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Executive Summary

The Victorian State Government launched the Neighbourhood Battery Initiative (NBI) in 2021 to fund
neighbourhood-scale battery pilots, trials, and demonstration projects across Victoria. The proposal led by
Indigo Power in partnership with the RMIT University and the 2030Yea Community Energy group received
the NBI Stage 3 funding to develop a business plan for a battery system in Yea. As part of this project, the
RMIT conducted the technical feasibility assessment by constructing a detailed power flow model for the Yea
covering the geographical area of seven potential battery sites. This report details the technical feasibility
study carried out by the RMIT team, including the key outcomes and recommendations.

The study team extracted the network and operational data from the AusNet GridView portal and developed
a power-flow model for the Yea. The missing operational data is synthesised using a scientific methodology
and the best possible information available to the study team. The model is validated via several power-flow
case studies and is in close agreement with the operational data published in the AusNet distribution planning
report. In particular, the model agrees well with the feeder loading and voltage levels reported in the AusNet
distribution planning report.

The study team has also analysed the net load data extracted from transformers to understand the net load
behaviour across various seasons by producing average seasonal net load profiles. The average seasonal net
load profiles indicate three sets of demand peaks: 1) 12 pm demand peak, 2) 7 pm demand peak, and 3) 1 am
demand peak (due to pre-set electric hot water systems). Moreover, the study team has analysed the seasonal
solar-PV self-consumption for each transformer in the model to determine the proportion of solar-PV energy
consumed by consumers connected to each transformer. It has indicated significant self-consumption variation
across four seasons. The study indicates a significant self-consumption across potential battery sites in Yea.

The hosting capacity is analysed for five potential battery sites, and two sites are ignored due to the
unavailability of data. Only four potential battery sites are selected to proceed with the battery system sizing
study due to the low hosting capacity of one battery site. The four battery sites indicated substantial potential
to host a battery system, and the future potential is also analysed using forecasted net load profiles. The study
conducted into the future timeframes has indicated the potential to upgrade battery size in future. Moreover,
the study quantified the network benefits of installing a battery system in Yea. The benefits, such as deferring
potential network upgrades and better voltage management, are highlighted in this study report. These benefits
would also benefit the Yea community as these technical improvements will improve the reliability of the Yea
electricity network (e.g. reduce potential outages in future).

The islanding study is conducted for two battery sites in Yea (Yea Railway Park and Yea Industrial Area) and
has shown that islanding can be achievable with additional solar-PV in the site with a battery inverter rated at
the total hosting capacity of each site. However, further studies are required on islanded operation for these
sites, particularly to assess the operational constraints and procedures.

In summary, among the four viable battery sites, the Yea Railway Park and the Yea Recreation Reserve are
deemed to be the two most suitable sites to host neighbourhood batteries in Yea. The Yea Railway Park has
the following special attributes to suit as one of the two best sites for the neighbourhood battery:

e The electricity network infrastructure is easily accessible to the site, and the proposed battery can be
directly connected to the Station Miller (200 kVA) transformer.

e The Station Miller (200 kVA) transformer has average seasonal load variations of 20 — 41%, allowing
sufficient headroom to host a battery system.
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Acronyms and Terms

e ABS: Australian Bureau of Statistics

e AEMO: Australian Energy Market Operator

o CBD: Central Business District

o DER: Distributed Energy Resources

e DNSP: Distribution Network Service Provider
e EG: Embedded Generator

e FCAS: Frequency Control Ancillary Services
e GHG: Greenhouse Gases

e LV: Low Voltage

e MG: Microgrid

e MV: Medium Voltage

e NMI: National Metering Infrastructure

e PV: Photovoltaic

o RE: Renewable Energy

e VEDC: Victorian Electricity Distribution Code

e Rural Area (As per VEDC): An area supplied electricity by an electric line which: (a) forms part of a
distribution system and is a single feeder, (b) the length of which measured from the relevant zone substation
is at least 15 km.
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1. Introduction

The Victorian State Government launched the Neighbourhood Battery Initiative (NBI) in 2021 to fund
neighbourhood-scale battery pilots, trials, and demonstration projects across Victoria. The proposal led by
Indigo Power in partnership with the RMIT and the 2030Yea Community Energy group received the NBI
Stage 3 funding to develop a business plan for a battery system in Yea.

As part of this project, the RMIT conducted the technical feasibility assessment by constructing a detailed
power-flow model for the Yea township covering the electricity network of potential battery sites. The power
flow model can inform the hosting capacity of each potential battery site, and hence it can inform the
maximum dispatchable power from the battery at each site. In addition, energy data is analysed to determine
each battery's kilo-watt-hour (kWh) energy capacity.

Therefore, this study has informed the technical suitability of potential battery sites to host a battery system
and the potential capacity of the battery modules (kWh energy capacity of the battery) and battery converter
size (kW/ kVA) that can be installed at each site. The outcome of the technical feasibility assessment would
assist Indigo Power and 2030Yea group in selecting the final site/ or sites to construct the Community Battery
System and also assist in conducting battery operational economics studies.

1.1. Objectives and Study Scope

Network and battery sizing studies are essential for successfully deploying community battery systems, as
these studies will inform how to maximise the benefits to the community, battery system operator and
distribution network service provider (DNSP). Furthermore, these studies will assist in overcoming any
potential barriers that may arise in the future during the operation of a battery system.

The main objectives of this technical feasibility assessment are to determine the viability of the potential
battery sites, determine the optimal size of the battery system (i.e. inverter size and the energy capacity of the
battery pack) for each site, and evaluate the network benefits. The following is the scope of the technical
feasibility study carried out by the RMIT team;

1. Developing a detailed power-flow model of Yea township including the electricity network of the
potential battery sites,

2. Extracting network modelling data and the energy data from the AusNet GridView portal for
network model development,
3. Energy and power data analytics to understand the seasonal variations,

>

Synthesizing the missing power and energy data and forecasting power and energy data for future
time horizons,

Hosting capacity analysis of potential battery sites to determine battery converter size,
Energy data analytics of the sites to determine the kWh energy capacity of the battery,

Identify the sites for potential off-grid operation (microgrid sites),

© N o o

Potential to relieve network bottlenecks and ability to provide frequency support services.

l|Page






According to Figure 2, the average solar exposure in Yea exceeds 5 kWh/m? during half of the year. In
particular, from October to March, the average solar exposure level of Yea exceeds 5 kWh/m?.

Over the last decade, the solar PV capacity in Yea has grown by 18% per annum, indicating a strong
interest in the community for renewable energy systems. Therefore, the solar-PV capacity will likely increase
at the same rate in future years. At the end of 2023, Yea had an installed solar-PV capacity of ~4,500 kW.
Figure 3 shows Yea's cumulative installed solar-PV capacity for 2010- 2023.
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Figure 3. Cumulative installed solar PV capacity of Yea.

If the same trend continues, i.e., a 18% increase in annual solar capacity, Yea's total installed solar-PV capacity
could reach 10,000 kW in the next 5 years.
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3. Potential Battery Sites

The Indigo Power and 2030Yea Group have proposed several potential battery sites for the RMIT study
team to conduct the technical evaluation. The proposed potential battery sites are listed in Table 1.

Table 1. The potential battery sites in Yea

. . Front of the| Behind the Host Site
No. Site Name Site Address Meter Meter owner
1 Flat Lead Rd, Yea VIC Murrindindi
1 Yea Saleyards 3717 Y Y Council
2 Yea Industrial Area 20 NORTH STREET YEA v N Murrlndl_ndl
3717 Council
3 Yea Railway Park 24 STATION STREET YEA v N Murrmdl_ndl
3717 Council
4 Yea Recreation Reserve 20 Snodgrass St, Yea VIC v v Murrmdl.ndl
3717 Council
98 RACECOURSE ROAD Murrindindi
5 Yea Racecourse/Golf Club YEA 3717 Y Y Council
) . 101 HIGH STREET YEA Murrindindi
6 Yea Swimming Pool 3717 Y Y Council
Yea Wastewater
7 Management Plant 5976 Goulburn Valley Hwy Y Y GM Water

The geographical locations of the potential battery sites are illustrated in Figure 4.
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Figure 4. Geographical locations of the potential battery sites.

All potential sites will be assessed to have a ‘front-of-the-meter’ battery system as it is the most preferred
option by the Department of Energy, Environment and Climate Action (DEECA). Except for the Yea Railway
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4. Project Methodology

The potential sites for the community battery were identified by the 2030Yea community group and Indigo
Power, as listed in Table 1. Figure 5 outlines the network modelling and battery sizing methodology.

Work Package -1 Work Package -2

Data Gathering for Data Cleansing &
Network Modelling Energy Data Analytics

Network Modelling Battery Sizing
using a Power System without Network
Tool Constraints

Hosting Capacity
Assessment for Selected
Work Package -3 | B o T = sy
Sizing

Figure 5. Network modelling and battery sizing methodology.

The methodology consists of three work packages. Work Packages 1 & 2 are carried out simultaneously
to develop the Yea electricity network model and determine each potential site's battery storage system size
(without considering network constraints). In Work Package-3, the battery system size will be further
optimised considering network constraints. In addition, it will quantify the benefits of community battery
systems. The specific tasks involved with each work package are described below:

Wok Package-1: Yea Electricity Network Modelling

Data Gathering for Network Modelling — Typically, the Victorian DNSPs model the electricity network to the
22 kV level, and hence, in many cases, detailed network models do not exist for low-voltage (LV) residential
networks (i.e., 400 V L-L). Since the battery systems are typically connected to the 400 V (L-L) network
(note: connected voltage depends on the battery size) it is essential to model the network in detail. Therefore,
as the first stage, the network studies team will gather the required network information (e.g., line/ cable and
transformer data) to model the Yea medium-voltage (MV) and LV network for all the potential sites. The team
will acquire necessary data directly through the AusNet Services and will make assumptions about the missing
network data based on similar studies conducted by the team.

Network Modelling using Power System Tools — Once the network modelling data is gathered, the detailed
models are developed for the feeders supplying the potential sites in Yea using a professional power system
modelling and analysis tool. This includes MV and LV feeder cables, transformers, voltage regulators,
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household solar-photovoltaic (PV) systems, loads and the other special sources and loads in the network. The
network feeders that are not directly relevant to potential sites will be represented as aggregated clusters, such
as the tail ends of long feeders. Finally, the model's fidelity will be verified with the time-series data from
AusNet Services.

Wok Package-2: Energy Data Analytics & Battery Sizing

Data Cleansing & Energy Data Analytics — In this task, the energy consumption and generation (from solar-
PV) data for the Yea region are analysed to understand their energy requirements and solar PV self-
consumption rate under the current scenario, i.e., without individual or community battery systems. Data
cleansing is necessary to fix any missing or inaccurate data. Also, the data will be prepared in an appropriate
format for the network benefit/hosting and storage sizing studies.

Battery System Sizing without Network Constraints — The battery sizing study will be carried out purely based
on the energy analytics without considering the network constraints (e.g., transformer and line limits) for the
potential sites. Furthermore, the current and future time horizons (for example, 5 and 10 years into the future)
will also be considered when determining battery sizes for potential sites.

Work Package-3: Battery Size Optimisation and Benefit Assessment

Network Hosting Capacity, Benefits Assessment and Optimal Battery System Sizing — The hosting capacity
of the network will be assessed by integrating the battery system into the potential sites while considering both
current and future generation and load scenarios. This will enable the battery system capacity optimisation
based on the network constraints. Moreover, the study team will quantify the energy transfer between the grid
and the battery system under two operation models (e.g., retail pricing and ‘solar sponge’ models). It is
envisaged that the Indigo Power team will use the energy information to perform the economic analysis.
Furthermore, the network benefits will also be assessed for each potential site by integrating the battery
system, which includes;

1. Ability to mitigate current and future network constraints (e.g., network overloads such as transformer
and line overloading, mitigate voltage issues),

2. Ability to defer network augmentations,

3. Efficiency benefits through optimisation of network infrastructure.
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e The network model for Yea town and neighbourhood (highlighted by red enclosed line in Figure
6) is developed with details. The 22 kV network model, comprising the feeder and substations, is
based on the data sourced from the AusNet GridView portal. Each distribution substation model
includes an actual-rating transformer, lumped load and residential solar PV system on its LV side.
This modelling approach enables creation of both the existing and future scenarios of solar PV.

Seymour SMR14 22kV feeder  Yea town and neighbourhood network  Tail-end feeders
zone-substation with all substation lumped load/solar

22kV
Substation v
B fo follo ko o fo |
T mwa ~30 km + I | | | | | |

66/22kV Feeder lumped load/solar
| ~20 km
All substations in Yea town Substations for behind-the-meter battery sites Substations for front-of-the-meter battery sites
B_LV
B_Mv = B_LV LV Feeders
B_MV
22/0.433kV e
— ] 210.433KV ECQ(_)* —
2/0.433kV -
Battefy |
Lt

Figure 7. A representative single-line diagram showing the details for SMR14 feeder and substations.

e The substations for behind-the-meter community battery sites are modelled using a similar
approach, incorporating actual-rated transformers, lumped loads, solar PV and community battery
system on its secondary side, as shown in Figure 7. Conversely, the substations for front-of-the-
meter sites are modelled with actual LV feeders (types and lengths), the load points along the
feeder and the battery site. This modelling approach facilitates an assessment of battery hosting
capacity considering LV feeder and transformer ratings, and its impact on other customers on the
same LV network and beyond.

e The medium voltage 22 kV feeder from Seymour zone-substation to Yea is modelled with actual
feeder types and lengths. However, loads along the feeders are aggregated and connected to
comprehend the feeder overall loading and voltage drop. Moreover, a few tail-end feeders located
downstream of Yea town on the SMR14 are represented as lumped-loads to accurately capture the
overall loading of the feeder.

The network model developed in this task is suitable for assessing community battery hosting capacity
and its impact on the network, extending up to the customer level. However, several assumptions are made
due to data unavailability.
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e Some 22 kV and LV feeders’ and transformer rating data was missing from the AusNet Gridview
portal. Consequently, information obtained from alternate sources such as Google Street images
and the site visit is used to estimate these missing data. For a few feeder segments, the data for the
similar segment feeders are used. See Section 5.4 for further details regarding the estimation
methodology.

e The load points and phase connection of loads for the two potential battery sites (i.e., Industrial
Area and Railway Park) substations were unavailable. The best effort is made to obtain this
information from Google Street images. In cases where this was not possible, assumptions are
made to match the overall load on the substation with their actual operational load data.

5.3. Network Simulation Models

The simulation model for the complete SMR14 feeder and selected battery sites substations are shown in
Figure 8 to Figure 10.
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Figure 8. SMR14 feeder complete model.
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According to Figure 11, the net load profile has dropped below zero in the Spring and Summer months,
indicating excess solar generation after fulfilling the load demand of customers connected to this transformer.
A similar trend can be observed for transformers with significant solar-PV capacity. However, the AusNet
GridView portal does not provide net load profiles if the number of customers connected to the distribution
substation is ten or less than ten. Since there are a number of distribution transformers with less than ten
customers, their net load profile was estimated by applying a scaling factor on the net load profile of the
nearest transformer. The scaling factor was determined based on the following formula.

Scaling factor = (MVA rating of the data unavailable transformer)/(MVA rating of the data available
transformer)

Then, these net load profiles and their maximum, minimum and average loads are applied in the simulation
model. In addition, the team also estimated the solar-PV capacity of each distribution transformer due to
outdated data on the AusNet GridView portal. Therefore, the Google satellite view was used to estimate the
solar-PV capacity associated with each distribution transformer. The estimated solar-PV capacity associated
with each distribution transformer are summarised in Appendix B.

5.5. Network Base Operating Scenario and Initial Results

The network shown in Figure 8 is tested using the 24-hour net load profiles for Summer to assess the
current state of its assets loading and operating voltages. The quasi-dynamic simulation results with 24-hour
net load profiles are shown in Figure 12, revealing the following:

e The maximum load on the incoming supply SMR14 feeder to Yea is approximately 4.53 MW, with
the feeder operating at 78% of its rated capacity during Summer. Notably, this feeder loading is
approximately 100% during Winter when average peak load is higher than Summer, as captured in
Scenario 1 results in the Appendix C. Moreover, feeder is usually overloaded with actual peak (non-
averaged) load during Summer and Winter. The minimum load on SMR14 feeder is very low, up to
0.56 MW, observed during Summer between 8:30 am and 3:00 pm.

e The voltage at 22 kV and LV busses varies within the permissible limits, between 0.93 pu and 1.04
pu at 22 kV busses and between 0.94 pu and 1.07 pu at LV busses, with peak voltage recorded between
8:30 am and 3:00 pm when solar PV output is high.

o Most feeders, expect for the supply incoming feeder SMR14, and transformers are moderately loaded,
usually below 70%.

In addition, the simulation results, which include assets loading and network operating voltages during both
maximum and minimum loads during the day, are summarised in Table 3 for the potential/selected battery
sites and for the selected substations in the network.
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(a). SMR14 feeder load
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(@). Voltage at 22kV busses.
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6. Network Operational Data Analytics and Data Forecasting

This section discusses the operational data analytics performed on the distribution transformer time-series
data and the data forecasting for future time horizons (5 years and 10 years).

6.1. Net Load Profile Segmentation

As mentioned in Section 5.4, the net load profiles for all distribution transformers (a total of 52
transformers) in the power-flow model were either extracted from the AusNet GridView portal (2022 —2023)
or estimated for the transformers with less than 10 customers. Then, the extracted transformer net load profiles
were averaged based on the seasons. Therefore, each transformer in the model had four different average net-
load profiles:

1. Summer Average Net Load Profile

2. Autumn Average Net Load Profile

3. Winter Average Net Load Profile

4. Spring Average Net Load Profile

Figure 13 shows the average seasonal net load profiles of transformers associated with potential battery sites.

40%

——GIFFARD SNODGRASS (200 kVA) ———NORTH FRANCIS (200 kVA)
359% - = PECHELL SNODGRASS (500 kVA) STATION MILLER (200 kVA)
30%
e > TS\ N
o
c 20%
J
]
o 15% v
-
10%
5%
0%
0:00 4:48 9:36 14:24 19:12 0:00
-5%
Time (H:MM)
(@)
40%
—— GIFFARD SNODGRASS (200 kVA) ———NORTH FRANCIS (200 kVA)
35% ——— PECHELL SNODGRASS (500 kV. STATION MILLER (200 kVA)
30%
$ 25%
o
£ 20%
©
]
S 15%
10%
5%
0%
0:00 4:48 9:36 14:24 19:12 0:00
Time (H:MM)
(b)

16|Page



60%

——— GIFFARD SNODGRASS (200 kVA) NORTH FRANCIS (200 kVA)
——— PECHELL SNODGRASS (500 kvy\/\sitm MILLER (200 kVA)
50% ij
__40% o~ o~
S
2 30%
©
©
S
20% 7l
10%
0%
0:00 4:48 9:36 14:24 19:12 0:00
Time (H:MM)
(c)
45%
—— GIFFARD SNODGRASS (200 kVA) NORTH FRANCIS (200 kVA)
40% ——— PECHELL SNODGRASS (500 kV. STATION MILLER (200 kVA)
35%
= 30% ’\,-V./J
o 25%
A=
S 20%
o
-
15% 7
10%
5%
0%
0:00 4:48 9:36 14:24 19:12 0:00
Time (H:MM)
(d)

Figure 13. Average seasonal net load profiles of potential battery sites: (a) Summer, (b) Autumn, (c) Winter, (d) Spring.
Note: Profiles of three transformers (Whittlesea Rd 15 (50 kVA), Sewer 2 (50 kVA), YEA SMR 300 (50 kVA)) are not
available as they supply the individual customers.

According to Figure 13, except for the Pechell Snodgrass (500 kVA) transformer, the other three
transformers have significant solar-PV generation, which has helped decrease the net load during the daytime
in three seasons except for Winter. Also, on average, the transformer loadings are higher in Winter than in
Summer (5-20% higher average netload demand increase).

Also, several demand peaks can be identified from these netload profiles; 1) 12 pm demand peak, 2) 7 pm
demand peak, 3) 1 am demand peak (due to pre-set electric hot water systems). The transformer which supplies
the commercial loads in Yea town (Pechell Snodgrass (500 kVA)) has a demand peak around 12pm. The
transformers located at residential and semi-residential areas have demand peaks occurring in either 7 pm or
around 1 am. The 1 am demand peak will be discussed in later parts of the report.

Table 4 summarises the average transformer loading for daytime and nighttime across four seasons.
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Table 4. Average transformer loading for daytime and nighttime across four seasons.

Transformer Summer Autumn Winter Spring

Name Daytime Nighttime Daytime Nighttime Daytime Nighttime Daytime Nighttime
Giffard

Snodgrass (200 18% 19% 16% 20% 26% 27% 14% 19%
kVA

North Francis
(200 KVA) 2% 5% 3% 7% 7% 10% 3% 7%

Pechell
Snodgrass (500 29% 21% 31% 22% 46% 31% 34% 25%
kVA

Station Miller
(200 KVA) 20% 22% 25% 26% 41% 39% 24% 28%

According to Table 4, except for Pechell Snodgrass (500 kVA), the other three transformers have less
daytime loading than the nighttime due to the solar-PV capacity associated with these three transformers
relative to their load demand. On the contrary, the average net load of the Pechell Snodgrass (500 kVA)
transformer stays consistently high throughout the daytime (11 am - 4 pm) across all seasons, even with 90 kW
solar-PV capacity, as it supplies the Yea town.

The North Francis (200 kVA) transformer indicates a higher peak demand around 1 am due to the hot
water system operation during this time. This has been the case for transformers supplying residential areas in
Yea. The average summer net load profiles for several highly rated transformers in residential areas in Yea
are shown in Figure 14.
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Figure 14. The average summer net load profile for several highly rated transformers in residential areas in Yea.

As shown in Figure 14, a high electricity demand occurs around 1 am for transformers in Yea residential
areas due to the activation of hot water systems. Also, some of these transformers have a significant solar-PV
generation, and they export the additional solar-PV generation to 22 kV network from 9.30 am-12.30 pm.
Therefore, the voltage may drop below the allowable limit during the night, and a higher voltage may result
in during the high solar export hours. This has been confirmed by the simulation results presented in Section
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Figure 15. The forecasted net load profiles for the transformers associated with four battery sites for the summer: (a)

5-year forecasted profile, (b) 10-year forecasted profile.

According to Figure 15, the annual solar-PV growth in Yea will push the net load profiles to the export

region (i.e., power export to 22 kV network) during the daytime in summer.
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7. Hosting Capacity Analysis and BESS Sizing for Potential Battery Sites

This section delineates the hosting capacity analysis and the BESS battery energy capacity analysis carried
out for the potential battery sites in Yea. However, it must be noted that the Yea Racecourse/Golf Club and
the Yea wastewater management facility are not analysed, since their net load profiles are not available for
the study. Also, it is not possible to artificially synthesise their load profiles as they have unique operation
characteristics. Therefore, the rest of the study was carried out for the remaining five potential battery sites in
Yea.

7.1 Hosting Capacity Analysis of Battery Sites

The network capacity of potential battery sites is assessed by considering the thermal loading limits of
100% for the relevant local service cables, LV and MV supply feeders, and transformers, as well as the
operating voltage limits of +10% and -6%. The maximum allowable battery capacity without breaching any
of these limits is estimated for each potential site under the following two battery charging and discharging
scenarios:

e Worst-Case/Unlikely Scenario: The battery charges when the local site or transformer load demand is
High and discharges when local site/ transformer load demand is Low.

e Favourable/Likely Scenario: The battery charges when the local site / transformer load demand is Low
and discharges when local site / transformer load demand is High.

The worst-case scenario, where battery charges during periods of high load demand and discharges during
periods of low load demand, is less likely operating scenario for power/energy supply from the battery.
However, it may be a possible scenario of other services, such as Frequency Control Ancillary Services
(FCAS). The worst-case scenario estimates the time-unconstrained hosting capacity of the network for battery,
implying that a battery of this capacity/rating can be charged and discharged at any time of the day.

The likely scenario, where battery charges during periods of low load demand and discharges during
periods of high load demand, is the most probable and favourable operating scenario for power/energy supply
from the battery. However, this represents a time-constrained hosting capacity, implying that a battery of this
capacity/rating can only be charged/discharged during the specific times of the day, i.e., charges when load is
low and discharges when load is high.

A series of quasi-dynamic simulations scenarios involving different capacities of battery, both in charge
and discharge modes, are conducted to ascertain the maximum capacity of battery permissible in the network
without violating the considered constraints. The results for both scenarios across different seasons are taken
into account to establish indicative hosting capacities for each potential site.

7.1.1. Key Assumptions and Limitations:

The following are the key assumptions and limitations of the hosting capacity study:

e The hosting capacities are computed using hourly averaged net-load profiles for different seasons. Hence,
these capacities are indicative and may not ensure compliance with network constraints on days when load
data significantly varies from the considered average.

e The hosting capacities are determined for power/energy supply with unity power factor from the battery.
These results may vary for specific operating strategies, services, and operating modes of the battery in
practice.
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7.1.8. Summary of Sites Battery Hosting Capacity

The following is the summary of the hosting capacity analysis for each site:

e Yea Railway Park: Time-unconstrained battery hosting capacity is 100 kW and time-constrained
battery hosting capacity is 140 kW and it is primarily constrained by the transformer loading.

e Yea Industrial Area: Time-unconstrained battery hosting capacity is 0 kW and time-constrained
battery hosting capacity is 130 kW and it is primarily constrained by LV network voltage.

e Yea Swimming Pool: Time-unconstrained battery hosting capacity is 50 kW, primarily constrained
by the local service cable. Based on the existing transformer loading, a higher hosting capacity of 100
kW+ is achievable with a local service cable upgrade.

e Yea Recreation Reserve: Time-unconstrained battery hosting capacity is 125 kW, primarily
constrained by the local service cable. Based on the existing transformer loading, a higher hosting
capacity of 200 kW+ is achievable with a local service cable upgrade.

e Yea Saleyard: Time-unconstrained battery hosting capacity is 10 kW, primarily constrained by
transformer loading. This is typical household battery size and may not be viable commercially.

7.2 Battery Operational Limits for Future Scenarios

In this section of the report, operational limits of battery are identified for future scenarios of load and
solar PV system in the network. The net load profiles forecasted for 5 years and 10 years, as detailed in Section
6.3 above, are used to define these future scenarios. Based on this forecast, the net load demand for the Yea
supply incoming feeder SMR14 is expected to be highly negative due to solar PV output during the day.
According to simulation results shown in Figure 21, the net load for the supply incoming feeder is projected
to be -2170 kW after 5 years and -4480 kW after 10 years.

5000
[kW]
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00 04 08 12 16 20

= Now S5Years =10 Years
Figure 21. Simulations results showing net load of supply incoming feeder SMR14 after 5 years and 10 years.

The negative net load is anticipated to have a significant adverse impact on network operation.
Specifically, the network voltage at all four battery sites exceeds the permissible threshold during periods of
negative load, indicating the possibility of 0 kW time-unconstrained charge/discharge of the battery.
Furthermore, these results also imply that user in Yea will be forced to significantly curtail their solar PV
system. Therefore, this highlights the necessity for large placement and strategic operation of battery—
charging during light load periods and discharging during heavy load periods. Consequently, simulation
scenarios are conducted to estimate the indicative operational charge/discharge rate limits of the battery for
future scenario of net load and transformer thermal ratings. The simulation results showing the battery
operational limits for the four potential battery sites are shown in Figure 22 and the results are summarized as
follows:
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Yea Railways Park: Time-constrained charge/discharge rate of battery can be 235 kW for both 5-
year and 10-year scenarios.

Yea Industrial Area: Time-constrained charge/discharge rate of battery can be 230 kW for both 5-
year and 10-year scenarios.

Yea Swimming Pool: Time-constrained charge/discharge rate of battery can be 230 kW for both 5-
year and 10-year scenarios.

Yea Recreation Reserve: Time-constrained charge/discharge rate of battery can be 400 kW for 5-
year and 450kW for 10-year scenario.
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Figure 22. Simulations results showing time-constrained operational ratings of BESS based on transformer loading (a)
Yea Railway Park (b) Yea Industrial Area (c). Yea Swimming Pool and (d). Yea Recreation Reserve.

In summary,

Highly negative net load implies that management of network voltage will be a significant issue and
user in Yea will be forced to significantly curtain their solar PV systems in future unless these issues
is addressed, e.g. by large scale storage systems in the area.

While the time-unconstrained charge/discharge rate of the battery is zero, it can still be charged at a
rate higher than its respective transformer rating during periods of negative load in the network.
Similarly, it can be discharged at a rate higher than the transformer rating during periods of high load
demand in the network. Again, these higher limits highlight the opportunity to increase the battery
capacity in future and ultimately leading to better management of network load and effectively utilise
solar PV system.
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7.3 BESS sizing for Battery Sites

The methodology shown in Figure 23 was adopted to determine the battery energy capacity and the battery
inverter size for potential battery sites in Yea.
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Figure 23. Battery sizing methodology.

The battery sizing process is designed with two major analytical processes; 1) Hosting capacity analysis
and energy data analysis. The hosting capacity at each site was determined using quasi-dynamic simulation
studies as delineated in Section 7.1. Those, hosting capacity constraints were applied when determining the
inverter rating of the battery system.

The energy data extracted from the AusNet GridView portal was used to develop methodologies for
battery energy capacity determination for potential battery sites. The following three methods are used to
determine the battery energy capacity of potential sites:

e Method-1: Load and generation of the transformer serving the battery site.

e Method-2: Load and generation of the transformer serving the battery site and nearby transformers
with a normalising factor.

e Method-3: Load and generation of the transformer serving the battery site and nearby transformers
without a normalising factor.

Each method considers same charging and discharging strategy for the battery, however, load energy
consumption and energy generation considered for sizing are different for each method. Method-1 considers
only the load and generation of the transformer associated with the battery site. On the contrary, Method-2
and -3 considers net load of adjacent transformers as they are interconnected by the 22 kV network and hence
their load and generation can directly influence the charge and discharge characteristics of the battery. For
example, in Method-2 and -3 the load/generation profiles of the Oliver View (100 kVA) and Miller Court (200
kVA) transformers were also considered when determining battery energy capacity for Yea Railway Park
battery system other than the net load profile of the main transformer (e.g. Station Miller (200 kVA)) of the
site as shown in Figure 24. The normalisation factor applied in Method-2 is determined based on the ratio of
the rating of the main transformer serving the battery to the rating of all considered transformers. This factor
is used to determine the amount of energy considered for the battery sizing from the adjacent transformers.
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Table 6. Summary of battery energy capacity and inverter rating for four battery sites.

Battery Pack Energy Battery Inverter Rating Hosélgr?stcrz?riclty

140 kW (Transformer
Constraint)

Yea Railway Park 225 — 508 kWh 75 — 140 kW

Yea Recreation
Reserve 193 — 387 kWh 65 — 200 kW
(Front-of-the-Meter)

200 kW (Transformer
Constraint)

Yea Recreation
Reserve 109 kWh 36 — 45 kW
(Behind-the-Meter)

125 kW (LV Service
Cable)

100 kW (Transformer

Yea Swimming Pool 161 - 538 kWh 54 — 100 kW .
Constraint)

130 kW (LV Voltage
Constraint)

Yea Industrial Area 162 -312 kWh 54 — 105 kW

The battery pack energy capacities and inverter ratings are presented as a range in Table 6, since three
different techniques have been used to calculate the battery size. Therefore, any battery capacity within the
given range can be deployed for each site. Moreover, the inverter rating can also be selected accordingly to
match with the energy capacity of the battery pack within the given feasible range in Table 6. Also, it must be
noted that, except for the behind the meter battery scenario for Yea Recreation Reserve and the Yea Industrial
Area, the inverter size of other sites is constrained by the hosting capacity constraint of the serving transformer.
For example, 508 kWh battery pack is chosen for the Yea Railway Park, then the inverter rating should be
140 kW to obtain the maximum benefit from the battery system.

7.3.2 Sizing based on Future Demand and PV Generation Profiles

The sizing studies have been carried out to determine the possibilities to expand the battery system in
future timeframes. The forecasted net load profiles (based on the methodology outlined in Section 6.3) have
been used for the battery sizing. Table 7 shows the future battery pack energy capacity potential for each four
sites in Yea. It must be noted that behind the meter option was not considered for the Yea Recreation Reserve
site.

Table 7. Battery pack energy capacity based on the forecasted profiles.

Site Name Battery Pack Energy
(5 Year Forecast)

Yea Railway Park 508 — 1097 kWh
Yea Recreation Reserve

(Front-of-the-Meter) SR —le
Yea Swimming Pool 426 - 1373 kWh
Yea Industrial Area 271 — 562 kWh

According to Table 7, it the solar-PV uptake continues with an annual increase of 18%, the battery
pack energy capacity can be doubled in 5 years timeframe. However, a decrease in solar-PV uptake was
seen in 2023.
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9. Battery Support Services and Benefits

This section of the report explores the potential benefits of community batteries in providing support
services. The focus is on two key areas: peak load shaving and voltage regulation.

Peak Loading Shaving: Community battery can be strategically charged during periods of low demand
from solar PV system and supply local loads during periods of high load demand. This approach helps alleviate
network congestion issue by reducing the peak load of the system.

Voltage Regulation: Community battery can help improve network voltage in its typical operating mode
discussed above. Additionally, battery can be operated in voltage regulation mode to actively manage and
significantly improve voltage in the local network.

The impact of community batteries of typical sizes/capacities, calculated in Sections 7.1 and 7.2, are used
to quantify the potential benefits for improving network operating voltage and managing peak loads.

9.1. Impact on Network Voltage

The potential to regulate network voltage is assessed for following scenarios of battery capacities:

e Yea Swimming Pool 100 kw
e Yea Industrial Area 130 kw
e Yea Railway Park 140 kW

e Yea Recreation Reserve 200 kW

The analysis is conducted for each site individually. The battery operating scenario is to set to charge
during periods of low demand, i.e., daytime, and discharge during high demand, i.e., the night hours.
Moreover, the battery operating mode is set to voltage regulation at its local node/terminal.

The simulation results, showing the network voltage both without and with the battery at all four potential
battery sites, are presented in Figure 29. The extent of indicative voltage improvement for each network is
also summarised. In summary,

e YeaRailway Park: Voltage can be regulated to a nominal value at the battery terminal and improved
in the neighbourhood/the same feeder by up to 8% and on the transformer LV side by up to 5%.

e Yea Industrial Area: Voltage can be regulated to a nominal value at the battery terminal and
improved in the neighbourhood/the same feeder by up to 9% and on the transformer LV side by up
to 0.7%.

e Yea Swimming Pool: Voltage can be regulated to a nominal value at the battery terminal and
improved on the transformer LV side by up to 3.1%.

e Yea Recreation Reserve: Voltage can be regulated to a nominal value at the battery terminal and
improved on the transformer LV side by up to 2.8%.

Overall, the analysis revealed that batteries of the considered rating, while operating in specific mode, can
significantly improve user voltage. However, the benefits are more pronounced on the same feeder, although
other users served by the same substation are benefited too.
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10. Study Recommendations

The study was started with seven potential battery sites for Yea informed by the Indigo Power and
2030Yea group. The network study team has progressively ruled out three sites considering various practical
and operational constraints. Therefore, study team has finally determined battery sizes for four potential
battery sites. In addition, the study team has conducted a network benefit analysis and an islanded operation
study for two sites. The main recommendations are summarised below:

The four potential battery sites (Yea Railway Park, Yea Recreation Reserve, Yea Swimming Pool, Yea
Industrial Area) are viable for hosting a community/ neighbourhood battery per the analysis. Anyway,
battery size within the range given in Table 6 deemed viable based on the existing solar-PV generation
and load demand.

Among these four sites, Yea Railway Park and Yea Recreation Reserve are the most viable sites due
to following facts:

> The transformers have sufficient spare capacity to host a battery system. For example, the Station
Miller (200 kVA) transformer (Yea Railway Park) has a hosting capacity of 140 kW and the
Pechell Snodgrass (500 kVA) transformer (Yea Recreation Reserve) has a hosting capacity of
200 kW.

> Significant solar PV generation is connected to the transformers of both sites and hence the battery
systems can be charged from the local generation during the daytime without importing power
from the main grid. This would also help regulate the LV feeder voltages under high PV generation.

> Yea Railway Park site is within the vicinity of the Yea & District Memorial Hospital and other
medical related facilities. This uplifts its importance as a candidate site for a microgrid. The energy
balancing study also proves the viability of islanding this site. Therefore, by hosting a
neighbourhood battery at this site, it can be upgraded with additional hardware in future to facilitate
islanding operation (microgrid operation). Thus, it will enhance the reliability of the electricity
network supplying the critical loads in Yea.

Battery system of estimated rating and capacity in Yea would help mitigate the anticipated capacity
bottlenecks (e.g. SMR 14 Feeder) to an extent and can significantly improve user voltage, particularly
those fed by the same feeder and substation. For example, hosting a battery at the Yea Railway Park
(140 kw/ 508 kwh) would help reduce the main incoming feeder (SMR 14) peak load by 2.4%. The
Yea Recreation Reserve battery system (200 kW/ 387 kwWh) can reduce the main incoming feeder
(SMR 14) peak load by 3%.

Anticipated high negative net load in future implies that management of network voltage will be a
significant issue, and prosumers in Yea may be forced to significantly curtail their solar PV output
unless these issues are timely addressed, e.g. by installing a large-scale storage system in the area.
Moreover, analysis shows that the future operational limits of batteries will be significantly high for
the same network, highlighting the need for a higher-rating inverter and high-capacity batteries in
future to manage high and low peak demand and voltage in the network.

It is recommended to analyse the yearly extreme profiles (i.e., max demand and maximum solar-PV
generation) when conducting battery operation studies. Therefore, additional control mechanisms can
be implemented at the battery system to avoid undesirable operating conditions.

The islanded operation (microgrid mode) can be achievable for Yea Railway Park and Industrial Area
with some additional solar-PV capacity (150 kW for the Yea Railway Park and 50 kW for Yea
Industrial Area) and appropriate control and management systems for microgrids.
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Appendix-A: Electrical Infrastructure in Potential Battery Sites

The representatives from Indigo Power, RMIT, 2030Yea Community Group, and the Murrindindi Council
visited the potential battery sites on 17" November 2023. The purpose of the site visit is to observe the
electrical infrastructure at these sites and identify a feasible location for constructing the battery system within
the site. In addition, the team made general observations on the electrical distribution infrastructure available
at those sites. This section outlines the key findings and observations the site visit team made.

A.1 Yea Swimming Pool

The Yea Swimming Pool is supplied by a 400 V (L-L) three-phase supply. The supply switchboard has a three-
phase 63 A Type C Circuit Breaker (CB). The site also has three water pumps each supplied through a 3-phase
40 A CB in addition to other general loads (e.g., lighting). The site is considered for a behind-the-meter battery
system and the battery is to be located at the corner of High Street and Melbourne Road. Therefore, the existing
main switchboard should be relocated to the battery site, which is currently located at the front entrance (at
the High Street side) of the Yea Swimming Pool.

Table 8. Yea Swimming Pool Site Information

Site Name Site Address I (it | E=iine] s a T Distribution Substation
Meter Meter Owner
Yea Swimming Pool 101 HIGH STREET YEA v v Murrindindi | GIFFARD SNODGRASS (200
g 3717 Council KVA)

Since this site is proposed to have a behind-the-meter battery system, the RMIT study team requires the
following data to carry out the technical study:

*  Swimming Pool Smart Meter Data for the last three years including 2023. Also, the data from pre-
COVID year (e.g., 2019) would be helpful in making an accurate assessment of load behaviour at the
site.
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A.2 Yea Saleyards

This is another site owned by the Murrindindi Council. The site has a 22/2x0.24 kV 50 kVA 2-phase
transformer and a backup generator. Access to a three-phase supply is one of the major concerns for this site
as the battery charging or discharging may cause a significant imbalance in the Yea supply system. However,
a two-phase battery system configuration (battery units with single-phase inverters) is still possible. The site
will be assessed for the front-of-the-meter and behind-the-meter battery systems.

Table 9. Yea Saleyards Site Information

Site Name Site Address e [Plroint Behind the Host Site Owner| Distribution Substation
Meter Meter
o WHITTLESEA RD 15
1 Flat Lead Rd, Murrindindi
Yea Saleyards Yea VIC 3717 Y Y Council (50 k\/sﬁ?:)pé Phase

Yea Saleyards

Battery

= To carry out the technical feasibility assessment, the study team requires the site's smart meter data
(last three years including 2023 and one pre-COVID year, e.g., 2019).
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A.3 Yea Industrial Area

The proposed battery site is located within the work depot of the Murrindindi Shire Council. The existing
supply system is too old to be utilised for the proposed community battery system. Due to the abundant space
and its proximity to the Yea city centre, this site is proposed as an in-front-of-the-meter battery site with the
option to upgrade the battery system to facilitate a microgrid in the future.

Table 10. Murrindindi Shire Council Work Depot Site Information

Site Name Site Address ot Behind the Host Site Owner| Distribution Substation
Meter Meter
Yea Industrial | 20 NORTH STREET v N Murrindindi NORTH FRANCIS
Area YEA 3717 Council (200 kVA)

Yeal

Yea Brand PTY Ltd
Cheese shop

° Battery

Suppl
Site %B upp
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A.4 Yea Recreation Reserve

The Yea Recreation Reserve is a highly recommended battery site due to its significance in the Yea disaster
management plan. This site is also owned by the council and is proposed for a behind-the-meter battery system.
The site has a 22 kW solar-PV capacity and a 15 kW/48 kWh battery system (3x5kW SP-Pro inverters and
12x4kWh Ec04940 battery modules). The switchboard is supplied by a 4x50mm2 XLPE cable from the pole
located near the front entrance of the Yea Recreation Reserve. The main switchboard is comprised of 3P 80A
10kA CB, and the site also has a backup generator.

Table 11. Yea Recreation Reserve Site Information

Site Name Site Address I Pz | Bl 108 Sl Distribution Substation
Meter Meter Owner
Yea Recreation |20 Snodgrass St, Yea Y v Murrindindi PECHELL SNODGRASS
Reserve VIC 3717 Council (500 kVA)

s,
vveaTennis Club) 6‘5!,74
&
Yea (T)

Yea
Showground
And
Recreation...

‘Yea Recreation Reservev
\Yea Show,

Ba%teryO e Tesas

Yea Recreation S I te
s

eserve Public Toilets
(009 Broker

Country Club

Yenckens, il
Hardware - Yea @
Hardware s

99

rmalades
Hol

Since this site is proposed to host a behind-the-meter battery system, the study team requires the following
data to carry out the technical study:

* Yea Recreation Reserve Smart Meter Data for the last three years including 2023. Also, the data from

pre-COVID year (e.g., 2019) would be helpful in making an accurate assessment of load behaviour at
the site.
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A.5 Yea Railway Park

The railway park is one of the heritage sites in Yea, and this site was proposed for constructing a front-of-the-
meter battery system. Since the battery is closer to the Yea hospital, it has the potential to develop into a
microgrid to maintain supply continuity under emergency conditions. Due to the geographic spread of the
battery site, there are two options for battery connection. However, following the site visit, the team

determined it should be constructed closer to the Station Miller 22/ 0.433 kV 200 kVA transformer.

Table 12. Yea Railway Park Site Information

In Front |Behind the

Site Name Site Address Host Site Owner Distribution Substation
Meter Meter
. 22-24 STATION e . STATION MILLER
Yea Railway Park STREET YEA 3717 Y N Murrindindi Council (200 KVA)

j River Cottage

Yea Peppercorn
4.6 % 4-star hotel

Vfc!o!,-‘anﬁ Railway Reserve@
ﬂ#-m“\ Public Toilets

ea Rallway-. - -
Park -5‘39%

Gl‘l,.
Tetor,
‘ClOrian Rail Trjee..

B

Battery-Site, -~

Since this is a front-of-the-meter battery site, the technical study team will develop a detailed 400 V LV

model for this site.
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A.6 Yea Waste Water Management Facility

This site is supplied by a 22/0.433 kV 50 kVA 3-phase transformer and is owned by GM Water. The site will
be assessed for its feasibility to host either an in-front-of-the-meter or the behind-the-meter battery system.

Table 13. Yea Waste Water Management Facility Site Information

Site Name Site Address AT | R et Sl Distribution Substation

Meter Meter Owner
Yea Waste Water|[5976 Goulburn Valley v v GM Water SEWER 2 (50 kVA)
Management Hwy

Sattery wHysllsv mudiy
Site

To carry out the technical feasibility assessment, the study team requires the site's smart meter data (last
three years including 2023 and one pre-COVID year, e.g., 2019).
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