P6 - P6
HH177F 253 PS5 P3 P4 P6 P4 PS5 P6 P6 P5 P6 P6 P6
g EL14 TC54743 P3 P2 P2 P3 P2 P2 P6 PS5 P5 P6 PS5 P5
AP125B 15350 - P5 - - P5 - - P5 - - P5
Undervoltage Boundary New undervoltage boundary point with addition of:
Point STORAGE (S2) - discharging
Phase A | Phase B [Phase C| Phase A | Phase B | Phase C
| SWER [M23 PO - PO -

Figure 4-2 : Boundary points for feeders with quality of supply issues

For the old overhead feeder HH341A-81, considering the phase with the worst
overvoltage (Phase A), the boundary point is at P3, i.e. when 50 % of the
customers on the feeder have a 2.5 kW PV inverter. The addition of storage
has no impact on the voltage profile; however, the addition of only controllable
load could shift this boundary point to P5 or P6 (100% of customers with PV at
2.5 kW or 50% of customers with PV at 5 kW). The boundary point of P4 for
Phase C however is unchanged with the addition of both controllable load and
storage (Figure 4-3).

Voltage A [pu]
1.05
1.04
1.03 Penetration Scenario vY
) =g== P4 EO LO 50
1.02
= P4 EQ LO 52
1.01
PAED L1 50
1 PS E0 LD 50
0.99 =g P5 EQ LD 52
0.98 =—¢=P5E0 L1 50
=g D5 EQ LO SO
0.97
- D5 EQ LO 52
0.96
—e— PG ED L1 50
0.95
O UM NN NN DY G T S AN YR
S Nthdrdd g ing W had LG LIERE AR E N
e B B i TR By T I B T T Tl
= = = = R I
Bus Y

Figure 4-3 : Effect of storage and controllable load on Phase A of HH341A-81

For the new overhead feeder EL13-57, the boundary point for both phases A
and C are at P4 (75% of customers with PV at 2.5 kW). Storage alone will
shift this boundary point to P6 for Phase A and P5 for Phase C whilst
controllable load alone will shift the boundary point to P6 for both phases (see
Figure 4-9).
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Figure 4-4 : Effect of storage and controllable load on Phase A & Phase C of
EL13-57

For the new overhead feeder HH177F-253, considering the phase with the
worst overvoltage (Phase B), the boundary point is at P3. The addition of
storage only will change this boundary to P4 and the addition of controllable
load will shift it to P6 (see Figure 4-5).

Figure 4-5 : Effect of storage and controllable load on Phase B of HH177F-
253

For the old underground feeder EL14-TC54743 considering the phase with
the worst overvoltage (Phase B), the boundary point is at P2. The addition of
storage only will not change this boundary point; however, the addition of
controllable load will shift it to P5 (see Figure 4-6).
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Figure 4-6 : Effect of storage and controllable load on Phase B of EL14-
TC54743

For the old underground feeder AP125B-15350, an overvoltage was recorded
only on phase B and has a boundary point of P5, i.e. 100% of customers with
PV at 2.5 kW. The boundary point remains unchanged with the addition of
storage, controllable load or both and therefore the P6 scenario where 50% of
the customers have PV at 5 kW would not be an option for this feeder (see
Figure 4-7).
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Figure 4-7 : Effect of storage and controllable load on Phase B of AP125B-
15350
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4.2 Voltage fluctuation

Figure 4-8 presents an overview of the voltage fluctuation results for each of
the test cases. As shown, only EL14-TC54743 violates the voltage fluctuation
limit of 3-5%. However, EL14-TC54743 only breaches the voltage fluctuation
limit under a P6 scenario (50% of customers with 5 kW PV systems), which is
the upper bound on PV penetration scenarios studied.

With increasing DER on the feeders, an increase in the percentage voltage
fluctuation is observed.

Highest voltage
fluctuation
observed (%)
HH341A 81 3.3%
Old Overhead |AP351B 2034 0.5%
AP344D 15 3.1%
SM126A 159 1.3%
New Overhead |EL1357 1.9%
HH177F 253 3.1%
EL14 TC54743 5.6%
Old Underground [AP125B 15350 1.8%
AP529E 30156 1.0%
HH496C 26079 1.6%
New Underground |HH121B TC46352 0.9%
HH409F 29068 1.4%
GU37 2.5%
SWER MTB82 3.7%
M23 4.5%

Figure 4-8: Overview of voltage fluctuation results for 15 test cases

4.3 Voltage unbalance

Figure 4-9 presents an overview of the voltage unbalance results for each of
the test cases. The maximum voltage unbalance percentage under each of
the peak and minimum demand cases has been recorded as well as the
unbalance percentage under the no DER scenario. Only EL14-TC54743, in
the old underground area category, exceeds the 2% unbalance Ilimit.
Comparison of unbalance results against those without any DER on the
feeders indicates an increase when DER is added.
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Max. Vneg/Vpos (%) observed
Peak demand Minimum

case demand case
HH341A 81 1.26% 1.01% 0.44% 0.07%
Old Overhead AP351B 2034 0.14% 0.29% 0.11% 0.03%
AP344D 15 1.44% 0.94% 1.28% 0.29%
SM126A 159 0.89% 0.79% 0.40% 0.00%
New Overhead [EL1357 1.12% 0.77% 0.46% 0.05%
HH177F 253 0.56% 0.97% 0.28% 0.04%
EL14 TC54743 3.89% 2.26% 1.43% 0.07%
Old Underground |AP125B 15350 0.88% 0.84% 0.63% 0.07%
AP529E 30156 0.42% 0.36% 0.34% 0.16%
HH496C 26079 0.61% 0.53% 0.47% 0.04%
New Underground [HH121B TC46352 0.23% 0.31% 0.22% 0.00%
HH409F 29068 0.60% 0.32% 0.54% 0.03%

Figure 4-9: Overview of voltage unbalance results for 15 test cases
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5. Mitigation measures

The three feeders selected for mitigation analysis, in collaboration with SA
Power Networks, were LV feeders HH341A-81 (old overhead) and EL14-
TC54743 (old underground) and SWER feeder M-23.

5.1 Representative old overhead and old underground feeders
The mitigation measures considered for the LV feeders were:

e tap setting changes;

¢ reconductoring of the feeder backbone;

e dynamic VAr control,

e load control; and

o feeder load balancing.

These mitigation measures were investigated under the original assumption of
unity HV voltage as well as at the upper and lower HV voltage fluctuation
levels for each of these feeders: +2.5% for HH341A-81 and +3.5% for EL14-
TC54743.

Full results of the mitigation investigation for the two LV feeders are given in
Appendix A. Table 5-1 provides a summary of these results, with each
scenario listed being the maximum level of PV penetration able to be tolerated
before a voltage regulation limit is breached.

Table 5-1: Overview of mitigation results for LV feeders

MITIGATION HH341A-81 EL14-TC54743
MEASURE (Old Overhead) (Old Underground)

Unity Upper Lower Unity Upper Lower

1.00 pu 1.025 pu 0.975pu  1.00pu 1.035pu 0.965 pu
Tap setting *Tap 4: P6 *Tap 4: P4 Tap 4:P6 eTap 4:P5 *Tap 4:P1 <Tap 4: P6
changes *Tap 5: P6 *Tap 5: P6 *Tap 5: P6 *Tap 5: P6 *Tap5P5 *Tap 5:P6

*UV violations - *UV violations —

peak demand peak demand &

with DERs (Tap 4 with DERs (Tap 4

& Tap 5) & Tap 5)
Reconductor *P6 *P4 *P6 *P5 *P3 *P6
backbone
Dynamic Var *P6 *P6 *P6 *P6 *P6 *P6
control
Load control *P3 *PO *P6 *P5 *PO *P6
Feederload *P3 *PO *P6 *P2 *PO *P5
balancing
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For the old overhead feeder HH341A-81, the results in Table 5-1 imply that:

1.

Provided that the HV voltage is maintained at or below nominal, either
changing the transformer tap setting to Tap 4 or Tap 5, or
reconductoring the feeder backbone, is sufficient for voltage regulation
to be acceptable when up to 100% of customers have 2.5 kW PV
systems (P5), or when up to 50% of customers have 5 kW PV systems
(P6).

If the HV system is operated at 1.025 pu voltage then the mitigations
studied, other than dynamic VAr control (which requires additional
capital investment), are not able to maintain overvoltages within limits.
Operating the HV system at or below nominal would need to constitute
part of the mitigation.

Operating the HV system at 0.975 pu is sufficient for voltage regulation
to be acceptable when up to 50% of customers have 5 kW PV systems
(P6). The voltage regulation range of the LV network should however
be known before operating the LV network at a lower setpoint.

Feeder load balancing and controllable load are more effective if the
HV voltage is kept in the lower half of its usual range and managed
during peak demand periods. Since only 38% of customers have
controllable load, it is not effective on its own.

For the old underground feeder EL4-TC54743:

1.

Other than dynamic VAr control (which requires additional capital
investment), no single mitigation is sufficient to control overvoltage
issues when up to 50% of customers have 5 kW PV systems (P6).

. If the HV voltage is operated at 1.035pu then the mitigations

considered are not able to control overvoltages. Operating the HV
system at or below nominal would need to constitute part of the
mitigation.

Operating the HV system at 0.965 pu is sufficient for voltage regulation
to be acceptable when up t0o100% of customers have 2.5 kW PV
systems (P5). The voltage regulation range of the LV network should
however be known before operating the LV network at a lower setpoint.
Changing transformer tap settings can resolve overvoltages, but
introduces undervoltages under peak demand with DER.

Reconductoring the feeder backbone will maintain undervoltages within
limits, and yield marginal overvoltages.

Feeder load balancing will allow connection of additional DER, but is
less effective than the other mitigations studied. However it could be
more effective if the HV voltage is kept in the lower half of its usual
range and managed during peak demand periods.

Controllable load alone allows connection of up to 100% of customers
with 2.5 kW PV systems (P5), since all customers on this feeder has
controllable load.
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5.2 Representative SWER feeder

The mitigation measures considered for the SWER network M-23 were:

tap setting changes;

HV voltage regulation;
LV voltage regulation;
dynamic VAr control; and
load control.

Table 5-2 summarises the mitigation results for M- 23.

Table 5-2: Overview of mitigation results for M-23 (SWER)

L _

¢ Tap setting changes * Tap 1 - no undervoltage violations but overvoltage

limit violated
*Tap 2 — violates undervoltage and overvoltage limits

* MV voltage regulation *VR at maximum tap with no undervoltage
violations, except for 1 customer immediately before
VR (TF 26)

¢ LV voltage regulation *Required for 66 customers (50%) with VR tap fixed

*Required for 1 customer with VR at maximum tap

* Dynamic Var control *Approximately 271 kVAr required with VR at fixed
tap
* Load control eStorage does not reduce the undervoltage violation

The mitigation results for M-23 indicate:

1.

4.

The voltage regulator on the maximum tap setting enables control of
undervoltages under the peak demand scenario, except for one
customer. Addition of an LV voltage regulator or repositioning of the
existing HV voltage regulator could remove the violation for this
customer.

M-23 is not able to support additional DER, due to insufficient taps
being available on the HV voltage regulator. Replacement of the
existing voltage regulator would be required to overcome this.

Changing transformer taps to control undervoltages introduces
overvoltage issues during minimum demand period.

Storage (discharging) does not reduce the undervoltage violation and is
therefore not an effective mitigation.
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6. Conclusions

6.1 Voltage regulation

Certain feeders in both the old and new overhead categories show similar
results since these are largely comprised of the same overhead conductors
that have higher impedance compared to the rest of the feeders in these
categories, which do not show any issues.

The networks in the newer underground areas (comprised mainly of XLPE AL
cable) do not show any voltage regulation issues whereas the overvoltage
iIssues were seen in the old underground areas which are comprised largely of
old copper cables, which have much higher impedances and therefore high
voltages at the point of DER connection.

Only one SWER network, M-23, showed undervoltage issues, attributable to
the length of the feeder and to transformer overloading. An increase in feeder
voltage has been observed with increasing PV penetrations on the SWER
networks but no breach on the overvoltage limits has been evident.

For the overhead networks, the lowest boundary point is P3. That is, up to
50% of customers with PV (at 2.5 kW) on the feeder did not result in any
voltage regulation issues. The addition of storage load on these feeders at
maximum PV penetration largely does not change this boundary point. The
addition of controllable load, however, will in most cases shift this boundary
point to P5 and P6, i.e. 100% of customers with PV at 2.5 kW and 50% of
customers with PV at 5 kW respectively.

For the old underground networks, the lowest boundary point is P2, i.e. up to
25% of customers with PV (at 2.5 kW) on the feeder did not result in any
voltage regulation issues. The addition of storage load on these feeders
during maximum PV penetration largely does not change this boundary point.
The addition of controllable load, however, will in most cases shift this
boundary point to P5, i.e. 100% of customers with PV at 2.5 kW.

It was also noted that the boundary points vary across the three phases due
to the unbalanced load across the phases of most feeders. This is an issue for
concern as the maximum amount of PV that may be connected to a feeder will
be restricted by the phase with the lowest boundary point so as to avoid any
voltage regulation issues.

Furthermore, AS 61000.3.100 provides steady state voltage limits for
230/400 V systems (1.1 pu and 0.94 pu); however, the low voltage networks
assessed in the study are predominantly 433/248 V which results in limits of
1.02 pu and 0.87 pu for these networks, which are difficult to meet in the SA
Power Networks areas with higher transformer secondary voltages.

6.2 Voltage fluctuation

Only the old underground feeder EL14-TC54743 violated the voltage
fluctuation limit of 3-5% but the breach was only observed under a P6
scenario.
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Whilst an increase in the percentage voltage fluctuation was observed with
increasing DER penetration levels, the increase was not sufficient to breach
the limits for the remaining representative feeders studied.

6.3 Voltage unbalance

Only EL14-TC54743, in the old underground area category, exceeds the 2%
unbalance limit. These results were compared against unbalance results
without any DER on the feeders. The addition of DER such as electric
vehicles and controllable load increases the unbalance percentage on the
network. Whilst DER in isolation is not sufficient to cause the unbalance limit

to be exceeded, DER can thus exacerbate a situation where other factors lead
to a violation.
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Appendix A. Supplementary data

A.1 Transformer data used in models

Feeder / Transformer | Voltage [V] -_ No. of taps | Step | Neutral Tap
KV __

BRI  11000/433 12.06 0.01099 0.03799
__—____-—
7600/445 8.33 22.67 0.0125 0.03401 No tap changer
______

11000/433 6.00 18.00 0.012 0.036
_______-—
11000/433 3.83 12.33 0.01149 0.03699
__—____-—
7600/433 0.041
__—____-—
11000/433 3.83 12.33 0.01149 0.03699
__—____-—
11/19 kv 8.33 21.67 0.0125 0.03251
__—____-—
11/19 kV 200 5.25 16.75 0.0105 0.0335

A.2 Voltage regulator data used for SWER feeders GU-37 and M-23
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A.3 Existing customers with solar and controllable load on
each representative feeder studied

Feeder / No. of customers No. of customers
Transformer with solar with controllable load

HH341A 81

——
——
EL13 57

——
——
——
——
lcus7 |

GU37

MTB82 ——

M23
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Appendix B. Feeder Result Summaries
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FEEDER HH341A - 81 (OLD OVERHEAD)

1. Details

Norwood — Kensington 11 kV feeder
11000/433 V 315 kVA transformer
Comprised of the following underground cable:
- 7/4.75AAC (81 m/2.8%)
- 7/3.75AAC (473 m/16.5%)
- 7/16 Cu (44 m/ 1.5%)
- 7/14 Cu (680 m/ 23.7%)
- 4x95ABC (913 m/ 31.8%)
- 0.2Cu (459 m/16%)
- 01Cu(219m/7.6%)
Has one meter point to four distribution legs:
Leg1—-113m
Leg2-157m
Leg3-297 m
Leg4—-933m
85 customers
Feeder phase balance (as per load data)
- Leg 1: Phase A = 35.3% Phase B = 31.1% Phase C = 33.6%
Distribution of customers across feeder:

Leglto4
Customers in % 100 %
Customers 85

3-Phase Customers | 25

1-Phase Customers | 60

1-Phase A 21

1-Phase B 19

1-Phase C 20

Max. consumer load assumed = 213.2 kVA (obtained from actual data)
Leglto 4
[KVA / customer]

3-Phase Customers | 2.51

1-Phase A 2.59

1-Phase B 2.39

1-Phase C 2.54

Min. consumer load = 38.7 kVA (obtained from actual data assuming existing PV
utilisation factor of 80%)

Leglto 4
[KVA [ customer]
3-Phase Customers | 0.46
1-Phase A 0.47
1-Phase B 0.43
1-Phase C 0.46

Existing PV penetration = 18.05% or 56.86 kW rated, i.e. 23 customers (assuming a 2.5
kW inverter size)

Existing customers with controllable load = 32 (38 %)
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2. Overvoltage check
e To check the worst overvoltage — consider the min. consumer load with the highest PV
utilisation factor of 80% for the PV only DERs penetration scenarios. The PV only DERs
penetration scenarios are most onerous to overvoltage issues.
e Overvoltages (>1.02 pu) were observed in distribution Leg 4 on this feeder. Voltages on
other distribution legs are within limit.
e Highest overvoltages observed:
Leg 4 — Phase A: 1.038 pu (P6EOLOSO)
Phase B: 1.025 pu (P5E0LOSO0)
Phase C: 1.028 pu (P5EOL0SO)

0 In Leg 4, the Phase A boundary penetration scenario before overvoltages occur is P3.
The controllable loads (L1) could be switched on to increase PV penetration to P4, P5
or P6 while maintaining voltage. Connecting the storage loads (S2) alone is insufficient
to keep the voltage within range.

o In Leg 4, the Phase B overvoltages occur under the P5 penetration scenario. The
controllable loads (L1) could be switched on to resolve the issues. Connecting the
storage loads (S2) alone is insufficient to keep the voltage within limit.

0 In Leg 4, the Phase C boundary penetration scenario before overvoltages occur is P4.
Both the controllable loads (L1) and storage (S2) are required to be switched on to
increase PV penetration to P5 or PG, resulting in only marginal overvoltages. The
overvoltages cannot be resolved completely in this phase.

a) Min. consumer load with 80% PV utilisation factor

0 Leg1(Phase Ato C)

Voitage A [pu] Voltage B [pu]
1.05 1.05

104 1.04
1.03 Penetration Scenario T 103 Penetration Scenario 7Y
——P —e—POEO0 LO SO
102 e ow om————— i —— e ——— OE0LOS0 102 e o o ——————————————————— -
PLEO LO S0 —e—P1E0 L0 SO
101 1.01
PZEOLO SO P2EO LO SO
1 : PZE0LO SO 1. = - = P2E0 L0 S0
099 ——P4EOLOSO 0.99 —e—P4E0 L0 SO
0.98 —e—P3E0LOSO 0.98 —e—P5 E0 L0 50
——PGEOLOSO —e—PGEQLO SO
097 0.97
0.96 0.96
0.95 0.95
N N N e v N A s e % L o N g o ~ ~ " + N v % ~ 2 B “ N v
¥ ; k1 R LA’ A A
IO AN AP SR N N S N N P N RN M RV A
Bus ¥ Bus Y
Voltage C [pu]
1.05
1.04

1.03 Penetration Scenario ¥
—e—POEOLO SO

10, J S S NS [ S S N S S Y IS M
~—P1E0 L0 SO
1.01
- P2E0LO SO
=
1 = = PIE0LO SO
0.99 —e—P4E0LOSO
098 —e—P5E0 L0 SO
—e—PGEOLOSO
0.97
0.96
0.95
I T T Y T T Sy W SRS S
LA A CA
S & NS MoND NS Y YN
Bus ¥

0 Leg2(Phase AtoC)

Voltage A [pu] Voltage B [pu]
105 105

104 104

1.03 Penetration Scenario Y 1.03 Penetration Scenario Y
—e—POED L0 SO ——POEOLOSO
1, J S S U A S S N S U S S [ S S S| 7 J AU S R Y TS A D S O A S A R
PLEO LO SO

—e=P1E0 L0 SO

101 101
P2EOD LO SO ‘w P2EDLOSO
B PIEDLO SO 1. : PIE0LOSO

0.99 —e—P4E0LO SO 0.39 =—e—P4E0LO SO

0.98 —>—P3E0LO SO 0.98 —s—P5ED L0 SO

=e=—P6 E0 LO SO =—e—PGED LO S0
0.97 0.7
0.96 0.36

0.95 035
° 5N LD » N s N A
MY N WYY A 4 ”’?w‘\" AT ¥ W A2
WAy EAW Y- A

AR A

Bus F Bus Y

he L A T ST s T, A PR . N P R A B
9 ‘73 LN N M P Y L P ] SRS AW A
7oA WA q NsoNs N oA
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103
. —e—POEOLOSO
——PLEOLOSO

101
. —e—P2EDLOSO
1 'f 2 ——P3EDLOSO
0.39 ——P4EOLOSO
s ——P5E0LOSO
—e—PGEOLO SO

097

0.6

095

104 1.04
Loz KEsnetmhionserparin g 1.03 | Penetration scenario. Y7
—ePOEOLOSD —e—POEOLO S50
o S

—e—P1E0 LO SO

—a=—P1E0 LO SO

——P2E0LO SO Ty ——P2E0L0SO
P3EO LO S0 T - e § =P3 EQ LO SO
099 ——P4EOLO SO ——P4E0LO SO
o8 ——PSE0LO SO 098 ——P5E0L0S0
——PGE0L0 S0 —e=PGEDLOSO
097 097
0.96 036
095 035
L A S ST AL ST VR S S AR Y VR S A Y
faY LY W G L0 DAY o L2 oY LR A S A SN AV S ARV ST VR SN
VS SRS VRGN IV A VIR S B ALY KAV N A PN N SIS 1PV PN ST A ¥
Valtage Clou].
1.05
1.04
1.03  Penetration Scena
—a—P0OEO LO SO
I T e v
=—t=—P1E0 LO SO
101 P
——P2E0L0SO
1 g_.* - —+—P3 E0 LO SO
0.99 ——P4E0L0SO
058 ——P5E0L050
—— P56 EQ LO SO
097
0.6
0.85
I . T R S A S S AU VY VR S VR
Y YIRS g 7 b
EESEY PN AP AN LIPS IS A PN A

0 Leg 4 (Phase Ato C)

—+—P0 EO0 LO SO

=—e—POEOD LO SO

=—e—P1EQ LO SO =—e—P1EDLO SO

=—e—=P2E0 LO SO

—+—P2E0LO SO
=+=P3 E0 LO SO

==P3E0 LO SO

=—s=—P4 E0 LO SO =—e—P4ED LO SO

0.98 —+—P3E0LOSO 0.9 =—e=P5E0 LO SO
—+—P6E0 LO SO =PG5 EQ LO SO
097 0.97
096 0.96
095 0395
R e B T I Tl B B - Bl R el T I T T~ - R - o
Ao e ag s G2 WNTRAR IR S St eag g Lda JDTENR AR AR
T T salalgl G T T T T T T = = e T YT LTI Y i
. R ST ST

 Penetration Sceraria ¥

=—e—POEOD LO SO
=—a=P1EOD LO SO
=e—P2EDLO SO

P3E0 LO SO

=—e—P4E0 LO SO

098 =—#—P5EO0 LO SO
=—e—P6E0 L0 50
0.97
0.96
0.95
O T T R T I G B I
Soele ot a S e e JNNRE SRR S
T wwwww Y T T T I a7 g
ST Sl T el
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0 Leg 4 (Phase Ato C)with CL and ST to control overvoltages

Voltage A [pu] Voltage B [pu]
1.05 1.05
1.04

Penetration Scenario +Y 1.03 Penetration Scenario Y

=e=P4E0 LO S0

=P EO L0 52

=e—P5E0 LO SO
=—a=—P5 E0 LO 52

e PAED 1150 ——P5 E0 L1 SO
P5E0 LOSO
——P5E0 1052 0.99
03 —e=P5EQ L1550 098
=—e—P6E0 LO S0
037 0.97
——PEEQ LOS2
0.96 !
—a— PG ED L1 S0 0-96
0.95 0.95
S UM SN N TN T T AT YR T T SR TMU TN NN RN Y T IR YR T T
DOTOAT TR SAT ISR AN RER SRR S DOTATIONS JE S LR A SRR R IER S 6
U < < RN N e e s e S S < < B
Bus Y Bus ¥
Voltage C [y
1.05
1.04
1.03 Penetration Scenario 7Y

=—e—P5E0 LO SO
—e—P5EQ LO 52
PSEOLL1SO
PSEQ L1582

=—e—P6E0 LO SO

098 ——PGE0 L0 52
——PHE0LLSO
0.97
——PGE0LLS2
0.96
0.95
R i B B e e Bl S R B B i
St tdeg o g ITed DDIRRE D8R 6
el T T s s T T s = SN N
< el << <elsl T el
Bus Y

3. Undervoltage check

e To check the worst undervoltage — consider the max. consumer load with the lowest PV
utilisation factor of 20%.

e The PV only DERs penetration scenarios were considered; and a more onerous scenario
with only the power sinking DERs was tested.

¢ No undervoltages (<0.87pu) were observed in this feeder.

b) Max. consumer load with 20% PV utilisation factor
0 Leg 1l (PhaseAtoC)

Voltage A [pu] Voltage B [pu]
1.01 1.01
0.99 L 0.99 -
0.7 Penetration Scenario T 0.97 Penetration Scenario
——POED LO 50 —e—POED LO 50
0.95 0.95
—+=P1E0 L0 50 —s—P1E0 LO S0
0.93 -P2EO LO SO 0.93 —e—P2E0 LO SO
P3E0LO SO P3EDLO 50
0.91 0.91
—e—P4E0 L0 50 —e—P4E0 L0 S0
0.89 —s—P5E0LO SO 0.83 =e=P5E0 LO SO
—g— g
087 == mm o GEOLOSO 087 == == omm o = - GEOLOS0
0.85 0.85
SN Ny N T R S N o N Y R S S N
@\,,&m,/ N x’}' x} o \'} x} Noo NG \i: @'\,/@'\,/ NV »f} NOELE N N \"3
Bus Y Bus Y
Vaoltage C [pu]
1.01
0.99 \
0.97 Penetration Scenario Y
—e—POED LO 50
0.95
—s—P1E0 LO 50
0.93 —e—P2E0 L0 SO
P3E0LO SO
0.91
—e—P4ED LOSO
0.89 =—g=P35E0 LO SO
——D
087 —tmm e L L L 6 EQ LO S0
0.85
DN N A A S B 9 Ny
S Y Yo¥ N EE N S
Bus ¥
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0 Leg2(PhaseAtoC)

Voltage A [pu] Voitage B [pu]
1.01 101
0.99 059 \__
0.97 Penetration Scenario <Y 0.97
—e=P0 EO LO SO
0.95
—e—P1E0 L0 SO 055
0.93 ~e=P2ED LO SO 0.93
P3EDLO SO
0.91 0.91
—e—DAEDLO SO
0.29 =—e=P5 E0 LO SO 0.89
087 bl L —s—DGED LO SO -
0.85 0.85
T D B B S B L o = o
B P M P A LT s PR,
o ool o o A o o
Bus Y Bus Y
Vaoltage C [pu]
0.97 Penetration Scenario <Y
—e—POED LO SO
0.35
—s—P1ED LO SO
0.93 —+—P2ED LO SO
P3ED LO 50
0.91
=e=P4E0 LO SO
0.89 —e—P5ED L0 50
.87 == o omm o o= PGE0 LO SO
0.85
e T R R B R U e
WA A A A TS A
N‘ NI NI N‘ N‘ N‘ o~ NI ™™
Voltage A [pul Voltage B [pu]
1.01
0.99
0.97 Penetration Scenario Y
—s—POEQ L0 50
0.95 0.95
—+—P1EQ L0 50
0.93 ——P2E0LO SO 0.93
P3E0LO SO
0.91 0.91
—e—P4E0 L0 SO
0.89 =—e=P5E0 L0 SO 0.89
087 et el LI LI L L L —e—PGE0LO SO 087
0.85 0.85
LT A PR VR T4 PR A PR SR < T PR S S T ) O ]
Ny ki W& G AT o N ki
Pl m) Pml Pl ] Pl el ) %0 ECYEY SN
Bus Y Bus T
Voltage C [pu]

Bus Y.

S A N S R
RCYEY I IS
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v
P

an

© N
G oA
T4 5

e by

‘b‘\'n,
’

o

/

£

Penetration Scenaric Y
—a—P0 EO LO 50
=—g—P1EO LO SO
=—e—P2E0LOSO
P3EOLO S0
—e—P4E0LOSO
=e—P5 EO0 LO 50
—a— PG E0 LO S50

2 21

222
23
231

232

2_4
2 41

242

25
251

252

Penetration Scenario Y
=== PO EO LO SO
—+—P1E0 L0 SO
=e=P2E0 L0 50
—+—P3ED L0 S0
—e—P4E0 L0 SO
e P5 EO LO SO

=—e—PG6ED LO S0

Penetration Scenario +¥
—e—P0ED LO 50
=o=PLED L0 50
=e=P2E0 LO S0

P2ED LD 50
—e—P4E0 LO SO
=—e=P5 E0 L0 50
—e=PGE0 LO SO



0 Leg 4 (Phase Ato C)

Voltage A [pu] Vaoltage B [ou]
1.01
0.99
0.97 Penetration Scenario Y Penetration Scenario Y
—e—POEO LO SO —e—POEO LO SO
095
=e=PLEO LO 50 mem=P1E0 LO SO
0.93 —+—PE0LOSO 0.93 =—e=—P2E0 LO SO
P3ED LO S0 PIEDLO SO
091 0.91
—e—P4E0 LO SO —e—P4E0 L0 S0
0.89 —+—P5E0 L0 50 0.89 —s—P5E0 L0 SO
0.87 ekt ML LU LD L UL L —e—PGE0 L0 SO .87 b LU L —e—PGED L0 S0
0.85 0.85
R R = B B Bl B R - R e T B s - B B -
SNH e e AT s AR 8EORE DR SN E RNz DaR RN DRA DA
R A T T B I I B B B B e o T B T T T B B
= == = == = = = = % = = T T = = =
Bus ¥ Bus Y
Voltage C [pul
1.01
0.99
0.97 Penetration Scenario
—+—P0OEO LO SO
093 —+—P1EO0 L0 SO
093 —+—P2E0 LO SO
P3EOLD SO
091
—e—P4 E0 LO SO
0.89 =—e=P5 EQ LO SO
0.87  Hotb ettt et et b AL LU L L U L L L —e—PGE0LOSO
085
R e B T - B B - B
Hr‘lln\ﬂmm‘ﬁlggfﬁ‘eﬁr\lﬂr\“r—mﬂ”g
B I R S
it S U S

Bus Y

c) Max. consumer load with power sinking DERs

o0 Legl(PhaseAtoC) Leg 2 (Phase Ato C)

Voltage A [pu] Voltage B [pu] Voltage C [pu]

Voltage A [pu]  Valtage B [pu] 'Voltage C [pu]

.01 101
097 097
055 Penetration Scenario X 0.95 Penetration Scenario. b g
Values Values
033 0.93
—e—POE3 L1 50 - Voltage A [pu] —e—POE3 L1 50 - Voltage A [pu]
0.91 =e—POE3 L1 50 - Voltage B [pu] 091 —e—POE3 L1 S0 - Voltage B [pu]
—+—POE3 L1 50 - Voltage C [pu] —e—POES3 L150 - Voltage € [pul]
0.89 0.89
0.87 0.87
0.5 0.85
R T S A S S S L S . 4 I N S T . S A - D SO 2
SNV NN A A AR AN ] o ;Y * w W Y &
ST NI RE T T W FV IR W ARTEN I MR A TO B

Bus ¥ Bus ¥

0 Leg 3 (PhaseAtoC) Leg 4 (Phase Ato C)

Voltage A [pu] Voltage B [ou] | Voltage C [pu]

Voltage A [pu] Voitage B [pu] | Voltage C [pu]

101 101

099 0.99

0.97 0.97

099 Fenetration Scenario X 095 Penetration Scenario b 4
Values Values

093 0.93

== P0 E3 L1 SO - Voltage A [pu]

—e—POE3 1150 -Voltage A [pu]
091 —e—POE3 L1 S0 - Voltage B [pu]

0.91 —e— PO E3 L1 50 - Voltage B [pu]
=== P0 E3 L1 S0 - Voltage C [pul —e—POE3 L1 50 - Voltage C [pu]
0.89 0.29
0.87 0.87
0.85 0.85
S
N o R R R
O nY ¥ A 82 oY al W G 08 &Y 47 &Y 57 o R - S S T R - S S R
Bl s -4 T T4 B B B 14 e < LR B < o o

Bus Y
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4. Voltage fluctuations

The potential voltage fluctuation range is predicted by checking the step change in
voltages from low PV utilisation factor (20%) to high PV utilisation factor (80%).

The most onerous fluctuation would occur under the PV only DERs penetration scenarios.
Based on the solar profile provided by SAPN the periods with high PV utilisation coincides
with the min. load periods of the day (12-2PM). Hence, for this assessment a network with
min. load is considered.

From the voltage plots — the voltage fluctuation range for any particular point is not more
than 0.05 pu (or 5%) within the criteria in IEC/TR 61000-3-7:2008 of 3-5%.

d) Potential voltage fluctuations

0 Leg 1l (PhaseAtoC)

Voltage A [pu]-0.5 Voltage A [pu]-0.2 Voltage B [pu]-03  Voitage B [pu]-0.2  Voltage C [pu]-0.5 Voltage C [pu] 0.2

Leg 2 (Phase Ato C)

Voltage A [pul08  Voltage A [pul0.2 Voltage B [pul-08 | Voltage B [pul0.2 Voltage C [pul-0.8 Voltage C [pu]-0.2

108 108
palues Values
Penetration Scenario X e T—— b 4
1.06 =e—Voltage A [pul-0.8 - P5 EO L0 S0 1.06 w=am=\l0ltage A [pul]-0.8 - PS EO LO SO
—e—Voltage A [pul-0.8 - P6 E0 L0 50 —e—Voltage A [pu]-0.8 - P6 E0 LO SO
Lo ——Voltage A [pul-0.2- P5 0 L0 S0 Los —e=\oltage A [pu}-0.2- P5 EO L0 SO
»=\oltage A [pul-0.2 - P6 EO LO SO Voltage A [pu]-0.2 - P6 EO LO SO
—e—Voltage 8 [pul-0.5 - PS E0 L0 S0 —s—\oltage B [pul-0.8 - P5 EO L0 SO
102 =—e—Voltage B [pu]-0.8 - P6 EO LO 50 102 =—e—\oltage B [pu]-0.8 - P6 EO LO SO
e Voltage 8 [pu]-0.2 - PS E0 L0 SO —e—Voltage B [pul-0.2 - P5 E0 L0 50
L 8 [pu]-0.2 - P6 EO L0 50 . ﬁ —e—\oltage B [pu]-0.2 - P6 EO L0 50
—e—Voltage C [pu]-0.8 - PS E0 L0 50 —e—Voltage C [pul-0.8 - P5 E0 L0 SO
—e—\Voltage C [pu]-0.8 - P6 E0 L0 50 —e—\oltage C [pu]-0.8 - P6 E0 L0 SO
058 —e—Voltage C [pu]-0.2 - P5 EO L0 SO 098 —e—Voltage C[pul-0.2 - PS EO LO S0
e \,N \W \,q' Wx "r" »”’ 3"' ”‘z’n Nh \,/ "; "f ° '\l"ﬁm \'L’l } 1’» ’LFL W? %N’;: ,}3‘ N\l Q’ q"’ b;\ ";"
Bus Y Bus ¥
0 Leg 3 (PhaseAtoC) Leg 4 (Phase Ato C)
Voltage A [pu] 0.8 Voltage A [pu]-0.2 Voltage B [pu]-0.8 Voltage B [pu]-0.2 Voltage C [pu]-0.3 Voltage C [pu]-0.2 Voltage A [pu]-0.8 Voltage A [pu]-0.2 Voltage B [pu]-08 Voltage B [pu]-0.2 Voltage C [pu]0.8 Voltage C [pu]-0.2
1.08 1.08
Values Values
Penetration Scenario Y Penetration Scenaria X
1.06 —e=—\Voltage A [pu]-0.8 - P5 E0 L0 S0 1.06 —e—Voltage A [pu]-0.8 - P5 E0 LO SO
—e—Voltage A [pu]-0.8 - P6 E0 LO 50 —e—Voltage A [pu]-0.8- P6 E0 L0 SO
Lon Voltage A [pul-0.2 - PS5 EO LO SO Voltage A [pul-0.2- PS E0 L0 50
Voltage A [pul-0.2 - P6 E0 LO SO Voltage A [pul-0.2- P6 E0 L0 50
—e—Voltage B [pu]-0.8 - P5 E0 L0 SO —e—Voltage B [pu]-0.8 - P5 E0 L0 50
102 =e=Voltage B [pu]-0.8 - P6 EO LO SO —e—Voltage B [pu]-0.8 - P6 EO LO SO
ltage 8 [pu]-0.2 - PS5 E0 L0 S0 —e—Voitage B [pul-0.2 - P5 E0 L0 S0
. P sonil —e=Voltage B [pu]-0.2 - PG £0 L0 50 —e—Voitage B [pu]-0.2 - P6 EO L0 SO
—e—Voltage C [pu]-0.8 - PS5 E0 L0 0 —e—Voltage C [pu]-0.8 - P5 EO L0 SO
—e—Voltage C [pu]-0.8 - P6 E0 L0 S0 —e—Voltage C [pul-0.8 - P6 EO L0 SO

—s—Voltage C [pu]-0.2 - P5 E0 L0 S0 —e=Voltage C [pu]-0.2 - P5 E0 L0 S0

R U S

RN A T A S F g2 o P Mg o @ g oo
»,/'»w’q,a'a,uan, wﬁry«,w

Bus Y

5. Voltage unbalance
For max. consumer load - the highest voltage unbalance factor of 1.26% is observed

[ )
under penetration scenario POE1L1S2.

e For min. consumer load - the highest voltage unbalance factor of 1.01% is observed
under penetration scenario POE1L1S2.

e The continuous voltage unbalance factor limit is 2%; hence, the unbalance factor for this

feeder is within the limit.

Max. Vneg/Vpos (%) observed

Minimum
demand case

Peak demand
case

0.07%

HH341A 81 1.26% 1.01% 0.44%
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FEEDER AP351B - 2034 (OLD OVERHEAD)

1. Details

Woodville — Cheltenham 7.6 kV feeder
7600/433 V 500 kVA transformer
Comprised of the following underground cable:
- 37/ XLPE (23 m/ 5.4%)
- 7/3.75AAC (182 m/42.8%)
- 0.1Cu (220 m/51.8%)
Has one metering point to two distribution legs
Leg1—-126 m
Leg2—-126 m
12 customers
Feeder phase balance (as per load data)
- Leg 1&2: Phase A =34.1% Phase B = 43.3% Phase C = 22.7%
Distribution of customers across feeder:

Legl&?2

Customersin % 100 %
Customers 12
3-Phase Customers | 4
1-Phase Customers | 8
1-Phase A 3
1-Phase B 3
1-Phase C 2

Max. consumer load assumed = 25.2 kVA (obtained from actual data)

Legl&?2
[KVA / customer]
3-Phase Customers | 2.11
1-Phase A 2.12
1-Phase B 2.30
1-Phase C 1.74

Min. consumer load = 7.15 kVA (obtained from actual data assuming existing PV
utilisation factor of 80%)

Legl&?2
[KVA [ customer]
3-Phase Customers | 0.60
1-Phase A 0.60
1-Phase B 0.65
1-Phase C 0.49

Existing PV penetration = 0%
Existing customers with controllable load = 0
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2. Overvoltage check

e To check the worst overvoltage — consider the min. consumer load with the highest PV
utilisation factor of 80% for the PV only DERs penetration scenarios. The PV only DERs
penetration scenarios are most onerous to overvoltage issues.

¢ No overvoltages (>1.02 pu) were observed in this feeder.

e An extreme case was tested where the consumer load is assumed to be at 10% of the
max. No overvoltages were observed in this extreme case even under the most onerous
penetration scenarios of PSEOLOSO and P6EOLOSO.

Voltage A [pu]
1.05
1.04
1.03
1.02
1.01

1
0.99
0.98
0.37
0.36

0.95

Bus Y
Voltage C [pu]
1.05
1.04
1.03
1.02
1.01
1
0.99
0.98
0.97
0.96

0.95

Bus Y

Voitage A [pu]
1.05
1.04
1.03
1.02
101

1
0.99
0.98
0.87
0.96

0.95

Bus ¥
Valtage € [pu]
105
104
103
1.02
1.01
1
0.99
0.98
0.97
0.96

0.95

Bus Y

a) Min. consumer load with 80% PV utilisation factor

0 Leg 1l (PhaseAtoC)

0 1 11 111 12 121 13 131 14
0 1 11 111 12 121 13 131 14

Penetration Scenario ¥
—e—P0 E0 LO SO
—e—P1E0 L0 S0
~s—P2EO0 LO 50

P3E0LOSO
—e—PAE0 LO SO
—e—P5E0 L0 SO
—e—P6 E0 L0 S0

Penetration Scenario ¥
~+=—POED LO SO
—e—P1E0 L0 SO

P2E0 LO SO
P3ED L0 SO
—e—P4E0 LD 50
—e—PSEQ L0 S0
—e—PGE0 LD S0

0 Leg 2 (Phase AtoC)

= it
S P v 1 Ty . S T T S L - RS
ALY AT Y AT T 7 AT A2 9
e

.
SN SRV N N S AR AN SRS UERVC I S P
Y s N s A A A Ve s
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Penetration Scenario Y
=+—P0 EOQ LO SO
—+—P1E0 LO SO
~e=P2 E0 LO SO

P3 EO LO SO
=—g=P4 EO0 LO SO
—+—P5E0LOSO
—e—P6 E0 LD SO

Penetration Stenario ¥
=o=P0 EO0 L0 50
=+—=P1EQLO SO
—+—P2 E0 LO SO

P3EO LO SO
—e—PA4 ED LO S0
=—e—P5 E0 LO SO
=—e—P6 E0 LO 50

Valtage B [pu]
1.05
1.04
1.03
1.02
1.01

1
0.99
0.38
0.57
0.96

0.95

Bus ¥

Voltage B [pu]
105
104
103
1.02
101

1
0.99
0.98
0.97
0.96

0.95

Bus Y

S N

v N
SEWAEW AN 4

Vs

. P
RN I

P
-

P

o

Penetration Seenario. ¥
=$—=P0 EO LO SO
=e—P1E0LO SO

P2EO0 LO SO
P3EOLO SO
—e—PA ED LD 50
=—e—P5 E0 LO SO
=—e—P6 E0 LO SO

Penetration Scenario <Y
—e—P0EQ LO SO
—e—P1E0 LOSO

P2E0 LO SO
PIE0 LO SO
—e—PAE0 LOSD
—e—P5E0 LO SO
—e—PBED L0 SO
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b) Extreme case with consumer load at 10% of the max.

0 Legl(PhaseAtoC) Leg 1 (Phase Ato C)

Voltage A [pu] Voltage B [pu] Voltage C [pu] Voltage A [pu] ' Voltage B [pu] Voltage C [pu]
1.05 105
104 1.04
103 103
102 m— m T 102 e e e
Penetration Scenario Y Penetration Scenario X
101 p 01 .
=e=Vaoltage A [pu] - P5 E0 L0 SO Lor g —t—t—e  —e—Voltage A [pu] - P5 EOLO SO
1 < == ge A [pu] - P6 EOLOSO 1 - —e—Voltage A [pu] - P6 E0 L0 SO
~Voitage B [pu] - P5 E0 L0 S0 Voltage B [pu] - PS5 EO LO S0
0.99 S ! 0.99 oftage ® [po]
Voltage B [pu] - P6 EO L0 SO Voltage B [pu] - P6 E0 LO SO
0.98 =—e—Voltage C [pu] - P5 EQ LO S0 0.98 —e—Voltage C[pu] - PS E0 LO SO
097 —e—Voltage C [pu] - P6 E0 L0 SO 087 —s—Voltage C[pu] - P6 E0 L0 S0
0.96 0.96
0.95 0.95
0 1 11 111 12 121 13 131 14 141
- - = = = - - - RN S LN S A AR S YL S g
vrovr Vs s [ Al Al
Bus Y Bus Y

3. Undervoltage check
e To check the worst undervoltage — consider the max. consumer load with the lowest PV
utilisation factor of 20%.
o The PV only DERs penetration scenarios were considered; and a more onerous scenario
with only the power sinking DERs was tested.
e No undervoltages (<0.87pu) were observed in this feeder under all the scenarios
considered.

c) Max. consumer load with 20% PV utilisation factor

0 Leg 1l (PhaseAtoC)

Voltage A [pu] Veltage B [pul
1.01 1.01
g
0.99 - 0.99
037 0.97
Penetration Scenario X Penetration Scenario B,
0.95 —e—POEO L0 SO 095 —e—P0 EO LO SO
—e—P1EQ L0 50 —e=P1E0 L0 50
0.93 0.93
P2EDLO S0 —s—P2 E0 LO S0
0.91 PIE0LOSO 0.1 P3EQLO SO
——P4E0L0S0 —e—P4E0LOSO
0.89 ——P5E0LOSO 0.89 ——P5E0 L0 S0
——PBEOLO SO —e—PG EO LO S0
0.7 mm = ———————————————— —— (.87 = m ————————————————————
0.85 0.85
0 1011 111 12 121 13 131 14 141 0 1011 111 12 121 13 131 14 141
sus Y Bus Y
Voltage C [pu]
1.01
0.99
0.97
Penetration Scenario Y
033 —e—POEO LO SO
—e—P1E0L0SO
0.93
——P2 E0 L0 50
091 P3E0LOSO
——P4E0 L0 SO
0.89 ——P5E0 1050
——PGEDLOSO
08 —m— —— — — e m — ——————— — — — —
0.85
0 1011 111 12 121 13 131 14 141
Bus Y
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0 Leg 2 (Phase Ato C)

Voltage A [pu] Voltage B [pu}
1.01 1.01
e, e
0.99 0.99 ) s
0.97 0.97
Penetration Scenario T Penetration Scenario Y
035 —e—POEQLO SO 095 —e—POEQ LO S0
—+—P1E0 LO S0 —s—P1E0 LO 50
0.33 0.33
P2 EO LO SO P2EQ LD 50
091 P3E0LD SO 0.91 P3 EQ LO S0
—e—P4 E0 LO SO —e—P4E0 LD S0
0.89 —+—P5 E0 L0 50 0.89 —e—P5E0 LO SO
—e—PG E0 LO SO —e—P6E0 LO SO
0.87 i ot | |- 1Y: 7 J " S S S S S RS S S I S S AU Y S
0.85 0.85
" QN aY v ~ ™ \
O VAT N N AT AT g a2 o oV a2 A ~,’? o ¥ A7 N YA A A o o 8?00 ~V(3 o o
VoA N s NS S A RIS WAL WAL, LW AW AR LW
Bus ¥ Bus T
Voltage C [pu]
1.01
0.39
0.97
Penetration Scenario Y.
0.95 —e—POEO0 LO SO
——P1E0 L0 50
0.93
P2 EO LO SO
091 PIEO LD SO
—e—P4 E0 LO SO
0.89 =e—P5E0 LO 50
—e—PG ED LO SO
087 = = - -
0.85
o N > VN » ™ N
A2 T VAT A V2 o P A Y a2 G Y
WA LW AW WAL ;oA
Bus ¥
Voltage A [pu] Voltage B [pu] Voltage C [pu] Voltage A [pu] Voltage B [pu] Voltage C [pu]
1.01 101
DU S M e e——
0.99 0.99
097 0.97
095 Penetration Scenario Y 095 Penetration Scenario Y
Values Values
093 —e—P0E3 L1 50 - Voltage A [pu] 0.93 —e—POE3 L1 50 - Voltage A [pu]
~—P0 E3 L1 SO - Valtage B [pu] —s—POE3 L1 50 - VoltageB [pu]
091 . 0.91 .
PO E3 L1 SO - Voltage € [pu] POE3 L1 50 - Voltage € [pu]
0.89 0.89
087 087 e
0.5 0.85
0 1 11 131 12 121 13 131 14 141 o N A N o wj’ A A mqf o> Y AP ,L? "’j; & oY
4 7 LW ;e N Vo
Bus Y Bus Y

4. Voltage fluctuations

e The potential voltage fluctuation range is predicted by checking the voltages at the
distribution legs from low PV utilisation factor (0.2) to high PV utilisation factor (0.8).

e The onerous fluctuation would occur should the cloud cover vary the PV factor from 0.2 to
0.8, or vice-versa, under the highest PV penetration scenario. Cloud cover reducing the
PV output to zero is not considered here.

e Based on the voltage plots for both the distribution legs — the voltage fluctuation range for
any particular point is not more than 0.05 pu (or 5%) within the criteria in IEC/TR 61000-3-
7:2008 of 3-5%.

e) Potential voltage fluctuations

JA4679-4-1 B-12



0 Leg 1l (PhaseAtoC) Leg 2 (Phase Ato C)

Voltage A[pul-08 Voltage A [pu]-0.2 Voltage B [pu]08 Voltage B [pul0.2 Voltage C [pul-0& Voltage C [pul0.2 Voltage A [pu] 0.8 Voltage A [pul-0.2 Voltage B [pul0.8 ' Voltage B [pul-0.2 Voltage C [pu]03 Voltage C [pul-0.2
Lo 1.08
Values
Loy Values 1.07 Penetration Scenario Y
Penetration Scenario Y

—+—Voltage A [pu]-0.8 - PS5 EO LO SO

106 === \foltage A [pu]-0.8 - P5 E0 LO SO 1.06
mem=Voltage A [pu]-0.8 - P6 EO LO SO
1.05 —s— Voltage A [pul-0.8 - P6 E0 LO SO 1.05
s —e—Voltage A [pul-0.2 - P5 EO L0 S0
—e—Voltage A [pul-0.2 - P5 EO L0 SO
Loa 1.04 Voltage A [pul-0.2 - P6 E0 LO SO
-~ Violtage A [pul-0.2 - P6 E0 L0 SO
103 —e=Voltage B [pu]-0.8 - PS EO0 L0 SO
- —e=Voltage B [pu]-0.8 - P5 E0 L0 S0 1.03
—e—Voltage B [pu]-0.8 - P6 E0 L0 SO
102 —e—Valtage B [pu]-0.8 - P6 E0 L0 50 102
. =e—Voltage B [pu]-0.2 - PS E0 LO SO
—e—Voltage B [pu]-0.2 - P5 E0 L0 50
101 101 —+—Voltage B [pu]-0.2 - P6 E0 L0 SO
—e—Voltage B [pu]-0.2 - P6 E0 L0 SO
l—o—lﬂ n—% =e=Voltage C [pu]-0.8 - P5 EO L0 SO
1 —s— Voltage C [pul-0.8 - P5 £ L0 S0 1
—e—Voltage C [pul-0.8 - PG E0 L0 S0
—e—\Voltage C [pu]-0.8 - P6 E0 L0 50
0.8 g2 Clou] 0.9% —e—Voltage C [pu]-0.2 - PS E0 L0 SO
——Voltage C [pu]-0.2 - PS E0 LD SO
0.98 0.98 —e—Voltage C [pu]-0.2 - P6 ED L0 SO
. : : : —e—Voltage C [pu]-0.2 - P6 E0 LD SO
0 1011 111 12 1321 13 131 14 141 RIS S it IR PP I N, Sy
AL As LW AW NS Al AS W W
Bus Y Bus ¥

5. Voltage unbalance
e For max. consumer load - the highest voltage unbalance factor of 0.14% is observed
under penetration scenario P2EOL0S4.
e For min. consumer load - the highest voltage unbalance factor of 0.29% is observed
under penetration scenario P6EOL0S4.
e The continuous voltage unbalance factor limit is 2% hence, the unbalance factor for this
feeder is within the limit.

Max. Vneg/Vpos (%) observed

Peak demand Minimum
case demand case

AP351B 2034 0.14% 0.29% 0.11% 0.03%
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FEEDER AP344D - 15 (OLD OVERHEAD)

1. Details
® Port Adelaide — Alberton 7.6 kV feeder
® 7600/455 V 150 kVA transformer (pole mounted)
e Comprised of the following overhead conductor:
- 714.75AAC (378 m/23.4%)
- 713.75AAC (653 m/40.5%)
- 0.1Cu (581 m/36%)
® Has one meter point to two distribution legs:
Leg1—-353m
Leg2 -394 m
® 46 customers
® Feeder phase balance (as per load data)
- Phase A=34.1% Phase B =42.3% Phase C =22.7%
® Distribution of customers across feeder:
Legl&?2
Customers in % 100 %
Customers 46
3-Phase Customers | 14
1-Phase Customers | 32
1-Phase A 11
1-Phase B 14
1-Phase C 7
® Max. consumer load assumed = 97.3 kVA (obtained from actual data)
Legl&?2
[KVA / customer]
3-Phase Customers | 2.11
1-Phase A 2.11
1-Phase B 2.30
1-Phase C 1.74
® Min. consumer load = 27.6 kVA (obtained from actual data assuming existing PV
utilisation factor of 80%)
Legl&?2
[KVA / customer]
3-Phase Customers | 0.60
1-Phase A 0.60
1-Phase B 0.26
1-Phase C 0.20
e Existing PV penetration = 25.27 % or 37.9 kW rated, i.e. 15 customers (assuming a 2.5
kW inverter size)
e Existing customers with controllable load = 11 (24 %)
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2. Overvoltage check

e To check the worst overvoltage — consider the min. consumer load with the highest PV
utilisation factor of 80% for the PV only DERs penetration scenarios. The PV only DERs
penetration scenarios are most onerous to overvoltage issues.

¢ Due to the higher LV rating of the transformer of 445 V, the overvoltage limit for this feeder
is 0.98 pu if converted to a nominal of 400 V. Hence, the voltages on this feeder are
observed to be above the limit regardless of the PV penetration levels.

a) Min. consumer load with 80% PV utilisation factor

0 Leg 1l (PhaseAtoC)

Voltage A [pu] Voltage B [pu]
1.05 1.05
1.04 1.04
103 1.03
102 Penetration Scenario § 102 Penetration Scenario <
——POEOLOSO —+=POEDLO SO
Lot o P1EO L0 SO 101 —e=P1EDLO SO
=%
1 | e i e et bt s | o P2E0LO SO 1 o —e—P2E0 L0 SO
LEE] P3E0LO SO 0.99 : : P3E0LOSO
0.98 —+—PAEOLOSO 0.98 —e—P4E0 LO SO
1 X700 R A A S A 5 A W A —e=PSE0L0S0 S 1 o A A A —+—P5ED L0 SO
——PBEOLOSO —e—PBEDLO SO
0.96 0.96
095 0.95
S N AN B A AN AN N A N A N
N oW G W oA, AT T s o QN/'\ m”xw%”-fﬂv\’\'b\,/’\q’q,\’w?qﬂ’gm
NN N 7N N N Ne NS NS N NN N NS
Bus ¥ Bus Y.
Voltage C [pu]
1.05
1.04
1.03
102 Penetration Scenario <Y
W ~e=POEOLOSO
101 —+—P1E0LOSO
1 g - —e=P2 EO L0 SO
0.99 PIE0LOSO
0.98 ——P4E0 L0 SO
097 e it L L L ——P5SE0LOSO
== PG E0 LO SO
0.96
095
@ N AN NS AL N O A
o A A W2 e W Y DAY o o .
N~ NSNS NS N NN L2
Bus Y
Voltage A [pu] Voltage B [pu]
1.05 1.05
104 104
103 1.03

Loz Penetration Scenario < Lo Penetration Scenario -
=e=POEO LO 50 —e—P0EO LO SO
101 1.01 epavese e

ooy ~—o=P1lE0LOSO =—e—PLlEO0LO SO

1 e e st e —+—P2E01050 ! { T e P2E0LOS0
099 P3E0 L0 50 0.99 NN P3EOLD SO
0.98 —e—P4E0LO SO 0.98 —e—P4E0LOSO
0.97 ittt el e el e L —e=PSE0LOSO 097 b L LU L L ) —e—P5E0LOSO

—e—PGEOLO SO —e—PGEQLO SO
0.96 0.96
0.95 0.95
O ST T N YT MY TN TN oy L R R T A e e S = T
RN I T T Y I S S S IR I A= N T N T T e B B R U I ==
L N N N N NP AUPS L T |
ol e o
Bus -T Bus ¥
Veltage C [pu]
105
104
103
Penetration Scenario
102 X,
o= PO EC LO SO
o1 e gy —PLEDLOSO

1 o s s —s—P2EDLOSO
0.99 PIEOLOSO
bss ——P4E0LO SO
ooy Wt L b —+—PSE0 L0 SO

—e—PGEDLO SO

0.96
0.95

oM N T NN TM N T e oo m Ao ooy

P e I R

w ol ol e e el ol e T

ol o

Bus Y
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Undervoltage check

To check the worst undervoltage — consider the max. consumer load with the lowest PV
utilisation factor of 20%.
The PV only DERs penetration scenarios were considered; and a more onerous scenario

with only the power sinking DERs was tested.

No undervoltages (<0.83pu) were observed in this feeder.

b) Max. consumer load with 20% PV utilisation factor

0 Leg 1l (PhaseAtoC)

Voltage A [pu] Voltage B [pu]
101 1.01
0.99 099
0.97 ﬁ_ﬁ_v__ﬂ\——\_\*\_‘_. -
0.95 =

Penetration Stenario JF 0.9
0.93 —e—POEO L0 SO 093
3
a1 ~—e=P1E0 L0 SO oan
P2EO LO SO
083 P3EOLD SO 0.89
0.87 —+—P4E0 L0 S0 087
o
083 ——P5E0 L0 S0 05
—+—P6E0LO SO
YT J L I A 083
0.1 081
S SR G N A IR A M MV IR A e °
NS N N NG N NSNS ¥
Bus Y Bus Y
Voltage C [pu]
1.01
0.99 e=—o—t—e—o—s
097
0395
Penetration Scenario Y
093 —+—POED LO SO
3
ot —e—PLEO L0 SO
—+—P2E0 L0 SO
089 PZEQ LO S0
0.87 ——P4E0 L0 SO
P
0.5 ——P5E0L0 SO
——PGED L0 SO
7% Y 2 O A O I o e
0.1
A
R SR SR AN ST M A I A M i
NS oNg NE e NG N NG N N

Bus Y.

Voltage A [pu] Voltage B [pu]
101 101
0.99 \. 0.99

o Maaaasacst e s SR
0.97 Mww‘o-ww’u 097
0.95 0.95
Penetration Scenario. Y.
0.93 —s—POED L0 SO 0.93
—+—P1E0LO SO
0.91 0.91
—— P2 EQ L0 50
0.89 P2 E0 L0 S0 085
0.87 ——P4E0LOSO 0.87
—+—P5E0 L0 S0
0.85 0.35
——DPBEDLO SO
0.83 dmtm b L L LU L L 0.83
0.81 0.81
S T Y NN Y MO T TG @ ey
AT AT TR A Ng a3
| | [l [ (NIPY ==
N N N R S o N N N SN L
al e

Bus ¥ Bus ¥

Voltage C [pu
1.01

\
0.99 ¥ e
0.97
0.95
Penetration Scenario <Y
0.93 —e—POEO L0 SO
—+—PLE0 L0 SO
0.91
~—P2EO LO SO
0.85 P3EO L0 SO
0.87 —e—PAE0LO SO
—e—P5E0L0 SO
0.85
——P5E0LO SO
083 ittt el L L L L L L
0.81
AR A R =R )
B B e S I T e
o e e PR RN N
&l
Bus ¥
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Penetration Scenario ~¥
—e—POEO0 L0 SO
—e=P1EO L0 S0
—e—P2E0 LO SO

P3EOLO SO
—+—P4E0 L0 SO
—e—P5E0 L0 SO

=—e— PG E0 LO 50

RAA A

N Penetration Scenario 1Y

=g P0 EO LO SO
=#=PLEOLO SO
—+—P2EQ LO SO

P3EOLO SO
—e— P4 EQ LO SO
=—8—P5EQLO SO
=—e—P6EQ LO SO

MY ®OTTA g ® N gy

NN A N R B - R

ol e ol e ol el aled T e
Al
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c) Max. consumer load with power sinking DERs

o0 Legl(PhaseAtoC) Leg 2 (Phase Ato C)
ettt e ettt r E:“"*—*—*—*‘HH—--—HH.._.-.__H

_\—\ﬂ . s T e Benetitin Scenarhs T
- o

4. Voltage fluctuations

e The potential voltage fluctuation range is predicted by checking the voltages at the
distribution legs from low PV utilisation factor (0.2) to high PV utilisation factor (0.8).

e The onerous fluctuation would occur should the cloud cover vary the PV utilisation factor
from 0.2 to 0.8, or vice-versa, under the highest PV penetration scenario. Cloud cover
reducing the PV output to zero is not considered here. Based on the solar profile provided
by SAPN the periods with high solar intensity coincides with the low load periods of the
day (12-2PM).

e From the voltage plots for both the distribution legs — the voltage fluctuation range for any
particular point is not more than 0.05 pu (or 5%) within the criteria in IEC/TR 61000-3-
7:2008 of 3-5%.

d) Potential voltage fluctuations

Voltage A[pu] 03 Voltage A [pu]-0.2 Voitage B [pul-08 | Voltage B [pu] 0.2 Voltage C [pu]-08  Voltage C [pul0.2 TR (T (T T (e (T
1.08 108
1.07 107
1.06 Values 1.06 Values
o5 Penetration Scenario Y Penetration Scenario b 4
== Voltage A [pu]-0.8 - P5 E0 L0 SO 105 ——Voltage A [pu]-0.8- PS E0 L0 S0
104 =e=Voitage A [pul-0.8 - P6 E0 L0 S0 104 —e—Voltage A [pu]-0.8 - P6 E0 L0 SO
103 —e—Voltage A [pul-0.2- P5 E0 LO SO 103 Voltage A [pul-0.2- P5 E0 L0 S0
- Voltage A [pul-0.2- PG EQ L0 SO 1o Voltage A [pul-0.2- P6 EO L0 SO
—e—Voltage B [pu]-0.8 - P5 EO LO SO —e—Voltage B [pu]-0.8 - P5 EO L0 SO
1.01 N -
—e—Voltage B [pu]-0.8 - P6 EO L0 S0 101 —e—Voitage B [pu]-0.8 - P6 EO L0 50
1 —s—Voltage B [pu]-0.2 - PS E0 L0 SO 1 e —ﬁ‘l - l ge B [pu]-0.2 - P5 EO LO SO
0.9 ==e=Voltage B [pu]-0.2 - P6 EO LO SO 099 —a—Voltage B [pu]-0.2 - P6 EO LO SO
oss o= Vo0ltage C [pul-0.8 - P5 EO L0 SO —e—Voltage C [pu]-0.8 - P5 EO L0 SO
3 N 0.98
—e=Voltage C [pul-0.8 - P6 EO L0 SO —e—Voltage C [pul-0.8 - P E0 L0 SO
0.97 —e—Voltage C [pu}-0.2 - P5 E0 L0 S0 097 —e=Voltage C [pu}-0.2 - P5 EO L0 S0
0.96 —e—Voltage C [pul-0.2 - P6 E0 L0 SO 096 —+—Voltage C [pul-0.2 - P6 EO L0 SO
0.95 0.95
O NN TN M SN TGN SO NN NN D NG T
DEOORANERTIIOR 2SN IANEE 58938 R Y R A Y MR M M A A M i
o e A TRt o A B e e U WA VYA VAZ AT VA ST AN VAT AT AT P S
Bus Y Bus Y

5. Voltage unbalance
e For max. consumer load - the highest voltage unbalance factor of 1.44% is observed
under penetration scenario POE1L0S2.
e For min. consumer load - the highest voltage unbalance factor of 0.94% is observed
under penetration scenario POE1L0S2.
¢ The continuous voltage unbalance factor limit is 2%, hence, the unbalance factor for this
feeder under the max. consumer load has not exceeded the limit.

Max. Vneg/Vpos (%) observed

Peak demand Minimum
case demand case

AP344D 15 1.44% 0.94% 1.28% 0.29%
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FEEDER SM126A - 159 (NEW OVERHEAD)

1. Details
e Blackwood — Glenalta 11 kV feeder
e 11000/433 V 50 kVA transformer
e Comprised of the following overhead conductor and underground cable:
- XLPE AL 150 mm? (191 m/ 35.7%)
- 4x95ABC (344 m/ 64.4%)
® Has one meter point to two distribution legs:
Leg1—-158 m
Leg2-191m
® 7 customers
® Feeder phase balance (as per load data)
- Phase A =40.6% Phase B = 1.4% Phase C = 58%
e Distribution of customers across feeder:
Legl&?2
Customers in % 100 %
Customers 7
3-Phase Customers | 2
1-Phase Customers | 5
1-Phase A 2
1-Phase B 0
1-Phase C 3
® Max. consumer load assumed = 11.6 kVA (obtained from actual data)
Legl&?2
[KVA [ customer]
3-Phase Customers | 1.66
1-Phase A 1.80
1-Phase B 0
1-Phase C 1.88
¢ Min. consumer load = 0 kVA (obtained from actual data assuming existing PV utilisation
factor of 80%)
Legl&?2
[KVA / customer]
3-Phase Customers | 0
1-Phase A 0
1-Phase B 0
1-Phase C 0
e Existing PV penetration = 20.94 % or 10.5 kW rated, i.e. 4 customers (assuming a 2.5 kW
inverter size)
e Existing customers with controllable load =5 (71 %)

JA4679-4-1 B-18



2. Overvoltage check

Voltage A [pu]

Bus ~

)

1.05
1.04
1.03
1.02
1.01

1
0.99
0.98
0.97
0.96

0.95

Voitage C [pu]

1.05

1.04

1.03

1.02

1.01

0.95

0.98

097

0.96

0.95

e To check the worst overvoltage — consider the min. consumer load with the highest PV
utilisation factor of 80% for the PV only DERs penetration scenarios. The PV only DERs
penetration scenarios are most onerous to overvoltage issues.

¢ No overvoltages (>1.02 pu) were observed in this feeder.

a) Min. consumer load with 80% PV utilisation factor

0 Legl&2(Phase AtoC)

Voltage B [pu]
1.05
104
1.03
Penetration Scenario 7Y Penetration Scenario +F
———————————————————————— 102 - o - - - - - - - - - -
—e—POEOLO SO —e=P0 EO L0 SO
—+—PLE0 L0 SO 101 —+—PLE0LOSO
e,
——y P2ED LO SO 1 e — P2ED L0 SO
—
P3EO LD SO 099 PZE0LOSO
——P4E0 L0 SO 0.98 —e—PaE0LO SO
—e=PSE0 L0 SO ——P5E0L0S0
097
——PGE0 LD SO —e—DPGE0LO SO
0.96
0.95
° NN PN SN JE L I S 4 S Ny IR AN SR SO SRR, S
\.\.\./":”7'\,/&\.%'» LA '\,/’\/\./’bawb 9 bR P, P4
NG 'v N NS L%
Bus v
Penetration Scenario <Y
________________________ 2001050
~ —e=P1E0 L0 SO
~_ —— e P2EO L0 SO
i
P3E0 L0 SO

=—e—P4E0 LO SO
=—e—P5E0 L0 SO
=—e—PGEQLO SO

EEEG I S P A SRt ST SR ¥
RN N L SN BTN B 7

3. Undervoltage check

Valtage A [pu]

Bus +

Voltage C [pu]

Bus v

1.01

0.99

0.97

0.95

0.93

0.91

0.89

0.87

0.85

e To check the worst undervoltage — consider the max. consumer load with the lowest PV
utilisation factor of 20%.

o The PV only DERs penetration scenarios were considered; and a more onerous scenario
with only the power sinking DERs was tested.

e No undervoltages (<0.87pu) were observed in this feeder under all the scenarios
considered.

b) Max. consumer load with 20% PV utilisation factor

0 Leg1l&2(PhaseAtoC)

Voltage B [pu]
.01
— == 0.99
Penetration Scenario Y 0.97 Penetration Scenario Y
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___________________ PG EO LO SO Y - 3 M N S G P S O S (S M s S P6E0LO SO
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c) Max. consumer load with power sinking DERs

0 Legl&2(PhaseAtoC)

Valtage A [pu] Voltage B [pu] Votage C [pu]

Se————— e —_——

Penetration Scenario x
Values

0.95 ——DPOEZ L1 50 - Voltage A [pu]
—a—POE3 L1 50 - VoltageB [pu]

—+—POE3 L1 50 - VoltageC [pu]

0 1 1112 1313113214141151511616121 22

4. Voltage fluctuations

e The potential voltage fluctuation range is predicted by checking the step change in
voltages from low PV utilisation factor (20%) to high PV utilisation factor (80%).

¢ The most onerous fluctuation would occur under the PV only DERs penetration scenarios.
Based on the solar profile provided by SAPN the periods with high PV utilisation coincides
with the min. load periods of the day (12-2PM). Hence, for this assessment a network with
min. load is considered.

¢ From the voltage plots — the voltage fluctuation range for any particular point is not more
than 0.05 pu (or 5%) within the criteria in IEC/TR 61000-3-7:2008 of 3-5%.

d) Potential voltage fluctuations

0 Legl&2(PhaseAtoC)

Voltage A [pu]-0.8 Voltage A [pu]0.2 Voltage B [pul-0.8 Voltage B [pu]0.2 Voltage C [pu]-0.8 Voltage C[pu]-0.2

1.08

Values
Penetration Scenario 'Y.

=—g==Y/0ltage A [pu]-0.8 - P5 EO LO S0
=e==\/oltage A [pu]-0.8 - P6 EO LO 50

1.06

—s—Voltage A [pu]-0.2 - P5 EO LO S0
104 Voltage A [pu]-0.2 - P6 E0 LOSO
—g=="/0ltage B [pu]-0.8 - PS5 EO LO SO
1.02 —e—Yoltage B [pu]-0.8 - P6 EO LO S0
—e—Voltage B [pu]-0.2 - P5 EO LO 50

—a—"/0ltage B [pu]-0.2 - P6 EO LO SO

—g="/0ltage C [pu]-0.8 - P5 EO LO SO
—a—"/0ltage C [pul-0.8 - PG EO LO SO
0.98 —e—Voltage C [pu]-0.2 - P5 EO0 L0 S0

Bus

5. Voltage unbalance
e For max. consumer load - the highest voltage unbalance factor of 0.89% is observed
under penetration scenario POE2L1S2.
e For min. consumer load - the highest voltage unbalance factor of 0.79% is observed
under penetration scenario POE1L0S2.
¢ The continuous voltage unbalance factor limit is 2% hence; the unbalance factor for this
feeder is within the limit.

Max. Vneg/Vpos (%) observed

Peak demand Minimum
case demand case

SM126A 159 0.89% 0.79% 0.40% 0.00%
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FEEDER EL13 - 57 (NEW OVERHEAD)

1. Details
e Elizabeth Downs — Anderson Walk 11 kV feeder
e 11000/433 V 200 kVA transformer

e Comprised of the following overhead conductor:
- 71475 AAC (528 m / 30.7%)
- 7/3.75AAC (589 m/ 34.2%)
- 712.75AAC (604 m/35.1%)

® Has one metering point to two distribution legs:
Leg1-133m
Leg2-860m

® 49 customers

® Feeder phase balance (as per load data)
- Phase A=37.7% Phase B = 32.7% Phase C = 29.7%

® Distribution of customers across feeder:
Legl&?2
Customersin % 100 %
Customers 49

3-Phase Customers | 15

1-Phase Customers | 34

1-Phase A 13
1-Phase B 11
1-Phase C 10

® Max. consumer load assumed = 112.9 kVA (obtained from actual data)

Legl&?2
[KVA / customer]
3-Phase Customers | 2.30
1-Phase A 2.38
1-Phase B 2.30
1-Phase C 2.20

e Min. consumer load = 18.3 kVA (obtained from actual data assuming existing PV
utilisation factor of 80%)

Legl&?2
[KVA [ customer]
3-Phase Customers | 0.37
1-Phase A 0.39
1-Phase B 0.37
1-Phase C 0.36

e Existing PV penetration = 5.94 % or 11.9 kW rated, i.e. 5 customers (assuming a 2.5 kW
inverter size)

e Existing customers with controllable load = 49 (100 %)
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2. Overvoltage check

e To check the worst overvoltage — consider the min. consumer load with the highest PV
utilisation factor of 80% for the PV only DERs penetration scenarios. The PV only DERs

penetration scenarios are most onerous to overvoltage issues.
¢ Overvoltages (>1.02 pu) were observed in Phase A and C of Leg 2.

e Highest overvoltages observed:

Leg 2 — Phase A: 1.022 pu (P6EOLOSO)
Phase C: 1.023 pu (P6EOLOSO0)

o0 InLeg 2, the Phase A boundary penetration scenario before overvoltages occur is P4.
Either the controllable loads (L1) or storage (S2) could be switched on to increase PV
penetration to P5 and P6 while maintaining the voltage limit. For the case where only

storage loads are switched on the voltages are only marginally within the limit.

o In Leg 2, the Phase C boundary penetration scenario before overvoltages occur is
P4. Either the controllable loads (L1) or storage (S2) could be switched on to increase

PV penetration to P5 and P6 while maintaining the voltage limit.

a) Min. consumer load with 80% PV utilisation factor

0 Legl(PhaseAtoC)

Voltage A [pu]
1.05
1.04
1.03
Penetration Scenario +T
L e e e i i
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0.93 P3EO0 L0 S0
——P.
0.98 4 E0 LO SO
—+—P5ED LO 50
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0.96
0.95
I T T R P s T TP I VL I R
257 o oW 9G ¢ @
ARG AN TN S N RSN
Bus W
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0.98 4 E0 LO SO
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0.95
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T T I O T TR A Y NN R
AN (IDGIPE R = R - ARSI
ol e ol e LAY BB DYDY BN
Al el ol ol al ol dl sl o sl o
Bus ¥

JA4679-4-1

Voltage B [pu]
1.05
1.04
1.03
Penetration Scenario <Y
102 e e
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Voltage C [pu]

1.05
1.04
1.03
Penetration Scenario ¥
102 —e—POEOD L0 SO
1.01 ——P1E0LOSO
1 —e=P2 ED L0 SO
0.99 P3ED L0 SO
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0.96
0.95
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0 Leg 2 (Phase A) with CL and ST to control overvoltages

Voltage A [pu] Voltage C[pu]
1.05 1.05
104 1.04
1.03 1.03
1.02 Penetration Scenaria ¥ 1.02 Penetration Scenario Y
=e=P5 E0 L0 SO —e—P5E0 L0 SO
1.01 1.01
—e—PS5E0 L0 S2 —e—P5E0 L0 S2
1 1
PSED L1 S0 —e—P5 E0 L1 50
0.99 0.99
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0.98 —e—PGED LD S2 0.98 ——PGE0 L0 S2
0.97 —+—PGED L1 SO 0.97 —e—P6ED L1550
0.96 0.96
0.95 0.95
L I N R T i B B B B O
R B T I R AR G G s TAhT b d T A AL d s
AN A R B e MR N Al el al o N D A B B BTN A A I
ol e U D I NI I I IR B Tl I B L N N N N NN
Bus Y. Bus Y.

3. Undervoltage check
e To check the worst undervoltage — consider the max. consumer load with the lowest PV
utilisation factor of 20%.
e The PV only DERs penetration scenarios were considered; and a more onerous scenario
with only the power sinking DERs was tested.
¢ No undervoltages (<0.87pu) were observed in this feeder.

b) Max. consumer load with 20% PV utilisation factor
0 Leg 1l (PhaseAtoC)

Voltage A [pu] Voltage B [pu]
1.01 1.01
0.99 .\- - e 0.3 R
0.97 Penetration Scenario ~¥ 0.57 Penetration Scenario JF
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0 Leg 2 (Phase AtoC)

Voltage A [pu] Woltage B [pu]
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4. Voltage fluctuations

e The potential voltage fluctuation range is predicted by checking the step change in
voltages from low PV utilisation factor (20%) to high PV utilisation factor (80%).

o The most onerous fluctuation would occur under the PV only DERs penetration scenarios.
Based on the solar profile provided by SAPN the periods with high PV utilisation coincides
with the min. load periods of the day (12-2PM). Hence, for this assessment a network with
min. load is considered.

e From the voltage plots — the voltage fluctuation range for any particular point is not more
than 0.05 pu (or 5%) within the criteria in IEC/TR 61000-3-7:2008 of 3-5%.

a) Potential voltage fluctuations
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0 Leg 1l (PhaseAtoC) Leg 2 (Phase Ato C)

Voltage A [pu]-0.8 Voltage A [pu]-0.2 Voltage B [pu]0.8 Voltage B [pu]0.2 Voltage C [pu]0.8 Voltage C [pu]-0.2 Voltage A [pul-0.8 Voltage A [pu]-0.2 Voltage B [pul-0.8 Voltage B [pu]-0.2 Voltage C [pul0.8 Voltage C [pu]-0.2
108 Values 108 Values
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Loe o= \loltage A [pu]-0.2 - P6 EO LO SO Lo o=Voltage A [pu]-0.2 - B6 ED L0 50
—e—Voltage B [pul-0.8 - PS E0 L0 SO —e—\Voltage B [pu] 0.8 - P5 E0 L0 50
—s—Voltage B [pu]-0.8 - P6 E0 L0 SO —e—Voltage B [pu] 0.8 - P6 E0 L0 50
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S e TS N IOV T S R S S T O S I e R Rt e}
SOOI M T N EE PANNESS
Bus T Bus ¥

5. Voltage unbalance
e For max. consumer load - the highest voltage unbalance factor of 1.12% is observed
under penetration scenario P2E3L1S4.
e For min. consumer load - the highest voltage unbalance factor of 0.77% is observed
under penetration scenario P2E3L1S4.
e The continuous voltage unbalance factor limit is 2%, hence, the unbalance factor for this
feeder does not exceed the limit.

Max. Vneg/Vpos (%) observed

Peak demand Minimum
case demand case

EL13 57 1.12% 0.77% 0.46% 0.05%
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FEEDER HH177F - 253 (NEW OVERHEAD)

1. Details
® Ingle Farm — Montague Farm 11 kV feeder
e 11000/433 V 100 kVA transformer

e Comprised of the following overhead conductor and underground cable:
- XLPE AL 150 mm? (355 / 20.7%)
- 713.75AAC (468 m / 27.3%)
- 7/14Cu (243 m/14.2%)
- 0.06 Cu (646 m/37.7%)

® Has one meter point to two distribution legs:
Leg1—-546 m
Leg2-225m

® 43 customers

® Feeder phase balance (as per load data)
- Phase A =34.9% Phase B = 29.8% Phase C = 35.3%

® Distribution of customers across feeder:
Legl&?2
Customers in % 100 %
Customers 43

3-Phase Customers | 13

1-Phase Customers | 30

1-Phase A 10
1-Phase B 9
1-Phase C 11

® Max. consumer load assumed = 57.4 kVA (obtained from actual data)

Legl&?2
[KVA [ customer]
3-Phase Customers | 1.34
1-Phase A 1.42
1-Phase B 1.26
1-Phase C 1.32

e Min. consumer load = 11.5 kVA (obtained from actual data assuming existing PV
utilisation factor of 80%)

Legl&?2
[KVA [ customer]
3-Phase Customers | 0.27
1-Phase A 0.28
1-Phase B 0.25
1-Phase C 0.26

e Existing PV penetration = 33.62 % or 33.6 kW rated, i.e. 13 customers (assuming a 2.5
kW inverter size)

e Existing customers with controllable load = 11 (26 %)
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2. Overvoltage check
e To check the worst overvoltage — consider the min. consumer load with the highest PV
utilisation factor of 80% for the PV only DERs penetration scenarios. The PV only DERs
penetration scenarios are most onerous to overvoltage issues.
o Overvoltages (>1.02 pu) were observed in this feeder.
e Highest overvoltages observed:
Leg 1 — Phase A: 1.022 pu (P6EOLOSO)
Phase B: 1.030 pu (P5E0OLOSO0)
Phase C: 1.030 pu (P6EOLOSO)

0 InLeg 1, the Phase A overvoltages occur under the P6 penetration scenario. Either the
controllable loads (L1) or the storage loads (S2) could be switched on to resolve the
issues.

o In Leg 1, the Phase B boundary penetration scenario before overvoltages occur is P4.
The controllable loads (L1) could be switched on to increase PV penetration to P5 or
P6, while maintaining voltage. The storage loads (S2) is also sufficient to support P6;
but the storage loads (S2) alone is insufficient to support P5.

o InLeg 1, the Phase C boundary penetration scenario before overvoltages occur is P4.
The controllable loads (L1) or storage loads (S2) could be switched on to increase PV
penetration to P5 while maintaining voltage. However, both the controllable (L1) and
storage (S2) loads are required to support P6.

a) Min. consumer load with 80% PV utilisation factor

0 Legl&2(PhaseAtoC)

Voltage A [pu] Voltage B [pu]

1.05 105

104 1.04
Penetration Seenario X Penetration Scenario X
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0.9 Tt 7 | —+—PAEDL0SO .98
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0 Leg1l&2(Phase Ato C)with CL and ST to control overvoltages

Voltage A lpu] Veltage B [pu]

Penetration Scenario Y
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Voltage C [pu]

1.05

104

1.03

Penetration Scenario. Y/
=—e=P5 EQ LO SO

—+—P5E0 L0 52
—e—P5 EQ L1 50
6 E0 L0 SO

0.99

——D5E0L0S2
038 ——PEE0L1S0
097 —e—PGE0LIS2
0.96

Undervoltage check
e To check the worst undervoltage — consider the max. consumer load with the lowest PV
utilisation factor of 20%.
o The PV only DERs penetration scenarios were considered; and a more onerous scenario
with only the power sinking DERs was tested.
e No undervoltages (<0.87pu) were observed in this feeder under all the scenarios
considered.

b) Max. consumer load with 20% PV utilisation factor
0 Legl&2(PhaseAtoC)
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c) Max. consumer load with power sinking DERs

0 Legl&2(PhaseAtoC)

Voltage A pu] Voltage 8 [pu] Voltage C [pu]

Bu:

101
039
gy VO .

097 }
095 1 Values

Penetration Scenario E ¢
093 —eVoltage A [pu] - PO E3 L150

—e—Votage B [pu] - PO £3 150
091 N

~Voltage C [pu] - PO E3 L1 S0

0.89
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4. Voltage fluctuations

e The potential voltage fluctuation range is predicted by checking the step change in
voltages from low PV utilisation factor (20%) to high PV utilisation factor (80%).

¢ The most onerous fluctuation would occur under the PV only DERs penetration scenarios.
Based on the solar profile provided by SAPN the periods with high PV utilisation coincides
with the min. load periods of the day (12-2PM). Hence, for this assessment a network with
min. load is considered.

¢ From the voltage plots — the voltage fluctuation range for any particular point is not more
than 0.05 pu (or 5%) within the criteria in IEC/TR 61000-3-7:2008 of 3-5%.

d) Potential voltage fluctuations

0 Legl&2(Phase AtoC)

Vaoltage A [pu]-0.8 Yoltage A [pu]0.2 Voltage B [pu]-0.8 Voltage B [pu]0.2 Voltage C [pu]-0.8 Voltage C [pu]-0.2

1.08 Values
Penetration Scenario VY

—e—Voltage A [pu]-0.8 - PS EO LO 50

1.06

—s—Voltage A [pul-0.8 - PEEO LO 50
Voltage A [pul-0.2- PSEOLO 50
Voltage A [pul-0.2- PEEOLO 50

=—p="/0ltage B [pu]-0.8 -PSEQ LD SO

===\l tage B [pu]-0.8- PG EOLO SO
=—g='/0ltage B [pu]-0.2-PSEO LD SO

—e—Voltage B [pu]-0.2-PGEOLO S0

—e—Voltage C [pu]-0.8 - P5 EO LO SO
0.98 —e—Voltage C[pu]-0.8 - P6 EO LO SO
—e—\oltage C [pul-0.2 - P5 EO LO SO
0.96 —e—Voltage C [pul-0.2 - P6 EO LO SO

N ST A T
a A R R R
=L S U T )

12
1-5

Bus ¥

5. Voltage unbalance
e For max. consumer load - the highest voltage unbalance factor of 0.56% is observed
under penetration scenario P2E3L0S1.
e For min. consumer load - the highest voltage unbalance factor of 0.97% is observed
under penetration scenario P2E3L0S1.
e The continuous voltage unbalance factor limit is 2% hence; the unbalance factor for this
feeder under the min. consumer load does not exceed the limit.

Max. Vneg/Vpos (%) observed

Peak demand Minimum
case demand case

HH177F 253 0.56% 0.97% 0.28% 0.04%
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FEEDER EL14-TC54743 (OLD UNDERGROUND)

1. Details

Elizabeth Downs — JK Cable Elizabeth Downs 11 kV feeder

11000/433 V 300 kVA transformer
Comprised of the following underground cable:

- XLPE AL 150 mm?® OR 37/ 0.093 XLPE (218 m / 8.5%)
- XLPE AL 35 mm® OR 19/ 0.064 XLPE (79 m/ 3.1%)

- Cable PVC Cu 0.06 sq inch (955 m / 37.5%)
- Cable PVC Cu 0.0225 sq inch (1294 m / 83.5%)

Has three metering points to three distribution legs:
- Leg 1 - Pit East, Heath Court (575 m)
- Leg 2 — No. 4 Brixton (349 m)
- Leg 3 —No.14 Brixton (581 m)

48 customers

Feeder phase balance (as per load data)
- Leg 1: Phase A =46.8% Phase B = 22.2%
- Leg 2: Phase A = 37.6% Phase B = 33.2%
- Leg 3: Phase A =44.9% Phase B = 34%

Distribution of customers across feeder:

Phase C = 30.9%
Phase C =29.3%
Phase C =21.1%

Leg 1 Leg 2 Leg 3
Customers in % 39.6 % 33.3 % 271 %
Customers 19 16 13
3-Phase Customers | 6 5 4
1-Phase Customers | 13 11 9
1-Phase A 6 4 4
1-Phase B 3 4 3
1-Phase C 4 3 2
Max. consumer load assumed = 101 kVA (obtained from actual data)

Legl Leg 2 Leg 3

[KVA [ customer] [KVA [ customer] [KVA [ customer]
3-Phase Customers | 2.61 1.66 1.92
1-Phase A 2.99 1.80 217
1-Phase B 1.93 1.51 1.98
1-Phase C 2.53 1.67 1.35

Min. consumer load = 16.9 kVA (obtained from actual data assuming existing PV

utilisation factor of 80%)

Legl Leg 2 Leg 3
[KVA / customer] [KVA / customer] [KVA / customer]
3-Phase Customers | 0.44 0.28 0.32
1-Phase A 0.50 0.30 0.36
1-Phase B 0.32 0.25 0.33
1-Phase C 0.42 0.28 0.23

Existing PV penetration = 4.23 % or 12.7 kW rated, i.e 5 customers (assuming a 2.5 kW

inverter size)
Existing customers with controllable load = 48 (100 %)

JA4679-4-1
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2. Overvoltage check

IR
ROV N BN

e To check the worst overvoltage — consider the min. consumer load with the highest PV
utilisation factor of 80% for the PV only DERs penetration scenarios. The PV only DERs
penetration scenarios are most onerous to overvoltage issues.

o Overvoltages (>1.02 pu) were observed in Phase A and Phase C of distribution Leg 1,
Phase B of distribution Leg 2 and all phases of distribution Leg 3.

e Highest overvoltages observed:

Leg 1 — Phase A: 1.046 pu (P5EOLOSO)
Phase C: 1.048 pu (P6EOLOSO)
Leg 2 — Phase B: 1.071 pu (P6EOLOSO)
Leg 3 — Phase A: 1.029 pu (P5EOLOSO0)
Phase B: 1.054 pu (P6EOLOSO0)
Phase C: 1.020 pu (P6EOLOSO0)

o0 InLeg 1, the Phase A boundary penetration scenario before overvoltages occur is P3.
The controllable loads (L1) could be switched on to increase the penetration to P4, P5
or P6. The storage loads (S2) alone is insufficient to keep the voltage within limit.

o In Leg 1, the Phase C boundary penetration scenario before overvoltages occur is P3.
The controllable loads (L1) could be switched on to increase the penetration to P4 or
P5. The storage loads (S2) alone is insufficient to keep the voltage within limit.
Penetration level P6 cannot be achieved within the voltage limit even with both the
controllable loads (L1) and storage loads (S2) switched on.

o In Leg 2, the Phase B boundary penetration scenario before overvoltages occur is P2.
The controllable loads (L1) could be switched on to increase the penetration to P3, P4
or P5. The storage loads (S2) alone is insufficient to keep the voltage within limit.
Penetration level P6 cannot be achieved within the voltage limit even with both the
controllable loads (L1) and storage loads (S2) switched on.

o In Leg 3, the Phase A overvoltages occur under the P5 penetration scenario. The
controllable loads (L1) could be switched on to resolve the issues. Connecting the
storage loads (S2) alone is insufficient to keep the voltage within limit.

o In Leg 3, the Phase B boundary penetration scenario before overvoltages occur is P2.
The controllable loads (L1) could be switched on to increase the penetration to P3, P4,
P5 or P6. The storage loads (S2) alone is insufficient to keep the voltage within limit.

0 InLeg 3, the Phase C overvoltages occur under the P6 penetration scenario. Either the
controllable loads (L1) or storage loads could be switched on to resolve the issues.

a) Min. consumer load with 80% PV utilisation factor

0 Legl(PhaseAtoC)

Veltage B [pu]

T, vor Ml TR T 4
~+—POEO L0 S0 0 M POEO L0 SO
PLEOLOSO pekist e oo POO MO P1E0 L0 50

P2E0LO SO 1% & GG P2E0 LO 50

PIE0LO SO 0.99 P3E0 LO SO
—e—P4E0LOSO —e—P4 E0 L0 SO
oD EO LO 50 P5 E0 L0 SO

——D5E0L050 27 ——PGE0LO SO

I O O O S S N Y N S S SO M S M U 4 ST T S Y O S N - A S AT S VR M S A
R AR I A A A AR M A NSV N S S M M S AN
SRS A A A A YA v ¥, v SR A I bt

M EVEVEVES S ENVEN NSNS S e NONINININ TN, . VLNV S
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Voltage C [pu]

Penetration Scenario Y
—e—POED L0 SO
—e—P1E0 L0 SO

—e=—P2E0 LO SO

P3E0 LO SO
—e—P4 E0 LO SO
0.98
—e—PS5E0 L0 SO
087 —e—P6E0 L0 SO
0.96
0.95
Q \'}« '1/3 'L'b ‘\/? M bfl« ,\.’\« q’ﬂ«.&%‘@)‘ \\:";\‘w{?ﬂx“n\'?ﬁ’&w{‘n@w\o/ﬁw?\j’
NN N NN N N NN AT AT AT AT N

o0 Leg 1l (Phase A and C) - with CL and ST to control overvoltages

o 105
104 s
1.03 -

 Penetration Scenario. 2} 103
o —e—P4E0 LO SO 1.02

101

=—e==P4 E0 L0 SO

—+—P4E0 052 101 ——P4EOLOS2
—e—P4E0 150 1 —e=P4 E0 L1 50
0.99 ==P5 E0 L0 SO

PSEO0 LD SO
0.58

—e—P5E0 LD 52

098 —s—P5E0 LO S2
057 ——P5E0L150 ey P50 L1 50
096 SPREOLOSO 096 ——P6E0LOSO
——P6E0LOS2
0.95 095 =—e=P6 EO LO 52
——P6E0L1SO ——PGE0L1SO
092 094
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0 Leg2(Phase AtoC)

Voltage A[pu].

| Penetration Scensrio 3F

=—o=P0 EO LO 50

—+—POEOLO SO

—+—P1E0LOSO

—e—P1EO0LO SO
=—e=P2EOQ LO SO —a—P2E0 LO SO
0.99 ~+=—P3 E0 L0 SO -+—P3 EOQ L0 SO
098 =—e=—P4 EO0 LO SO =—e—P4 E0 LO 50
. =—=P5 EO0 LO SO =—=P5 EO LO SO
0.97 —e—P6E0LOSO =—e—P6 E0 L0 SO
0.36
0.35 098
e N T N N T I S~ RV T
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Bus Y

Busumls

—e=P0 E0 LO 50

=—e=P1E0LO SO

—e=P2E0 LO SO
=o=P3 E0 LO SO

—e—PAEDLOSO
—e=P5 E0 LO 50
—+—PGEDLOSO

2 541
26
2 71
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0 Leg 2 (Phase B) - with CL and ST to control overvoltages

Voltage B [pu]
108
107 Penetration Scenario Y
106 ——P3E0LOSO
1.05 =—e=P3E0 L0 52
104 —e—PIE0 L1 50
103 PAED L0 SO
102
=—e—DPAED LD S2
101
—e—PAEO0 L1 50
1
——P5E0 L0 SO
0.9
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098
057 ——PSE0L150
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Bus ¥
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—e—P2ED LO SO

P3E0LO SO

—e=—P2ED L0 SO

~P3 EQ L0 SO
—e—P4ED LO SO

=—e—P4E0 L0 SO
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Voltage C [pu]
105
1.04
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Penetration Scenario Y.
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3. Undervoltage check

e To check the worst undervoltage — consider the max. consumer load with the lowest PV
utilisation factor of 20%.

e The PV only DERs penetration scenarios were considered; and the most onerous for
undervoltage with only the power sinking DERSs.

¢ No undervoltages (<0.87pu) were observed in Phase A of distribution Leg 1.

¢ When subject to the most onerous DERSs penetration scenarios undervoltages were
observed in all the distribution legs.

o Mitigation to be tested:
0 Option A - Tap transformer to increase LV-side voltage of the feeder (ie bus 1 in the

model)

o Option B — Use storage as generation
0 Option C — Both Option A and B

e Using storage as generation is insufficient to support the low voltages in the distribution
legs.

b) Max. consumer load with 20% PV utilisation factor

0 Legl(PhaseAtoC)

Voltage A [pu] Voltage B [pu]
1.01 101
0.99
097 - -
Penstration Scenario Y 0.57 Penetration Scenario <Y
095 —eROEDLOSO 0.95 —e—P0 EO L0 SO
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0.93 =P2 E0 LO S50 0.93 ==g==P2 EO LO SO
01 P3EDLO SO . P3E0 L0 SO
—e=P4 E0 LO SO —e—P4E0 (050
0.89 ——P5E0L0 50 0.89 —s—P5E0L0S0
gy Lt ——P6 EO LD SO ogz Ll —e—PGE0 L0 SO
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oMM L S e G NT TN GG NN N YA M I N I R I R RNV
R i B R T =T AR U= - = R I AR s b g g g d s gn R T
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0 Leg2(PhaseAtoC)

Veltage B [pu]|
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0.93
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c¢) Max. consumer load with power sinking DERs

0 Legl(PhaseAtoC) Leg 2 (Phase Ato C)

Voltage Afpu] Valtage 5 [pu) Voltage C [pu] Voltage A [pu]  Voltage B [pu]  Vortage C [pu]
101
039 \\
B e V
TETETR TR E 4 027 TR T X
Values Values
—e—POE3 L1 50 - Voltage A [pu] 0.95 —e—POE3 L1 50 - Voltage A [pu]
=e=POE3 L1 S0-Voltage B [pu] —e—POE3 L1 S0 - Voltage B [pu]
~PO E3 L1 S0 - Voltage € [pu] 0.93 —e=POE3 L1 50 - Voltage C [pul
0.91
0.89
0.87
0.85

v ™ N b AN £
o \}-‘\w m”%\jﬁw u’”lyl@o’v; RN «”m % 5 22 q n

0 Leg 3 (Phase Ato C)

Voltage A [pu] Voltage B [pul Voltage € [pu]

101
0.99

0.97 Penetration Seenario b ¢

Values

0.95

=50 E3 L1 50 - Voltage A [pu]

003 —e—P0 £3 11 50 - Voltage B [pu]
~+=D0 E3 L1 S0 - Voltage C [pu]

0.91

0.38

Q’»\”JW,\H’VN\’L\%\\%,\"JWJ\")
RGN A Y (SR b
SIS SR N

4. Voltage fluctuations

e The potential voltage fluctuation range is predicted by checking the step change in
voltages from low PV utilisation factor (20%) to high PV utilisation factor (80%).

¢ The most onerous fluctuation would occur under the PV only DERs penetration scenarios.
Based on the solar profile provided by SAPN the periods with high PV utilisation coincides
with the min. load periods of the day (12-2PM). Hence, for this assessment a network with
min. load is considered.

e From the voltage plots — the voltage fluctuation range for Leg 2 Phase B under the P6
scenario shows a voltage fluctuation of 0.0558 pu (or 5.58 %) which is in breach of the
criteria in IEC/TR 61000-3-7:2008 of 3-5%.

d) Potential voltage fluctuations

0 Leg 1l (PhaseAtoC) Leg 2 (Phase Ato C)

Voltage A [pu]-0.8 Voltage A [pu]-0.2 Voltage B [pul-0.8 Voltage B [pul-0.2 Voltage C [pu]-0.8 Voltage C [pu]-0.2 Voltage A [pu]-0.8 Voltage A [pu]-0.2 Voltage B [pu]-0.8 ' Voltage B [pu]-0.2 Voltage C [pu]-0.8 ' Voltage C [pu]-0.2
1.08 1.08
Values Values
Penetration Scenario X Penetration Scenario XY

—e—Voltage A [pu]-0.8 - P5 EO LO SO =—e—\oltage A [pu]-0.8 - P5 E0 LO SO

=—e—\oltage A [pu]-0.8 - P6 EO LO SO —a=—\/oltage A [pul-0.8 - P6 EO LO S0
Voltage A [pu]-0.2 - P5 E0 LO SO Voltage A [pu]-0.2 - P5 EO LO SO
Voltage A [pu]-0.2 - P6 EO LO SO Voltage A [pu]-0.2- P6 E0 LO S0
=—e—\oltage B [pu]-0.8 - PS EO LO SO =—s—\/0ltage B [pu]-0.8 - P5 EO LO SO
—a=—Voltage B [pu]-0.8 - P6 EO LO SO —e—Voltage B [pu]-0.8 - P6 E0 L0 SO
—e—Voltage B [pu] 0.2 - PS E0 L0 50 —e—Voltage B [pul-0.2 - PS E0 L0 SO
=—a—V/oltage B [pu]-0.2 - P6 EO LO SO —a—\/0ltage B [pu]-0.2 - P6 EO LO SO

—a—Voltage C[pu]-0.8 - PS E0 LO SO =—e—V\/oltage C [pu]-0.8 - P5 EO L0 SO

—e—Voltage Cpul-0.8 - P6 EO L0 SO —e—Voltage C [pul-0.5 - P6 EO L0 SO

—e—voltage C[pu]-0.2 - PS EO L0 SO —e—Voltage € [pu]-0.2 - PS EO L0 SO

—e—Voltage C[pu]-0.2 - P6 EO L0 SO —e—Voltage € [pu]-0.2 - P EO L0 SO
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0 Leg 3 (Phase Ato C)

Voltage A [pu]-0.8 Voitage A [pu]-0.2  Voltage B [ou]-0.8 Voltage B [pul-0.2  Voltage C [pu]-0.8  Voitage C [pu]-0.2

Bus Y

Values.
Penetration Seenario

—e—Voltage A [pu]-0.8 -
—e—Voltage A [pu]-0.8 -
—e—Voltage A [pul-0.2-

voltage A [pul-0.2 -
—e—Voltage B [pu] 0.8 -
—e—Voltage B [pu]-0.8 -
—s—Voltage 8 [pul-0.2 -
—s—Voltage B [pul-0.2 -
—e—Voltage C[pul-0.8 -

—e—Voltage C[pul-0.8 -

Ll
M —e—Voltage C [pul-0.2 -

—e—Voltage C[pul-0.2 -

3 81
3101
3132
3 141

315

5. Voltage unbalance

e For max. consumer load - the

Y
P5 E0 LO SO
P6 E0 LO SO
P5 E0 LOSO
P6 E0 LO SO
PS5 EO LO SO
P6 EO LO SO
P5 EO LO SO
PG EO LO SO
PSEOLOSO
P6 EO LO SO
P5 EO LO SO
PG EO LO SO

highest voltage unbalance factor of 3.89% is observed

under penetration scenario POE3L1S1.

e For min. consumer load - the

highest voltage unbalance factor of 2.26% is observed

under penetration scenario POE3L1S1.
e The continuous voltage unbalance factor limit is 2%, hence, the unbalance factor for this

feeder exceeds the limit.

Max. Vneg/Vpos (%) observed

Peak demand
case

Minimum
demand case

EL14 TC54743 3.89%

2.26% 1.43% 0.07%
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FEEDER AP125B-15350 (OLD UNDERGROUND)

1. Details

Blackpool — Pelican Point 7.6 kV feeder
7600/433 V 200 kVA transformer

Comprised of the following underground cable:
- XLPE AL 150 mm? OR 37 /.093 XLPE (719 m / 44 %)
- XLPE AL 35 mm? OR 19/ .064 XLPE (931 m/ 56 %)

3 distribution legs (2 legs form a loop):
- Leg 1 - Fraser Drive North (161 m)
- Leg 3 - Fraser Drive East ( 278 m)
- Leg 2 — Fraser Drive West (218 m)

47 customers

Feeder phase balance (as per load data)
- Leg 1l: Phase A=7.6% Phase B = 52.6% Phase C = 39.8%
- Leg 2: Phase A = 26% Phase B = 27% Phase C =47%

Distribution of customers across feeder:

Legl&leg3 Leg 2

Customers in % 53.2% 46.8 %
Customers 25 22
3-Phase Customers | 7 7
1-Phase Customers | 18 15
1-Phase A 1 4
1-Phase B 10 4
1-Phase C 7 7

Max. consumer load assumed = 93.8 kVA (Leg 1 = 46.6 kVA, Leg 2 = 47.2 kVA)

Legl&lLeg3 Leg 2
[KVA [ customer] [KVA / customer]
3-Phase Customers | 1.83 2.14
1-Phase A 0.00 1.82
1-Phase B 1.98 1.94
1-Phase C 1.99 2.45

Min. consumer load = 13.92 kVA (obtained from actual data assuming PV penetration at
80%)

Legl&lLeg3 Leg 2
[KVA / customer] [KVA / customer]
3-Phase Customers | 0.26 0.30
1-Phase A 0.00 0.26
1-Phase B 0.28 0.28
1-Phase C 0.28 0.35

Existing PV penetration = 18.72% or 37.44 kW rated, i.e. 15 customers (assuming a 2.5
kW inverter size)

Existing customers with controllable load = 13 (28 %)

JA4679-4-1 B-38



Overvoltage check

e To check the worst overvoltage — consider the min. consumer load with the highest PV
utilisation factor of 80% for the PV only DERs penetration scenarios. The PV only DERs
penetration scenarios are most onerous for overvoltage issues.

e Overvoltages (>1.02 pu) were observed in Phase B of distribution Leg 1 and 2 in this
feeder.

e Highest overvoltages observed:

Leg 1 — Phase B: 1.028 pu (P6EOLOSO0)
Leg 2 — Phase B: 1.021 pu (P6EOLOSO0)

o In Leg 1, the Phase B overvoltages occur under the P6 penetration level. The
overvoltages at the far end of the distribution leg could not be resolved even with both
the controllable (L1) and storage loads (S2) switched in.

o0 In Leg 2, the Phase B overvoltages (marginal) occur under the P6 penetration level.

The controllable loads (L1) could be switched on to resolve the issues. Connecting the
storage loads (S2) alone is insufficient to keep the voltage within limit.

a) Min. consumer load with 80% PV utilisation factor

0 Leg 1l (Phase Ato C)

Voltage A [pu] Voltage B [pu]
1.05 1.05
1.04 1.04
103 K
Penetration Scenario 103 Penetration Scenario Y
== PO EO LO SO 102 —e—POEQ LO SO
—+—PLEQLO SO 1.01 —e=P1E0 L0 SO
= P2 E0 LO S0 1 =—e=P2 EQ LO SO
5 P3EOLOSO 0.99 P3E0LOSO
0.98 —e—P4E0LO S0 0.98 —e—P4E0 L0 SO
0.97 ——P5E0LO SO 0.97 —e—P5E0 L0 50
0.96 === D6 EO LO 50 0.96 —+—PGE0 LO SO
0.95 0.95
S A e T e ol S S U s il § A I B e Bl AR B B il
B T T T T B T - JL L s A B T S T s T T . S A - Y
v—<| — v—<| — v—<‘ v—<| -—4‘ m ml m‘ m‘ V\‘ {"‘ {'“ V\I {"‘ ml V\I ('“ v—<‘ v—{‘ v—<| -—<I v—<| -—4‘ v—<| m‘ m‘ m‘ (')‘ m‘ m‘ ml m‘ ml (')I ml (')‘
Bus Bus Y
Voltage C [pu]
1.05
1.04
Penetration Scenario <Y
=—e—P0EQ LO SO
—s—P1E0 LO SO
—e—P2 E0 LO S0
5 P3EOLOSO
0.98 —e—P4E0LO SO
0.97 —e—P5 E0 L0 SO
0.96 —e=P6 E0 LO SO
0.95
O =t N e gIn MGl m B et Ot
B R R I T s AL N ST T T RS - . =}
v—<| — v—<‘ v—<| -—4‘ v—<‘ -—4‘ m‘ m‘ ml m‘ ml ml ml (')‘ ml m‘ (')‘ V\I
Bus ¥
Voltage A [pu] Veltage B [pu]
1.05 1.05
104 104
1.03
Penctration Scenaria Y 03 Penetration Scenario Y
B e e N s By Sy S i = PO EO LO S0 —4—P0OEQ LO SO
1.01 —+—P1ED LOSO ——P1E0 L0 S0
e __ P2E0 10 50 —e—P2E010'S0
0.99 P3EO0LO SO 0.99 P3EO0 LO SO
0.98 —e=P4E0 LO 50 0.98 —e—P4E0 L0 SO
0.97 —e—PSE0 L0 SO 0.57 =e=P5E0 L0 50
0.96 —+—PGED LOSO 0.96 —e—PGEQLO SO
0.95 0.95
SO STANTAMT NG M N m Y Ne T Nn R B A A A T O
D B s A i S A S [P D A I A S O
N‘ ™~ NI N‘ NI N‘ NI N‘ N‘ NI N‘ N‘ N‘ N‘ N‘ N‘ N‘ NI NI N‘ NI NI N‘ N‘ N‘ N‘ o~ N NI NI N‘ NI NI N‘
Bus T Bus Y
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Voltage C [pu]

1.05
1.04

1.03

Penetration Scenario ~F

—e—P0 EO LO SO
=+—=PLlE0LOSO

~e—P2 EO0 LO SO

P3EOLOSO

=—p=P4 EO LO SO

0.97 —+—PSE0LOSO
0.96 ——PGE0LOSO
0.35
R B e e e e B S B
B R R N
N N N N N N M SR I

Bus ¥
0 Leg1land 2 (Phase B) with CL and ST to control overvoltages
Voltage B [pu] Voltage E [pu]
1.05 1.05
Lo4 1.04
1.03
1.02
Penetration Scenario Y Lot Penetration Scenario ¥
== P6 EO LO SO : == P6 EO LO SO
1
== P6 EQ LO 52 PG EQ LO S2
0.99 0.99
+—P6 EQ L1 50 PGEOL1SO
0.98 0.98
PGEOL1S2 PGEOL152
0.97 0.97
0.96 0.96
095 0.95
e P e
B T s 2 AU A B T S RS S =Y A A A A A Al eh ot chooh o oh oyl S
7—1‘ -—4‘-—4—4'-—4‘ v—<v—<m‘mm‘ mmm‘mml m‘mlm‘m‘ NIN‘ NNNNNN‘ NNNN‘N‘N‘ N‘NIN‘
Bus T Bus Y

3. Undervoltage check
e To check the worst undervoltage — consider the max. consumer load with the lowest PV
utilisation factor of 20%.
e The PV only DERs penetration scenarios were considered; and the most onerous for
undervoltage with only the power sinking DERSs.
¢ No undervoltages (<0.87pu) were observed in this feeder under all the scenarios
considered.

b) Max. consumer load with 20% PV utilisation factor

0 Leg 1l (PhaseAtoC)

Voltage A [pu] Voltage B [pu]
1.01 1.01
n N
059 g e 099 R
S e L 'WWW Penetration Scenario. Y
0.57 ——POED LD SO 0.97 ——POE0LO SO
0.95 —=—P1ED L0 S0 0.95 —=—PLEO LO 50
——P2E0 L0 S0 ——P2E0L0 SO
0.93 0.93
e P3ED LD SO —-P3E0 1050
051 —4—P4EO L0 SO 0.1 —x—PAEO L0 SO
0.89 —s—P5E0 LOSO 0.39 —+—PSE0LOSO
PG E0LO SO PBEOLO S0
(U iy i g i [ iy i i i i i i e 0.87 == oo -
0.85 0.85
S MO N SN M o T oM M e N N e T O SN M N SNy MDD o Mo T
B B R T R R B T R A B R R S s Py B S ST St - A -
v—<‘ — v—{‘ m‘ ! m‘ MI MI m‘ fﬂ‘ v—<| v—<‘ v—<‘ v—<‘ v—<| v—<| v—<‘ m‘ m‘ ml m‘ m‘ ml ml m‘ m‘ ml m‘ ml
Bus. Y Bus Y
Voltage C [pu]
1.01

i
099}
e et Penetration Scenaria Y

0.97 ——POE0 LOSD
0.95 —=—P1E0LOSD
——P2E0LO SO
0.93
—<~P3E0 LO SO
031 —#—P4E0 L0 SO
0.89 —e—PSE0LOSO
P6ED L0 SO
0.87 =it e e o |t |t kbl | L
0.85
O M ME N DN MmN T MM D NN o m N T
e g A P S SR L e e
'_‘I H\ H\ HI HI '_‘\ '_‘I mlm\ m\ MI M‘ m\ r"I ml fﬂ‘ m\ m\m\
Bus ¥
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0 Leg 2 (Phase Ato C)

Valtage A [pu] Voltage B [pu]
1.01 1.01
0.99 099 i
Penetration Scenaric Y. - Penetration Scenario ~¥
0.97 ——POEO LO SO 0.97 —+—POEO LO SO
095 —=—P1EO0LO SO 095 —=—P1E0LO SO
—+—P2E0LO SO ——P2E0 L0 SO
0.93 0.93
P3E0 L0 SO P2 E0 LO SO
0.91 —4—PAEO0 L0 SO 0.91 —r—P4E0LO 50
0.89 —e—PSE0 L0 SO 0.89 —e—P5E0LO S0
PG EO LO S0 PG EO LO SO
0.87 o - 0.87 == o o o
0.85 0.85
el B B s A e e A e O R I AT A B S B
P B S AR~ DI WD A A A A A A oo oSS
N‘ N‘ NI N‘ N‘ N‘ N‘ N‘ N‘ NI NI N‘ N‘ NI N‘ N‘ NI N‘ NI N‘ NI N‘ NI N‘ N‘ N‘ NI NI N‘ N‘ N‘ NI NI N‘
Bus Y Bus ¥
Voltage C [pu]
1.01
0.99 |
w Penetration Scenario ~¥
0.57 ——POEO LO SO
0.95 —=—P1E0 LO SO
——P2E0 LO 50
0.93
P3E0 LO SO
0.51 —#—P4E0 L0 50
0.89 —e—PSE0LOSO
PG EQ LO SO
0.87 s - 2
0.85
SRR I I A LT T S S
AAANAAAAAA A Abdd T 4
N‘ N‘ NI N‘ N‘ N‘ NI NI NI N‘ N‘ N‘ N‘ NI N‘ N‘ N‘
Bus ¥
Voltage A [pu] | Voltage B [pu] ' Valtage C [pu] Voltage A [pu] Valtage B [pu] Voltage C [pu]
101
) NI -
o w
0.97 - . s -
. | Penetration Scenario Y : Penetration Scenario T
Values
0.95 Values 0.95
—+—POE3 L1 50 - Voltage A [pu] —+—POE3 L1 S0 - Voltage A [pu]
0.93 .
093 —=—POE3 L1 S0 - Voltage B [pu] —=—POE3 L1 50 - Voltage B [pu]
0.91 ——PDE3 L1 S0 - Voltage C [pu] 0.91 POE3 L1 S0 - Voltage C [pu]
0.89 0.89
.87 i e e o e ettt et s ek 0.87 mm  —————— ————
0.85 0.85
C QoM MMM MmN T oSomoN Mm@ om O H o RN S N T LW M AT B o
B T Y I A W A A A A A T o bbb S
L P i i N P S I | alal Al alal alal s T A e A W ST A
sus Y Bus ¥

4. Voltage fluctuations

e The potential voltage fluctuation range is predicted by checking the step change in
voltages from low PV utilisation factor (20%) to high PV utilisation factor (80%).

¢ The most onerous fluctuation would occur under the PV only DERSs penetration scenarios.
Based on the solar profile provided by SAPN the periods with high PV utilisation coincides
with the min. load periods of the day (12-2PM). Hence, for this assessment a network with
min. load is considered.

¢ From the voltage plots — the voltage fluctuation range for any particular point is not more
than 0.05 pu (or 5%) within the criteria in IEC/TR 61000-3-7:2008 of 3-5%.

d) Potential voltage fluctuations

0 Leg 1l (PhaseAtoC) Leg 2 (Phase Ato C)

Voltage Apul-05 VeRage A [pui-02 Voitage 5 ipul-03 VeRage B pui02 Voltage Cipul-03 Vemage C puj02 Voltage & [puf- 88 Veltage A fpul 0.2 Vollage Bipul 03 Vollage B [pul0.2 Voltage € [puf 88 VoRage C [pul 0.2
108 LO6
Valugs Vahary
Penataation Lenang X Penetration Sumaria X
108
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5. Voltage unbalance

e For max. consumer load - the highest voltage unbalance factor of 0.88% is observed

under penetration scenario POE3L1S2.

e For min. consumer load - the highest voltage unbalance factor of 0.84% is observed
under penetration scenario P6EOL1S3.

e The continuous voltage unbalance factor limit is 2%, hence, the unbalance factor for this

feeder is within the limit.

Max. Vneg/Vpos (%) observed

Peak demand Minimum
case demand case
AP125B 15350 0.88% 0.84% 0.63% 0.07%
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FEEDER AP529E (OLD UNDERGROUND)

1. Details
e |args North — Military Road 7.6 kV feeder
e 7600/433 V 500 kVA transformer
e Comprised of the following underground cable and overhead conductor:
- XLPE AL 150 mm? (619 m / 55.1%)
- 7/1475AAC (192 m/17.1%)
- 0.1Cu (284 m/25.3%)
- 0.2Cu (27 m/2.4%)
® Has one metering point to two distribution legs
Leg1-211m
Leg2-583m
® 24 customers
® Feeder phase balance (as per load data)
- Leg 1: Phase A =39.9% Phase B = 27.7% Phase C = 32.4%
e Distribution of customers across feeder:
Legl&?2
Customers in % 100 %
Customers 24
3-Phase Customers |7
1-Phase Customers | 17
1-Phase A 7
1-Phase B 5
1-Phase C 5
® Max. consumer load assumed = 99.7kVA (obtained from actual data)
Legl&?2
kVA / customer
3-Phase Customers | 4.15
1-Phase A 4.30
1-Phase B 3.58
1-Phase C 4.53
® Min. consumer load = 47.6 kVA (obtained from actual data assuming existing PV
utilisation factor of 80%)
Legl&?2
[KVA [ customer]
3-Phase Customers | 1.98
1-Phase A 2.05
1-Phase B 1.71
1-Phase C 2.16
e Existing PV penetration = 0.98 % or 4.9 kW rated, i.e 2 customers (assuming a 2.5 kW
inverter size)
e Existing customers with controllable load = 3 (12.5 %)
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2. Overvoltage check

e To check the worst overvoltage — consider the min. consumer load with the highest PV
utilisation factor of 80% for the PV only DERs penetration scenarios. The PV only DERs
penetration scenarios are most onerous to overvoltage issues.

¢ No overvoltages (>1.02 pu) were observed in this feeder.

e An extreme case was tested where the consumer load is assumed to be at 10% of the
max. No overvoltages were observed in this extreme case even under the most onerous
penetration scenarios of PSEOLOSO and P6EOLOSO.

a) Min. consumer load with 80% PV utilisation factor

0 Legl&2(PhaseAtoC)

Voltage A [pu] Voltage E [pu]
1.05 1.05
1.04 1.04
Penetration Scenario <Y Penetration Scenario ~Y
1.03 =e= PO EO LO SO L0z —e=— PO EO LO SO
102 o —e—P1EO LO SO 102 e o =—a= P1 EO LO 50
1.01 —e—P2 E0 LO S0 1.01 P2ED L0 S0
1 W P2EDLO S0 1 P - oooscesoossoosod P3E0LO S0
. 3 . ~ D el il
0.99 "“"W —e—P4E0 L0 SO 0.99 g ’ —e—P4E0 LO S0
0.8 =e—=P5SE0 L0 S0 0.98 == P5 E0 LO SO
0.97 —e—PGE0 L0 SO 0.97 == PG E0 L0 SO
0.96 0.96
0.95 0.95
O N Mmoo N W o~ ® oo Mmoo o omom oo o o I N e A R
TR T W T I = AR -t B U B (T B T A N S A N
S T e B I R . R A R B s et TR B T T T
— - - - — — - - —
Bus v Bus v
Voltage C [pu]
1.05
104 Penetration Scenario  F
103 =—2= PO EO LO SO
102w o == P1EO0 LO SO
101 —e—P2E0 L0 S0

P3ED LO SO
== PAE0 LO SO

—e—P5E0 LO SO
=—e=P6EQ LO SO

1.5
1.7
1.8

1_10
112
11341

115

1 153

1_18

121

o
!
-

b) Extreme case with consumer load at 10% of the max.

131

1.4-2
1_10-3
1_16-1
1_19-1

Bus »

0 Legl&2(PhaseAtoC)

Voltage A [pu] Voltage B [pu] Voltage C [pu]

1.05
1.04
103 Values
1,02 bttt et e e Ll L L L UL L L] Penetration Scenario X
—e—Voltage A [pu] - P5 EO LOSH
Lot Ssssesseptaeyttteres
B it - o o e s b == \oltage A [pu] - P6 EO L0 SO
1 s » .
il =e==\(0ltage B [pu] - P5 E0 L0 SO
0.39 Voltage B [pu] - P6 E0 LO SO
0.98 —e—Voltage C[pu] - PS EO LO SO
0.97 —e—\oltage C [pu] - P6 EO LO SO
0.96
0.95
I e S R B Y N R BRI B ]
I T Eh _“E‘H\Z“_‘\ﬂ‘g‘ﬁ\ﬁ‘_{\
B — = -
Bus v
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3. Undervoltage check
e To check the worst undervoltage — consider the max. consumer load with the lowest PV
utilisation factor of 20%.
o The PV only DERs penetration scenarios were considered; and a more onerous scenario
with only the power sinking DERs was tested.
e No undervoltages (<0.87pu) were observed in this feeder under all the scenarios
considered.

c) Max. consumer load with 20% PV utilisation factor

0 Leg1l&2(PhaseAtoC)

Voltage A [pu] Voltage B [pu]
101 1.01
o~ LR
0.99 ramane T ¥ 0.59 oo st rroscree
087 Penetration Scenario Y 057 Penetration Scenario ¥
—e—P0 EO LO 50 —e—POED LO SO
0.95 —e—P1E0 L0 SO 0.95 —e—PLE0LOSO
P2EO LO S0 P2E0 LO SO
093 093
P3EO LO S0 P3E0LO SO
091 —e—P4ED L0 SO 091 ——P4ED LO SO
—e—PS5E0 L0 SO —e—P5E0 L0 SO
0.89 0.89
——DGEDLO SO —e—P6ED LO SO
D27 o o o 0,87 - ——————— T ————— — —
0.5 0.85
Cm o mm ey NN OO N FNM QNN N YO R I R R
AAm e sn e e g I Tn Tlugeneg T BT - B o B N - g R
- - H—i‘—(‘ﬁﬁv—i‘ﬂ—i‘—i‘—(‘—ilﬁl—i‘ﬁﬂ - '-‘—4‘—4‘—‘—‘—4‘—‘,4‘—4‘—4‘—4‘-4'-4'—‘—‘
Bus « Bus v
Voltage C [pu]
101
.
0.99 e i
Penetrati Se -
oo B P D,
—e—POED LO SO
095 —e—P1E0 LOSO
P2ED L0 SO
0.93
P3E0LO S0
091 —e—P4E0 LO SO
—e—P5 E0 LO SO
0.89

—e—PGED LO SO

d) Max. consumer load with power sinking DERs

0 Legl&2(PhaseAtoC)

Voltage A [pu] Voltage B [pu] (Voltage C[pu]

1.01

\ JUNNIY
. CRRRRARRRARRAR Noeeered

T BB

0.97
0.95
Penetration Scenario E 4
Vot
0.93 —e—P0 E3 L1 50 - Voltage A [pu]
—e—POE3 L1 50 - Voltage B [pul
091 POES L1 50 - Voltage C [pu]
0.89
0E7 ==
0.85
B A N B S e e B e T A R o
- o - qala‘qqa‘q—”—”—”—”—”—”—“
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4. Voltage fluctuations

e The potential voltage fluctuation range is predicted by checking the voltages at the
distribution legs from low PV utilisation factor (0.2) to high PV utilisation factor (0.8).

o The onerous fluctuation would occur should the cloud cover vary the PV utilisation factor
from 0.2 to 0.8, or vice-versa, under the highest PV penetration scenario. Cloud cover
reducing the PV output to zero is not considered here. Based on the solar profile provided
by SAPN the periods with high solar intensity coincides with the low load periods of the
day (12-2PM).

¢ From the voltage plots the voltage fluctuation range for any particular point in this feeder
is well within the criteria in IEC/TR 61000-3-7:2008 of 3-5%.

e) Potential voltage fluctuations

0 Legl&2(Phase AtoC)

Voltage A [pul-08 | Voltage A [pul-0.2  Voltage B [pul-0.8  Voltage B [pu]-0.2 Voltage C [pu]0.8 Veltage € [pul-0.2

1.08
Values
Penetration Scenario X
1.06 —s—Voltage A [pul-0.8 - P5 EO LO SO
=e=\/oltage A [pu]-0.8 - P6 EO LO SO
Voltage A [pu]-0.2- P5 EO LO SO
104 Voltage A [pul-0.2 - P6 EO LOSD
=—g=\Voltage B [pu]-0.8 - PS5 E0 LO SO
=—g=\oltage B [pu]-0.8 - P6 EO LO S0
102 —e=V/oltage B [pu]-0.2 - PS5 EQ L0 50
=—e=\/oltage B [pu]-0.2 - PG EO LO S0
=—e=\/oltage C [pu]-0.8 - P5 E0 LO S0
—e—Voltage C [pu]-0.8 - P6 E0 LO S0
=e—\oltage C [pu]-0.2 - PS EO LO SO
——g=='/oltage C [pu]-0.2 - P§ EO LO S0

o

.......

5. Voltage unbalance
e For max. consumer load - the highest voltage unbalance factor of 0.42% is observed
under penetration scenario POE1L1S1.
e For min. consumer load - the highest voltage unbalance factor of 0.36% is observed
under penetration scenario POE3L1S1.
¢ The continuous voltage unbalance factor limit is 2% hence, the unbalance factor for this
feeder is within the limit.

Max. Vneg/Vpos (%) observed

Peak demand Minimum
case demand case

AP529E 30156 0.42% 0.36% 0.34% 0.16%
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FEEDER HH496C - 26079 (NEW UNDERGROUND)

1. Details
® Golden Grove — Wynn Vale South 11 kV feeder
e 11000/433 V 150 kVA transformer

e Comprised of the following underground cable:
- XLPE AL 150 mm? (888 m / 44.8%)
- XLPE AL 35 mm?(1093 m / 55.2%)

® Has four meter points with four distribution legs (with two legs forming a loop):
- Leg 1 — North of TF 26079 (159 m)
- Leg 2 &4 — Sunrise Crt and Summerhill Crt (514 m)
- Leg 3 —Sunset Crt (223 m)

® 45 customers
® Feeder phase balance (as per load data)

- Leg 1: Phase A=24.7% Phase B = 49.8% Phase C = 25.5%
- Leg 2&4: Phase A = 30% Phase B = 20.2% Phase C =49.8%
- Leg 3: Phase A=14.4% Phase B = 71.6% Phase C = 14%
e Distribution of customers across feeder:
Leg 1 Leg2&4 Leg 3
Customers in % 37.8 % 35.6 % 26.7 %
Customers 17 16 12
3-Phase Customers | 5 5 4
1-Phase Customers | 12 1 8
1-Phase A 3 3 1
1-Phase B 6 3 6
1-Phase C 3 5 1

® Max. consumer load assumed = 83.7 kVA (obtained from actual data)

Leg1l Leg2&4 Leg 3
[KVA [ customer] [KVA [ customer] [KVA [ customer]
3-Phase Customers | 0.90 2.85 1.91
1-Phase A 0.76 2.97 0.76
1-Phase B 1.01 1.48 2.30
1-Phase C 0.80 3.59 0.67

¢ Min. consumer load = 8.9 kVA (obtained from actual data assuming existing PV utilisation

factor of 80%)
Leg1l Leg2&4 Leg 3
[KVA [ customer] [KVA [ customer] [KVA [ customer]
3-Phase Customers | 0.10 0.30 0.20
1-Phase A 0.08 0.32 0.08
1-Phase B 0.11 0.16 0.25
1-Phase C 0.09 0.38 0.07

e Existing PV penetration = 36.05 % or 54.1 kW rated, i.e. 22 customers (assuming a 2.5
kW inverter size)

e Existing customers with controllable load = 5 (11 %)
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2.

Voltage A [pu]

Overvoltage check

e To check the worst overvoltage — consider the min. consumer load with the highest PV
utilisation factor of 80% for the PV only DERs penetration scenarios. The PV only DERs

penetration scenarios are most onerous to overvoltage issues.
¢ No overvoltages (>1.02 pu) were observed in this feeder.

e An extreme case was tested where the consumer load is assumed to be at 10% of the
max. No overvoltages were observed in this extreme case even under the most onerous

penetration scenarios of PSEOLOSO and P6EOLOSO.

a) Min. consumer load with 80% PV utilisation factor

0 Leg 1l (PhaseAtoC)
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0 Leg2&4(Phase AtoC)

—+—P1E0LO S0

P2E0LO SO

P3E0LO SO
=—e=P4E0 L0 SO
=—e=P5E0 L0 SO
—+—PGEDLO SO

L S T N % % Lk 9

QV”@J’WQWTJP k'@"w IR A RN ‘7

—e—POEQ LO SO
megem P1EO LO 50

~o= D2 E0 L0 S0

P3E0LO 50
== P4 EQ LO SO
== P5 EO LO SO

== D6 EO LO SO

Oy :’u\’@“’oﬁ{“ “’xbb ‘aﬁ\swm%’tvﬂv’t b‘b@m,ﬁvb%qﬁ/

JA4679-4-1

Penetration Scenario

Penctration Scenario

Valtage E [pu]
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Voltage B [pu]
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0 Leg 3 (Phase Ato C)
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3. Undervoltage check
e To check the worst undervoltage — consider the max. consumer load with the lowest PV
utilisation factor of 20%.
o The PV only DERs penetration scenarios were considered; and a more onerous scenario
with only the power sinking DERs was tested.
e No undervoltages (<0.87pu) were observed in this feeder under all the scenarios
considered.

c) Max. consumer load with 20% PV utilisation factor

0 Leg 1l (PhaseAtoC)

Voltage A [pu] Voltage B [pu]
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0 Leg 3 (Phase Ato C)
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101 1.01
0.99 g 0.99
RN T R - -
0.97 0.37
Values Values
0.95 Penetration Seenaric B ¢ 0.95 Penetration Scenario Y
—e—Voltage A [pu] - PO E3 L1 S0 —e—Violtage A [pu] - PO E3 L1 S0
0.93 —s—Voltage B [pu] - PO E3 L1 SO 0.93 —s—\Voltage B [pu] - PO E3 L1 S0
=== Voltage C [pu] - PO E3 L1 S0 —e=\ioltage C [pu] - PO E3 L1 SO
0.91 0.91
0.89 0.89
087 —t—r—t—rr—r—t—rtrr—trtT -ttt 0.87 mm om o - - - - - = - - ————
0.85 0.85
EIS SO NN I I TR I N N I AT T B By S T B I S BN
VAV SN AN IS e N AN IS AN AN Y R T T T e B By TN B B T S B
Bus Y Bus Y

0 Leg 3 (Phase AtoC)

Voltage A [pul | Voltage B [pu] | Voltage C [pu]

1.01

039 F

097 \_\_”“\.—\,_«_,_\N
Values

0.95 Penetration Scenario k4
—e—Voltage A [pu]- PO E3 L150

093 —s—Voltage B [pu] - PO E3 L1 50
-~ Voltage C [pu] - PO E3 L1 50

0 3.13.213.33.323343423.453.5 352354356362

4. Voltage fluctuations

e The potential voltage fluctuation range is predicted by checking the voltages at the
distribution legs from low PV utilisation factor (0.2) to high PV utilisation factor (0.8).

o The onerous fluctuation would occur should the cloud cover vary the PV utilisation factor
from 0.2 to 0.8, or vice-versa, under the highest PV penetration scenario. Cloud cover
reducing the PV output to zero is not considered here. Based on the solar profile provided
by SAPN the periods with high solar intensity coincides with the low load periods of the
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Voltage A [p

1.08

Bus Y

e From the voltage plots for both t

he distribution legs — the voltage fluctuation range for any

particular point is not more than 0.05 pu (or 5%) within the criteria in IEC/TR 61000-3-

7:2008 of 3-5%.
e) Potential voltage fluctuations

0 Leg 1l (PhaseAtoC)
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5. Voltage unbalance
e For max. consumer load - the

Leg 2&4 (Phase Ato C)
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T Penetration Scenario Y.
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P5 EO LOSO Lo —o—Voltage A [pul-0.2- P5 E0 L0 50
P6 EO LOSO Voltage A [pu]-0.2 - PG EO LO SO
PS E0 L0 SO —+—Voitage B [pu]-0.8 - P5 E0 L0 50

P6 EO LO SO —e—Voltage B [pu]-0.8 - P6 EO LO SO

P5 EQ LO SO —e—\/oltage B [pu]-0.2 - P5 E0 LO SO
P6 EO LO SO

PSEOLOSO

——Voltage B [pu]-0.2 - P6 EQ LO 50
—e—\oltage C [pu]-0.8 - P5 EO LO SO

P6 EO L0 S0 —e—Voltage C [pu]-0.8 - P6 E0 L0 50
P5S EO LO S0 0.98 . —e—Voltage C [pul-0.2 - P5 E0 LO 50

Bus Y.

&
P53 E0LOSO
P6 EO LOSO
P5 EO LOSO
PG EO LOSO
PSEOLO SO
PG EO LO SO
PSEOLO SO
PG EO LO SO
P5 EO LO SO
P6 EO LO SO
P5 EO LO SO

highest voltage unbalance factor of 0.61% is observed

under penetration scenario POE1L1S3.

e For min. consumer load - the

highest voltage unbalance factor of 0.53% is observed

under penetration scenario PSEOL0S2.
e The continuous voltage unbalance factor limit is 2%, hence, the unbalance factor for this

feeder in within the limit.

Max. Vneg/Vpos (%) observed

Peak demand
case

Minimum
demand case

HH496C 26079 0.61%

0.53% 0.47% 0.04%
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FEEDER HH121B - TC46352 (NEW UNDERGROUND)

1. Details
e Campbelltown — Felixstow 11 kV feeder
e 11000/433 V 300 kVA transformer

e Comprised of the following underground cable:
- Cable UBC 150 mm?

e Has four metering points with four distribution legs (with two legs forming a loop):
- Leg 1 & 3 - Lot 502 Riverbank cct & Reserve Locheal Parkway (429 m)
- Leg 2 - Lot 54 Riverbank cct (176 m)
- Leg 4 — Lot 30 Locheal, Lot 61 Mundy (233 m)

® 34 customers
® Feeder phase balance (as per load data)

- Leg 1&3: Phase A =29.2% Phase B = 23.6% Phase C =47.2%
- Leg2: Phase A=57.1% Phase B = 6.5% Phase C = 36.4%
- Leg4: Phase A=29.7% Phase B = 60.1% Phase C = 10.2%
e Distribution of customers across feeder:
Leg1&3 Leg 2 Leg 4
Customers in % 41.2 % 26.5 % 32.4 %
Customers 14 9 11
3-Phase Customers | 4 3 3
1-Phase Customers | 10 6 8
1-Phase A 3 3 2
1-Phase B 2 1 5
1-Phase C 5 2 1

® Max. consumer load assumed = 59.5 kVA (obtained from actual data)

Leg1&3 Leg 2 Leg 4
[KVA [ customer] [KVA [ customer] [KVA [ customer]
3-Phase Customers | 2.10 2.28 0.86
1-Phase A 1.98 2.75 0.82
1-Phase B 1.76 0.00 1.01
1-Phase C 2.35 2.59 0.13

¢ Min. consumer load = 0 kVA (obtained from actual data assuming existing PV utilisation

factor of 80%)
All legs
[KVA [ customer]
3-Phase Customers | 0
1-Phase A 0
1-Phase B 0
1-Phase C 0

e Existing PV penetration = 23.89 % or 71.7 kW rated, i.e. 29 customers (assuming a 2.5
kW inverter size)

e Existing customers with controllable load = 2 (6 %)
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2. Overvoltage check

e To check the worst overvoltage — consider the min. consumer load with the highest PV
utilisation factor of 80% for the PV only DERs penetration scenarios. The PV only DERs

penetration scenarios are most onerous to overvoltage issues.
¢ No overvoltages (>1.02 pu) were observed in this feeder.

a) Min. consumer load with 80% PV utilisation factor
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0 Leg 4 (Phase Ato C)
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3. Undervoltage check

[ ]
utilisation factor of 20%.
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with only the power sinking DERs was tested.

considered.

No undervoltages (<0.87pu) were observed in this feeder under all

b) Max. consumer load with 20% PV utilisation factor

0 Leg 1&3 (Phase Ato C)

Voltage A [pu]
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To check the worst undervoltage — consider the max. consumer load with the lowest PV
The PV only DERSs penetration scenarios were considered; and a more onerous scenario
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—+—P1E0 LO SO
== P2 EOQ LO 50

P3EQ LO SO
== P4 EQ LO 50
== P5E0 LO SO
=—e=P6ED LOSO
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0 Leg 2 (PhaseAtoC)

Voltage A [pu]

Voltage B [pu]
1.01 1.01
.‘___ o
0.99 0.99
Penetration Scenaria Y Penetration Scenario
0.97 —s—POED LO SO 057 —s—POEO LO SO
——P1E0 LO S0 e P1 EO LO S0
0.95 0.95
—+—P2E0 L0 S0 —+—P2E0LO SO
0.93 P3E0 1050 0.33 PIE0LO SO
0.91 —e—P4E0 L0 SO 091 —e—P4E0LO SO
—+—P5E0 L0 S0 ——P5E0LO S0
0.89 0.89
——PGEDLO SO —e—P6E0LO SO
087 bt o e e o | o el e e 087 e L L L L
0.85 0.85
I B TR B T T S T B T B R R
PR B0 R R T S BT B B Y S
N‘ WI WI WI N‘ WI NI NI N‘ N‘ NI N‘ NI NI N‘ NI N‘ NI
Bus ¥ Bus Y
Voltage C [pu]
1.01
e,
0.99
Penetration Scenario Y
0.97 =g PO EO LO 50
—+—P1E0 L0 50
0.95
—+—P2E0 LO SO
0-93 P3E0 L0 S0
0.91 o= P4 E0 LO 50
——P5E0 LO SO
0.89
—e—P6E0 LO SO
0] —m— —— ————————— ————— =
0.85
T T T I Y
POy R B i R B S S
N‘ NI NI NI N‘ NI NI NI N‘
Bus Y
Voltage A [pu] Voltage B [pu]
1.01 1.01
—~— —
0.99 0.99
Penetration Scenario <Y Penetration Scenario Y
0.57 e PO EO LO SO 0.97 —e—POEOLOSO
—+—P1E0LOSO —+—=P1E0LOSO
0.95 0.95
——P2E0LOSO ——PZEOLOSO
0.93 P3ED LD SO 0.93 PIEDLD SO
0.91 —g=P4E0 LO 50 0.91 —e—P4E0LO SO
——P5SE0LOSO —e—P5E0LOS0
0.29 0.89
—e—PGE0LOSO ——P6E0LOSO
087 e e {17 J0 " S N N U AN A s R R i P
0.85 0.25
B B S S N B L A A
o ST T T T o FULT T B T ol it s B B
Bus ¥ Bus Y
Voltage C [pu]
101
[
0.99
Penetration Scenario <Y
057 —mg=PO EO LO SO
—s—P1E0 L0 S0
0.95
——P2E0LOSO
0.3 P3E0LO SO
0.91 —s—P4E0 L0 SO
——P5SE0LO SO
0.89
—e—PGE0LO SO
0] —— —— — —————————— ——— =
0.85
I T I B B B B B
J T T L R
:r‘ Trl :r‘ :r‘ =r| Trl :r‘ :r‘ :r‘ Trl
Bus Y
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c)
0

Voltage A [pu] Voltage B [pu] ' Voltage C [pu]

Leg 1&3 (Phase Ato C)

Max. consumer load with power sinking DERs

Leg 2 (Phase Ato C)

Voltage A [pu] Veitage B [pu] Voltage C [pu]

101 101
0.99 0.59
0.57 0.57
0.95 Penetration Scenaria Y 095 Penetration Scenario Y
Values Values
093 —e=—P0 E3 L1 S0 - Voltage A [pu] 053 =—e—POE3 L1 50 - Voltage A [pu]
POE3 L1 50 - Voltage B [pu] —e—PDE3 L1 50 - Voltage B [pu]
0.91 POE3 L1 SO - Voltage C [pu] 0.91 PO E3 L1 50 - Voltage C [pu]
0.89 0.89
087 e 087 —m— —fm bl Ll
0.85 0.85
O N M5V A B N B H N o AN B N A "
NN NE TN BTN NS G NS N TN § RN RO I N N “m\,\" c;‘ cﬂ‘ ©
~ ~/ N7 NG N N NS " T v v
Bus Y us ¥

0 Leg 4 (Phase Ato C)

Voltage A [pu] | Voltage B [pu] | Voltage C [pu]

Penetration Scenario
Values

—s—POE3 L1 50 - Voltage A [pu]

Y

—e—POE3 L1 50 - Voltage 8 [pu]
POE3 L1 SO - Voltage C [pu]

o N N B b

N o . n A
').\bx'p.”:“:'.).') v ;

o 5
a‘"‘vmb’amﬂ’\

4. Voltage fluctuations

The potential voltage fluctuation range is predicted by checking the voltages at the
distribution legs from low PV utilisation factor (0.2) to high PV utilisation factor (0.8).

The onerous fluctuation would occur should the cloud cover vary the PV utilisation factor
from 0.2 to 0.8, or vice-versa, under the highest PV penetration scenario. Cloud cover
reducing the PV output to zero is not considered here. Based on the solar profile provided
by SAPN the periods with high solar intensity coincides with the low load periods of the
day (12-2PM).

From the voltage plots for both the distribution legs — the voltage fluctuation range for any
particular point is not more than 0.05 pu (or 5%) within the criteria in IEC/TR 61000-3-
7:2008 of 3-5%.

d) Voltage fluctuations
0 Leg 1&3 (Phase Ato C)

Voltage A [pul-0 Voltage A [pul-0.2 Voltage B [pul-0.3 Voltage B [pul-0.2 Voltage € [pul-0.3  Voltage € [pul-0.2

Leg 2 (Phase Ato C)

Voltage A [pu-08| Voltage A [pu]0.2  Voltage B [pu]-0.8 | Voltage B [pu]-0.2 ] Voltage C [pu]-03 | Voitage C [pu]-0.2

1o8
1.08 - Values
alues
Penetration Scenario 4 BenstiationScennia X
v [pul-0.8- P.
—o—Voltage A [pul-0.8- PS EO L0 SO Los —+—Voltage A [pul-0.8 - P5 EO L0 SO
e Voltage A [pul-0.8- P6 £0 L0 S0 ——Voltage A [pul-0.8- P6 E0 LO SO
Voltage A [pul-0.2- P5 E0 L0 SO ——Voltage A [pu]-0.2- P5 E0 L0 S0
1.04 Voltage A [pu]-0.2- P6 E0 L0 SO 104 Voltage A [pul-0.2- P6 ED LO'SO
—s—Voltage B [pu]-0.8 - P5 E0 L0 50 =e—Voltage B [pu]-0 8 - P5 E0 L0 50
o= Voltage B [pu]-0.8 - P6 EO LO SO —e—Voltage B [pul-0.3 - P6 E0 L0 50
h 1.02

1oz ——Voltage B [pu]-0.2 - PS E0 L0 SO —e=/0ltage B [pu]-0.2 - P5 EO L0 SO
—e—Voltage B [pu]-0.2 - P E0 L0 S0 D g " =e—Voltage B [pu]-0.2 - P6 EO L0 S0
1 =e=Violtage C [pu]-0.8 - PS EO L0 SO 1 W —e=V0ltage C [pu]-0.8 - P5 E0 LO SO
—— Voltage € [pu]-0.8 - P6 £0 L0 SO —e=V0ltage C [pu]-0.8 - P6 E0 LO SO
== Voltage € [pu}-0.2 - BS £0 L0 SO —e—Voltage C [pul-0.2 - P5 E0 L0 S0

098 0.98 ) .
== Voltage € [pu]-0.2 - P6 £0 L0 SO ® —+—Voltage C [pul-0.2 - P6 E0 L0 SO

LR wN \,\, \n, ¥ wN wn, '»’L' q,,x __’L 'w u\, w" w‘\’ oﬂ N
Bus Y. Bus Y
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0 Leg 4 (Phase Ato C)

Voltage A [pul-03  Voitage A[pul-0.2 Voltage B [pul-08 Voltage B [pul-0.2 Voltage C [pul03  Voltage C [pu]-0.2

PR

L ©
AERESANEN AV R VR VT RS A A LRV o

5. Voltage unbalance

Values
Penetration Seenario X
== Voltage A [pu]-0.8 - PS5 EO LO SO
—o—Voltage A [pul-0.8 - P6 EO L0 S0
—e—Voltage A [pu}-0.2 - P5 EO LO S0

Voltage A [pul-0.2 - PG E0 LOSO
—+—Voltage B [pul-0.8 - P5 E0 L0 SO
—o—Voltage B [pul-0.8 - P6 E0 L0 SO
== Voltage B [pul-0.2 - 5 E0 L0 50
——Voltage B [pu]-0.2 - P6 EO0 L0 50
== Voltage C [pu]-0.8 - PS E0 L0 S0
—— Voltage C[pul-0.8 - P6 E0 L0 S0
—+—Voltage C[pul-0.2 - P5 E0 L0 S0
—e—Voltage C [pul-0.2 - P6 E0 L0 50

e For max. consumer load - the highest voltage unbalance factor of 0.23% is observed
under penetration scenario POE2L1S3.

e For min. consumer load - the highest voltage unbalance factor of 0.31% is observed
under penetration scenario P6EOL1S3.

e The continuous voltage unbalance factor limit is 2% hence, the unbalance factor for this
feeder is within the limit.

Max. Vneg/Vpos (%) observed

Peak demand Minimum
case demand case
HH121B TC46352 0.23%

0.31% 0.22% 0.00%

JA4679-4-1
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FEEDER HH409F - 29068 (NEW UNDERGROUND)

1. Details
e \Woodforde — Morialta 11 kV feeder
e 11000/433 V 300 kVA transformer
e Comprised of the following underground cable:
- XLPE AL 150 mm? — 982 m (70.5 %)
- XLPE AL 35 mm®~ 410 m (29.5 %)
e Has three meter points to three distribution legs:
- Leg 1-Lot 36 Gleeson Crs (West) (247 m)
- Leg 2 - Lot 39 Gleeson Crs (East) (255 m)
- Leg 3 - Lot 40 Redden Crt (279 m)
® 43 customers
® Feeder phase balance (as per load data)
- Leg 1: Phase A = 38.2% Phase B = 26.8% Phase C = 35.1%
- Leg 2: Phase A=37.4% Phase B = 36.3% Phase C = 26.3%
- Leg 3: Phase A=35.7% Phase B = 29.3% Phase C = 34.9%
e Distribution of customers across feeder:
Leg 1 Leg 2 Leg 3
Customersin % 41.9 % 11.6 % 46.5 %
Customers 18 5 20
3-Phase Customers |5 2 6
1-Phase Customers | 13 3 14
1-Phase A 5 1 5
1-Phase B 3 1 4
1-Phase C 5 1 5
® Max. consumer load assumed = 217.7 kVA (obtained from actual data)
Legl Leg 2 Leg 3
[KVA [ customer] [KVA [ customer] [KVA [ customer]
3-Phase Customers | 5.35 3.06 5.31
1-Phase A 5.56 3.68 5.45
1-Phase B 5.62 3.52 5.13
1-Phase C 4.97 1.98 5.30
e Min. consumer load = 10.8 kVA (obtained from actual data assuming existing PV
utilisation factor of 80%)
Leg1l Leg 2 Leg 3
[KVA [ customer] [KVA [ customer] [KVA [ customer]
3-Phase Customers | 0.27 0.15 0.26
1-Phase A 0.28 0.18 0.27
1-Phase B 0.28 0.17 0.25
1-Phase C 0.25 0.08 0.26
e Existing PV penetration = 10.75 % or 32.3 kW rated, i.e. 13 customers (assuming a 2.5
kW inverter size)
e Existing customers with controllable load = 4 (9 %)

JA4679-4-1
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2. Overvoltage check
e To check the worst overvoltage — consider the min. consumer load with the highest PV
utilisation factor of 80% for the PV only DERs penetration scenarios. The PV only DERs
penetration scenarios are most onerous to overvoltage issues.
¢ No overvoltages (>1.02 pu) were observed in this feeder.

a) Min. consumer load with 80% PV utilisation factor

0 Legl(PhaseAtoC)

Valtage A [pu] Valtage E [pu]
1.05 1.05
104 1.04
1.03 1.03
102 Penetration Scenario Penetration Scenario ¥

=—#—DP0 EO LO SO =—e—POEO LO SO

Loz M
—e—PL1EOLO S0
Tttt Sttty

=—a—P1E0 LO 50

1 ~—e—P2 E0 LO SO ——P2E0L0SO
033 P3EO0LO 50 0.99 P3E0 LO SO
0.98 —e—PAEOLO SO 0.98 =—e=P4E0 L0 50
0.97 —e—P5 E0 LO 50 0.97 —e—P5E0 L0 SO
0.95 ——PGEQLO SO 0.96 —e—P5E0 L0 S0
0.95 0.85
[N T A . S T T PR T 2 > 5 0 B o = S T A T S B 1 S A T R T T T S
s N ] s WTOW -] s @ o Ne NT AT T RS T A, WTOW RS YT Y A O
MEVEN SV N YRSV VG NN N N N s N NG NN
Bus ¥ Bus Y.
Voltage C [pu]
1.05
1.04
1.03

Penetration Scenario ¥
—+—POEOLO SO

P e cinsanas: anans IS

1 —+—P2E0LO SO
0.59 P3E0LO SO
0.98 =o=P4EQ LO 50
097 ——P5E0LO SO
0.96 —=PG EQ LO 50
0.95
S N L3 B B © B
I R A AR N G RV SRV N LR N S L)
N NS NS NS N s NSNS NN
Bus Y
Voltage A [pu] Voltage B [pu]
1.05 1.05
1.04 1.04
103 1.03
Penetration Seenario Penetration Scenario "
10— 4 w o———_ T
——POE0 L0 SO ——POED LO SO
Lot =e=P1E0 LO SO 1oL = —s—P1EO0 LO SO
1 T B B By Bt e B B B g —e—P2E0 L0 S0 1 —+—P2EQ L0 SO
0.99 P3EO0 LO SO 0.99 P3EQLOSO
0.98 ——P4E0 LO SO 0.92 ——P4E0 L0 SO
097 —e—P5E0 L0 SO 0.97 —e—P5E0 L0 SO
0.96 —+—POEQLOSO 0.96 —a—PG E0 L0 SO
0.95 0.95
I T TN NS TN S A e U TN U A S N>
ZoNT Al T a2 ;A7 L% b v 4; 97 ¥ g
LA ny?’ 1’} '\,} v n,':! Vv 1,7 m7 v VT Vs 'L} Y S SN A S S P A
Bus Y Bus Y
Voltage C [pu]
1.05
1.04
1.03
Penetration Scenario +
PP NN S O L (R N U O ) T
——POE0 L0 SO
Lot —+—PLEO L0 SO
1 - —+—P2E0 L0 SO
0.99 P3E0 L0 SO
0.98 ——PAEOLOSO
097 —e—P5ED LO SO
0.96 ——PGED L0 SO
0395
LN N T a
AP ML N SN S N M P N N, M
Bus YW
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0 Leg 3 (Phase Ato C)

Voltage A [pu]

105
1.04

103

102

B"q?’\rw"l/’\’\z“)’\ﬁ’hx”;)“)ﬁbNB"ﬂ;‘v{\’qbm,\’\r"
B B M B s B 23 e

Bus Y.

Valtage C [pu]

1.05
1.04
1.03

s '\;"‘ ’L\‘ ’L“J ":':\ q-\' ,5,"7 ,)"'J N ”:O’,\%E 'O’L ’\ 'l
”V"V")";”‘:‘J/’B”)/":"V k14 "J/

Bus ¥

3. Undervoltage check

e To check the worst undervoltage — consider the max. consumer load with the lowest PV

utilisation factor of 20%.

e The PV only DERs penetration scenarios were considered; and a more onerous scenario

Penetration Scenario 3§
== PQ E0 LO SO
—e—P1E0LO SO
~+—P2EO0 LO SO
P3EO0 LO SO
—e—P4EO0 LO SO
—e=—PSE0 L0 SO

=—e—P6EO LO SO

Penetration Scenario ¥

—+—POEO LO SO

—+—P1EQ LO S0

—e—P2E0 L0 SO
P3ED LO SO

—+—P4 E0 LO SO

== PS5 EO L0 SO

=—#—P6 EO LO SO

Voltage B [pu]

105
104

103

Bus Y.

pow o <= ]
© 0,) '\-'L ’L”\‘ ’L’b '\f) ")\' ")’a’ ":"J V\ Dl?’ ‘3'\’ d,? <« ’\ “’
A T T T T T T T T T (%4 ﬂ;/

with only the power sinking DERs was tested.

e No undervoltages (<0.87pu) were observed in this feeder under all the scenarios

considered.

b) Max. consumer load with 20% PV utilisation factor

0 Leg 1l (PhaseAtoC)

Voltage A [pu]

NN

Bus Y

JA4679-4-1

Penetration Scen... 3

——POEO LOSO
——P1E0LOSO
——P2E0LOSO

P3E0 LOSO
——P4E0LO SO
——P5E0LOSO

P6EO LO SO

Penetration Scen... 2F

——POEOLO SO
——P1E0LO SO
—P2E0LOSO

P3E0LO SO
——P4E0LOSO
——P5E0 LO SO

PG ED LO SO

Valtage B [pu]

Bus Y

1.01

o N von B A ) L
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NN %4

Penetration Scenario -
—e—POEO LO SO
== P1E0 LO SO
—+—P2E0LOSO
P3EOLOSO
—e—P4E0 L0 SO
—a—P5EQ LO 50
—e—P6ED LO SO

Penetration Scen...
——POEOLOSO
——P1E0 L0 SO
——P2E0LO SO

P3EO0LOSO
—PAEOLOSO
——P5E0 L0 SO

P6EO0 L0 SO
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0 Leg2(PhaseAtoC)

Voltage Alpul. (Ualinge, A ipul)
101 101
099 \ 0.99 \
0.97 0.57
& Penctration Scen...
095 POEO L0 SO 0.95 POEOD LO SO
—P1E0 L0 SO ——P1E0LOSO
0.93 ——P2E0 L0 S0 0.93 — P2E0LOSO
——P3E0 L0 SO ——P3E0LOSO
091 ——P4E0 L0S0 051 ——P4E0 L0 SO
——P5E0 L0 SO ——P5E0 L0 SO
083 ——P6E0 L0 SO 0.89 ——PGE0LOSO
087 ——t e L Y7 08 A S Q) S U [ g i S P S A
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c) Max. consumer load with power sinking DERs

0 Legl(PhaseAtoC) Leg 2 (Phase A to C)

Voltage A [pu] Voltage B [pu] Voltage C [pu] Voltage A [pu] Voltage B [pu] Voltage C [pu]
1.01 101
0.99 0.99 \_
0.97 097
Values Values
0.35 Penetration Scenario X 0.95 Penetration Scenario K
0.93 ——Voltage A [pu] - PO E3 L1 50 0.92 ——Voltage A [pul - PO E3 L1 50
0.91 ——Voltage B [pu] - PO E3 L1 50 091 ——Voltage B [pu] - P E3 L1 50
0.89 —— Voltage C[pu] - PO E3 L1 50 0.89 Voltage C [pu] - PO E3 L1 SO
087 m o == ——— = 087 —m e
0.85 0.85
SR AN P A S R I T ) o ~ N ° ™ 5 ©
xx\«ﬁljx%\,bbx‘x‘]\bﬁz Yoy N Ak A w’"”w"’xfoﬁm {’c: eﬂ,
N7 07 LAWY
Bus Y. Bus Y

0 Leg 3 (Phase AtoC)

Voltage A[pu] Voltage B [pu] Voltage C [pu]
101

C\-
N
0.97 T T e

e L L (el
0.99 T - Penetration Scenario Y
0.33 —Voltage A [pu] - PO E3 L1580
0.91 ——Voltage B [pu] - PO E3 L1 50
0.89 ——Voltage C [pu] - PO E3 L1 50
087 Pttt L
0.85

5 N oA A
Qc?\ \."‘ w"'\,’ '\,""a "nﬂ’ ’b"ﬂ v" \>°"q 27 ’\ﬁ'
%7 by s

Bus ¥

4. Voltage fluctuations

e The potential voltage fluctuation range is predicted by checking the voltages at the
distribution legs from low PV utilisation factor (0.2) to high PV utilisation factor (0.8).

e The onerous fluctuation would occur should the cloud cover vary the PV utilisation factor
from 0.2 to 0.8, or vice-versa, under the highest PV penetration scenario. Cloud cover
reducing the PV output to zero is not considered here. Based on the solar profile provided
by SAPN the periods with high solar intensity coincides with the low load periods of the
day (12-2PM).

¢ From the voltage plots for both the distribution legs — the voltage fluctuation range for any
particular point is not more than 0.05 pu (or 5%) within the criteria in IEC/TR 61000-3-
7:2008 of 3-5%.

d) Potential voltage fluctuations

0 Leg 1l (PhaseAtoC) Leg 2 (Phase Ato C)

ol R Mol e R lnil 2 oo R sl D8 Mol Rlp 2 Aaliagc cIpul DR A ol Clnul .2 Voltage A [pu]-0.8 Voltage A [pu]-0.2  Voltage B [pu]-0.8 " Vottage B [pu]-0.2 Voltage C [pu]-08  Voltage C [pu]-0.2
108 Values 108 Values
Penetration Scenario X Penetration Scenario g A
=e=Voltage A [pu]-0.8 - P5 E0 L0 SO —e—Voltage A [pu]-0.8 - PS E0 L0 SO
106 e Voltage A [pu]-0.8- P6 EO LO SO 1.06 —e=Voltage A [pu]-0.8 - P6 E0 LO SO
Voltage A [pul-0.2- P5 EO0 LO SO Voltage A [pu]-0.2 - PS5 E0 LD SO
104 voltage A [pul-0.2 - P6 EO LOSO 104 Voltage A [pu]-0.2 - P6 E0 LO SO
—e—\Voltage B [pu]-0.8 - P5 E0 L0 SO —e—Voltage B [pu]-0.8 - P5 E0 L0 S0
—e—Voltage B [pu]-0.8 - P5 EO LO SO i —s—Voltage B [pu]-0.8 - P6 EO LO SO
—e—\ioitage B [pu]-0.2 - PS5 E0 L0 S0 w02 —s—Voltage B [pu]-0.2 - PS EO LD SO
—e—\ioitage B [pu]-0.2 - P6 E0 L0 SO —s—Voltage B [pu]-0.2 - P6 E0 L0 SO
—e—Voltage C [pul]-0.8 - P5 E0 LO SO 1 —a=\/0ltage C [pu]-0.8 - P5 EO LO SO
—e—Voltage C [pu]-0.8 - P§ E0 LD S0 —s—Voltage C [pu]-0.8 - P6 EO L0 SO
0.98 —e—\Voitage C [pu]-0.2 - P5 E0 L0 S0 098 —s—Voltage C [pu]-0.2 - PS E0 L0 SO
o »\, ,»’\/ _V» ,L’*) ﬁ;x%w }N; o \’% o’n (7& b\:d”»v,dh =—e=Voltage C [pu]-0.2 - PG EO LO 50 QN ww \;\, NL"V '\.\’ ,\:’» ,1,?> ,L“: ﬁ!\ ,Lh ,L% o," 6},’» wb —s—Voltage C [pu]-0.2 - P6 EO LO SO
Bus Y Bus -V
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0 Leg 3 (Phase Ato C)

Voltage A [pu]-08  Voltage A [pu]-0.2 Voltage B [pu]-0.3  Voltage B [pu]-0.2  Voltage C [pu-0.8  Voltage C [pu]-0.2

1.08 Values.
Penetration Scenario

—e—Voltage A [pu]-0.8 - P5 E0 LO SO

T

1.06 =e—\/oltage A [pu]-0.8 - P6 E0 LO SO

—+—Voltage A [pu]-0.2 - P5 E0 LOSO

1.04 —+—Voltage A [pu]-0.2 - P6 EO LO SO
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5. Voltage unbalance

e For max. consumer load - the highest voltage unbalance factor of 0.60% is observed
under penetration scenario P6EOLOS1.

e For min. consumer load - the highest voltage unbalance factor of 0.32% is observed
under penetration scenario P6EOL1S4.

¢ The continuous voltage unbalance factor limit is 2%, hence, the unbalance factor for this

feeder is within the limit.

Max. Vneg/Vpos (%) observed

Peak demand
case

Minimum
demand case

HH409F 29068 0.60%

0.32% 0.54% 0.03%
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FEEDER GU-37

1.

Details

Cookes Hill 19 kV SWER
11/19 k V 150 kVA transformer

Comprised of the following overhead conductor:
- 3/12SCGZ (19.5 km /68.2%)
- SC/AC-MET 3/2.75 (9.1 km / 31.8%)

Total feeder backbone length — 15 km

58 customers
Has one metering point to one distribution leg.

Max. consumer load = 129 kVA (obtained from actual data)

Min. consumer load = 42.2 kVA (obtained from actual data assuming existing PV
utilisation factor of 80%).

Existing PV penetration = 37.5 kW 15 customers (assuming a 2.5 kW inverter size)
Existing customers with controllable load = 31 (53 %)
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2. Overvoltage check

a)

b)

To check the worst overvoltage — consider the min. consumer load with the highest PV
utilisation factor of 80% for the PV only DERs penetration scenarios. The PV only DERs
penetration scenarios are most onerous to overvoltage issues.

No overvoltages (>1.06 pu) were observed in this feeder.

An extreme case was tested where the consumer load is assumed to be at 10% of the
max. Similarly, no overvoltages were observed under the most onerous penetration
scenarios of PSEOLOSO and P6EOLOSO.

Min. consumer load with 80% PV utilisation factor
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Extreme case with consumer load at 10% of the max.

Vpos[pu]

108

Penetration Scenario W

1.02 R ARRRARRRNRRIS S e —e=P5E0 L0 SO
NN PGEO LO SO

0.99

0.98

o A N IR I R R P S Rt S e
S %(( MK ,\’)Q Y A I A A A IS
NN NG PR D T TP LA AR A Ap
Ns N4 NS T Nl NSNS NS NS N

Bus v

3. Undervoltage check

To check the worst undervoltage — consider the max. consumer load with the lowest PV
utilisation factor of 20%.

The PV only DERs penetration scenarios were considered; and the most onerous for
undervoltage with only the power sinking DERs.

No undervoltages (<0.90pu) were observed in this feeder under all the scenarios
considered.
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c) Max. consumer load with 20% PV utilisation factor
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d) Max. consumer load with power sinking DERs
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4. Voltage fluctuations

o The potential voltage fluctuation range is predicted by checking the step change in
voltages from low PV utilisation factor (20%) to high PV utilisation factor (80%).

¢ The most onerous fluctuation would occur under the PV only DERs penetration scenarios.
Based on the solar profile provided by SAPN the periods with high PV utilisation coincides
with the min. load periods of the day (12-2PM). Hence, for this assessment a network with
min. load is considered.

e From the voltage plots — the voltage fluctuation range for any particular point is not more
than 0.05 pu (or 5%) within the criteria in IEC/TR 61000-3-7:2008 of 3-5%.

e) Potential voltage fluctuations
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SWER MTB - 82

1. Details
e Bremer 19 kV SWER

e 11/19 k V 200 kVA transformer

e Comprised of the following overhead conductor:
- 3/12SCGZ (39.2 km/ 75%)
- SC/AC-MET 3/2.75 (11.3 km / 21.6%)
- SC/AC-IMP 3/0.1019 3/10 (1.8 km / 3.4%)

Total feeder length — 33 km

96 customers

Has one metering point to one distribution leg.

Max. consumer load assumed = 166 kVA (obtained from actual data)

Min. consumer load = 69.8 kVA (obtained from actual data assuming existing PV
utilisation factor of 80%)

Existing PV penetration = 47.5 kW 19 customers (assuming a 2.5 kW inverter size)
Existing customers with controllable load = 40 (42 %)
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2. Overvoltage check

To check the worst overvoltage — consider the min. consumer load with the highest PV
utilisation factor of 80% for the PV only DERs penetration scenarios. The PV only DERs
penetration scenarios are most onerous to overvoltage issues.

No overvoltages (>1.06 pu) were observed in this feeder.
An extreme case was tested where the consumer load is assumed to be at 10% of the
max. No overvoltages were observed in this extreme case even under the most onerous

penetration scenarios of PSEOLOSO and P6EOLOSO.

a) Min. consumer load with 80% PV utilisation factor
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3. Undervoltage check
e To check the worst undervoltage — consider the max. consumer load with the lowest PV
utilisation factor of 20%.
e The PV only DERs penetration scenarios were considered; and the most onerous for
undervoltage with only the power sinking DERSs.
e No undervoltages (<0.90pu) were observed in this feeder.

c) Max. consumer load with 20% PV utilisation factor

Vpos[pu]
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d) Max. consumer load with power sinking DERs
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4. Voltage fluctuations

o The potential voltage fluctuation range is predicted by checking the step change in
voltages from low PV utilisation factor (20%) to high PV utilisation factor (80%).

¢ The most onerous fluctuation would occur under the PV only DERs penetration scenarios.
Based on the solar profile provided by SAPN the periods with high PV utilisation coincides
with the min. load periods of the day (12-2PM). Hence, for this assessment a network with
min. load is considered.

e From the voltage plots — the voltage fluctuation range for any particular point is not more
than 0.05 pu (or 5%) within the criteria in IEC/TR 61000-3-7:2008 of 3-5%.

e) Potential voltage fluctuations
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SWER M - 23

1. Details
¢ Rockleigh 19 kV SWER

e 11/19 k V 200 kVA transformer

e Comprised of the following overhead conductor:
- 3M12S8CGzZ

Total feeder length — 52 km
132 customers
Has one meter point to one distribution leg.

Max. consumer load assumed = 280 kVA (obtained from actual data). Note that the max.
load exceeds the rating of the transformer.

® Min. consumer load = 101.6 kVA (obtained from actual data assuming existing PV
utilisation factor of 80%)

e Existing PV penetration = 77.5 kW 31 customers (assuming a 2.5 kW inverter size)
e Existing customers with controllable load = 67 (51 %)
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2. Overvoltage check

e To check the worst overvoltage — consider the min. consumer load with the highest PV
utilisation factor of 80% for the PV only DERs penetration scenarios. The PV only DERs
penetration scenarios are most onerous for overvoltage issues.

¢ No overvoltages (>1.06 pu) were observed in this feeder.

e An extreme case was tested where the consumer load is assumed to be at 10% of the
max. Overvoltages were observed in this extreme case under the most onerous
penetration scenarios of PSEOLOSO and P6EOLOSO. The controllable loads (L1) could be
switched on to resolve the overvoltages issues.

a) Min. consumer load with 80% PV utilisation factor
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3. Undervoltage check

e To check the worst undervoltage — consider the max. consumer load with the lowest PV
utilisation factor of 20%. PV only DERSs penetration scenarios were considered.

e Undervoltages (<0.90pu) were observed due to the heavy loading on this feeder.

e This indicate that the feeder will not be able to support more power sinking DERs during
the max. load period.

e Possible mitigation to be investigated:
0 Option A - Tap transformer to increase LV-side voltage of the feeder
0 Option B — Use storage as generation (insufficient)
o Option C —reduce the loading of the feeder by shifting of load to other feeder(s)

c) Max. consumer load with 20% PV utilisation factor

o Peak demand scenario
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o Impact of storage discharging during peak demand
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4. Voltage fluctuations

e The potential voltage fluctuation range is predicted by checking the step change in
voltages from low PV utilisation factor (20%) to high PV utilisation factor (80%).

¢ The most onerous fluctuation would occur under the PV only DERs penetration scenarios.
Based on the solar profile provided by SAPN the periods with high PV utilisation coincides
with the min. load periods of the day (12-2PM). Hence, for this assessment a network with
min. load is considered.

¢ From the voltage plots — the voltage fluctuation range for points at the end of the feeder is
4.5%, which is within the required criteria of IEC/TR 61000-3-7:2008 of 3-5%.

d) Potential voltage fluctuations
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Impact of Distributed Energy Resources on Quality of Supply

Appendix C. Feeder Mitigation Result Summaries

JA4679-4-1 C-1



FEEDER HH341A - 81 (OLD OVERHEAD) — MITIGATION ANALYSIS

Details

Norwood — Kensington 11 kV feeder
11000/433 V 315 kVA transformer
Comprised of the following underground cable:
- 7/4.75AAC (81 m/2.8%)
- 7/3.75AAC (473 m/16.5%)
- 7/16 Cu (44 m/ 1.5%)
- 7/14 Cu (680 m/ 23.7%)
- 4x95ABC (913 m/ 31.8%)
- 0.2Cu (459 m/16%)
- 01Cu(219m/7.6%)
Has one meter point to four distribution legs:
Leg1—-113m
Leg2-157m
Leg3-297 m
Leg4—-933m
85 customers
Feeder phase balance (as per load data)
- Leg 1: Phase A = 35.3% Phase B = 31.1% Phase C = 33.6%
Distribution of customers across feeder:

Leglto4
Customers in % 100 %
Customers 85

3-Phase Customers | 25

1-Phase Customers | 60

1-Phase A 21

1-Phase B 19

1-Phase C 20

Max. consumer load assumed = 213.2 kVA (obtained from actual data)
Leglto 4
[KVA / customer]

3-Phase Customers | 2.51

1-Phase A 2.59

1-Phase B 2.39

1-Phase C 2.54

Min. consumer load = 38.7 kVA (obtained from actual data assuming existing PV
utilisation factor of 80%)

Leglto 4
[KVA [ customer]
3-Phase Customers | 0.46
1-Phase A 0.47
1-Phase B 0.43
1-Phase C 0.46

Existing PV penetration = 18.05% or 56.86 kW rated, i.e. 23 customers (assuming a 2.5
kW inverter size)

Existing customers with controllable load = 32 (38 %)
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Mitigation measures

1. Transformer taps
In the original analysis, with the MV/LV transformer at nominal tap (tap 3), overvoltages were
observed in Leg 4 (all phases). This section assesses the impact of changing the tap position on
the voltage under each the minimum and peak demand scenarios.

Tap 4
Overvoltage
e To check the worst overvoltage — consider the min. consumer load with the highest PV
utilisation factor of 80% for the PV-only DER penetration scenarios. The PV-only DER
penetration scenarios are most onerous to overvoltage issues.
¢ No overvoltages (>1.02 pu) were observed in distribution Leg 4 or any of the other Legs on
this feeder.

a) Min. consumer load with 80% PV utilisation factor
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Undervoltage
e To check the worst undervoltage — consider the max. consumer load with the lowest PV
utilisation factor of 20%.
¢ Undervoltages (<0.87pu) were observed for Tap 4 Phase under POE3L1S0.

b) Max. consumer load with 20% PV utilisation factor
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Tap 5
Overvoltage
e No overvoltages (>1.02 pu) were observed in distribution Leg 4 or any of the other Legs on
this feeder.
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1.08
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Undervoltage
¢ Undervoltages (<0.87pu) were observed under Tap 5 Phase A under POE3L1S0.
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2. Reconductor feeder backbone
This section assesses the impact of changing the feeder backbone conductor type on the voltage
under minimum and peak demand scenarios. The conductor type on the feeder backbone has
been changed to 0.2 Cu.
¢ No overvoltages (>1.02 pu) were observed in distribution Leg 4 or any of the other Legs on
this feeder.
0 Leg 4 (Phase Ato C)

Phase A
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Phase B

~Recon- P5E0 LOSO

Recon- P6 EO LOSO

ﬁﬁﬁﬁﬁﬁ

Phase C

Recon-P5EQ LOSO

Recon-P6 EO LOSO

Undervoltage
¢ No undervoltages (<0.87pu) were observed under reconductoring.
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3. Dynamic VAr Support

This section assesses the impact of dynamic VAr support on the voltage under a minimum
demand scenario. The amount of var support required to reduce the overvoltages on distribution
Leg 4 as well as the resulting voltage profiles are given below:
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e Leg4-24kVAr
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4. Controllable load and storage

Since there is an overvoltage issue on this feeder, the controllable load measures that may assist
in mitigation are controlled hot water load and battery storage (in charging mode i.e. operating as

a load rather than as a source).

o0 In Leg 4, the Phase A boundary penetration scenario before overvoltages occur is P3. The
controllable loads (L1) could be switched on to increase PV penetration to P4, P5 or P6 while
maintaining voltage within limits. Connecting the storage loads (S2) alone is insufficient to
maintain the voltage within limits.

o In Leg 4, the Phase B overvoltages occur under the P5 penetration scenario. The
controllable loads (L1) could be switched on to resolve the issues. Connecting the storage
loads (S2) alone is insufficient to keep the voltage within limit.

o In Leg 4, the Phase C boundary penetration scenario before overvoltages occur is P4. Both
the controllable loads (L1) and storage (S2) are required to be switched on to increase PV
penetration to P5 or P6, resulting in only marginal overvoltages. The overvoltages cannot be

resolved completely in this phase.

JA4679-4-1

Phase A

Var - PSEO LOSO

Var - P6 EO LOSO

Phase B

Var - PSEO LO SO

Var - P6 EO LO SO

Phase C

Var - P5SEO LOSO
Var - P6 EO LOSO
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0 Leg 4 (Phase Ato C)with CL and ST to control overvoltages
Voltage B [pu]
1:!]3 Penetration Scenario Y

0.99

0.98
0.97
0.96

095
D
S TN TR TTRAR T YR T TO
B ahg I T g NN SRR AR
I L <
= e | Il Il [ ] [
P S e SRR BB

Bus Y

Voltage C [pu]

1.05

103 Penetration Scenario %
—s—P5E0 L0 SO
—e—P5E0 L0 52
—+—P5E0L150
P5E0L1S2
=e—P6E0 LO SO

0.98 =—e—P6 E0 L0 52
=—e—P6E0 L1 S0

0.97
=—e—P6EQ0 L1552
0.96
0.95
ROl rdbdbolls R I = i B A O Bl
Dt e e A Ty TOad NIRRT RAR
R T T TR T B T T B
= - . B

5. Feeder load balancing
This section assesses the impact of balancing the feeder load on the voltage under minimum
and peak demand scenarios. The load was distributed as evenly as possible across each of
the phases for each of the feeder distribution legs.
0 Leg4 (Phase Ato C)

1.05
Voltage - Phase A

1.04

—&— Peak-balanced - P3 E0 LO SO
~#— Peak-balanced - P4 EO LO SO
—#A— Peak-balanced - P5 EO LO SO

Peak-balanced - P6 EO LO SO

0.99
0.98 +
R A = B B = B O -
e R A - T R AN
RS S - S A T S R T Ay A B B A
<+ < < A A <+ < <
1.025
Voltage - Phase B
1.02 -

wwm —o— Peak-balanced - P3 EO LO SO

soos 7;_{5_@ ) S
4 M(-ﬂx’“" P ~#— Peak-balanced - P4 EO LO SO
[ W —4— Pealcbalanced - PS E0 LO SO

0.995 Peak-balanced - P6 EO LO SO
0.99
0.985
0.98
B R R R R R R R R
DNASNE NS IS D 0ES 00384088 Hn
Ea A 0 2 T AT S TV S B B TRV A T T
< < < < < < < < < S
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1.03

Voltage - Phase C

1.025

1.015

101

rwf.t‘(' -

~—&— Peak-balanced - P3 EO LO SO
_Avee0e  —W—Peak-balanced - P4 EO LO SO

1.005
*

~—#— Peak-balanced - P5 EO LO SO

Peak-bal

ed- P6 EO LO SO

0.995

0.99

0.985

Agqgregated results

The graphs below summarise all the mitigation measures investigated and the impact they have on
each phase of distribution Leg 4 of the feeder under a minimum demand scenario. The results are
shown for each of the assumed MV voltages of 1 pu, 1.025 pu and 0.975 pu.

Leg 4 — Phase A

Voltage A [pu]
1.08
107
1.06
105
1.04
103
1.02

101

k4

Penetration Scenario 1

s IN - PS EOLO 30

Ciperation Scenario

N - P& EOLO S0
== Recon - PS5 EOQ LO 50

Recon - PG EO LO 50

1

059

098

0587

086

0485

41
4_2
4_2-3
4.5
4_6

Bus YY
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a7
4_81
4_9-1
4_10-1
4.11-1
4 12-2
414
4_15-1
4 16-2
418

4 19
4_20
4_21-2
4 22-2
4_24-1
4_25-1
4_26-1

4_27-1

—\far - PSEOQ LO 50
m—\far - PGEQ LO 30
=——Tap 4-PSED LD S0
=——Tap 4-PGED LD S0
=——Tap 5-P3EOLOS0D

=—=Tap 5-PGEDLO S0

4 29
4_30
4_31-1

4 _32-1
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Leg 4 — Phase A (1.025pu)

Leg 4 — Phase A (1.025pu) — feeder balanced load

1.07
Voltage - Phase A
Pay
- M
1.05 oo
L By —e— Peak balanced - PO EO LO SO
104 ......
e - » 2 . —#— Peak balanced - P1 EO LO SO
1.03 - %v ‘;""""'v- - sl A Peak balanced - P2 EO LO SO
o ~s peak balanced - P3 EO LO SO
1.02 7 boont —*— Peak balanced - P4 EO LO SO
1.01 —0— Peakbalanced - P5 EO LO SO
~+— Peakbalanced - P6 EO LO SO
1
0-99 TITT T T T T T rTrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrni
R B e B B B B B N B =
N O 0 o) ! NS - O o NS NN o M
i e A T TR T T T TR
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Leg 4 — Phase A (0.975pu)

Leg 4 — Phase A (0.975pu) — feeder balanced load

Voltage - Phase A

—4&— Peak-balanced - P5 EO LO SO

~— Peak-balanced - P6 EO LO SO

TTTTTTTTTTTTT
o
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<
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wn
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TT
i
-
<

T

T
o

1.03

1.02 4

1.01

0.99

0.98 A
0.97

0.96

0.95

0.94
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Leg 4 — Phase B

Leg 4 — Phase B (1.025pu)
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Leg 4 — Phase B (1.025pu) — feeder balanced load
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o
<

4_27-1

4_29-

— -
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o
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Voltage - Phase B

—o— Peak balanced - PO EO LO SO
—— Peak balanced - P1 EO LO SO
=& Peak balanced - P2 EO LO SO
—>— Peak balanced - P3 EO LO SO
—*¥— Peak balanced - P4 EO LO SO
—8— Peakbalanced - P5 EO LO SO
~—+—Peak balanced - P6 EO LO SO

Leg 4 — Phase B (0.975pu)
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—&— Peak-balanced - P5 EO LO SO
—— Peak-balanced - P6 EO LO SO

Voltage - Phase B

1.08
107

Voltage C [pu].
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1.01
0.99
0.98 ~
0.97
0.96
0.95

Leg 4 — Phase B (0.975pu) — feeder balanced load
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Leg 4 — Phase C (1.025pu)

Leg 4 — Phase C (1.025pu) — feeder balanced load

1.07

1.06

1.05

1.04

1.03

1.02

1.01

0.99

4 12
4 23
4 5-1

4_6-2

4 81

492

4_11

4_12-2

4 141

4_16-1

4_18
4_19-1

4_21-1

4_22-2

4 242

4_26
4_27-1

4_29-1

4_31
4_32-1

Voltage - Phase C

—&— Peak balanced - PO EO LO SO
—— Peak balanced - P1 EO LO SO
—#&— Peak balanced - P2 EO LO SO
—>< Peak balanced - P3 EO LO SO
—*— Peak balanced - P4 EO LO SO
—8— Peak balanced - P5 EO LO SO
~+—Peak balanced - P6 EO LO SO
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Leg 4 — Phase C (0.975pu)

Leg 4 — Phase C (0.975pu) — feeder balanced load

Voltage - Phase C

=& Peak-balanced - P5 EO LO SO
—— Peak-balanced - P6 EO LO SO

1.03

1.02
1.01
0.96
0.95
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The graphs below summarise all the mitigation measures investigated and the impact they have on
the worst phase of each distribution Leg on the feeder under a peak demand scenario, with and
without DERSs.

Impact under peak demand

Voltage A [pu] Voltage B [pu] Voltage C [pu]

1.03
Operation Scenario .Y
101 Penetration Scenario Y
Values
s N - PO EO LO 50 - Voltage A [pu]
0.99
s IN - PO EO LD 50 - Voltage B [pu]
===MIN - PO EOLO S0 - Voltage C [pu]
L S iR e o A= R Recon - POED LD 50 - Voltage A [pu]
Recon - POED LD 50 - Voltage B [pu]
085 s R cON - POED LO 50 - Voltage C [pu]
s\ gr - PO EO LD 50 - Voltage A [pu]
093 ——Var - POED LD 50 - Voltage B [pu]
s \f 3 - PO EO LD 50 - Voltage C [pu]
051 =———Tap 4 - POED LO 50 - Voltage & [pu]
=T ap & - POED LO 50 - Voltage B [pu]
0.89 =——Tap 4 - POED LO 50 - Voltage C [pu]
=—=Tap 5- POED LO 50 - Voltage A [pu]
0.87 =====Tap 5 - POEOQ LD 50 - Voltage B [pu]
~Tap 5 - POED LO 50 - Voltage C [pu]
0.85
=T I T o O o T O o T I T o T o o s T o T o T o O I o B T o I T I+ I T T o Y o BT I I I I
A o m b Ty T oo Y g M
[ [ [ | L L B A A A~ M o A o I o A~ oA o ™ ]
— L] M omom LI I I - [ [ [ I
=T = = = = = = = = =T
Bus Y

Impact under peak demand (with DERSs)

Voltage A [pu] Voltage B [pu] Voltage C [pu]

1.03
Operation Scenario vT
1.01 Penetration Scenario b 4
Values
0.99 s [ IN - PO E3 L1 50 - Voltage A [pu]
s N IN - POE3 L1 50 - Voltage B [pu]
057 = MIN - PO E3 L1 50 - Voltage C [pu]
Recon - POES L1 50 - Voltage A [pu]
085 m—— Recon - POE3 L1 50 - Voltage B [pu]
Recon - POE3S L1 50-Voltage C [pu]
0.93 = /ar - POE3 L1 50 - Voltage A [pu]
'\ ar - POES L1 50 - Voltage B [pu]
051 eV ar - POES L1 50 - Voltage C [pu]
0,89 T ap 4 - POE3 L1 50 - Voltage A [pu]
w——Tap 4-POE3 L1 50 - Voltage B [pu]
087 o Tap 4 - POES L1 50 - Voltage C [pu]
we=Tap 5-POE3 L1 50 - Voltage A [pu]
D&5 ====Tap 5-POE3 L1 50 - Voltage B [pu]
Tap 5-POE3 L1 50- Voltage C[pu]
0.83
L= o I e ML T I o T o I T o S o s T s T T ot B T o B T o B A T 5 B T B o T ot T R I
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FEEDER EL14-TC54743 (OLD UNDERGROUND) — MITIGATION ANALYSIS

Details
Elizabeth Downs — JK Cable Elizabeth Downs 11 kV feeder

11000/433 V 300 kVA transformer

Comprised of the following underground cable:
- XLPE AL 150 mm?® OR 37/ 0.093 XLPE (218 m / 8.5%)
- XLPE AL 35 mm? OR 19/ 0.064 XLPE (79 m/ 3.1%)
- Cable PVC Cu 0.06 sq inch (955 m / 37.5%)
- Cable PVC Cu 0.0225 sq inch (1294 m / 83.5%)

Has three metering points to three distribution legs:

- Leg 1 - Pit East, Heath Court (575 m)

- Leg 2 — No. 4 Brixton (349 m)
- Leg 3 —No.14 Brixton (581 m)

48 customers
Feeder phase balance (as per load data)

- Leg 1: Phase A =46.8% Phase B = 22.2% Phase C = 30.9%
- Leg 2: Phase A = 37.6% Phase B = 33.2% Phase C = 29.3%
- Leg 3: Phase A =44.9% Phase B = 34% Phase C =21.1%
Distribution of customers across feeder:
Leg 1 Leg 2 Leg 3
Customers in % 39.6 % 33.3 % 271 %
Customers 19 16 13
3-Phase Customers | 6 5 4
1-Phase Customers | 13 11 9
1-Phase A 6 4 4
1-Phase B 3 4 3
1-Phase C 4 3 2
Max. consumer load assumed = 101 kVA (obtained from actual data)
Legl Leg 2 Leg 3

[KVA [ customer]

[KVA [ customer]

[KVA [ customer]

3-Phase Customers | 2.61

1.66

1.92

1-Phase A 2.99 1.80 217
1-Phase B 1.93 1.51 1.98
1-Phase C 2.53 1.67 1.35

Min. consumer load = 16.9 kVA (obtained from actual data assuming existing PV

utilisation factor of 80%)

Legl Leg 2 Leg 3
[KVA / customer] [KVA / customer] [KVA / customer]
3-Phase Customers | 0.44 0.28 0.32
1-Phase A 0.50 0.30 0.36
1-Phase B 0.32 0.25 0.33
1-Phase C 0.42 0.28 0.23

Existing PV penetration = 4.23 % or 12.7 kW rated, i.e 5 customers (assuming a 2.5 kW

inverter size)

Existing customers with controllable load = 48 (100 %)
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Mitigation measures

1. Transformer taps
In the original analysis, with the MV/LV transformer at nominal tap (tap 3), overvoltages were
observed in Leg 1 (phases A and C), Leg 2 (phase B) and Leg 3 (all phases). This section
assesses the impact of changing the tap position on the voltage under minimum and peak
demand scenarios.

Tap 4
Overvoltage
e To check the worst overvoltage — consider the min. consumer load with the highest PV
utilisation factor of 80% for the PV-only DER penetration scenarios. The PV-only DER
penetration scenarios are most onerous for overvoltage issues.
e Overvoltages (>1.02 pu) were observed in Phase C of distribution Leg 1, Phase B of
distribution Leg 2 and Phase B of distribution Leg 3.
o Highest overvoltages observed:
Leg 1 — Phase C: 1.025 pu (P6EOLOSO0)
Leg 2 — Phase B: 1.047 pu (P6EOLOSO)
Leg 3 — Phase B: 1.03 pu (P6EOLOSO)

o Leg 1l (PhaseAtoC)

Voltage - Phase A

1.04

—#—Tap 4 -P4E0 LOSO

~#—Tap4-P5E0 LOSO
Tap 4 - P6EO LOSO

O MY 0NN O Y YN T NSO N 0N o O N N T
R TR et NN = S U R I - R TR SO - - R B
e RN I T A T T A T B B TR B B
ST ST ST ST B
Voltage - Phase B
1.04
1.02
1
P anlngy
\ —+—Tap4-P4E0 LOSO
098 {LomrRRRRRE i aa o)
[ o2 liilal oo s o oo o s s s s At adasdads ad v —®—Tap 4-P5E0 LOSO
Tap 4- P6EO0 LOSO
0.96
0.94
092
R I PN N NI YU NN YN S g g NS oo
R AR R Rl e Bl A= =TT A I IR S~ SR - T I BN R
v—«‘v—«‘v—«‘.«l .—4' - ﬁIH\\\HIIH\\ﬁI\H\\ﬁHIH
B S e B
Voltage - Phase C
104

1
M.." —+—Tap 4 - PAEO LOSO

0.98 —=—Tap4-P5E0 LOSO

Tap 4 - P6 EO LO SO

0.96

0.92

© < o ow
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0 Leg 2 (Phase Ato C)

104 Voltage - Phase A
1.02 .
1
098 =g —4—Tap 4 - P4EO LOSO
—®—Tap 4-PSE0 LOSO
~4—Tap 4-P6E0 LOSO
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0.94
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N ! ! I~ ! I~ [ o | oo | o | |
~ N & & &
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. I
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S T T T S T = H - T (R T S B B §
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| PN ~ o DT N T T APV A AP
~ o N o &
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104 Voltage - Phase B
1.03 <
1.02 l’ \
1.01 / \
1
\/I/‘ ﬁ\ / Tap 4 - P4EO LOSO
0.99 Tap 4 - PSEO LOSO
~———Tap 4 - P6EO LOSO
0.98 ¥
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1.04 Voltage - Phase C
1.03
1.02
1.01
1
.\ —4—Tap 4 - P4EO LOSO
0.99 A e s —=—Tap 4 - PSE0 LOSO
\/ W —4—Tap4-P6EO LOSO
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0.97
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Undervoltage
e To check the worst undervoltage — consider the max. consumer load with the lowest PV
utilisation factor of 20%.
¢ No undervoltages (<0.87pu) were observed in Phase A of distribution Leg 1.

Tap 5
Overvoltage
e Overvoltages (>1.02 pu) were observed in Phase C of distribution Leg 1, Phase B of
distribution Leg 2 and Phase B of distribution Leg 3.
e Highest overvoltages observed:
Leg 1 — Phase C: 1.025 pu (P6EOLOSO)
Leg 2 — Phase B: 1.047 pu (P6EOLOSO)
Leg 3 — Phase B: 1.03 pu (P6EOLOSO)

0 Leg 1l (Phase AtoC)

Voltage - Phase A

~#—Tap5-P4E0 LOSO

~#—Tap5-P5E0 LOSO
~#4—Tap5-P6E0 LOSO

© = < oo
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—®—Tap 5-P5E0 LOSO
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~#—Tap 5 - P6 EO LOSO

0 Leg 2 (Phase Ato C)
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Voltage - Phase C
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Undervoltage
o0 Legl, 2&3(Phase AtoC)
¢ Undervoltage (<0.87pu) observed in Phase A of distribution Leg 1.

1.03

Tap 5 - POEO LO SO - Voltage A [pu]

Tap 5 - PO EO LO SO - Voltage B [pu]

Tap 5 - PO EO LO SO - Voltage C [pu]

0.79
0.75
0.71
0.67

I e N R R R

Fa T I T T B T T T A S g - N N N L T

N > - = i B NS 2SS S YT (PR =R A

[ T T ~ N | | o o I

o o N N oo o o

Reconductor feeder backbone
This section assesses the impact of changing the feeder backbone conductor type on the voltage
under minimum and peak demand scenarios. The conductor type on the feeder backbone has
been changed to 150 mm? AL XLPE cable. Results are as follows:

e Leg 1 — No overvoltages observed under P5 or P6 for Phases A and B

e Leg 2 - Overvoltage observed on Phase B under P6
e Leg 3 — Overvoltage observed on Phase B under P6
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0 Leg 3 (PhaseAtoC)
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3. Dynamic VAr Control
This section assesses the impact of dynamic VAr support on the voltage under minimum and peak
demand scenarios. The amount of var support required to reduce the overvoltages on each of the
distribution Legs as well as the resulting voltage profiles are given below:

e lLeg1-77kVAr

o Leg2-46kVAr

o Leg3-23kVAr
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4. Controllable load and storage
For the overvoltage issue on this feeder, the controllable load measures that may assist in
mitigation are controlled hot water load and battery storage (charging mode).

e In Leg 1, the Phase A boundary penetration scenario before overvoltages occur is P3.
The controllable loads (L1) could be switched on to increase the penetration to P4, P5 or
P6. Charging storage loads (S2) alone is insufficient to keep the voltage within limits.

e In Leg 1, the Phase C boundary penetration scenario before overvoltages occur is P3.
The controllable loads (L1) could be switched on to increase the penetration to P4 or P5.
Charging storage loads (S2) alone is insufficient to keep the voltage within limits. PV
penetration level P6 cannot be achieved within the voltage limit even with both the
controllable loads (L1) and storage loads (S2) switched on.

0 Leg 1 (Phase A and C) - with CL and ST to control overvoltages
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e In Leg 2, the Phase B boundary penetration scenario before overvoltages occur is P2.
The controllable loads (L1) could be switched on to increase the penetration to P3, P4 or
P5. The storage loads (S2) alone is insufficient to keep the voltage within limit.
Penetration level P6 cannot be achieved within the voltage limit even with both the
controllable loads (L1) and storage loads (S2) switched on

o0 Leg 2 (Phase B) -with CL and ST to control overvoltages
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e In Leg 3, the Phase A overvoltages occur under the P5 penetration scenario. The
controllable loads (L1) could be switched on to resolve the issues for P5. Connecting the
storage loads (S2) alone is insufficient to keep the voltage within limit.

e In Leg 3, the Phase B boundary penetration scenario before overvoltages occur is P2.
The controllable loads (L1) could be switched on to increase the penetration to P3, P4, P5
or P6. The storage loads (S2) alone is insufficient to keep the voltage within limit.

= |n Leg 3, the Phase C overvoltages occur under the P6 penetration scenario. Either the
controllable loads (L1) or storage loads could be switched on to resolve the issues.

o0 Leg 3 (Phase Ato C)with CL and ST to control overvoltages
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For the undervoltage issue on this feeder, the controllable load measure that may assist in
mitigation is battery storage (discharging mode). Analysis shows that using storage as generation
is insufficient to support the low voltages in the distribution legs.

5. Feeder load balancing
This section assesses the impact of balancing the feeder load on the voltage under minimum
and peak demand scenarios. The load was distributed as evenly as possible across each of
the phases of each of the feeder distribution legs.
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Agaregated results

The graphs below summarise all the mitigation measures investigated and the impact they have on
the worst phase of each distribution Leg on the feeder under a minimum demand scenario. The
results are shown for each of the assumed MV voltages of 1 pu, 1.035 pu and 0.965 pu.

Leg 1 —Phase C

Leg 1 — Phase C (1.035pu)
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Leg 1 — Phase C (1.035pu) — balanced feeder load
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Leg 1 — Phase C (0.965pu) — Balanced feeder load
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Leg 2 — Phase B (1.035pu)

Leg 2 — Phase B (1.035pu) — balanced feeder load
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Leg 3 — Phase B (1.035pu)

Leg 3 — Phase B (1.035pu) — balanced feeder load
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Leg 3 — Phase B (0.965pu)

Leg 3 — Phase B (0.965pu) — balanced feeder load
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The graphs below summarise all the mitigation measures investigated and the impact they have on
the worst phase of each distribution Leg on the feeder under a peak demand scenario, with and

without DERs.
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SWER M-23 — MITIGATION ANALYSIS

1. Details
¢ Rockleigh 19 kV SWER

e 11/19 k V 200 kVA transformer

e Comprised of the following overhead conductor:
- 3M12S8CGzZ

Total feeder length — 52 km
132 customers
Has one meter point to one distribution leg.

Max. consumer load assumed = 280 kVA (obtained from actual data). Note that the max.
load exceeds the rating of the transformer.

® Min. consumer load = 101.6 kVA (obtained from actual data assuming existing PV
utilisation factor of 80%)

e Existing PV penetration = 77.5 kW 31 customers (assuming a 2.5 kW inverter size)
e Existing customers with controllable load = 67 (51 %)

JA4679-4-1 C-41



Mitigation measures

1. Transformer taps

In the original analysis, with the MV/LV transformer at nominal tap (tap 3), undervoltages were

observed. This section assesses the impact of changing the tap position on the voltage under
peak and minimum demand scenarios.

Tap 2
Undervoltage check

e To check the worst undervoltage — consider the max. consumer load with the lowest PV
utilisation factor of 20%.

e The PV-only DER penetration scenarios were considered.
¢ Undervoltages (<0.90pu) were observed due to the heavy loading on this feeder.

a) Max. consumer load with 20% PV utilisation factor
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Overvoltage check

e To check the worst overvoltage — consider the min. consumer load with the highest PV
utilisation factor of 80% for the PV-only DER penetration scenarios, which are most
onerous for overvoltage issues.

¢ No overvoltages (>1.06 pu) were observed in this feeder.

Tap 1
Undervoltage check
¢ No undervoltages (<0.90pu) were observed.
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Overvoltage check

e To check the worst overvoltage — consider the min. consumer load with the highest PV
utilisation factor of 80% for the PV only DERs penetration scenarios. The PV only DERs
penetration scenarios are most onerous for overvoltage issues.

¢ No overvoltages (>1.06 pu) were observed in this feeder.

2. MV voltage regulation

This section assesses the impact existing voltage regulator settings or position changes have on
the voltage under a peak demand scenario. By changing the voltage regulator setpoint, i.e.

allowing the voltage regulator to tap automatically results in the voltage profile below. To achieve
this voltage profile, the regulator would however need to be set at maximum tap position (tap 16).

It can be seen below that one customer immediately before the voltage regulator will experience
voltage below the limit.
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3. Dynamic VAr support

This section assesses the impact dynamic VAr support has on the voltage under a peak demand
scenario. The addition of dynamic VAr support raises the voltage to within limits.

=== MIN - PO EO LO SO
= V\ar - POEO LO SO

0.8

0.75

0
1.6_TF2
134

139

1_46

152 TF20
1.74

1.78
1_84_TF70
1114

1_118_TF63

1_29 TF58
1_58 TF23
1_63_TF27
1 68_TF75
1_90_TF79
1_95_TF29
199 TF38

1_109_TF44

112 TF71
1_17_TF102
1_123_TF76

1_22_TF56

1_105_TF42

JA4679-4-1 C-43



4. LV voltage regulation

This section assesses the impact of LV voltage regulation (at the consumer level) has on the
voltage under a peak demand scenario. The profile below shows that approximately 50% of

customers will experience voltages below the limit therefore LV voltage regulators will be required
for all these customers.
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5. Controllable load and storage

Since there is an undervoltage issue on this feeder, the only controllable load mitigation would be
to use storage as generation (discharging storage batteries). The graph below implies that using

storage as generation would provide insufficient mitigation to resolve the undervoltage, under all
PV penetration scenarios.

o Discharging storage loads (S4) under peak demand
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Agqgregated results

The graphs below summarise all the mitigation measures investigated and the impact they have on
M-23 under a peak demand scenario with and without DERs.
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Impact of various mitigations on feeder voltage with DER (peak demand scenario)
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The graph below summarises all the mitigation measures investigated and the impact they have on
M-23 under a minimum demand scenario.
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