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Executive Summary

This second milestone report for Eku Energy provides an update on Australian National University (ANU)
Centre for Energy Systems (ACES) activities into grid-scale battery operations, with a focus on the ACT
context and the Williamsdale battery. The research aims to expand public knowledge on the technical,
commercial, and social dimensions of large-scale battery storage to support the renewable energy
transition and accelerate decarbonisation.

This document is the second of three research updates for Eku Energy (Eku) concerning work supported
by a research and development (R&D) grant provided by Eku Energy and conducted by ACES.

Key Highlights:

Battery operations and services were described in detail and analysis was conducted of operational data
and public reports. This analysis identified:

- grid-scale batteries deliver a diverse suite of services beyond simple energy shifting, including
energy arbitrage, Frequency Control Ancillary Services (FCAS), network support, system security,
and renewable firming.

- these services are critical for maintaining grid stability as synchronous generation retires and
inverter-based resources increase.

- the diversity of services a battery can and does offer is important as the different electrical supply
contexts and agreement types require different services.

Behaviours of various batteries in the NEM were observed. Battery behaviour varies significantly across
the NEM due to differences in ownership, contractual arrangements, and technical objectives, which are
explored and discussed. While FCAS revenues have declined with increased competition, energy arbitrage
now dominates revenue streams. Use patterns show most batteries cycle close to one cycle per day, with
notable variability during high-price events, and very different overall battery behaviours across a year
battery to battery.

Contractual structures were described and explored. Commercial arrangements—such as tolling
agreements, PPAs, and network support contracts—strongly influence operational strategies, which aligns
with profit driven models of operation that underpin our system. Merchant models and innovative
financial instruments like virtual tolling and revenue swaps are emerging as key enablers of battery
deployment.

System integration and emerging capabilities were also discussed. Grid-forming inverters are
increasingly adopted to address system strength and inertia shortfalls, though challenges remain around
market incentives and regulatory frameworks for these activities.

Social dimensions were explored by identifying that state of social assessments for grid-scale batteries.
While there are examples, these assessments are still emerging but are building from mature practices
already used for social assessment of other large infrastructures and technologies. Current approaches
rely heavily on Social Impact Assessments (SIAs) within Environmental Impact Statements, with limited,
but developing, broader research. Key community concerns regularly raised in social assessments include
safety, visual impacts, noise, and local benefits (such as employment). These topics aligned well with
insights about social assessments shared by Eku Energy who found similar topics of concern in
consultations with communities. Engagement from Eku Energy’s perspective includes transparency, trust-
building, ensuring an accurate picture is shared of the development and tailoring for locally relevant
communication (including doing extra non-mandated assessments as needed).

The Australian National University 4
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In the ACT Context insights from national battery behaviour analysis can inform strategies for integrating
the Williamsdale battery into the ACT energy system, supporting resilience and decarbonisation goals.

Anticipated next steps are that the project will deepen technical analysis (e.g., state-of-charge profiles,
stress-event behaviour) and advance social research through stakeholder interviews. Planned outputs
include public information sheets, academic papers, and a final milestone report suitable for public
release.

The Australian National University 5
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1 Introduction

This document is the second of three research updates for Eku Energy (Eku) prepared by the ANU Centre
for Energy Systems (ACES). It concerns work supported by a research and development (R&D) grant
provided by Eku Energy, conducted by Australian National University (ANU) Centre for Energy Systems
(ACES). The R&D being reported is about grid-scale batteries, the Williamsdale grid-scale battery and the
ACT battery environment?.

In this report we provide overviews and explanations related to grid scale battery operations in Australia.
We do this in this update by:

- Summarising research progress since the previous update.

- Presenting findings on battery operations and service provision across the NEM.

- Exploring contractual structures and their influence on operational strategies.

- Analysing observed battery behaviours using market and dispatch data.

- Reviewing and commenting on societal assessments and emerging social considerations for large-
scale battery projects.

- Outlining next steps for technical and social research streams.

A key underlying intent of our grid-scale research is to explore under-researched or poorly captured (e.g.

not formally captured) aspects of grid-scale battery operations and their implications to assist to increase
the stock of knowledge for the public in Australia. The updates provided support this endeavour and will

provide underpinning information and narratives for the nominated next steps.

This milestone report contributes to our objectives of this project and the specific intentions listed above
through the following sections:

- Section 1 - Objectives, Outputs, and Outcomes: Restates the project aims and expected

deliverables.
- Section 2 - Work Completed Since Last Update: Summarises activities undertaken since Milestone
2.

- Section 3 - Understanding Battery Operations: Explains battery services, value stacking, and
contractual frameworks.

- Section 4 - Observed Battery Behaviours: Provides quantitative analysis of cycles, revenue, and
operational patterns.

- Section 5 - Societal Assessments: Reviews social research and impact assessments for grid-scale
batteries.

- Section 6 - Conclusion and Next Steps: Synthesises key findings and outlines future research
directions.

- Appendices: Include acronyms, additional data tables, and references.

- Attachment: An excel spreadsheet that contains key information such as battery services,
objectives, ownerships, contractual agreements and reported lessons learnt observed from
battery projects in the NEM

1In this update we mostly use the term grid-scale batteries. There are multiple other terms that can be used, such as
large or big batteries. Alternatives are listed in the glossary/acronym list at ‘grid-scale’ batteries definition (see
Section 7).

The Australian National University 6
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1.1 What are we aiming for? Objectives, outputs and outcomes

In this project ACES are undertaking R&D ‘to better support the future uptake and integration of battery
storage technology to accelerate decarbonisation within the ACT’ that is !..related to grid-scale battery
technology, deployment, and operation’ [1].

Our research team utilise the (currently under construction) Williamsdale grid-scale battery as the focus
of this R&D as it offers an opportunity to understand a key large, grid-scale battery in the ACT and because
this battery materially helps us understand likely energy storage futures in the ACT, in the context of
broader energy storage transitions in the ACT and in Australia.

Building on the direction of the grant agreement and of the agreed nature of R&D work in Australia [2], [3],
our ACES team state our objective here as creatively and systematically increasing the stock of knowledge
about:

e integration of battery storage technology, related back to grid scale technology, deployment, and
operation

e energy futures with battery storage integration that accelerate decarbonisation, and

e the ACT energy system context as the focus.

The anticipated outputs from the R&D work will be on funded research themes (as stated above) and will
include be research papers, public articles, and update reports. We have also identified that information
sheets will be useful moving forward and that these, along with our more detailed research papers and
articles, can support presentations and other dissemination activities.

Outcomes from this research grant will include us:

e Exploring underexplored areas of grid-scale batteries with Eku in Australia’s and ACT’s energy
systems.

e Increasing the public stock of knowledge by laying foundations for this broad transdisciplinary
research area, to further support understanding about grid-scale batteries and their place in the
energy transition in society.

e Providing public knowledge that can contribute to ACT and broader national and international
discussions on the roles of battery storage in decarbonisation and our changing energy systems.
This includes sharing beneficial insights with the ACT that relate to its specific energy transitions.

o Utilising insights as a base for future research.

The Australian National University 7
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2 Work completed since last update

A key underlying intent of our exploration is to explore under-researched or poorly captured (e.g. not
formally captured) aspects of grid-scale battery operations and their implications to assist to increase the
stock of knowledge for the public in Australia.

This milestone report contributes to our objectives of this project and this underlying intent by exploring
and capturing understanding about the integration of grid-scale battery storage technology in the
renewable energy transition and exploring how social issues are considered/assessed for large
infrastructure in Australia. We also note here that we have prepared ethics and got approval to run
specialist industry (stakeholder) interviews. We do not report anything about this process in this
document as it has just commenced but can update Eku Energy on the details. We may also seek Eku
Energy advice on key stakeholders as well.

Renewable energy and relationships with grid-scale batteries

Public discourse, such as media releases on large scale battery projects, often describes these technologies
as charging during the day from surplus renewable energy and discharging later to meet peak demand.
However, our preliminary analysis of battery behaviour using AEMO dispatch data revealed that
operations are significantly more complex than this simplified model with a range of services being
provided in complex ways. This implies the impact on renewable energy systems in Australia is also going
to be complex.

To address these issues since the last milestone, we have investigated:

- Operational differences among grid-scale batteries across the NEM, and
- Factors contributing to these differences, including whether contractual agreements, ownership
structures, and financial arrangements are influencing factors.

We surveyed grid-scale batteries registered and trading in the NEM as of November 2025. Specifically, we:

- Reviewed publicly available knowledge-sharing reports [4], [5], [6], [7], [8], [9], [10], [11], [12],
[13], [14], [15], [16], [17], [18], [19], [20], [21], [22], [23], [24], [25], [26], [27], [28], [29], [30],
[31], [32], [33], [34], [35], [36] and media releases of all operating grid-scale batteries.

- Analysed AEMO data on charging/discharging behaviour and spot prices for 2025.

We report on these in Section 3 to Section 5 of this update.
Social assessments

As our previous update had noted a dearth of social research for grid scale batteries, we conducted a
further review of the types of social research and assessments available, beginning more broadly with
large infrastructure to understand what was done in that larger area of infrastructure assessment and
then focusing in on grid scale batteries.

The Australian National University 8
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3 Understanding battery operations

Grid-scale batteries have emerged as highly versatile assets in modern power systems. They provide a
wide range of services that support the market operation and system operation of the national electricity
market (NEM) in Australia, going well beyond simple energy shifting. These services include Frequency
Control Ancillary Services (FCAS), network support functions such as inertia and system strength,
renewable firming services. As renewable penetration increases, these services are critical for maintaining
grid stability and reliability, reducing the need to curtail renewable generation and avoiding costly
infrastructure upgrades.

This section examines how batteries operate in practice, the services they deliver, and the factors that
influence their operational strategies. While public narratives often simplify battery operation as “storing
excess renewable energy during the day for later use when demand is high”, our preliminary analysis of
the National Electricity Market (NEM) shows that battery behaviours vary significantly—even among
assets in similar locations or under the same ownership. This complexity reflects a combination of
technical, commercial, and contextual drivers.

Some factors might contribute to the differences in battery operation include:

e Local network constraints and renewable generation capacity
e Market incentives and financial benefits

e Stakeholder priorities and contractual arrangements

e Community contexts.

In this section, we explore:

1. What services batteries can provide and why these services matter for grid stability and market
efficiency (see Section 3.1 and 3.2).

2. How services are selected and stacked to meet diverse stakeholder objectives (see Section 3.3).

3. The role of contractual agreements—such as tolling, offtake, and PPAs—in linking battery services
to commercial and operational goals (see Section 3.4).

Understanding these dynamics is essential for public awareness of the critical role grid scale batteries
plays in enabling a high-renewable future and decision-makers and investors when they seek to attract
projects aligned with local energy needs.

We have used a mixed-methods qualitative and quantitative approach to developing this report.
Qualitative information such as public reports and public disclosures is used to help understand the
relationships and commercial arrangements behind batteries. AEMO data shows how batteries are used in
practice. We have used the data in these sources to correlate battery behaviour with the key factors that
appear to drive this behaviour.

Batteries funded by local or federal governments, or ARENA, are often required to publish detailed
operational reports and lessons learned, which provide comprehensive insights into their objectives and
performance. This published detail can offer useful opportunities to explore the detail of battery
performance.

While public data is useful it can lack critical details. In some cases, public disclosures offer evidence of
contractual arrangements and their influence on service provision, but the contract details that underpin
purposes are often confidential. Contractual agreements tend to shape operational objectives, so not
having them to review can make it challenging to determine the exact services provided by a specific
battery.

The Australian National University 9
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3.1 Grid-scale batteries in the National Electricity Market (NEM)

As of November 2025, over 3GW of grid-scale battery capacities are installed in the Australian National
Electricity Markey (NEM). Installations continue and the overall potential service contributions of grid
scale batteries is increasing, providing notable contributions to overall storage and service provision in the
NEM and in Australian networks more widely. Installation rates have increased and appear to be driven by
declining battery costs, as well as maturing systems that now include people with experience of large
battery options analysis, planning, construction, use and maintenance. Quarterly and cumulative
installation trends for large-scale batteries in Australia are shown in Figure 1.

The list of batteries analysed from the NEM in this study is provided in Table 1. We have chosen these
batteries due to the availability of public data sources, and our analysis is built mainly from these public
data sources. Publicly funded batteries tend to publish more information and therefore batteries funded
by ARENA and networks offer us some useful insights.
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Figure 1 Cumulative and quarterly installed battery capacity in Australia
Table 1 Grid-scale batteries considered in this study
BESS Operational date Battery capacity
Wed, 1 Nov 2017 (initial 100MW / 129MWh (initial
Hornsdale Power Reserve € ov (initia ) / (initia )_
Tue, 1 Sep 2020 (expansion) 50MW / 64.5 MWh (expansion)
Dalrymple North Fri, 14 Dec 2018 30MW / 8MWh
Ballarat Sat, 22 Dec 2018 30.38 MW / 30.38 MWh
Gannawarra Fri, 1 Mar 2019 25MW / 50MWh
Lake Bonney Sun, 1 Dec 2019 25MW / 52MWh
Wallgrove Grid Battery Wed, 1 Dec 2021 50MW / 75 MWh
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https://hornsdalepowerreserve.com.au/
https://arena.gov.au/projects/energy-storage-for-commercial-renewable-integration-escri-phase-2/
https://www.ausnetservices.com.au/projects-and-innovation/battery-storage/ballarat-battery
https://edifyenergy.com/project/gannawarra-energy-storage/
https://arena.gov.au/projects/lake-bonney-battery-energy-storage-system/
https://www.transgrid.com.au/projects-innovation/wallgrove-grid-battery/
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Vicotria Big Battery

Bulgana Green Power Hub

Wandoan South

Queanbeyan

Philip Island

Hazelwood

Torrens Island

Darlington Point

Riverina stage 2

Riverena stage 1

Bouldercombe

Kenedy Energy Park

Chinchilla

Broekn Hill

Rangebank

Ulinda Park BESS Phase 1

Capital battery

Blyth

Western Downs Battery
Phase 1

Greenbank

Koorangie

Waratah Super Battery

Mannum

Latrobe Valley

The Australian National University

Wed, 8 Dec 2021

Wed, 29 Dec 2021

Wed, 24 Aug 2022

Thu, 2 Feb 2023

Thu, 1 Jun 2023

Wed, 14 Jun 2023

Tue, 22 Aug 2023

Fri, 29 Sep 2023

Fri, 29 Sep 2023

Fri, 13 Oct 2023

Tue, 12 Dec 2023

Wed, 22 May 2024

Fri, 12 Jul 2024

Thu, 1 Aug 2024

Tue, 3 Dec 2024

Thu, 12 Dec 2024

Tue, 1 Apr 2025

Thu, 10 Apr 2025

Sun, 1 Jun 2025

Fri, 13 Jun 2025

Wed, 23 Jul 2025

Fri, 1 Aug 2025

Mon, 1 Sep 2025

Thu, 4 Sep 2025

300 MW /470 MWh

20MW / 34MWh

100MW / 150MWh

10MW / 20MWh

5MW / 10 MWh

150MW / 150MWh

250MW / 250MWh

25MW / 50MWh

65MW / 130MWh

60MW / 120MWh

50MW / 100MWh

2MW / 4MWh

100MW / 200MWh

50MW / 50MWh

200MW / 400MWh

150MW /300 MWh

100MW / 200MWh

238.5MW / 477MWh

200MW / 400MWh

200MW / 400MWh

185MW / 370MWh

850MW / 1680 MWh

100MW / 200MWh

100MW / 200MWh
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https://victorianbigbattery.com.au/
https://bulganagreenpowerhub.com.au/
https://www.venaenergy.com.au/all_projects/wandoan-south-bess/
https://www.globalpower-generation.com/en/geographical-presence/projects-in-australia/
https://www.ausnetservices.com.au/projects-and-innovation/battery-storage/phillip-island-community-energy-storage-system
https://engie.com.au/about-us/our-generation-activities/battery-storage/hazelwood-battery
https://www.agl.com.au/about-agl/operations/agl-in-torrens-island
https://edifyenergy.com/project/riverina-darlington-point/
https://edifyenergy.com/project/riverina-darlington-point/
https://genexpower.com.au/bouldercombe-battery-project/
https://kennedyenergypark.com.au/
https://www.csenergy.com.au/what-we-do/firming-and-storage/chinchilla-battery
https://www.agl.com.au/about-agl/operations/broken-hill-battery-energy-storage-system?cidi=AGL%7CB1001979
https://shellenergy.com.au/decarbonisation/projects/rangebank-bess-project/
https://akayshaenergy.com/projects/ulinda-park-bess
https://capitalbattery.com.au/
https://blythbattery.com.au/
https://westerndownsgreenpowerhub.com.au/battery/
https://www.csenergy.com.au/what-we-do/firming-and-storage/greenbank-battery
https://edifyenergy.com/project/koorangie-energy-storage-system/
https://www.energyco.nsw.gov.au/our-projects/waratah-super-battery-project
https://epicenergy.com.au/mannum-battery-energy-storage-system/
https://tiltrenewables.com/portfolio/latrobe-valley-bess/

ACES research update 2 to Eku Energy for review 08.01.26

Expected to be operational in

Templers Battery Project

Templers Battery Project Q2 2025 111MW / 285 MWh
Tailem Bend Hybrid Q4 2024 41.5MW / 41.5MWh
Adelaide Desalination Plant 6MW / 12.5 MWh
Bolivar Waster Water

Treatment Plant

Christies Beach Wastewater
Treatment Plant

Happy Valley water
treatment plant

3.2 Battery services

In this report, we refer to battery services as sets of functionalities that batteries implement to produce
certain technical outcomes to meet the needs of the power systems (such as bulk energy and black start
services) and relevant stakeholders connected with the battery including the owners (such as emission
reductions and financial gains). In this subsection, we focus on the battery services for serving the power
systems.

3.2.1 Overview of battery services in the NEM
There is need for battery services in the NEM

Power systems worldwide are undergoing a significant transformation—from networks dominated by
large thermal power stations to systems incorporating diverse generation resources and technologies of
varying sizes. Some of the key macro-trends are:

e Ashifting from firm energy sources (e.g., fossil fuel generation) to variable renewable energy
sources.

e Retirement of synchronous generators and increasing reliance on inverter-based resources (IBR)
such as solar, wind, and batteries.

e Moving from a centralised energy supply model to a decentralised system.

e Transitioning from passive consumers to active “prosumers” (e.g., households with solar PV and
storage).

Even during this period of change, it is essential to meet the technical and operational requirements that
ensure the power system continues to operate securely and reliably?2.

Maintaining system safety and reliability depends on several technical attributes, including resource
adequacy and capability; frequency management; voltage management; and system restoration.

Table 2 shows how AEMO defines these requirements and the associated services they manage. Market
participants, such as generators and storage providers, provide these services through several different
mechanisms such as markets or grid support contracts.

2 Power System Requirements. AEMO. Jul 2020. https://www.aemo.com.au/-
/media/files/electricity/nem/security and reliability/power-system-requirements.pdf
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https://www.zenenergy.com.au/templers-battery/
https://www.venaenergy.com.au/all_projects/tailem-bend-2-hybrid-project/
https://watertalks.sawater.com.au/christiesbeachwwtp
https://watertalks.sawater.com.au/christiesbeachwwtp
https://www.sawater.com.au/education-and-community/Community-safety/happy-valley,-water-treatment-facility
https://www.sawater.com.au/education-and-community/Community-safety/happy-valley,-water-treatment-facility
https://www.aemo.com.au/-/media/files/electricity/nem/security_and_reliability/power-system-requirements.pdf
https://www.aemo.com.au/-/media/files/electricity/nem/security_and_reliability/power-system-requirements.pdf
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Table 2 Technical attributes, and services required to deliver them?

Technical atfribute and section of report Requirement Service(s) needed to meet
where addressed requirement

Resource adequacy and capability Provision of sufficient supply to match Bulk energy
demand from consumers

There is a sufficient overall porifolio of .
energy resources to continuously Strategic Reserves
achieve the real-time balancing of

supply and demand. (See Section 3.1) Capability to respond to large continuing Operating reserves
changes in energy requirements

Network transport capability Transmission and distribution services
Frequency management Frequency within limits Inertial response
Ability to set and maintain system Primary frequency response
frequency within acceptable limits.
(See Section 3.2) Secondary frequency control

Tertiary frequency control

Voltage management Voltage within limits Slow response voltage control
Ability to maintain voltages on the Fast response voltage control
network within acceptable limits. (See
Section 3.3) System strength

System restoration Ability to restore the system Black start services
Ability to restart and restore the system Restoration support services

in the unlikely event of a major supply
disruption. (See Section 3.4)

Each service operates on a different timescale (see Figure 2). Batteries can rapidly adjust energy output in
both directions (charging/discharging) which makes them highly suitable for services requiring fast
response, such as inertia response, primary and secondary frequency control, fast-response voltage
control and system strength. Their energy storage makes them suitable for services that operate ata
longer time scale such as bulk energy and black start services. This unique combination of capabilities
positions batteries as a critical asset for maintaining system reliability and security in a rapidly evolving
energy landscape.

Acts within Milliseconds Seconds Minutes Hours Days

Bulk Energy

Resource
Adequacy

Frequency Inertial Primary
Management response  frequency co

Fast response voltage control

Voltage
Management

System
Restoration

Figure 2 Operation timescale for services needed?

The following section explores the specific services that batteries can provide, supported by case studies
of battery projects currently operating in the NEM.
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3.2.2 Energy arbitrage service

Simply speaking, energy arbitrage means buying energy at low prices and selling it at high prices in the
electricity wholesale market. This service underpins the provision of bulk energy services required to
maintain the resource adequacy and capability attribute for ensuring the reliability of power systems.

In Australia, bulk electricity is traded through a wholesale electricity market operated by the Australian
Energy Market Operator (AEMO). In this market, the energy prices are updated every 5 minutes based on
real-time demand and available generation capacity. As the electricity demand fluctuates throughout the
day, price differences between daytime and evening periods can be significant. For example, the wholesale
electricity price dropped to -$40/MWh at 9.50am and later increased to $985/MWh at 7:00pm on 19 Jan
2025 in SA (see Figure 3). The energy price even dropped -$949/MWh at 15:10 on 13 Nov 2024 in SA (see
Figure 4).
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Figure 3 Wholesale electricity price ($/MWh) on 19 Jan 2025 in the SA region, Australial6
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Figure 4 Wholesale electricity price ($/MWh) on 13 Nov 2024 in the SA region, Australial6

These price variations create opportunities for batteries to generate revenue through market price
arbitrage3, also known as energy arbitrage. For grid-scale batteries, this typically means purchasing and
storing energy during low-price periods (typically off-peak periods) and selling and discharging energy
during high-price periods (peak periods), enabling more cost-effective energy utilisation.

3 Unlockmg the Power of FCAS and Energy Arbltrage in the Clean Energy Era. AER.
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3.2.2.1 Case study: batteries providing energy arbitrage

Energy arbitrage is adopted by nearly all grid-scale batteries in the NEM, particularly those prioritise
revenue generation. A notable example is the Hazelwood BESS* (part-owned by Eku), which operates
under a relatively unique “merchant model” -- a battery “without a particular contract’, and thus “free to
use all of its capacity”S. Figure 5 illustrates Hazelwood’s charge and discharge power correlation to
wholesale market prices: high prices lead to discharge; low prices lead to charge.

150

100 4

Power
[=]
|

=100

-100 0 100 200 300 400 500

Figure 5 Relationship between the Hazelwood battery power and the wholesale electricity market prices in the NEM
3.2.3 Ancillary services

Ancillary services, managed by AEMO, are essential for operating the power system safely, securely, and
reliably. These services maintain critical technical characteristics of the system, including standards for
frequency, voltage, network loading, and system restart processes®. In the NEM, ancillary services are
generally classified into two categories: market and non-market ancillary services.

3.2.3.1 Market ancillary service - Frequency Control Ancillary Services (FCAS)

The primary market ancillary service in the NEM is Frequency Control Ancillary Services (FCAS)7. FCAS is
one of the main ways that the system frequency is managed.

The NEM operates at 50 hertz (Hz). When generation is less than load, frequency will tend to fall, when
load is less than generation it will tend to rise. The reliability panel sets frequency operating standards for
the NEM which defines how far the frequency can deviate from 50 Hz (both during normal system
conditions and after faults)8. FCAS is a market for active power response to frequency deviations to arrest

4 Note that we would use BESS (battery storage energy system) when referring to a battery project in the NEM unless
the project has as specific name such as Victoria Big Battery or Waratah Super Battery.

5 Battery like a charger on a huge scale. Philip Hopkins. 2025.

https://latrobevalleyexpress.com.au/news/2025/01/08 /battery-like-a-charger-on-a-huge-scale/

6 Ancillary services. AEMO. https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-

nem/system-operations/ancillary-services
7 Guide to frequency control ancillary services. AEMO. 2025. https://www.aemo.com.au/-

media/files/electricity/nem/security and reliability/ancillary services/guide-to-frequency-control-ancillary-

services.pdf
8 Frequency operating standard. https://www.aemc.gov.au/sites/default/files/2024-
01/Frequency%?200perating%?20Standard.pdf
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changes in frequency and restore it to 50 Hz. FCAS acts in concert with other frequency control
mechanisms (such as primary frequency response).

What is FCAS?

FCAS is a set of services, operated by AEMO to manage frequency in real-time. These services are procured
through ten separate markets, each defined by specific required response times and service duration, as
described in Table 3. Batteries are also required to provide primary frequency response separate to FCAS
markets.

Table 3 Response times and service durations for the ten FCAS markets in the NEM?

Frequenc Response Max.
5 i Pescription Sub-type expected response | Dispatch method
response service ‘pocte esponse

A post-fault service . :
Contingency | frequency back into the local frequency
FCAS

normal operating band Slow 80 seconds measurement

(£0.15hz)

A pre-fault service
designed to correct . =
: minor energy Dispatched via
Regulation imbalances and keep N/A 4 seconds 4 seconds AGC
frequency within normal
operating band
Pri . Mandatory (unpaid) Dispatched via
rimary Frequency service designed to "
Response (PFR) Kaap fracpiency Witiin N/A 10 seconds | Continuous local frequency
normal operating band measurement

Types of FCAS Services

There are five FCAS bands: four for response after faults (very fast, fast, slow, and delayed); and one for
day-to-day frequency management (regulation)?. Each band is divided into two types: raise and lower

e  Raise FCAS: increase frequency by increasing generation or decreasing demand when frequency
falls below 50Hz.

e Lower FCAS: decrease frequency by reducing generation or increasing demand when frequency
rises above 50Hz.

Regulation FCAS

Regulation FCAS services operate continuously to correct minor imbalance between generation and
demand when frequency remains within the normal band (49.85Hz -- 50.15Hz). AEMO operates
regulation services through sending instructions to generators dispatched for regulation services every 4
seconds. These instructions are issued by the “Automatic Generation Control” (AGC) system. Many
batteries are registered for regulation FCAS services. Hornsdale battery is one of these. Figure 6 illustrates
Hornsdale Power Reserve’s daily revenues from regulation FCAS markets.

9 A Beginner’s Guide to FCAS: Frequency response in the NEM. ModoEnergy.
https://modoenergy.com/research/beginners-guide-fcas-frequency-response-nem
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Figure 6 Hornsdale Power Reserve’s daily revenues from regulation FCAS markets!6
Contingency FCAS

Contingency FCAS services are activated after a contingency event (e.g. generator tripping offline) that
results in a large imbalance and pushes frequency to be outside the normal operating band (49.85 Hz -
50.15 Hz). There are eight Contingency FCAS services, defined by their response times and service
durations.

e Very Fast Raise/Lower (introduced in October 2023)
e Fast (6-second) Raise/Lower

e Slow (60-second) Raise/Lower

e Delayed (5-minute) Raise/Lower

Generators provide contingency services by autonomously responding to local frequency. Figure 7 shows

Hornsdale Power Reserve’s daily revenues from contingency FCAS markets. Generally contingency FCAS

markets have a peakier pricing curve. Some days prices are high, some days low. Prices are more likely to

be high during periods of scarcity (i.e. when there is a tight supply/demand balance) or during periods of

low inertia.
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Figure 7 Hornsdale Power Reserve’s daily revenues from contingency FCAS markets!®

Figure 8 illustrates how frequency is managed through Contingency and Regulation FCAS services.
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Frequency in the NEM is managed continuously through Regulation
FCAS, while Contingency FCAS kicks in following faults on the grid

Frequency (Hz)
Systern Frequency Contingency
W Regulation Lower

\r) Generator Trips Offline

50 . \//_V\\-/ J Regulation

49.85 1
N A Regulation Raise

Contingency

Contingency FCAS is
triggered when frequency
deviates by +-0.15 hz

| Full contingency output
| reached at +- 0.5 Hz

Contingency Raise
29504 r nting W i l

Time (s)
SassiksdsEnarsy MODOENERGY

Figure 8 Example of managing frequency in the NEM through Regulation and Contingency FCAS?
3.23.1.1 Case studies: batteries providing FCAS

Traditionally, gas and hydro generators dominated supply of FCAS services. However, batteries are very
capable of providing FCAS services because of their fast response capability, so today they are replacing
traditional generation as the main source of FCAS. Early batteries in the NEM sources significant revenue
from FCAS markets as prices were high, but today prices have reduced as batteries have come online.

Examples:

e Dalrymple North BESS10 (SA, operational since Dec 2018) and Ballarat BESS1! (VIC, operational
since Dec 2018) were optimised for contingency FCAS markets.

e Gannawarra BESS'? (NSW, operational since 2019) initially focused on raise regulation FCAS
services, as it was not registered for contingency FCAS during its first two years.

o Lake Bonney BESS'3 (SA, operational since Dec 2019) reported that contingency FCAS accounted
for approximately 50% of its total revenue during its first two years (report published Feb 2023).

As battery participation in FCAS markets has grown, increased competition has significantly reduced FCAS
prices, leading to a sharp decline in revenue from these services. Figure 9 and Figure 10 illustrate the
downward trend in FCAS prices and the declining share of FCAS in overall battery revenue.

Table 4 provides a detailed breakdown of revenue contributions (in percentage) from contingency FCAS,
regulation FCAS, and energy arbitrage for the past year (1 Dec 2024 - 30 Nov 2025). The actual revenues
in dollars are provided in Table 21 (Appendix B). Analysis of Table 4 shows that:

10 ESCRI-SA Battery Energy Storage Final Knowledge Sharing Report. ElectraNet Mar 2021.

1 Ballarat Battery Energy Storage System Final Knowledge Sharing Report Operatlonal Years 1 & 2. The Consortium.
Oct 2021. https://arena.gov.au/assets/2021/10/ballarat-bess-final-report.pdf

12 Gannawarra Energy Storage System Final Knowledge Sharing Report. Nov 2021. Edify Energy and EnergyAustralia.
Nov 2021. https://arena.gov.au/assets/2021/11 /gannawarra-energy-storage-system-final-report.pdf

13 Lake Bonney BESS Final Knowledge Sharing Report. Iberdrola Australia. Feb 2023.
https://arena.gov.au/assets/2023 /08 /LBBESS-Final-KS-Report Publicl.pdf
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e  Only two batteries—Lake Bonney BESS and Tailem Bend 2 Hybrid Renewable Power Station—
derived more than 60% of their revenue from FCAS.

o Both are located in South Australia, with Lake Bonney BESS installed alongside Lake
Bonney Wind Farm, and Tailem Bend 2 BESS co-located with Tailem Bend 1 solar farms.

o This suggests that areas with very high renewable penetration and limited synchronous
generation (e.g. traditional fossil fuel generators) create a strong requirement for FCAS
from batteries installed in those areas.

e Two other batteries—Dalrymple North BESS (SA, operational since Dec 2018) and Torrens Island
(SA, operational since Aug 2023)—reported nearly half of their revenue from contingency FCAS.

o Bothare also located in SA, with Dalrymple North co-located with the Wattle Point Wind
Farm.

o This further demonstrates that strategically located projects can still capture significant
FCAS value.

o Additionally, Torrens Island BESS’ power rating is more than double of the energy capacity
(30MW/8MWh), making it particularly suitable for FCAS, which requires high power over
very short durations (within 5 minutes or even seconds), rather than energy arbitrage,
which demands more sustained output over longer periods (more than 5 minutes).

e  Most other batteries now rely predominantly on energy arbitrage (70-100% of revenue),
signalling a clear market shift away from FCAS as the primary revenue source.

Despite the decline in FCAS revenue, batteries remain highly effective providers of frequency control, and
FCAS delivery continues to be a stated objective for new projects under development.

Figure 9 Quarterly average prices ($/MW) of the ten FCAS markets in the NEM for past five years'4

14 Quarterly global FCAS prices services. AER. https://www.aer.gov.au/industry/registers/charts/quarterly-global-
fcas-prices-services
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% Share of Monthly Market Revenue - Batteries v il e s

Aggregate revenue splits of net energy revenue vs total FCAS revenue for all scheduled batteries in the NEM, as of January 1% 2025.
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Figure 10 Declining share of FCAS in overall battery revenue in the NEM15

Table 4 Share of Battery Revenue from FCAS and Energy Arbitrage in the NEM (Dec 2024 - Nov 2025)16

Battery name Location Contingency Regulation | Energy
Renewable ower tation s o6t% | 0%
Lake Bonney 1 SA 63% 5% 32%
Torrens Island SA 46% 4% 49%
Dalrymple North SA 43% 0% 57%
Bouldercombe QLD 21% 7% 72%
Hornsdale power reserve SA 21% 3% 76%
Wandoan QLD 19% 4% 76%
Western Downs QLD 17% 3% 80%
Chinchilla U1-80 QLD 14% 0% 86%
Ballrat VIC 13% 9% 78%

Blyth SA 11% 2% 87%
Hazelwood VIC 7% 8% 85%
Bulgana Green Power Hub VIC 4% 23% 73%
Queanbeyan ACT 4% 26% 69%
Wallgrove 1 NSW 4% 10% 86%
Gannawarra NSW 3% 10% 87%
Darlington Point NSW 2% 1% 96%
Latrobe Valley VIC 2% 4% 94%
Mannum SA 2% 10% 88%
Riverena 2 NSW 2% 2% 96%

15 The state-of- charge for 2024- The highs and lows of the big battery boom. Dan Lee 2025.

16 https://nembess.com/batteries
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Victoria Big Battery VIC 2% 5% 93%
Rangebank VIC 1% 1% 98%
Broken Hill NSW 0% 0% 100%

Capital ACT 0% 1% 99%
Koorangie VIC 0% 0% 100%
Riverina 1 NSW 0% 1% 98%
Templers SA 0% 0% 100%

Ulinda Park BESS QLD 0% 1% 99%
Waratah NSW 0% 0% 100%

3.2.3.2 Non-market ancillary services

Non-market ancillary services procured by AEMO via bilateral contracts with service providers. A key
example is System Restart Ancillary Services (SRAS), which provides “black-start” capability to restart the
power system from a total loss of electrical supply. There are two kinds of SRAS servicel:

e  Black-start services: A generator is able to energise a de-energised system independently for a
specified period of time (e.g. the amount of time needed to restore the power system)

e Restoration services: A generator is able to operate independently from the grid (e.g. supply its
own auxiliary power needs) and is located in a part of the grid where additional restart capability
is required.

3.2.3.2.1 Case study: batteries providing non-market ancillary services

AEMO does not publish a list of SRAS providers, and few batteries have publicly stated their provision of
SRAS. However, conceptually, batteries could provide an SRAS service (if coupled with a generator such as
a solar or wind farm and have sufficient stored energy). Some batteries already offer black-start capacity
to the local networks.

o The ESCRI-SA BESS at Dalrymple “can provide backup power to 4500 customers in the Dalrymple
service area for 2-3 hours while connection to the grid is being restored”18,

o The Broken Hill BESS has been designed and registered to support black start capability for a loss
of grid power?°.

e The Blyth BESS?° and the Western Downs battery?! can provide SRAS with appropriate inverter
software modification.

3.2.4 Network-focussed services

Network focussed services are those grid-scale battery services that support electricity transmission or
distribution systems. Several grid-scale batteries publicly state that they offer these services. These
services contribute to various technical attributes of the power systems such as the resource adequacy,
stability, and system restoration.

17 SRAS guideline 2021. AEMO. https://www.aemo.com.au/-
/media/files/electricity/nem/security and reliability/ancillary services/sras/sras-guideline-2021.pdf

18 Big battery is secure SA power supplies. ARENA. 2019. https://arena.gov.au/blog/big-battery-to-secure-sa-power-

supplies/
19 Broken Hill Battery Energy Storage System Project Knowledge Sharlng Report #2, page 10. AGL. Aug 2024

Knowledge Sharlng Report.pdf

20 Blyth BESS Development Report. Neoen. Oct 2024. https://arena.gov.au/assets/2024/12 /Neoen-Blyth-South-
Australia-BESS-Development-Report.pdf

21 Western Downs BESS Development Report. Neoen. Oct 2024. https://arena.gov.au/assets/2024 /12 /Neoen-
Western-Downs-BESS-Deployment-Development-Report.pdf
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3.2.4.1 System Integrity Protection Schemes (SIPS) and Wide Area Protection Schemes (WAPS)

Several large/grid scale batteries participate in special protection schemes that aim to maintain power
system stability. These schemes are set up in various forms, but all use the very fast response capability of
batteries to prevent line thermal overloads or transient instability. These schemes are often called System
Integrity Protection Schemes (SIPS) and Wide Area Protection Schemes (WAPS). In this section we use
SIPS to refer to these generically.

SIPS schemes respond rapidly to loss of transmission elements to maintain power system stability. They
manage two phenomena: thermal overload and loss of synchronism.

When a fault causes a transmission line to disconnect, power flows change, which can overload the
remaining elements causing a thermal overload. SIPS schemes can reduce this overload by rapidly
reducing or increasing generation to reduce the imbalance and reduce line flows. This function of a SIPS
scheme is analogous to the Network Control Special Protection Scheme that has been in use in Tasmania
since the commissioning of the Basslink HVDC interconnector?22.

Loss of synchronism occurs when two interconnected parts of a power system begin to operate at a
different frequency. During and after a fault, rotor angles of generators at each side of the fault will
accelerate on the generation heavy side and decelerate on the generation light side. If the link between the
two sides is too weak, the divergence in angles will accelerate and the two sides will begin to act like two
separate systems. An example of loss of synchronism is shown in Figure 11. SIPS can rapidly respond to
angle changes to reduce the rate of change of angle by rapidly changing power to counteract the
load/generation imbalance. Very fast response is critical, and SIPS schemes that manage angle instability
tend to use a mix of Phasor Measurement Units (PMUs) and predictive models to respond fast enough to
prevent loss of synchronism. In some ways the angle instability protection functions of SIPS schemes are
analogous to braking resistors?3

22 Managing a High Penetration of Renewables-A Tasmanian Case Study. https://www.aemo.com.au/Media-
Centre/~/-/media/B47810C12E25473CB81968D5D4218F78.ashx

23 Improvement of Transient Stability by Means of a Series Braking Resistor.
https://www.actaenergetica.org/index.php/journal/article/download/211/209/209
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Figure 11 Voltage phase angle of key South Australian busses during the 2016 system separation24

There are several SIPS schemes in service in the NEM today. One of the earliest was in South Australia. The
South Australian SIPS scheme was introduced to reduce the risk of South Australia disconnecting from the
rest of the NEM after major faults (as happened during the 2016 system black event).

The South Australian SIPS scheme is designed prevent disconnection by rapidly injecting power from
batteries or shedding sufficient load to assist in re-balancing supply and demand in South Australia and
prevent a loss of the Heywood Interconnector”?3, SIPS works by detecting a power swing in South
Australia using Phasor Measurement Units (PMUs) and using a predictive algorithm to change battery
power or shed load rapidly in advance of instability?26.

AEMO procures SIPS services from batteries through specific contractual agreements, which can be set up
in various forms. Table 5 lists existing battery projects that are awarded SIPS contracts to support
transmission lines and state interconnectors in the NEM.

Table 5 Example batteries providing a SIPS service in the NEM

BESS name Location SIPS service

70MW capacity reserved for supporting the

Hornsdale Power Reserve South Australia ) .
Victorian-SA Heywood Interconnector?’.

24 Analysis of the South Australian Blackout. https://windintegrationworkshop.org/berlin2017 /wp-

content/uploads/sites/6/2017/11/WIW17 4B 1 Analysis of the South Australian Blackout.pdf

25 ESCRI-SA Operational Report #4, page 32. ElectraNet. Feb 2021. https://arena.gov.au/assets/2021/04/escri-sa-
battery-energy-storage-report-4.pdf

26 Wide Area Protection Scheme for Prevention of Islanding of South Australia. https://www.e-
cigre.org/publications/detail /b5-10120-2022-wide-area-protection-scheme-for-prevention-of-islandin
australia.html
27 Hornsdale Power Reserve Expansion Project ARENA Knowledge Sharing: HPRX Market Report: Chapter 5. Neoen.
Dec 2023. https://arena.gov.au/assets /2024 /02 /Neoen-Hornsdale-Power-Reserve-Upgrade-HPRX-Market-Report.pdf

-of-south-
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https://www.e-cigre.org/publications/detail/b5-10120-2022-wide-area-protection-scheme-for-prevention-of-islanding-of-south-australia.html
https://www.e-cigre.org/publications/detail/b5-10120-2022-wide-area-protection-scheme-for-prevention-of-islanding-of-south-australia.html
https://arena.gov.au/assets/2024/02/Neoen-Hornsdale-Power-Reserve-Upgrade-HPRX-Market-Report.pdf
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BESS name Location SIPS service

Provides SIPS services in the same scheme as
Dalrymple North South Australia Hornsdale power reservel0. However, it is
unclear if capacity is reserved for this service.

250MW capacity reserved for supporting the
Victorian-NSW interconnector?28; contracted

Victorian Big Batt Victori
ictorian Big Battery ictorta with AEMO under the direction from the
Victoria Government.
TransGrid has contracted with Akaysha for 5.5
years for a battery with minimum capacity of
700MW/1400MWh2° f ting th
Waratah Super Battery New South Wales / orsupportingthe

transmission lines that connect generation in
the northern and southern regions of NSW to
the Sydney, Newcastle and Wollongong region

Hornsdale Power Reserve

Hornsdale Power Reserve had 70 MW of its initial 100 MW of capacity reserved for SIPS. This SIPS service
is a protection scheme that help South Australia maintain synchronism with Victoria and manage thermal
line capacity after loss of one circuit of the double circuit 275 kV Heywood interconnector.

When the scheme detects a single circuit loss and if power flows are too high (risking system separation or
causing the remaining line to disconnect on overload), SIPS takes action by:

1. Directing both Hornsdale Power Reserve and ESCRI Dalrymple BESS to rapidly discharge,

2. Shedding up to 200 MW ofload, and

3. Ifrequired, tripping the remaining Heywood interconnector circuit on out-of-step protection
(which may cause further generation/load loss due to the resultant frequency event).3°

In 2023, this SIPS scheme has been upgraded to a Wide Area Protection Scheme (WAPS), which offers
more granular and bidirectional control?’.

Victorian Big Battery

This battery supports the interconnector between north-east Victoria and NSW by providing rapid
guaranteed backup to reduce flows if a fault occurs, giving AEMO more time to rebalance supply and
demand3!. Without this service, the transmission lines would need to operate more conservatively to avoid
very rapid thermal overload if one of the two parallel circuits trips. This battery’s contracted capability
effectively provides additional headroom of up to 250 MW on these thermal overload limits, enabling
higher imports under some conditions from NSW on top of flows from hydro generators in north-east

28 Victoria Government Gazette No. S 238 Friday 15 May 2020

https://www.gazette.vic.gov.au/gazette /Gazettes2020/GG2020S238.pdf

29 NSW Government Gazette No 473 of Friday 14 October 2022. https://gazette.nsw.gov.au/gazette/2022/10/2022-
473.pdf

30 Request for protected event declaration. AEMO. https://www.aemc.gov.au/sites/default/files/2019-

04/AEMO0%20Request%20for%20protected%20event%20declaration.pdf
31 Victoria's big battery: what exactly is it f0r7 Allan O Ne11 Nov 2020.
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Victoria and the Snowy scheme32. Essentially, this battery is designed to effectively manage the thermal
limits on these transmission lines.

Waratah Super Battery

“The aim of this battery project is to increase power transfer capacity on transmission lines that connect
generation in the northern and southern regions of NSW to the Sydney, Newcastle and Wollongong region.
The battery will operate as part of a broader System Integrity Protection Scheme (SIPS). The SIPS is
designed to monitor transmission lines and enable the battery to act as a 'shock absorber' in the event of
any sudden fault on the transmission system”33.

This SIPS procures this battery to operate in a seasonable sculpted core service mode only during extended
summer period. When this battery is not needed for SIP Service purpose, it can be used as a low-cost
source of electricity supply and reducing reliance on higher cost generation34 (e.g. provide energy
arbitrage and FCAS services). According to Australian Energy Regulator (AER), This operation mode is
required to have a daily profile of continuous active power capacity (MW) and useable energy storage
capacity (MWh) allocation to the SIPS Service including:

e atleast 700 MW and 1400 MWh of battery capacity reserved for SIPS Service between 5am and
sunset, when power system demand and paired generation availability levels are relatively high.

e atleast 500 MW and 1000 MWh of battery capacity reserved for SIPS Service between sunset and
2am, when power system demand and paired generation availability levels are relatively lower.

e atleast 300 MW and 600 MWh of battery capacity reserved for SIPS Service between 2am and
5am, when power system demand is at its lowest.

3.2.4.2 Backup services supporting reliability

Some batteries provide backup services to ensure better grid reliability during supply interruptions or
when other infrastructure supporting the grid has reached capacity. of electrical supply on the grid3>. For a
backup style of service, the battery supplies power to a section of the grid during outages from other
electricity generators or suppliers. Back up can be delivered by either discharging stored energy, or
through supporting or enabling other generators to operate and supply energy when the section of the
system is islanded during system interruptions.

3.2.4.2.1 Case study: batteries providing backup services

Dalrymple ESCRI-SA battery

The Dalrymple ESCRI-SA BESS is a notable example of providing backup services alongside other network
functions, such as SIPS serviced as introduced in Section 3.2.4.1. According to its most recent 2-year
operation report!0 (page 20), “over the first two years of commercial operation, there have been one
planned and nine unplanned outages with five of these outages lasting longer than 5 minutes”. The battery
has mitigated the significant impact of these events by preventing or reducing the duration of unserved
energy events. Specifically, it reduces the “cumulative loss of supply from approximately 11 hours down to
about half an hour” and decreased the “unserved energy by 24.3 MWh".

32 Background information about the Victoria Big Battery and the SIPS service. Paul Mcardle. Mar 2024.
https://wattclarity.com.au/articles /2024 /03 /vbb-and-sips
33 Waratah Super Battery SPS battery service. AER Oct 2022.

d

34 Waratah Super Battery Determination - SIPS Service component - December 2022, page 12. AER.
https://www.aer.gov.au/system/files/Waratah Super Battery Determination — SIPS Service component - December

2022.pdf
35 Templers Battery Project. Zen Energy. https://www.zenenergy.com.au/templers-batter
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Templers Battery

Another example is the Templers BESS, which is not yet fully commercially operational. It is expected to
increase the network capacity by providing a critical backup of supply when other supporting
infrastructure in the grid has reached their limits3>.

3.2.4.3 Other network services

There are several other network-focussed services batteries provide. Enhancing existing power supply is
one example and the Phillip Island battery is an example of a battery that provides this service.

3.2.4.3.1 Case study: batteries providing other network services

Phillip island battery

Phillip island battery is a 5SMW/10MWh battery located on Phillip Island in Victoria. It is designed to
provide “an additional power source during peak demand periods, such as the holidays and Grand Prix.”3¢,
when visitor numbers and electricity usage on the island are significantly higher. Ausnet services has a
network support agreement with the operators of the battery to enable this service to the local grid)3’.

Unlike batteries designed for backup services, this battery does not automatically provide backup power
during an unplanned outage. Instead, it offers a cost-effective solution to enhance the safety and stability
of electricity supply during seasonal peaks. This approach is more economical than upgrading power lines
to the island, as additional supply capacity is only required a few times a year.

3.2.5 System security services

A secure power system must operate safely within defined technical limits, with the ability to withstand
credible disturbances and restart following a widespread outage38. Based on AEMO’s Engineering
Roadmap3?, the system security is assessed using five criteria: system strength, frequency and inertia,
voltage control, transient and oscillatory stability, operability, and system restoration. Maintaining these
criteria contributes to multiple technical attributes of the power system including frequency management
and voltage management.

Of these system security services, two criteria are particularly relevant to grid-scale batteries:
3.2.5.1 System Strength

System strength is a complex and evolving concept. Its definition varies across jurisdictions and continues
to change as global understanding of power system behaviour improve#0.2Error! Bookmark not defined._ According
the AEMO, System strength refers to the ability of the power system to maintain and control the voltage
waveform at any location during both steady-state operation and following a disturbance. A strong
waveform is more resistant to perturbations like faults. The levels of system strength are commonly
described in terms of fault level, with higher fault current indicating higher system strength and greater
ability to maintain the voltage waveform#0.

36 Philip Island Community Energy Storage System. AusNet Electricity. https://www.ausnetservices.com.au/projects-
and-innovation/battery-storage/phillip-island-community-energy-storage-system
37 https://www.aer.gov.au/system/files /2025-02 /ASD%20-%20AusNet%20-
%Z20RIN%20Supporting%20Information%20-%2031%20]an%202025%20-%20PUBLIC.pdf
38 2025 Transmon Plan for System Security Infographlc AEMO. Dec 2025. httDs //Www aemo.com.au/-
1

39 Engineering Roadmap to 100 Percent Renewables. AEMO. ttps [[www aemo.com.au/-
media/files/initiatives /engineering-framework/2022 /engineering-roadmap-to-100-per-cent-renewables.pdf

40 System Strength Explained. AEMO. Mar 2020. https://www.aemo.com.au/-/media/files/electricity/nem/system-
strength-explained.pdf
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3.2.5.2 Frequency and inertia

FCAS and primary frequency control (discussed in 3.2.3.1) are the primary means used in the NEM to
manage frequency. Inertia relates to the ability of the power system to manage rate of change of frequency.
In a high inertia power system frequency will tend to change slowly and vice versa. Inertia is an inherent
property of synchronous generators, but not of power electronics interfaced generators such as solar
farms, batteries, and most types of wind turbines.

3.2.5.3 Emerging challenges in system security management

Traditionally, the provision of system security relied on synchronous machines (e.g., coal and gas
generators) which inherently provide inertia and fault current because of their physical properties.
However, increasing renewable penetration and inverter-based resources (IBR) such as batteries,
solar/wind farms and HVDC interconnectors, combined with the withdrawals or retirement of
synchronous machines have introduced changes in the way system security needs to be maintained:

e Renewables now supply over 40% of annual NEM demand, with 30-minute peaks approaching
80%. In South Australia, renewables regularly exceed 100% of demand.

e Ten coal-fired stations have closed since 2012, and half of the remaining fleet is expected to retire
within 10 years.

Figure 12 illustrates the changing capacities of synchronous generation and IBR.
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Figure 12 Historical and forecast capacity of synchronous generation and IBR in the NEM, historical and in the ISP Step
Change scenario, 2009-10 to 2049-50 (gigawatts [GW]) 38
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Both system strength and inertia have reduced over the past decades due to these rapid changes in energy
mix. Formalised frameworks to manage these properties were introduced in 20174142, These frameworks
require:

1. AEMO to assess required levels of inertia and system strength annually
2. Transmission networks or AEMO to procure additional inertia and system strength where a
shortfall has been identified

A summary of the system strength and inertia shortfalls identified by AEMO for each NEM region is
provided in Table 6.

41 Managing power system fault levels. https: //www.aemc.gov.au/rule-changes/managing-power-system-fault-levels
42 Managing the rate of change of power system frequency. https://www.aemc.gov.au/rule-changes/managing-the-
rate-of-change-of-power-system-frequency
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Table 6 Summary of network requirements for each NEM region, to be addressed by TNSPs38

Region (TNSP)

TNSP requirements

New South Wales
(Transgrid)

&

Queensland

(Powerlink)

&

South Australia
(ElectraNet)

x

Tasmania

(TasNetworks)

&

Victoria
(VicGrid)

&

System strength deficits across New South Wales have again been confirmed from 2027-28 with the
currently announced Eraring Power Station retirement date. In response, Transgrid is expediting the
procurement of synchronous condensers with support from the New South Wales government; however,
additional measures are necessary to ensure ongoing power system security. Contracting for these services
may be required prior to 2027-28, depending on market conditions.

Inertia deficits are also forecast from 2027-28, underscoring the need for further action by Transgrid to
ensure sufficient inertia is available from 2 December 2027. The synchronous condensers being procured will
include flywheels to deliver inertia, although deficits are currently forecast until those assets are installed.

No gaps related to thermal loading or voltage control have been identified under current demand scenarios.
Nonetheless, several emerging network risks remain for electricity supply around Sydney during periods of
peak demand, particularly if expected generation and network developments, including actionable projects,
do not proceed as planned.

There are emerging system strength needs in Queensland from 2027-28, with solutions underway. These
needs are expected to be fully addressed by Powerlink’s planned system strength solutions.

Two emerging inertia needs have been identified, with remedial measures underway. These will be fully
met through the installation of synchronous condensers, the existing clutch solution at Townsville Power
Station, and expected contributions from existing grid-forming inverters.

The successful delivery of the Gladstone Project transmission augmentation is essential for managing
emerging thermal and voltage risks following the retirement of Gladstone power station. Powerlink has
already commenced work on this project, with regulatory approval schedule for assessment in early 2026.

No system strength deficits have been identified.
No inertia deficits have been identified.

The previously declared voltage control gap is actively being addressed. ElectraNet is resolving this issue
through the installation of new switched reactors in the Adelaide and South East regions. Three of the six
reactors have already been installed, with the remaining three scheduled to be operational by October 2027.

AEMO has confirmed projected system strength deficits across Tasmania. TasNetworks is seeking to contract
with existing assets to manage these requirements.

Inertia deficits have also been identified. Contracts are being explored alongside system strength
remediation.

No gaps have been identified in relation to thermal loading or voltage control at this time.

Emerging system strength needs are anticipated from 2028-29, primarily associated with the planned
closure of Yallourn Power Station. VicGrid is actively progressing solutions to address these needs, including
the installation of synchronous condensers and potentially contracting with generation capable of operating
in synchronous condenser mode.

An inertia deficit has also been confirmed from 2027-28. While the synchronous condensers scheduled for
installation will partially mitigate this need, VicGrid may need to take additional measures to ensure that
sufficient inertia is available in Victoria from 2 December 2027.

AEMO confirmed the existing voltage control and thermal loading risks at Deer Park. Control schemes are
currently in place to manage these operational challenges until network augmentations can be delivered.
Overloading risks were also identified for supply into Melbourne following the Yallourn retirement. To
address these issues, VicGrid is investigating solutions through both the eastern metropolitan grid
reinforcement and western metropolitan grid reinforcement projects.

3.2.5.4 Grid-forming batteries

One solution to inertia and system strength shortfalls is grid-forming (GFM) inverters. According to
AEMO’s 2025 Transition Plan for System Security, grid-scale batteries equipped with GFM inverters can
deliver a wide range of services to the NEM, including synthetic inertia, voltage stability, and contributions
to system strength#3. Further, grid-scale BESS with GFM capabilities can help maintain stable operation of

43 The extent to which inertia and fault level provided by a grid forming battery is a “drop in” replacement for that
provided by a synchronous machine is still an area of significant discussion. This series of reports has more
information: https://arena.gov.au/knowledge-bank/ekistica-arena-grid-forming-battery-portfolio-series

The Australian National University 28


https://arena.gov.au/knowledge-bank/ekistica-arena-grid-forming-battery-portfolio-series/

ACES research update 2 to Eku Energy for review 08.01.26

the power system in increasingly weak grids and can also support the broader network and system
planning, including**:

e Potential to improve the transfer capacity for the backbone transmission network (i.e. 275kV) by
mitigating the dynamic voltage stability constraints.

e Potential to delay or avoid trips of major transmission networks or interconnectors and to
enhance the effectiveness of Special Protection Schemes (SPS, i.e. Wide Area Monitoring
Protection and Control) in the local transmission network.

e Potential to increase the hosting capability of IBR renewable generation in the adjacent regions
and support the secure operation of the power system.

Inverter-based resources (IBR), such as solar and wind generation, require a strong system to operate
stably unless they incorporate GFM capability.

Generators and batteries that connect to the grid are required to “do no harm” and manage their own
impact on system strength and inertia*!42. Batteries that provide system strength services through
addition of grid forming controls can serve the following two main purposes:

e Compliance with the connection requirements of a generator (e.g. as required by clause 5.3.4B of the
National Electricity Rules#). In this case, the value of grid forming controls is mostly realised in
avoiding the need to procure system strength services from the transmission network service
provider or other market participants. This also has led to some developers opting for DC-coupled
batteries and renewable generators, to enable the total inverter capacity to operate in grid
forming mode*¢

e Provision of services to TNSPs or AEMO as part of a procurement of inertia or system strength*’. For
example, the recent TransGrid regulatory investment test identified 7.5GW of grid forming
batteries as part of the most efficient solution to improving levels of system strength and inertia in
NSW48,

The primary difference between a grid following and grid forming inverter is how the inverter is
controlled:

e Ina grid following inverter controls track the voltage and angle at the terminals, and modulate
current injection to achieve a desired power output

e Inagrid forming inverter controls model the physics of a synchronous machine (including AVR
and governor) and generate a voltage waveform with appropriate phase and magnitude to achieve
the desired output

A grid forming inverter is not the same as a synchronous machine. Inverters have a limited current
injection ability while synchronous machines can exceed their rated current transiently. This has two main
impacts:

e  Fault current injection is limited to around the inverter rating, while a synchronous machine will
often inject 2-5 times it’s rated current into a fault

44+ Western Downs BESS development report. https://arena.gov.au/assets/2024 /12 /Neoen-Western-Downs-BESS-
Deployment-Development-Report.pdf

45 https://energy-rules.aemc.gov.au/ner/720/707604#5.3.4B

46 Grid-Forming Battery Portfolio Series: Summary Report. Ekistica. July 2025.
https://arena.gov.au/assets/2025/08/GFM Webinar Slides full.pdf

47 See the current AEMO transition plan for system security: https://www.aemo.com.au/energy-systems/major-
ublications/transition-plan-for-system-security-tpss/2025-transition-plan-for-system-securit
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e  When the inverter reaches its nameplate rating it can no longer act as a grid forming inverter and
will act more like a grid following inverter, while a synchronous machine will always act like a
synchronous machine.

3.2.5.5 Case study: batteries providing system strength and inertia services

Grid-forming controls were first used in the Hornsdale Power Reserve and Dalrymple North ESCRI-SA BESS
in Australia and have since become common in most new battery installations. Several batteries in the
NEM have publicly stated they provide both system strength and inertia services by GFM inverters.
Discussions with Eku Energy confirm that grid forming capability is now almost standard in new batteries.

Operational Inverter

Batter Location Key Features / Services
y Since supplier y /
Hornsdale L )
Demonstrates Tesla’s virtual machine mode
Power SA Nov 2017 Tesla L .
mimicking synchronous generator behaviour.
Reserve
Addresses inertia shortfall in SA through fast
Dalrymple , ) : ,
Hitachi frequency response (FFR); first BESS in NEM
North SA Dec 2018 ; .
Energy to provide regulated network reliability and
(ESCRI-SA) i , i ,
security services alongside market services.
Wallgrove
] & NSW Dec 2021 Tesla Demonstrates synthetic inertia capability.
Grid Battery
Demonstrates very fast response to
Torrens .
Island SA Aug 2023 Tesla frequency and voltage disturbances;

supports system strength.
Demonstrates grid-forming inverters

Darlingt
a;;rilfton NSW Sep 2023 Tesla reducing renewable connection costs by
offsetting need for synchronous condensers.
Riverina BESS QLD Oct 2023 Tesla Cr'iti(.:al for maximising capacity from existing
grid infrastructure.
Broken Hill NSW Aug 2024 EPC Actsas a volta-lge s.ource; provides fault
Power current contribution.
Blyth SA Apr 2025 Tesla Same as Western Downs Battery
Provides fi d volt t with
Western dymamic responso, fast ramp rates, aultride
Downs QLD Apr 2025 Tesla Y ponse, prrates, fatl
Battery through capability, and synthetic inertia
during contingencies to arrest RoCoF.
Delivers system strength without
Koorangie VIC Jul 2025 Tesla compromising energy arbitrage and FCAS

performance.

Despite that grid-forming capability is increasingly critical due to rising renewable penetration, inverter-
based resources (IBR), and identified shortfalls in system strength and inertia, several challenges remain
in the adoption of GFM capabilities for batteries:

1. Limited financial incentives for GFM adoption
Currently, there is no dedicated market for inertia or system strength services, making it difficult for
batteries to generate revenue from grid-forming capabilities. As discussed above the are other reasons

a battery may elect for grid forming controls though (such as to meet their obligations under NER
5.3.4B).
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e Hornsdale Power Reserve reported that no market currently exists for inertia services, with
available headroom utilised to provide inertia only when required by grid events. The earliest
expectation for introducing an inertia market is 2027-202827.

e  Western Downs BESS noted that potential revenue generation was a low commercial priority for
GFM inverters, given the current lack of market incentives, placing greater importance on grant
funding?!.

e Koorangie BESS seeks to employ grid-forming inverters for system strength services while
maintaining its ability to participate in energy and ancillary services markets*°.

2. Challenging registration and connection process for GFM batteries

Before a participant (such as a generator or battery) can connect to the grid and operate as intended, they
must complete a connection process under the National Electricity Rules (NER). This process is managed
by the TNSP responsible for the network where the participant intends to connect. During this process, the
participant is assessed against schedule 5.2.5 in the National Electricity Rules to derive Generator
Performance Standards (GPS) for the plant.

However, NER S5.2.5 is not designed for advanced grid-forming (GFM) inverter capabilities. In particular:

e Some requirements such as the reactive current settling time components of Clause S5.2.5.5%6 are
challenging for grid forming batteries to meet given their typically longer settling times.

o  Where clauses specifically reference inverters, they are usually designed for grid following
inverters rather than grid forming inverters

Some batteries that were originally connected as grid following inverters have “upgraded” to grid forming
controls using the generator connection revision process in NER 5.3.9. Under the 5.3.4A(b)(1A)
framework, the altered system must meet performance standards that are no less onerous than the
existing standards. This requirement can be challenging because of the inherent differences between GFL
and GFM operation modes, particularly for batteries located in strong parts of the network (e.g., Wallgrove
Battery Project).

o  Wallgrove BESS reported that tuning of Virtual Machine Mode (VMM) of their Telsa inverters was
complicated by the NER 5.3.9 process required for registering the grid-forming characteristics>°.

e Darlington Point BESS highlighted that the GPS templates do not adequately assess advanced grid-
forming inverter behaviours?.

o Western Downs BESS noted that several GPS clauses are impacted by GFM capabilities, and
compliance requirements for synchronous generator-like behaviour are not yet defined in the
NER?21,

3. Gaps in industry knowledge.

Industry knowledge of GFM technology remains immature, and there is ongoing debate about whether
GFM inverters should replicate synchronous machine behaviour.

e  Wallgrove BESS reported that VMM technology does not replicate the behaviours and capabilities
of a synchronous machine. However, Tesla maintains that mimicking synchronous machines is

49 Edify wins contract to supply system support to the Murray River REZ. Edify. Sep 2022.
https://edifyenergy.com/energy-storage-systems/edify-wins-contract-to-supply-system-support-to-the-murray-
river-rez/

50 Wallgrove Grid Battery Flagship Report Large-scale battery storage as an inertia substitute. TransGrid. 2024.
https://arena.gov.au/assets/2024 /08 /TransGrid-Wallgrove-Battery-Flagship-Report.pdf

51 Darlington Point Energy Storage System Public Project Knowledge Sharing Report & Project Commissioning Report.
Oct 2025. https://arena.gov.au/assets/2025/11 /Public-Project-Knowledge-Sharing-Report.pdf
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unnecessary, arguing that a future grid with high renewable penetration and grid-forming
inverters will be sufficient to meet system security requirements>9.

e  Broken Hill BESS noted that before AEMO published its voluntary GFM specifications, no
recognised industry standards existed, further complicating early project development??.

Table 7 summaries these challenges and the associated battery projects.

Table 7 Challenges in enabling grid-forming inverters

Challenge Description Example Projects
L . . No dedicated market for inertia or system strength Hornsdale Power Reserve,
Limited Financial ] L
. services; revenue generation is difficult; grant Western Downs BESS,
Incentives . . .
funding often required. Koorangie BESS

Current NER standards and GPS templates are not

Regi i Wall BE
eglstrajaon and suited for GFM capabilities; complex compliance a grove S,S'
Connection . Darlington Point BESS,
processes (e.g., 5.3.9 and 5.3.4A(b)(1A)); reactive
Process ) Western Downs BESS
current requirements under Clause S5.2.5.5.
Immature understanding of GFM technology; debate
Industry on whether synchronous machine behaviour should | Wallgrove BESS,
Knowledge Gaps | be mimicked; lack of recognised standards before Broken Hill BESS,

AEMO'’s voluntary GFM specifications.

Australian Renewable Energy Agency (ARENA) reported that “more recent rule changes are anticipated to
improve the connection process for GFM BESS connections, however extent of this impact is yet to be
tested as new projects seek connection under the updated rules”46.

3.2.6 Renewable firming services

Firming in power generation refers to maintaining a consistent output from a power source, such as wind
or solar, for a committed period of time52. In other words, to firm renewables is to convert their variable
output into a reliable supply of electricity when it is needed>3. These services can contribute to the
resource adequacy and capability attributed of the power system.

Firming can be provided over different timeframes, depending on the level of storage and response
capability required:

e  Short-term firming: Typically ranges from a few seconds to several hours.
e Long-term firming: Can extend for hours, days, or even weeks.

Batteries commonly provide short-term firming because they can ramp up quickly to address sudden
fluctuations in supply or demand, smoothing out spikes and stabilise the grid.

3.2.6.1 Case studies: batteries providing firming services

Firming services can resemble market price arbitrage They also enable energy arbitrage—charging when
electricity prices are low (typically during periods of high renewable generation) and discharging when
prices are high (during peak demand or low renewable output). But the specific firming approach depends
on the needs and drivers of the battery owners or operators.

Batteries typically provide firming services in the following two ways:

1. Firming through co-locating with renewable generators

52 Eraring BESS FAQ. Origin. https://www.originenergy.com.au/wp-content/uploads/118/Eraring-BESS-FAQ.pdf

53 Explamer what does it actually mean to ‘firm’ renewables7 Peta Ashworth and Ehsan Pashajavid. Feb 2011.
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Batteries installed alongside wind or solar farms reshape generation profiles to better match consumption

or market conditions. This includes storing energy when it has low market value and releasing it later

when prices are higher or aligning renewable output with demand profiles.

Table 8 Battery Projects Providing Firming for the Co-located Renewable Generators

Battery Project | Capacity Co:g:::ed Purpose / Services Key Features
Buleana Green Enhances value of wind
Po err Hub 20 MW / 194 MW Renewable firming; farm and battery
(VIC) 34 MWh Wind Farm coordinated operation through integrated
operation

Time-shifting solar AC-coupled; shared
Gannawarra 25 MW / 60 MW Solar generation; maintaining network capacity; tariff
BESS (NSW) 50 MWh Farm unity power factor; constraints limit grid

absorbing outages charging
LakeBomey 2530/ Lakebomney | KSCE Saner 0t o i
BESS (SA) 52MWh  Wind Farm 5 ney

curtailment losses compliance
Kennedy Hybrid Seasonal/time-based Charges on.ly from

2MW / . excess behind-the-
Energy Park Wind/Solar energy release; renewable .
4 MWh . . . meter generation; no
(QLD) Project penetration compliance . .
grid charging

Solar self-consumption; Battery under
Tonsley Energy | ~5 MW / Rooftop Solar reduce network p ’ construction; designed
Hub (SA) 3.5 MWh (5 MW) for local energy

Bulgana Green Power Hub, VIC

congestion

optimisation

This power hub includes a 194MW wind farm co-located with a 20MW/34MWHh battery. The battery,
though relatively small, enhances the value of both the wind farm and the batteries by enabling more

effective coordinated operation.

Gannawarra BESS, NSW

This battery is co-located (AC coupled) with the 60MW Gannawarra solar farm as a way to time-shift solar
generation to less sunny grid peak demand>4, maintain a unity power factor at the connection point of the
combined solar/battery plant54, and to absorb generation during network outagesss.

There is a fixed, shared network capacity that is less than that of the solar farm. The network tariff
structures make it (cost) inefficient to charge from the grid and discharge back to the grid later (although

more recent changes to market registration rules have reduced this impact)5s.

Lake Bonney BESS, SA

This battery is co-located with Lake Bonney Wind farm to reduce causer pays factors and curtailed

generation losses?3.

Kennedy Energy Park, QLD

This battery, joint owned by Windlab and Eurus, is part of the first utility-scale hybrid wind/solar/storage
project in the world. The battery was installed to ensure a desired level of renewable penetrate rate at

54 ARENA Insights Spotlight: Gannawarra Energy Storage System. ARENA. Apr 2019.

https:

arena.gov.au/assets/2019/04 /gannawarra-ener

-storage-system.pdf

55 Gannawarra Energy Storage System Operational Report #1 and #2. Edify Energy and EnergyAustralia. Sep 2020.

https:

The Australian National University

arena.gov.au/assets/2020/09/gannawarra-battery-ener:

-storage-system-operational-report.pdf

33


https://arena.gov.au/assets/2019/04/gannawarra-energy-storage-system.pdf
https://arena.gov.au/assets/2020/09/gannawarra-battery-energy-storage-system-operational-report.pdf

ACES research update 2 to Eku Energy for review 08.01.26

Kennedy. Different from other batteries, this battery store surplus energy from the renewable generators
and release these stored energy per KEP’s BESS Protocol, according to seasonal, time-based settings -- no
grid power was used in the charging of the battery packs, compliant to the BESS operating protocol which
only charges the BESS with excess behind-the-meter solar/wind generation that would have otherwise
been curtailed.

Tonsley Energy Hub, SA

This energy hub has 5MW of rooftop solar capacity installed with a 3.5MWh battery under construction.
Its main purpose is to store excess solar energy to supply the site later in the day (solar self-consumption);
with an additional benefit of reduced network congestion®6.

2. Firming through contractual agreements without co-location

Batteries can also firm renewable output from generators located elsewhere through contractual
arrangements such as tolling agreements, offtake agreements, or power purchase agreements (PPAs).
These strategies often combine market price arbitrage with portfolio optimisation.

When an organisation manages a portfolio of renewable generators and batteries, it can operate the
batteries strategically to complement the variability of other assets. Through tolling or offtake agreements,
the battery owner commits to providing energy under defined terms, while the offtaker agrees to purchase
a specified amount of energy over a long-term period>’. These agreements can link the technical outcomes
of battery operation to the motivations and commercial interests of the battery offtakers.

Such contractual structures are increasingly adopted by new battery projects because they reduce

financial risk and improve bankability, enabling developers to secure financing for project development.
More details on these agreements are discussed in Section 3.4.

Table 9 Battery Projects Providing Firming and Grid Support Services under Various Contract Structures

Batt Contract
a -ery Capacity | Owner(s) ontrac Purpose / Services Key Features
Project Type
Virtual Short-duration Proposed project.
Elaine BESS | 300 MW / | Akaysha Tollilila (15 storage Will works with
(VIC) 1200 MWh | Energy rs) 5 complementing Snowy Hydro’s long-
y pumped hydro duration assets
Wand
Soe:.ll:h(;a]:llss 100 MW / | Vena Offtake (15 | Firming for Cooper’s | Supports AGL
150 MWh | Energy yrs) Gap Wind Farm portfolio
(QLD)
T
orrens 250 MW / Owned Grid support and Strengthens AGL's
Island BESS AGL . ,
(SA) 250 MWh Asset firming renewable portfolio
Capital 100 MW / Virtual Grid firming and Linked to Goyder
Battery 200 MWh Neoen Battery (7 renewable South Stage 1 Wind
(ACT) yrs) + PPA integration Farm
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Capital battery (100MW / 200MWh), ACT

Owned by Neoen and operating under a seven-year 70MW virtual battery contract with AGL, this battery
provides grid firming services and supports a 100 MW PPA with Goyder South Stage 1 Wind /Farm in
South Australiass.

Elaine BESS (300MW /1200 MWh), VIC

This is battery is proposed by Akaysha to provide up to 4 hours of energy storage. It is described to “work
hand-in-hand with the long-duration storage capabilities of [Snowy Hydro’s] pumped hydro assets”°. Elaine
battery storage system is being constructed by Akaysha energy>°. Snowy Hydro has signed a 15-year
“virtual tolling arrangement” with Akaysha to add “a new short-duration storage layer to our portfolio,
which will work hand-in-hand with the long-duration storage capabilities of our pumped hydro assets”>°.

Torrens Island BESS (250MW / 250MWh), SA

Owned and operated by AGL, this battery offers grid support and firming capacity to assist AGL's broader
renewable portfolio®®.

Wandoan South BESS (100MW / 150MWh), QLD

Owned by Vena Energy and operating under a 15-year long term offtake agreement with AGL, this battery
provides firming capacity when AGL's Cooper’s Gap Wind Farm in Queensland is not generating®1.

3.3 Battery objectives and service (value) stacking

Grid-scale batteries are seldom installed for a single purpose. Battery projects often involve multiple
owners and stakeholders, which means they are expected to meet diverse goals of these
owners/stakeholders, such as:

¢ Financial goals: Maximising revenue through market participation.
e Technical goals: Supporting system stability and reliability.

While all batteries must achieve financial viability, their technical objectives vary depending on location,
network conditions, and stakeholder priorities. Table 10 summarises common technical objectives of BESS
projects in the NEM observed from media releases and publicly available operation reports.

Each technical objective can be achieved through multiple services. For example, we have observed that:

e Energy arbitrage, FCAS participation, and renewable firming can improve renewable output
reliability at a specific network connection point or across a portfolio.

e System Integrity Protection Scheme (SIPS), system strength, and synthetic inertia can strengthen
weak points in the grid and address stability challenges caused by high penetration of inverter-
based resources (IBR).

58 Neoen Capital Battery supports ACT net zero ambition. CEFC. Mar 2025. https://www.cefc.com.au/case-
studles/neoen capital-battery-supports-act-net-zero-ambition

agreement -for- elalne bess/

60 Torrens Island Power Station - Improving energy reliability for a low-carbon future. Aurecon.
https://www.aurecongroup.com/projects/energy/torrens-island-power-station
61 AGL assumes operation of Queensland’s largest fully operational commercial scale battery. AGL. Aug 2022.

peratlonal-
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Table 10 Battery objectives and supporting services observed from public disclosures including media releases and
operations reports

Stakeholder goals/battery objectives Supporting battery BESS project examples (State,
services operational date)

Locating a battery alongside wind/solar Renewable firming. | Gannawarra BESS (NSW, Mar 2019)
farms to:

Energy arbitrage. Lake Bonney BESS (SA, Dec 2019)
a. increase the renewable output at a
specific connection point in the FCAS. Bulgana Green Power Hub (VIC,
transmission network, reducing Dec 2021)

curtailment System strength.
| Wandoan South BESS (QLD, Aug

b. manage the frequency and voltage Synthetic inertia. 2022)

disturbances resulting from rapid
changes in the renewable outputs,
reducing payments related to these
disturbances.

Locating a battery at a weak(er) point of Renewable firming. | Hornsdale Power Reserve (SA, Nov

the electricity grid to: 2017)
Energy arbitrage.
a. allow higher penetration of Wallgrove Grid Battery (NSW, Dec
renewables. FCAS. 2021)
b. address known or forecasted reduced Svstem streneth _ o
system strength, inertia shortfall or y g Victoria Big Battery (VIC, Dec
fault level short fall in the local Synthetic inertia. 2021)

transmission network Philip Island BESS (VIC, Jun 2023)

c. alleviate constraints on local SIPS.
transmission line or substations. Hazelwood (VIC, Jun 2023)
Peak power
resources. Waratah Super Battery (NSW, Aug
2025)
Locating a battery in a remote area to: Peak power Ballarat BESS (VIC, Dec 2018)
resources.
a. provide additional peak power for Dalrymple North BESS (SA, Dec
nearby towns, avoiding costly Energy arbitrage. 2018)
infrastructure upgrades
b. firm renewable generation as partof | FCAS. Torrens Island BESS (SA, Aug 2023)
a portfolio. System strength. Darlington Point BESS (NSW, Sep
c. put downwards pressure on the 2023)
electricity prices. Synthetic inertia.
d. prepare for future inertia or system Bouldercombe BESS (QLD, Dec
strength shortfall due to the 2023)
increasing penetration of IBR-based
renewable generation. Rangebank BESS (VIC, Dec 2024)

Greenbank BESS (QLD, Jun 2025)

Since a single battery service can support multiple stakeholder goals or objectives —and each service is
often linked to a revenue stream—batteries frequently combine services to deliver them concurrently. This
practice, known as value stacking, is one of the greatest advantages of battery storage. By stacking services
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and revenue streams, batteries remain highly adaptable to changing market conditions while meeting both
financial and technical objectives.

Table 11 lists the stacked services offered by BESS projects in the NEM, observed from available public
disclosure or knowledge sharing reports of these projects. It is evident that market services (energy
arbitrage and FCAS services) are adopted by almost all batteries, as they provide essential revenue
streams. Network services (e.g. system strength, SIPS, synthetic inertia, renewable firming), on the other
hand, are selected based on stakeholder interests and project-specific requirements. For example:

e Ten batteries were committed to provide synthetic inertia and/or system strength services as part
of their project objectives. These projects aimed to demonstrate the advanced capabilities of grid-
forming inverters while continuing to participate in market services for revenue generation.

e Four batteries were contracted to deliver SIPS services, supporting the safety and reliability of
local transmission networks.

Note that not all BESS projects specify their network services publicly. This variation often depends on
funding arrangements:

e Government or ARENA-funded projects are required to publish detailed operational reports,
which provide valuable insights into performance and service provision.

e Privately funded projects generally have no obligation to disclose detailed operational data,
making it challenging to determine the full scope of services offered.

Table 11 Stacked services observed from current BESS projects in the NEM

Batt Project C it R lated
attery Frojec apactty Market egniate / Primary Objectives
(State, (MW / Services Network Services (Observed)
Operational Date) MWh) (Observed)
Reduce wholesale prices.
L FCAS costs.
Hornsdale Power FCAS. Sunthetic inerti poviert H cosds
nthetic inertia. rotect Heywoo
Reserve (SA, Nov 150 /193 | Energy Y y
. SIPS. Interconnector.

2017) arbitrage .
Support system security and
reduced regulation costs.
Enhance local reliability via

Islanded operation. | islanded operation.

Dalrymple North FCAS. Grid-forming fast Protect Heywood .

30/8 Energy frequency response | Interconnector and reduce its
(SA, Dec 2018) . . .
arbitrage | (FFR). constraints via FFR.
SIPS. Power battery instead of an
energy battery.
Prioritise revenue generation
FCAS. Peak th h FCAS kets.

Ballarat (VIC, Dec caR POWEE roug marke S_ :

2018) 30/30 Energy resource. Improve network stability.

arbitrage = Congestion relief. Reduce congestion.

Manage price volatility.
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Batt Project C it R lated
attery Frojec apactty Market eguate / Primary Objectives
(State, (MW / Services Network Services (Observed)
Operational Date) MWh) (Observed)
Retrofit solar with storage.
Maintain the connection point
FCAS Renewable firming. | power factor.
Gannawarra (NSW, 25 /50 Ener' Grid-forming fast Support network voltages
Mar 2019) arbiti, o frequency response | during faults.
8 (FFR). Recover and stabilise system
frequency.
Dampen system oscillations.
Firm up wind generation.
FCAS. Reduce C Pays Fact d
Lake Bonney (SA, Renewable firming. ¢ u(':e auser aTys actoran
25 /52 Energy ) curtailed generation losses.
Dec 2019) . System security. .
arbitrage Improve system security in the
SA region.
Wallgrove Grid FCAS. . - Address inertia shortfalls in
Grid-forming FFR. NSW.
Battery (NSW, Dec 50/75 Energy . . . .
2021) arbitrage Synthetic inertia. Demonstrate synthetic inertia
and FFR.
FCAS. I VIC-NSW
Victoria Big Battery SIPS (Virtual -ncrease
(VIC, Dec 2021) 300 /450 | Energy transmission line) interconnector flow.

’ arbitrage ' Reduce load shedding risk.
Bulgana Green FCAS. Export wind + battery energy.
Power Hub (VIC, 20 /34 Energy Unspecified. Support Nectar Farms via an
Dec 2021) arbitrage offtake agreement.

Smooth renewable output.
F lation.
FCAS. Renewable firming. requency reguiation
Wandoan South ) Emergency reserve.
100 / 150 | Energy Operational reserve. i .
(QLD, Aug 2022) i Curtailment mitigation.
arbitrage | Voltage control. ] )
Provide reactive power and
voltage control
Queanbeyan (ACT, FCAS. Support ACT distribution
’ 10 / 20 E Substati t.
Feb 2023) / ne.rgy Hbstation suppor network.
arbitrage
FCAS Peak demand Reduce diesel use and
Phillip Island (VIC, 5/10 Ener- support. emissions.
Jun 2023) , &y Virtual transmission | Support peak demand.
arbitrage | . .
line. Enable renewable transition.
FCAS. A grid stability and peak
Hazelwood (VIC, Jun . gric stabtitty and peak power
2023) 150 /150 | Energy Unspecified. asset.
arbitrage Future FFR capability.
Grid support and firming
ity.
FCAS. Renewable firming. capactty . .
Torrens Island (SA, ., , Short-term grid balancing
250 /250 | Energy Synthetic inertia. ,
Aug 2023) i capacity.
arbitrage | System strength.
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Batt Project C it R lated
attery Frojec apactty Market eguate / Primary Objectives
(State, (MW / Services Network Services (Observed)
Operational Date) MWh) (Observed)
Reduce renewable costs;
FCAS. I technol di ;
Darlington Point Synthetic inertia. fmprove tec n? Oy reaciness
25/50 Energy Test advanced inverter
(NSW, Sep 2023) i System strength. )
arbitrage performance to provide system
strength.
Innovative solutions for energy
o FCAS. . .
Riverina Stage 2 65 /130 Ener Synthetic inertia. challenges.
(NSW, Sep 2023) i &y System strength. Increase the supply of
arbitrage
renewable.
FCAS.
Riverina Stage 1 Synthetic inertia. L.
60 /120 E S R Stage 2
(NSW, Oct 2023) / ne.rgy System strength. ame as Rlverina >tage
arbitrage
FCAS Operate on an arbitrage/FCAS
Bouldercombe 50 /100 Ener' Unspecified model.
(QLD, Dec 2023) , i p ' Participate in future inertia and
arbitrage .
FFR capability.
St 1 bl
Kennedy Energy FCAS. Renewable firming. (RoEr)e SUIpIUS renewable energy
Park (QLD, M 2/4 E Network traint ' . .
ark (Q &y / ne.rgy e.wor constramn Seasonal/time-based discharge.
2024) arbitrage | relief. , ,
No grid charging.
Chinchilla (QLD, Jul FCAS. Ch duri 1
inchilla ,Ju o arge during surplus.
100 /200 | E U fied.
2024) / ne.rgy nspectiie Discharge during peak demand.
arbitrage
Accelerate LSBS
commercialisation with grid-
forming inverters in weak grid
areas.
Improve system strength to
FCAS. duce i t trisks i
Broken Hill (NSW, Synthetic inertia. recuce mvestmer I'lS. S
Aug 2024) 50/50 Energy Sustem strenath renewable energy projects.

g arbitrage 4 gL Access the needs for
standardised performance
specification for grid-forming
inverters and methods for
measuring their contribution to
system strength.

FCAS. Provid t d
Tailem Bend Hybrid | 41.5/ o FOYI € energy storagean
Energy Unspecified. ancillary services.
(SA, Dec 2024) 41.5 . . -
arbitrage Support SA grid reliability.
FCAS Provide essential grid services
Rangebank (VIC, 200 / 400 Energ.gy Unspecified. to stabilise Victoria’s electricity
Dec 2024) arbitrage supply.
& Store RE for peak demand.
Capital Batter FCAS. Prevent blackouts.
p y 100 /200 | Energy Unspecified. Provide backup during
(ACT, Apr 2025) :
arbitrage heatwaves.
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Batt Project C it R lated
attery Frojec apactty Market eguate / Primary Objectives
(State, (MW / Services Network Services (Observed)
Operational Date) MWh) (Observed)
0 te in grid-formi de.
FCAS. Synthetic inertia. per.a e gv ,Ofmm? mode
238.5/ Provide synthetic inertia.
Blyth (SA, Apr 2025) Energy System strength. ) )
477 . . ) Supply Olympic Dam with
arbitrage | Grid balancing. )
energy via PPA.
D trate ad di t
Western Downs FCAS. Synthetic inertia. c:rzgiriisti:z ¢advanced inverter
Battery Phase 1 200 /400 | Energy System strength. p 3
. . ) Reduce reliance on synchronous
(QLD, Jun 2025) arbitrage | Grid balancing.
generators.
Charge during surplus
FCAS. bl .
Greenbank (QLD, o rene.wa ¢ enersy
Jun 2025) 200 /400 | Energy Unspecified. Rapid response to sudden gaps
arbitrage in electricity supply for grid
stability.
FCAS Store RE.
Koorangie (VIC, Jul 185 / 370 Ener' Synthetic inertia. Provide system strength
2025) i il System strength. services without compromising
arbitrage , .
its market services.
SIPS Increase power transfer
Pairéd eneration capacity on transmission lines
Waratah Super 850 / FCAS. service§ between the northern and
Battery (NSW, Aug Energy ' southern regions of NSW to
1680 i SIPS control system.
2025) arbitrage Sydney, Newcastle and
Network .
) Wollongong region.
augmentations. .
Improve system security.
FCAS. S t grid stability.
Latrobe Valley (VIC, - “bpor grl- S AT
100 /200 | Energy Unspecified. Reduce emissions.
Sep 2025) . . .
arbitrage Enable renewable integration.
Mannum (SA, Oct FCAS. 3 Storet excess RE to support
2025) 100 /200 | Energy Unspecified. consistency of RE supply.
arbitrage Supply during peak demand.
FCAS. h ing 1 .
Ulinda Park BESS CAS 3 C. arge durlng. ow demand
(QLD, Dec 2025) 150 /300 | Energy Unspecified. Discharge during peak.
’ arbitrage Provide FCAS.
Stabilise grid in the events of
Templers Battery FCAS transmission line or generator
Project (SA, ’ . failures.
111/285 | E U fied.
Expected end of / ne.rgy nspectiie Provide backup of energy
arbitrage

2025)

supply during peak demand.
Integrate renewables.

3.3.1 Relationship between battery ownership and service stacking

As shown in Table 10, market services are essential for all battery projects. However, the provision of
network services varies across projects, depending on stakeholder goals. This led us to investigate
whether there is a relationship between battery ownership and the network services chosen.

Our analysis indicates that batteries owned by local Transmission Network Service Providers (TNSPs) or
gentailers (companies that combine electricity generation and retailing) consistently demonstrate clear
roles in providing network services and strengthening local networks. For batteries owned by
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international companies and/or Australian-based renewable energy companies, approximately half have

agreements with local governments, TNSPs, or AEMO to deliver network services:

e International companies: 7 out of 11

e Australian-based companies: 5 out of 10

e Mixed ownership (international and Australian): 2 out of 3

In contrast, the two state-owned companies did not specify any intention to provide network services.

These findings suggest that battery ownership influences service stacking decisions, particularly for TNSP-

owned batteries, as network support is often the main reason they install batteries in the first place.

Batteries often are used by TNSPs to avoid or defer network expenditure. Network upgrades typically

require a longer implementation timeline, whereas batteries offer a faster and financially advantageous
solution. Similarly, local gen-tailers tend to integrate batteries into their asset portfolios to maximise the
overall asset performance and financial returns.

For other renewable energy companies, the reasons behind selecting specific network services appear

more complex. This report does not explore those reasons in detail; however, this represents an

interesting area for future research.

Table 12 Battery ownerships and enabled network services observed in the NEM

Battery Project Capacity Owner Compan Regulated /
(State, Operational (MW / Owner Companies Tvpe pany Network Services
Date) MWh) yp (Observed)
Renewable firming.
Torrens Island (SA,
( 250 /250 | AGL Local gentailer Synthetic inertia.
Aug 2023)
System strength
Broken Hill (NSW, Synthetic inertia.
roken Hill ( 50/50 AGL Local gentailer ynEnetic merta
Aug 2024) System strength.
Islanded operation.
id-forming f
Dalrymple North 30/8 ElectraNet Local TNSP- g‘zdueor::l l:egs a()srise
(SA, Dec 2018) owned dueticytesp
(FFR).
SIPS.
, Peak power
Ballarat (VIC, Dec AusNet Services / Local TNSP-
30/30 resource.
2018) Mondo owned , .
Congestion relief.
Wall Grid T Grid and
atlgrove 4l ranshrd an Local TNSP- Grid-forming FFR.
Battery (NSW,Dec | 50 /75 Lumean (part of owned Sunthetic inertia
2021) TransGrid Group) i’ '
Peak demand
Phillip Island (VIC, Local TNSP- support.
1 A M
Jun 2023) 5/10 usNet/Mondo owned Virtual transmission
line.
Renewable firming.
Wandoan South
. 100 /150 | Vena Energy Australian-based | Operational reserve.
(QLD, Aug 2022)
Voltage control.
1. Federation asset
Darlington Point Synthetic inertia.
ariington roin 25/50 management (90%) Australian-based yntnetic inertia

(NSW, Sep 2023)
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Battery Project Capacity Owner Compan Regulated /
(State, Operational Mw / Owner Companies Tvpe paty Network Services
Date) MWh) P (Observed)
1. Federation asset
Riverina Stage 2 Synthetic inertia.
lverina Stage 65 /130 management (90%) Australian-based yinetic inertia
(NSW, Sep 2023) ) System strength.
2. Edify Energy (10%)
1. Federation asset
Riverina St 1 Synthetic inertia.
(l\ll‘;e\!/l\;lr(l)a::t za(;gze 3) 60 /120 management (90%) Australian-based Sy :terfl :;::rt;a
’ 2. Edify Energy (10%) ¢ gL
Bould b Not publicl
owldercombe 50/100 Genex Australian-based _0 pubicly
(QLD, Dec 2023) disclosed.
Tailem Bend
41.5 Not publicl
Hybrid (SA, Dec / Vena Energy Australian-based _O publicly
41.5 disclosed.
2024)
Commissioned by the SIPS.
Waratah Super NSW Gov and Pair(.ed generation
850 / delivered and . services.
Battery (NSW, Aug Australian-based
2025) 1680 operated by Akaysha SIPS control system.
Energy, which is Network
backed by BlackRock augmentations.
Latrobe Valley Tilt Renewables , Not publicly
100 /200 Australian-based
(VIC, Sep 2025) / USHAHANBASEE 1 gisclosed.
Epic E 1
Mannum (SA, Oct pic Energy (sold by ) Not publicly
2025) 100 /200 | Recurrent Energy on | Australian-based disclosed
8Jan 2024) '
Ulinda Park BESS , Not publicly
150 /300 | AkayshaE Australian-based
(QLD, Dec 2025) / aysha thnergy USHANANBASEE 1 gisclosed.
Hornsdale Power Synthetic inertia
Reserve (SA, Nov 150 /193 | Neoen International S}II pS '
2017) :
Lake Bonney (SA, 25 /52 Iberdrola- Australia International Renewable fifming.
Dec 2019) (prev. Infigen Energy) System security.
Victoria Big HMC Capital .
SIPS (Virtual
Battery (VIC, Dec 300 / 450 | (previously Neoen International trans(mil;lilc?n line)
2021) VIC Portfolio) '
Bulgana Green HMC Capital ,
Not publicl
Power Hub (VIC, 20/ 34 (previously Neoen International _0 publicly
] disclosed.
Dec 2021) VIC Portfolio)
Queanbeyan (ACT, Global Power . .
10/2 | 1 .
Feb 2023) 0/20 Generation (GPG) nternationa Substation support
Hazelwood (VIC, 1. Engie (70%) ) Not publicly
150 / 150 Int tional
Jun 2023) / 2. Eku Energy (30%) nrernationa disclosed.
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Battery Project Capacity Owner Compan Regulated /
(State, Operational Mw / Owner Companies Tvpe paty Network Services
Date) MWh) P (Observed)
1. Eku Energy
(transferred from
Green Investment
Group GIG) .
Rangebank (VIC, , Not publicly
200 /400 | 2.ShellE Int tional
Dec 2024) / e Lhetgy fernationa disclosed.
Australia
3. Minority equity
partner: Perfection
Private
Capital Battery , Not publicly
100/200 | N Int tional
(ACT, Apr 2025) / eoen fernationa disclosed
1. Victorian Big Synthetic inertia
Blyth (SA, Apr 2385/ | BatteryHoldCoPty . . Sy e
2025) 477 Ltd (lead) VS 19
Grid balancing.
2.Neoen
Western Downs Synthetic inertia.
Battery Phase 1 200 /400 | Neoen International System strength.
(QLD, Jun 2025) Grid balancing.
Koorangie (VIC, Jul 1. Edify , Synthetic inertia.
185 /370 Int tional
2025) / 2. Sosteneo SGR Spa frernationa System strength.
R le firming.
1. Edify (50.01%) _ _ enewable firming
Gannawarra (NSW, 25 /50 2. Gentari (Wirsol Mixed Australian | Grid-forming fast
Mar 2019) | and international | frequency response
Energy, 49.99%)
(FFR).
K dy E R ble firming.
ennecy tnergy 1. Windlab (50%) Mixed Australian enewable 1rm1r.1g
Park (QLD, May 2/4 2. Eurus (50%) and international Network constraint
2024) ' ° relief.
Templers Battery Joint venture ZEBRE:
Project (SA, 1. HD Renewable Mixed Australian | Not publicly
111 /285 i . .
Expected end of Energy and international | disclosed.
2025) 2.Zen Energy
Chinchilla (QLD, Not publicly
1 2 E -
jul 2024) 00 /200 | CSEnergy State-owned disclosed.
Greenbank (QLD, Not publicly
200 /400 | CSE State- d
Jun 2025) / nergy ate-owne disclosed.

3.4 Battery contractual agreements

In Section 3.3, we discussed how battery services can be combined—or “stacked”—to fulfil various

financial and technical objectives for battery owners and stakeholders. In practice, these objectives are
formalised through contractual agreements between battery owners and relevant stakeholders. These
contracts specify key parameters of battery operation—including which services will be delivered, how
they will be combined or stacked, and the expected financial returns. They serve as the legal and financial
mechanism linking stakeholder objectives to battery operations.
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Such agreements are typically established prior to installation and operation, providing a clear framework
for performance obligations and revenue streams. This upfront certainty helps mitigate the financial risks
inherent in battery development.

Because batteries can deliver multiple services simultaneously, most projects involve several contracts
with different stakeholders to maximise benefits. Different contract types are required to meet varying
stakeholder goals, and as more battery projects come online, significant innovation is occurring in how
these service agreements are structured. This section examines the main contract types influencing
battery operations and service delivery in current projects across the National Electricity Market (NEM).

Broadly, these contracts provide one of two types of services:

o Financial contractual services: These allow the sharing of revenues and financial risks from
battery operation between the battery owner and external energy companies. A common example
is the virtual tolling arrangement, which has become increasingly prevalent in recent years.

e Technical contractual services: These involve sharing the physical operation of the battery, such
as system strength service agreements, which are currently in high demand and driving both
commercial and technical innovation.

Because batteries can provide multiple services simultaneously, they are often involved in several
contracts at once. For example, the Capital Battery (ACT, Apr 2025) has both a virtual tolling agreement
with AGL and a power purchase agreement (PPA) with a wind farm. Similarly, the Darlington Point BESS
(NSW, Sep 2023) is involved in a physical tolling agreement with EnergyAustralia and a non-network
solution contract with TransGrid (see Table 13).

It is important to note that a single battery can provide any combination of financial and technical services,
provided the owner or developer ensures the asset can meet all contractual obligations concurrently.
However, meeting these obligations can be challenging when services have very different technical
requirements—for example, providing inertia while also performing market price arbitrage.

Additionally, a battery owner or developer does not necessarily need contracts with third parties for
battery operation. This may occur when the developer already has a large portfolio of generation and load,
integrating the battery into its existing assets. Alternatively, the developer may operate the battery on a
fully merchant basis, assuming all market risk but retaining all potential benefits of price arbitrage.
Examples include Hazelwood BESS (VIC, Jun 2023), owned by Engie and Eku energy; and Chinchilla BESS
(QLD, Jul 2024) and Greenbank BESS (QLD, Jun 2025), both owned by CS Energy (see Table 22 under
Appendix B for more details).

3.4.1 Financial contractual services

Financial contractual services involve different instruments that primarily address risk and profit flows.
Two examples of these are revenue swap arrangements and virtual tolls.

3.4.1.1 Revenue swap

Revenue swap arrangements involve the battery developer agreeing to swap a portion of variable revenue
for a fixed income with a counterparty®2. This benefits both parties because:

o For the offtaker, market revenues can significantly exceed the fixed payment they make for access
to the revenue.

62 Modern BESS offtake agreements: A guide for project developers, investors and buyers.
https://coremarkets.co/insights/modern-bess-offtake-agreements-a-guide-for-project-developers-investors-and-

buyers
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e For the battery developer, the long-term contract and certain income help in gaining finance at a
lower interest rate for construction.

Revenue swap analogous arrangements exist in other parts of the energy system, for example:

e AEMO settlements residue auctions, which auction access to the variable amount of revenue
available from inter and intra-regional energy transfer®3

e The “facility fee” paid by Hydro Tasmania to Basslink Pty Ltd which gave Hydro Tasmania access
to the inter-regional settlement residue from Basslink in exchange for a fixed fee6*

Many batteries have publicly announced revenue swap arrangements including for Williamsdale battery
between Eku Energy and the ACT government®3, Brendale battery between Akaysha Energy and Gunvor
group®®, and Pacific Green and RE2 capital for four different batteries¢’. Many of these announcements
indicate terms of 7-15 years.

3.4.1.2 Virtual toll

A virtual toll straddles the line between physical and financial services. Virtual tolls enable a counterparty
to access some of the battery’s capacity “virtually” through a contractual arrangement®8. Operationally, the
counterparty to the contract can exert some control over how the battery is bid into the energy market in
exchange for the revenue from the counter party’s bidsé2. They have some benefits over a physical toll
(described in 3.4.2):

e The counterparty may only contract the portion of the battery they require, and may not need to
be a registered market participant, and
e The battery developer retains operational control of the battery.

A virtual tolling contract is often a financial instrument. The counterparty can make bids and secure the
revenue from the bids, but the battery developer may not be required to act on those bids. They may elect
not to act on the counterparty supplied bids if they determine they can secure more revenue from an
alternative action (but take the revenue risk if they don’t).

Several batteries have announced virtual toll arrangements, such as between Snowy Hydro and Akaysha
Energy for the Elaine battery®°.

Similar arrangements to virtual tolls have been used in community battery schemes in Australia.”?

63 Settlements Residue Auction. https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-
nem/market-operations/settlements-and-payments/settlements/settlements-residue-auction

64 Basslink transmission revenue proposal. https://www.aer.gov.au/system/files/2023-09 /Basslink%20-
%20Conversion%20and%20transmission%20determination%202025-30%20-%2015%20September%202023.pdf

65 Eku Energy reaches Financial Close for Williamsdale Battery Energy Storage System.
https://www.ekuenergy.com/aus/news-and-blogs/eku-energy-reaches-financial-close-for-williamsdale-battery-

energy-storage-system
66 Akaysha inks revenue swap deal for Queensland big battery with commodities trader.

67 Pacific Green signs 2 GWh capacity revenue swap agreement with Re2 Capital for Australian battery portfolio.
https://www.ess-news.com/2025/08/07 /pacific-green-signs-2-gwh-capacity-revenue-swap-agreement-with-re2-
capital-for-australian-battery-portfolio/
68 Big batterles in 2024 - the opportunltles and challenges ahead ttps //www.allens.com.au/insights-
24/04 /big-b 2024-the-

h hyd
agreement for elaine- bess[

70 Community battery storage trials. https://www.synergy.net.au/Our-energy/Pilots-and-trials/Community-Batter
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3.4.2 Technical contractual services

Technical contractual services are those that require physical battery response. They differ from financial
services in that the physical response (e.g. megawatts or megawatt-hours) is the quantity traded rather
than revenue and risk. There are two examples discussed here: physical tolls and network/grid support.

3.4.2.1 Physical toll

A physical toll arrangement is where a battery developer provides the rights to operate a battery to a
counterparty®2. In this arrangement the battery developer and counterparty enter into a relationship
analogous to a landlord (battery developer) and tenant (counterparty). The counterparty may then enter
into other financial or physical contracts using the battery they have a tolling arrangement with. One
example of this arrangement is between Shell Energy and Eku Energy for the Rangebank battery7..

3.4.2.2 Network/grid support

Network and grid support is where a battery provides services to AEMO, a transmission, or distribution
network for a technical service. Examples of these are:

e System Integrity Protection Services (SIPS): Where the battery must quickly provide or absorb
active power in response to a grid event

o Network investment deferral: Where a battery provides a timed active or reactive power
response to resolve a grid constraint

e System strength or inertia: Where a battery provides system strength (e.g. fault current
contribution) or inertial (active power in response to rate of change of frequency)

These kinds of services may require particularly high levels of response certainty. For financial services,
the impact of non-delivery is primarily financial (e.g. loss of money), while for network/grid support
services the impact of non-delivery can be asset failure or (in extreme cases) a system blackout.

Bulgana Green Power Hub
As designed, this project was to have two main offtakers:

e The Victorian government. It is unclear how much capacity the Victorian government has
contracted, however the media release from HMC capital when they acquired the Bulgana Green
Power Hub (among other assets) from Neoen in December 2024 stated the aggregated plants had
an “~85% contracted offtake position at operating assets, ~10 year weighted average remaining
contract life, and a diverse book of ~85% investment grade counterparties underpinning significant
cash flow generation available to fund growth opportunities”’?

e Nectar farms. Originally additional capacity had been contracted to Nectar Farms to operate a
large greenhouse; however, they were placed into administration before the battery was
commissioned?3

71 https://www.ess-news.com/2024/12 /03 /shell-eku-add-400-mwh-battery-to-victorias-grid /

72 STRATEGIC ACQUISITION OF NEOEN VICTORIA PORTFOLIO TO SEED ENERGYTRANSITION PLATFORM & GROW
AUM TO ~$19BN. https://www.hmccapital.com.au/investor-centre /asx-announcements/strategic-seed-acquisition-
of-neoen-victoria-portfolio/

73 NOTICE OF APPOINTMENT AS LIQUIDATOR. https://publishednotices.asic.gov.au/browsesearch-notices/notice-
details/Nectar-Farms-Management-Limited-610236032 /4b68fl1a5-bee6-4399-a590-3611d6744b25
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Gannawarra battery

The battery is operated via a physical tolling arrangement by EnergyAustralia who are also the offtakers
for the co-located solar farm74. At the time this arrangement was described as new, although since then
“virtual tolling arrangements” are a further evolution of this approach.

3.4.3 Contractual agreements in batteries today

Several types of contractual arrangements are in place for existing battery projects across the National
Electricity Market (NEM), as summarised in Table 13. A detailed breakdown of contracts for each battery
project is provided in Table 22 under Appendix B.

74GANNAWARRA ENERGY STORAGE SYSTEM Project Summary Report.
https://arena.gov.au/assets/2019/10/gannawarra-energy-storage-system-knowledge-sharing-report.pdf

The Australian National University 47


https://arena.gov.au/assets/2019/10/gannawarra-energy-storage-system-knowledge-sharing-report.pdf

ACES research update 2 to Eku Energy for review 08.01.26

Table 13 Observed battery contractual agreements and relevant battery projects

Agreement types

Example battery projects and their contract counterparties

Long-term offtake or tolling
agreements with an external
energy company or a gen-tailer.
These agreements can take two
forms:

1. Physical agreements: The
external energy company leases the
battery from the owner for a fixed
term, assumes full operational
control, and retains all revenues
(and bears any losses).

2. Virtual agreements: The external
energy company nominates
charge/discharge schedules, while
the owner maintains operational
control. The external company
receives revenues associated with
the nominated strategies executed
by the owner.

Dalrymple North BESS (SA, Dec 2018) with AGL, physical lease

Ballarat BESS (VIC, Dec 2018) with EnergyAustralia, physical
lease

Gannawarra BESS (NSW, Mar 2019) with EnergyAustralia,
physical lease

Wallgrove Grid Battery (NSW, Dec 2021) with Iberdrola Australia
for 10 years, physical lease

Wandoan South BESS (QLD, Aug 2022) With AGL for 15 years,
physical lease

Darlington Point BESS (NSW, Sep 2023) with EnergyAustralia for
10 years, physical lease

Riverina stage 2 BESS (NSW, Sep 2023) with EnergyAustralia for
10 years, physical lease

Riverina stage 1 BESS (NSW, Oct 2023) with Shell Energy for 10
years, physical lease

Bouldercombe BESS (QLD, Dec 2023) with Tesla
Kenedy Energy Park BESS (QLD, May 2024) with CS Energy

Rangebank BESS (VIC, Dec 2024) with Shell Energy for 20 years,
physical lease

Capital Battery (ACT, Apr 2025) with AGL for 7 years, virtual
contract

Western Downs Battery (QLD, Jun 2025) with ENGIE, AGL and
Shell Energy, virtual contracts

Koorangie (VIC, Jul 2025) with Shell Energy for 15 years, physical
lease

Power purchase agreements (PPAs)
with an energy consumer such as a
large business; or wind or solar
farms

Bulgana Green Power Hub BESS (VIC, Dec 2021) with Nectar
Farms

Tailem Bend Hybrid BESS (SA, Dec 2024) with Zen Energy

Capital Battery (ACT, Apr 2025) with Goyder South Stage 1
Windfarm

Templers Battery (SA, to be operational) with Zen Energy and HD
Renewable Energy

Blyth BESS (SA, Apr 2025), baseload agreement with BHP power
at Olympic Dam
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Agreement types Example battery projects and their contract counterparties

Revenue swap agreements Ulinda Park BESS (QLD, Dec 2025) with Re2 for up to 10 years

Network support agreements with | Hornsdale Power Reserve (SA, Nov 2017), system security
AEMO, local governments or TNSPs | services agreement with SA Government

Dalrymple North BESS (SA, Dec 2018), SIPS agreement for the SA
region

Victoria Big Battery (VIC, Dec 2021), grid service contract with
AEMO under the direction from the Victoria government

Bulgana Green Power Hub BESS (VIC, Dec 2021), support
agreement with Victoria government

Darlington Point BESS and Riverina stage 1&2 BESS (NSW, Sep
and Oct 2023), non-network solution contract with TransGrid
(local TNSP)

Koorangie BESS (VIC, Jul 2025), system support agreement with
AEMO to provide system strength

Waratah Super Battery (NSW, Aug 2025), SIPS agreement

3.5 Community funding

Multiple battery projects have dedicated community grant funds. Therefore, we list the community funded
batteries in Table 14. There is opportunity to prioritise exploration of these batteries in next steps if there
is benefit to it. We will consult with Eku Energy about whether this is a useful focus.

Table 14 Observed community funds from existing BESS projects across the NEM

BESS project (state, operational date)

Observed community funds or financial benefits

Hornsdale Power Reserve (SA, Nov 2017)

$60,000 General. Community Fund

Victoria Big Battery (VIC, Dec 2021)

An annual commitment of $25,000 under the VBB
benefit-sharing program for funding education
initiatives:

1. VBB Engineering scholarship (2022)
2. long-term partnership with Kardinia
International School

Bulgana Green Power Hub (VIC, Dec 2021)

$120,000 annual Community Benefit Fund

Torrens Island BESS (SA, Aug 2023)

AGL Torrens Island Community Dialogue Group (CDG)
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BESS project (state, operational date)

Observed community funds or financial benefits

Kennedy Energy Park (QLD, May 2024)

1. Windlab continues to partner with the Flinders
Shire, Traditional Owners, regional stakeholders,
landowners and the local community to deliver our
ambitious regional development pipeline.

2. Kennedy Energy Park also collaborates directly with
the Flinders Shire Council by providing grants to
local businesses and organisations.

Rangebank BESS (VIC, Dec 2024)

Rangebank BESS Community Grants Program

Capital Battery (ACT, Apr 2025)

1. Established Renewable Energy Skills Centre of
Excellence with CIT as a joint initiative

2. Research project with ANU's BSGIP

3. Community Co-investment Scheme which provides
residents of the ACT and Capital region with an
opportunity to become financial stakeholders in the
battery project.

Western Downs Battery (QLD, Jun 2025)

1. $100,000 to be available per year through a grants
process for local community projects within areas
surrounding the Western Downs solar farm

2. Support for Indigenous Initiatives

Greenbank BESS (QLD, Jun 2025)

Community benefit fund - $20,000 annually in local
community organisations and initiatives from 2024 to
2026.

Latrobe Valley BESS (VIC, Sep 2025)

Tilt Renewables has partnered with Federation
University to create the Tilt Renewables Gippsland
Scholarships, providing $5,000 each to two students each
year during operations

Mannum (SA, Oct 2025)

Supported a significant lighting upgrade at the Mannum
Oval Complex and Showground
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4 Observed battery behaviours

Public data around services, contracts, and owners provides a view of why batteries are built, for whom,
and what kinds of factors may influence operational decisions. This section explores quantitative power

flow data of the fleet of grid-scale batteries investigated in section 3. The metrics explored are:

e Annual and daily cycles, as they show how heavily batteries are used, and how that use varies

with time; and

e Revenue per MWh cycled, as this shows how much energy market revenue each battery achieves

for each MWh it cycles.

4.1 Annual and daily cycles

Our discussions with Eku Energy led us to understand that battery warranties often cover batteries for
around one cycle per day. Battery operators can choose how they operate their batteries in real-time to

use these cycles in the way that meets their objectives best.

We have calculated cycles per day as:

Daily charge energy

Cycles per day =

4.1.1 Annual and averaged daily cycles

Battery capacity

The average daily cycles per day and standard deviation of cycles per day of batteries currently operating
in the NEM is shown in Table 15 and Figure 13. Average cycles vary from a low of 0.35 (for the ACT BESS in

Queanbeyan) and 1.06 (for the Wallgrove battery).

Table 15 Average cycles per day in the NEM battery fleet

Battery name (DUID) Capacity Average | Standard
cycles | deviation
per day
Wallgrove Grid Battery project (WALGRV1) 50 MW, 75 MWh 1.06 0.39
Torrens Island BESS (TIB1) 250.7 MW, 250 MWh 1.04 0.36
Philip Island BESS (PIBESS1) 5 MW, 10 MWh 1.00 0.44
Riverina Energy Storage System 1 (RESS1) 60 MW, 120 MWh 0.99 0.36
Rangebank BESS (RANGEB1) 200 MW, 400 MWh 0.98 0.40
Bulgana Green Power Hub - BESS (BULBES1) 20 MW, 34 MWh 0.94 0.62
Bouldercombe Battery project (BBATTERY1) 50 MW, 100 MWh 0.94 0.24
Christies Beach Wastewater Treatment Plant (CBWWBA1) 2.16 MW, 4.32 MWh 0.93 0.38
Adelaide Desalination Plant (ADPBA1) 7.76 MW, 12.6 MWh 0.92 0.36
Wandoan South BESS (WANDB1) 100 MW, 150 MWh 0.91 0.24
Happy Valley Reservoir (HVWWBA1) 5.52 MW, 8.82 MWh 0.87 0.37
Bolivar Waste Water Treatment (BOWWBA1) 3.08 MW, 5.04 MWh 0.83 0.36
Hornsdale Power Reserve Unit 1 (HPR1) 50 MW, 178.3 MWh 0.82 0.28
Hazelwood Battery Energy Storage System (HBESS) 200.07 MW, 162 0.77 0.40
(HBESS1) MWh
Lake Bonney Battery Energy Storage (LBB1) 25 MW, 52 MWh 0.76 0.31
Darlington Point Energy Storage System (DPNTB1) 25 MW, 50 MWh 0.74 0.37
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Battery name (DUID) Capacity Average | Standard
cycles | deviation
per day

Broken Hill (BHB1) 50 MW, 50 MWh 0.74 0.28
Riverina Energy Storage System 2 (RIVNB2) 65 MW, 130 MWh 0.72 0.35
Victorian Big Battery (VBB1) 300 MW, 470 MWh 0.72 0.34
Blyth BESS (BLYTHB1) 200 MW, 400 MWh 0.71 0.55
Dalrymple BESS (DALNTH1) 30 MW, 9 MWh 0.70 0.34
Kennedy Energy Park - Phase 1 - Storage (KEPBG1) 2 MW, 4 MWh 0.66 0.17
Capital Battery (CAPBES1) 100.32 MW, 200 0.60 0.36
MWh
Gannawarra Energy Storage System (GANNB1) 25.33 MW, 50 MWh 0.53 0.27
Ballarat Energy Storage System (BALB1) 30 MW, 30 MWh 0.50 0.34
ACT BESS (QBYNB1) 10 MW, 20 MWh 0.35 0.21
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Figure 13 Average cycles per day in the NEM battery fleet

4.1.2 Use variations

It is useful to discuss particular batteries that are outliers on the usage spectrum at this point as it helps to

highlight use patterns.

The very different charge/discharge profiles of Queanbeyan battery (or ACT battery) and Wallgrove
battery can be seen in their usage heatmaps, shown in Figure 14 and Figure 17 (with the second most and

least used batteries shown in Figure 15 and Figure 16 respectively for contrast). Batteries with less use

have far fewer charge and discharge events than the higher usage batteries.
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Figure 16 Ballarat Energy Storge System (0.5 cycles/day)
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Figure 17 Queanbeyan or ACT battery heatmap (0.35 cycles/day)

Queanbeyan and Ballarat batteries both have relatively similar usage patterns with low cycles per day
(especially during the periods that Queanbeyan battery was not used) and both were supported by the
relevant state governments (see Table 22). They are discussed in more detail here to help explore why
they have a low cycle count.

Queanbeyan battery is co-located with the 107MW Berrybank 2 wind farm and was procured by the ACT
government with the Goyder wind farm and Capital Battery as part of their 2020 renewables auction 575. It
is “used in partnership with local transmission company, TransGrid, to support the network in the
Queanbeyan region”7¢. This may mean that the battery needs to operate in a more conservative way to
ensure that there is sufficient energy stored/headroom available in the battery to offset network

75 Review of the Renewables Auction 5 - Summary Report

Summary Report.pdf
76 Spanlsh energy giant switches on ACT battery its first in the world. https://reneweconomy.com.au/spanish-
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constraints, although often network support agreements only constrain battery operations at specific
times (e.g. when there is likely to be network congestion).

The Ballarat battery is owned by Mondo or AusNet services. EnergyAustralia has trading rights for use of
the battery””. This battery has the second lowest cycles per day count of all batteries in the NEM. It is
connected to the transmission system at Ballarat substation. It has several technical constraints that
impact its usage:

e A warranty of for 250 cycles/year (or 0.68 cycles/day)’8, which reduces each year to maintain a
15-year performance guarantee’®.

e A maximum of 14 continuous hours with a state of charge above 50%7°.

e An average annual state of charge maximum of 41%7°

EnergyAustralia describe a trading strategy where they are seeking a “return of >$50/MWh in arbitrage
and were happy to cycle >1 time if the market provided opportunities”’®. In the analysed calendar year, there
were 41 days with more than 1 cycle observed for the Ballarat battery. It is possible the large number of
technical limits, and desire to enable more cycles in some days have led to the lower utilisation for this
battery.

Wallgrove and Torrens Island batteries both have similar and high utilisation of 1.04 - 1.05 cycles/day and
so provide useful high use examples. However, their usage patterns are somewhat different with Torrens
Island showing longer, lower power charges and discharges but Wallgrove showing a more variable and
higher power usage pattern.

Wallgrove battery is owned by TransGrid and was developed to “provide synthetic inertia and fast
frequency response services to help keep the network stable”. It is operated in energy markets by Iberdola
Australia®!. TransGrid noted that Iberdola would capture “energy arbitrage revenue twice a day on
average™®!. This can clearly be seen in the heat maps which show two discharge cycles in most days
(especially in winter). Although most other batteries also appear to have two main discharge events a day
(as can be seen in the heat maps in this section).

There is less public information describing Torrens Island battery. It is owned (and likely operated) by AGL
at a site that also contains other kinds of generation, including a 1GW open-cycle steam turbine gas
generator, a 210 MW reciprocating engine gas generator, and the 250 MW /250 MWh Torrens Island
battery. AGL has an extensive portfolio of other generators, and it is likely this battery is operating as part
of this portfolio.

Periodic use changes are also helpful to understand. Some batteries, such as Bulgana Green Power Hub,
changed their behaviour throughout the year, as shown in Figure 18. There were three periods:

e early in the year, utilisation was around 0.93 cycles/day (Jan - Jun),
e around the middle of the year, utilisation dropped to around 0.52 cycles/day (Jun - Oct), and
e in the last few months, the average utilisation was around 1.78 cycles/day (Oct - Dec).

77Ballarat Battery Storage. https://www.energyaustralia.com.au/about-us/energy-generation/ballarat-battery-
storage

78 Ballarat BESS: Knowledge Sharing Report. https://www.ausnetservices.com.au/-/media/project/ausnet/corporate-
website/files /projects-and-innovation/ballarat-bess-knowledge-sharing-report-1.pdf

79 KNOWLEDGE SHARING REPORT Ballarat Battery Energy Storage System.
https://arena.gov.au/assets/2021/10/ballarat- bess final-re ort df

80 Wallgrove Grid Battery. https:
81 Operations Report#42020/ARP013 Transgrld Wallgrove Grid Battery.
https://arena.gov.au/assets/2024 /08 /TransGrid-Wallgrove-Battery-Operations-Report-4.pdf
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Over the year the battery achieved 0.94 cycles/day. It is unclear the reason for the shifts in behaviour over

the year. Potentially one reason could have been to “save up” cycles for more volatile prices expected at the

end of the year. Alternatively, this behaviour could be due to maintenance or other operational reasons.
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Figure 18 Bulgana Green Power Hub BESS daily cycles

4.1.3 Daily cycles

Across the entire battery fleet in the NEM, cycles per day also varies. Days with higher price volatility may
be expected to see more battery cycles than days with lower volatility. The average cycles/day for the
entire fleet is shown in Figure 19. The top two days were on the 26/06/2025 and 29/10/2024. We provide
more detail about these days in this section.
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Figure 19 Average battery fleet cycles per day

Battery behaviour on 26/06/2025

The 26/06/2025 was the day with the highest average cycle count in the analysis period (12/2024 -
12/2025). The actual cycles for the batteries on this day compared to their average is shown in Figure 20.
All batteries except for those that were not operating yet, and Wandoan South BESS did more cycles in this
day than their long-term average. Wandoan South battery is in Queensland which saw less price volatility
that day. There were significantly less cycles across the fleet the day before, but also an elevated number of
cycles the day after (at least for the batteries in NSW).
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Figure 20 Battery cycles on 26/06/2025 alongside with their annual average cycles

The high cycling on the 26/06/2026 looks to be connected to the greater market price volatility on that
day®2. Both wind and solar generation were low, and electricity demand was high. The summated battery
power for NSW on that day and the days before and after is shown in Figure 22.

Extra battery cycling on this particular day appeared to have both positive and negative effects. A
WattClarity article on this event noted “Batteries played a critical but ultimately limited crisis support role,
initially providing substantial assistance by switching from charging to discharging, but subsequently
showing declining output during extreme price periods as storage capacity became exhausted, contributing
to price escalation.”®2.

Batteries discharged heavily twice during this highly volatile day:

e Inthe morning, when prices reached $3,457/MWh at 7:30 AM, the battery fleet discharged to
reduce the load, and

e Inthe afternoon, prices spent a long time at high levels. Batteries discharged for the first hour, but
reduced output afterwards (likely due to depletion).

It is clear that most batteries used more of their limited cycle budgets on this particular day than on other
days, even batteries like Wallgrove, who tend to heavily cycle their batteries on ordinary days, almost
doubled their ordinary cycle count.

There was some evidence in this event of batteries holding capacity until later in pricing events. One
example is shown in Figure 23 where the Capital battery increased its discharge in the latter half of the
high price event. It is possible this is an example of a bidding strategy to keep charge for later in the event
when other batteries begin to run out of charge.

82 Trlple C condltlons (cold, calm and cloudy) across the NEM last Thursday evening 26th June 2025.
1 .CoMm. 1 d

june- 2025[
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Figure 21 Cycles on the 16/06/2025 compared to the long-term average
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Figure 23 Wallgrove and Capital battery behaviour in the afternoon of the 26/06/2025

Battery behaviour on 29/10/2025
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The 29/10/2025 was another day with an elevated number of battery cycles, as shown in Figure 24.
Unlike 16/06/2025, this was not a day with very high prices, however there was still more battery

discharge than normal, as can be seen in Figure 25. At this stage it is not clear to us what the reasons for
the larger number of battery cycles on this day are. Potentially higher prices were forecast earlier in the
day that did not eventuate.
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Figure 24 Cycles on the 29/10/2025 compared to the long-term average
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Figure 25 Aggregate battery behaviour on 29/10/2025

4.2 Battery energy market revenue

Given that market price arbitrage is the most common cited value proposition of large-scale batteries,
analysis of the market value is a good way to analyse the similarities and differences within the battery
fleet.

Figure 26 and Table 16 show the average battery profit per discharge MWh. This is calculated using the
formula:

. ) net battery revenue
Profit per discharge MWh =

battery capacity X average daily cycles

4.2.1 Annual battery market revenue

There is clearly significant diversity in the financial outcomes for different batteries. Broken Hill battery
has the highest net revenue per discharged MWh of $282/MWHh. Of the batteries that were in service for
the entire analysis period (12/2024 - 12/2025), Bulgana Green Power Hub had the lowest net revenue of
$121/MWh. Batteries in NSW and QLD had the highest net revenue, with VIC and SA revenues being a bit
lower.

Figure 27 shows the per-cycle revenue relationship to number of cycles per day. Revenue per cycle is
largely the same for batteries with high and low average cycles per day. This potentially indicates that
batteries may not have saturated market opportunities for additional cycles (i.e. if a battery could cycle
more, they would continue to make additional revenue). Although it may also reflect the fact that the top 5
revenue days are responsible for more than a third of battery revenue, and all batteries tend to cycle more
on high value days.
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Figure 26 Average battery net revenue per discharge MWh

Table 16 Battery net revenue (12/2024 - 12/2026)

Averag Batery
dai ly revenu
revenuBateryBateryper cy
Batery (DUI D) ($k) MWh daily MWh
Broken Hill (BHB1) $10,402.40 50 0.74 $281.59
Ri verina Energy St ¢ $31971.57 120 0.99 $270.25
Kennedy EnPehragsy8 t Riarral
( KEPBG1) $684.87 4 0.66 $259.78
Darlington Point EI
(DPNTB1) $9,550.70 50 0.74 $256.74
Ri verina Energy St
(RI VNB2) $23,763.82 130 0.72 $253.18
Wal |l grove Grid Bat ¢ $18,676.42 75 1.06 $235.46
Hazel wood Batery EI
(HBESS) (HBESS1) $29,247.50 162 0.77 $233.71
Christes Beach Was!
Pl ant (CBWWBA1) $890.09 4.32 0.93 $222.73
Bal |l arat Energy St $3,33251 30 0.50 $220.76
Bolivar Waste Watert
( BOWWBA1) $917.47 5.04 0.83 $219.82
Happy Vall ey Reser Yy §$1655.59 8.82 0.87 $216.24
Wandoan South BESS $29,395.69 150 0.91 $214.93
Capital Batery ( CAIl $25074.60 200 0.60 $207.72
Hornsdal e Power Re¢{ $29,434.87 178.3 0.82 $202.46
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Averadg Batery
dai ly revenu
revenuBateryBateryper <cy
Batery (DUI D) ($k) MWh daily MWh
Torrens | sl and BESY{ $51,756.58 250 1.04 $198.87
Lake Bonney Batery
(LBB1) $7,651.61 52 0.76 $194.09
Boul dercombe Bater
(BBATTERY1) $17,793.77 100 0.94 $190.08
Bl yth BESS (BLYTHB: $53,384.32 400 0.71 $187.69
Rangebank BESS ( RAI| $70479.84 400 0.98 $180.20
Victorian Big Bat el $59596.80 470 0.72 $176.98
Philip Island BESS $1,679.83 10 1.00 $168.13
Gannawarra Energy .
( GANNB1) $4,245.94 50 0.53 $160.69
Dalrymple BESS ( DAI $952.89 9 0.70 $151.43
ACT BESS (QBYNB1) $1,022.63 20 0.35 $147.15
Adel ai de Desalinati( $1670.73 12.6 0.92 $144.20
Bul gana Gr eeBEPD wel
(BULBES1) $3,854.57 34 0.94 $120.67
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Figure 27 revenue per cycled MWh vs cycles per day

The heat maps for the top two (Broken Hill and Riverina stage 1 batteries) and bottom two batteries
(Adelaide Desalination Plant and Bulgana Green Power Hub) for revenue per MWh are shown in Figure 28
- Figure 31. This helps explore how lower revenue per MWh links back to battery usage. The batteries with
the higher per MWh revenue appear to show consistent usage patterns, while the two lowest have a much

more variable usage profile.
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Broken Hill battery achieved the highest revenue per MWh in the fleet. It is an ARENA funded battery that
“aims to demonstrate the potential of large-scale battery storage (LSBS) with grid-forming inverters to
improve system strength in weak grid areas, while also providing market services”s3. It is owned by AGL
Energy. There is little public information available on its contractual arrangements. But given it is owned
by one of Australia’s largest gen-tailers it may be expected that this battery is operated by AGL and may
not have any specific tolling or operation agreements, except those needed to enact the battery’s grid
forming capabilities.

The Riverina energy storage system achieved the second highest revenue per MWh out of the battery fleet.
Itis a 120MWh battery that is part of a complex of other storage systems including:

e 60MW / 120MWh Riverina Energy Storage System 1 (RESS1, $270/MWh, 0.99 cycles/day)
e 65MW / 130MWh Riverina Energy Storage System 2 (RIVNB2, $253/MWh, 0.74 cycles/day)

e 25MW / 50MWh Darlington Point Energy Storage System (DPNTB1, $245.74/MWh, 0.72
cycles/day)8+

Ownership appears to greatly influence use and therefore also revenue. EnergyAustralia has operational
control of RIVNB2 and DPNBT1, while Shell has operational rights for RESS1. This results in quite different
operational behaviour for the batteries, as shown in Figure 32. The two EnergyAustralia controlled
batteries have a much more variable charge/discharge profile than the Shell-operated RESS1 but also
discharge fewer cycles in a day. The Riverina and Darlington Point Energy Storage Systems have a network
support agreement in place with TransGrid for network stability services®s. This agreement was expected
by TransGrid to be in place between 2023/24 and 2025/26 until a new 330 kV transmission line between
Darlington Point and Dinawan is commissioned®8¢. TransGrid expected that the provision of network
support services would not impact the battery’s operation in the wholesale electricity market86.

The Bulgana Green Power Hub BESS achieved the lowest revenue per MWh of the battery fleet. It is a

20 MW battery installed within the Bulgana, which includes the Bulgana BESS and the 204 MW Bulgana
windfarm (DUID “BULGANA1"). Because of the co-location it may be expected that the Bulgana battery
may make less revenue because its output is more (negatively) correlated with the wind farm output. i.e.
the battery charges when the wind farm is generating and vice versa. There does not appear to be a
negative correlation between wind farm and battery output as shown in Figure 33. The Bulgana battery
output is the most positively correlated with the wind farm of all Victorian batteries, but not by a large
margin - Rangebank battery is similar.

The Adelaide desalination plant battery also saw lower returns than other batteries. This is a
7.76 MW /12.7MWHh battery co-located with a solar farm and a desalination plant. Its operation is
described as:

“In times of higher rainfall, when the plant operates in a low production mode, the combined solar generation
and battery storage will provide more energy than the facility requires and return the excess to the National
Electricity Market 87,

83 AGL Broken Hill Grid-Forming Battery. https:
84 Riverina and Darlington Point Energy Storage Systems httDs //edifyenergy.com/project/riverina-darlington-point/

85 Public Pr0]ect Knowledge Sharing Report &Project Commlssmmng Report Darlington P01nt Energy Storage System.
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It is not clear whether the desalination plant was operating in the analysis period. There is a period
around June where the battery has no activity, possibly because of a planned outage. This period appears
to be a key cause of lower revenue, as shown in Figure 33. The outage period exactly aligns with a key
period of high revenue for Hornsdale Power Reserve, which is also located in South Australia, so were the
Adelaide desalination plant battery in service at this time it would also have been expected to make more
revenue.
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Figure 28 Broken Hill battery heatmap ($282/MWh)

2024-12-01- - _—

2024-12-17- -

2025-01-02 -

2025-01-18-

2025-02-03 -

2025-02-19 - =

2025-03-07 - e

2025-03-23 - = =

2025-04-08 -

2025-04-24 -

2025-05-10° ° pprem—
8 2025-05-26- - —
2 2025-06-11 - . ————m———

2025-06-27 - —

2025-07-13- = —

2025-07-29 - —_————

2025-08-14 < =

2025-08-30-— — =

2025-09-15- = _—

2025-10-01- —

2025-10-17 - — = . ) -0.75

2025-11-02 - — - N

2025-11-18- i = % Lo

00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00
Time of Day

1.00

0.50

-0.25

-0.00

Power (pu)

-—0.25

|
'

!

-0.50

Figure 29 Riverena energy storage system 1 heatmap ($270/MWh)

The Australian National University 65



ACES research update 2 to Eku Energy for review 08.01.26

Date

Date

BULBES1

2024-12-01-. . .
2024-12-17 - -
2025-01-02 -~
2025-01-18 =~
2025-02-03 -=
2025-02-19 -
2025-03-07 -
2025-03-23
2025-04-08 -~

2025-04-24 -
2025-05-10 -

2025-05-26 -~ :
2025-06-11- . _ _
2025-06-27 -
2025-07-13 =~ ¢
2025-07-29 -
2025-08-14 -
2025-08-30
2025-09-15 e ol T
2025-10-01 -
2025-10-17 -

2025-11-02 EE E :
2025-11-18 £ : ‘ ,;ﬁﬁﬁx‘;ﬁ% i et
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:0

Time of Day

0 20:00 22:00

Figure 30 Bulgana Green Power Hub battery heatmap ($121/MWh)

ADPBA1l
2024-12-01 - I
2024-12-17 -
2025-01-02 i =
2025-01-18 -~
2025-02-03 -
2025-02-19 -~ -
2025-03-07 - =
2025-03-23-°
2025-04-08 -
2025-04-24
2025-05-10 -
2025-05-26 =
2025-06-11-""" ~
2025-06-27 __
2025-07-13 -
2025-07-29
2025-08-14 -
2025-08-30
2025-09-15
2025-10-01
2025-10-17
2025-11-02 fm = =
2025-11-18- - - HE— : _

00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00
Time of Day

Figure 31 Adelaide Desalination Plant BESS ($144/MWh)

The Australian National University

1.0

-0.5

-0.0

-0.5

-1.0

0.8

0.6

-0.4

-0.2

-0.0

-=0.2

Power (pu)

Power (pu)

66



ACES research update 2 to Eku Energy for review 08.01.26

DPNTB1

2024-12-01- -
2024-12-26- -
2025-01-20 - —
2025-02-14 -
2025-03-11-
2025-04-05- -
2025-04-30 -
2025-05-25 -

Date
N
S
N
I
S
¢
AN
=]

Time of Day

RIVNB2
2024-12-01 -
2024-12-26- -
2025-01-20 -
2025-02-14 - -
2025-03-11-
2025-04-05 -
2025-04-30 -
2025-05-25 -
2025-06-19 -
2025-07-14 -
2025-08-08 -
2025-09-02- -
2025-09-27
2025-10-22 -
2025-11-16 -

Date

04:00 08:00 12:00 16:00 20:00

00°00 04:00 08:00 12:00 16:00 2000

Time of Day

-1.0

1.0

0.5

Power (pu)
Date

Power (pu)

2024-12-01-
2024-12-26-
2025-01-20 -
2025-02-14 -
2025-03-11-
2025-04-05 -
2025-04-30- -
2025-05-25 - ==—
2025-06-19 —= _
2025-07-14 -
2025-08-08 -
2025-09-02 —-
2025-09-27 -
2025-10-22-
2025-11-16-

00:00 04:00 08:00 12:00 16:00 20:00
Time of Day

Figure 32 Comparison of heatmaps for Edify owned Riverina batteries

0.16

0.14

0.12

0

=

0.0

¢

0.0

(&)

Correlation coefficient

0.0

B

0.0

N

BALB1 BULBES1

HVIC1 mBULGANA1

GANNB1

HBESS1

PIBESS1 ~ RANGEB1 VBB1

Figure 33 Bulgana wind farm and Victorian price correlation with Victorian batteries

The Australian National University

-1.0

OI.|||_|I|I| |l‘l

Average

Power (pu)

67



ACES research update 2 to Eku Energy for review 08.01.26

——Adelaide Desalination Plant ——Hornsdale Power Reserve

$70,000.00 $1,400,000.00

$60,000.00 $1,200,000.00
-
9]
£ $50,000.00 $1,000,000.00
3
o
E $40,000.00 $800,000.00 g
g o
£ o
3 2
g 3
% $30,000.00 $600,000.00 ¢
kel o
',_?, T
o e
2
‘6 $20,000.00 $400,000.00 S
g o
2 e
] >
g E
= $10,000.00 $200,000.00 e
8 WW\AML

s- TWMM $-

29/11/2024 18/01/2025 9/03/2025 28/04/2025 17/06/2025 6/08/2025 25/09/2025

-$10,000.00 -$200,000.00

Figure 34 Adelaide desalination plant revenue vs Hornsdale Power Reserve daily revenue
4.2.2 Battery behaviour variation on high value days

For most batteries, revenues vary through a large range. Revenue generation is highly unequal. Some days
have very high revenue, while many are low. This is shown in Figure 35, Figure 36 and Table 17. By far the
highest revenue period was around June, where there were higher market prices. The three days with the
largest aggregate revenue were 2/12/2024,12/06/2025, and 26/06/2025. The high value period on
26/6/2025 aligns with the day with the highest cycle count (see section 4.1). The maximum and minimum
observed revenue over the study period is shown in Figure 37. Most batteries have some days with very
high revenue but also experience days with negative revenue.
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Table 17 Battery revenue per MWh per day
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Figure 37 Maximum and minimum revenue over the study period

For comparison purposes, the revenue behaviour of the highest and lowest revenue in each region is

compared, as shown in Table 18, with the heatmaps for these batteries shown in Figure 38. Apart from
Queensland the high price event of the 26/06/2025 will be used to explore battery dynamic behaviour.

Table 18 Highest and lowest revenue per region

Region Highest Lowest
sa Torrens Island BESS (TIB1) ($207/MWh) Dalrymple BESS (DALNTH1) ($106/MWh)
Riverina Energy Storage System 1 (RESS1) | ACT BESS (QBYNB1) ($51)
NSW ($266/MWh)
Wandoan South BESS (WANDB1) Kennedy Energy Park - Phase 1 - Storage
QLb ($196/MWh) (KEPBG1) ($171/MWh)
Hazelwood Battery Energy Storage Gannawarra Energy Storage System
vic System (HBESS) (HBESS1) ($180/MWh) | (GANNB1) ($84)

In South Australia, Torrens Island and Dalrymple North were the highest and lowest earning batteries

respectively. More details on the Torrens Island battery have been described earlier. The lower returns for

Dalrymple North are likely explained by the very small energy capacity of the Dalrymple BESS. Dalrymple
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battery is owned by ElectraNet and operated in a tolling arrangement by AGL88. The Dalrymple battery
was one of the earliest grid scale batteries installed in the Australian energy system. It provides several
services including:

e Reliability and islanded operation

e Frequency control services including fast frequency response
o Network support, and

e Energy arbitrage.

AGL is required to operate the battery between 10% and 90% of the installed battery capacity to enable
energy market services®s.

As shown in Figure 39, Dalrymple’s revenue duration curve is overall similar to Torrens Island, but
significantly lower. Around 20% of days, Dalrymple battery makes a loss from energy market arbitrage.
Figure 40 shows the battery behaviour on the highest revenue day for Torrens Island battery and the third
highest revenue day for Dalrymple North (26/06/2025). The data in Figure 39 and Figure 40 show the
limitations of energy storage of the Dalrymple North battery, which could only take advantage of a small
portion of the peak pricing window.

As described earlier, the Queanbeyan or ACT battery appear to have a network support role, which may
explain why it generally achieves lower revenue than the Riverina energy storage system (RESS1).
However, the Riverina battery 2 also has a network support agreement with TransGrid and is among the
highest revenue batteries despite this network support agreement. It could be that the terms of the
contracts are different - Transgrid did note they expected the network support services they required
from the Riverina batteries would not impact market revenue. But from public information alone, it is not
possible to know fully.

Both batteries have around 2 hours of storage capacity. However, operationally, as shown in Figure 42,
they had quite different behaviour. They both discharged significantly different amounts of this energy into
the high price events, as shown in Figure 43. This could be because of limitations imposed by the network
support agreement at Queanbeyan, due to technical limitations in the batteries themselves, or some other
reason not apparent from public data. Both batteries appear to have different suppliers: Queanbeyan is
Ingeteam??, while Riverina may be Tesla Megapacks (assuming they are the same as Darlington Point)#s.

States the batteries are located in may also influence revenue. Queensland (Qld) has the smallest spread
between high and low earning batteries of all states. The duration curves are shown in Figure 44. The
curves are similar in shape, albeit a little lower for Kennedy energy park. Kennedy energy park has no
negative revenue events, unlike Wandoan South. From the heat map, it appears Kennedy energy park has a
relatively constant charge and discharge pattern.

Kennedy energy park is a relatively small ZMW/4MWh battery that is part of a combined wind and solar
generation site?. Its website states the energy park is “Renewable energy providing near baseload
generation™9. The correlation of Qld batteries with Qld price and Kennedy energy park battery and solar
farm shown in Figure 45 shows that the Kennedy energy park battery does appear to be preferencing
storage of local generation with pure market price arbitrage as it is more correlated with Kennedy energy
park output and less with Qld price than the rest of the QId fleet.

88 ESCRI-SA Battery Energy Storage Final Knowledge Sharing Report. https://arena.gov.au/assets/2021/04/escri-sa-
battery-energy-storage-final-report.pdf

89 Australian battery project supplied and commissioned by Ingeteam. Ingeteam. Nov 2022.
https://www.ingeteam.com/Pressroom/Corporate/tabid /1574 /articleType/ArticleView/articleld /3439 /Australian-

battery-project-supplied-and-commissioned-by-Ingeteam.aspx
90 Kennedy Energy Park. https://kennedyenergypark.com.au/

The Australian National University 72


https://arena.gov.au/assets/2021/04/escri-sa-battery-energy-storage-final-report.pdf
https://arena.gov.au/assets/2021/04/escri-sa-battery-energy-storage-final-report.pdf
https://www.ingeteam.com/Pressroom/Corporate/tabid/1574/articleType/ArticleView/articleId/3439/Australian-battery-project-supplied-and-commissioned-by-Ingeteam.aspx
https://www.ingeteam.com/Pressroom/Corporate/tabid/1574/articleType/ArticleView/articleId/3439/Australian-battery-project-supplied-and-commissioned-by-Ingeteam.aspx
https://kennedyenergypark.com.au/

ACES research update 2 to Eku Energy for review 08.01.26

The duration curves for Victoria are shown in Figure 46. Much like New South Wales, the lowest revenue
battery (Gannawarra) appears to generally generate less revenue than Hazelwood, but the distribution
curve is similar.

The focus of the battery clearly influences revenue. As described in 3.2.1, Hazelwood battery has been
described by its developers as Australia’s first merchant battery>. Therefore, it may be expected that it will
have an unusually high market revenue return compared to other batteries. The Gannawarra battery is
collocated with a solar farm, and as described in 3.2.6.1 has stated its objective is to manage solar infeed.
Also, Gannawarra battery shares a connection (and connection capacity) with the solar farm, which
constrains its operation. So, some of the difference in revenue may be because of the additional power
constraints on export from Gannawarra due to sharing capacity with the solar farm.

Figure 48 shows the energy delivered to the grid on 26/06/2025 for Gannawarra and Hazelwood battery.
Hazelwood battery has a smaller energy/power ratio than Gannawarra, so even though Gannawarra
delivered more energy than Hazelwood, Hazelwood delivered more cycles of energy into the grid that day.

Even though Gannawarra is co-located with the Gannawarra solar farm, its output is not less correlated
than any other Victorian battery to Victorian price (see Figure 49). It is unclear the root cause of the lower
revenue other than the operational constraint of the shared connection with the Gannawarra solar farm.
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5 Societal assessments of infrastructure and large
batteries

Grid-scale batteries are significant pieces of infrastructure and by themselves, or connected to other large
technical electrical systems, they have notable short- and long-term impacts on society, the electricity
system, environments, and ecologies. The primary rationale for building large infrastructure such as grid-
scale batteries is that they will deliver an overall benefit to society. Like all complex technologies that are
placed in real life environments and have complex influences which can also include negative impacts
alongside the positive ones. Assessments assist to identify impacts, allow insight into negative impacts,
support planning of communication and support mitigation strategies.

Understanding the societal implications of large infrastructure—and the technologies connected to it—is
widely recognized as important. This section therefore provides an overview of how social issues are
considered in relation to large infrastructure in Australia, with grid-scale batteries as a focus.

This section 5 focuses on social-related assessments and explorations of impact. We use social and societal
as broad catch all terms as we consider assessments of impacts. In this instance these terms encompass
individuals, communities, the energy industry, the political system and more. Societal phenomena and
impacts occur across the life cycle of infrastructure. During planning and construction phases impacts tend
to occur for the communities located nearby, the skilled workforce connected to the project, the
developers of the battery and for other people connected through supply chains. In operation phases these
impacts broaden out to also influence the systems they are integrated into. Additionally, as more batteries
operationalise, they also (have been observed) to have influences/impact on national energy system
design and decisions, related economics processes and related policy development.

Social assessments for large infrastructure projects vary widely and can include in-depth studies of
specific issues, broad reviews, and targeted Social Impact Assessments (SIAs). For grid-scale batteries,
societal impacts are currently most commonly addressed through SIAs, supplemented by some research.
SIAs are typically conducted for individual developments and focus on tangible, localized impacts with the
goal of mitigating negative effects on specific communities. Research, although currently limited, tends to
cover multiple scales—ranging from site-specific considerations to broader energy system-level analyses.
While SIAs concentrate on the direct implications of a single project, research can provide both detailed
insights and overarching commentary on societal effects.

The following content in this section:

e outlines where assessment efforts currently seem to be focused
e explains how social research and assessments are undertaken for large infrastructure, and
e shares insights from Eku Energy about social assessment and engagement.

We offer this section of information here to further detail comments made in update one about an
apparent lack of social research on grid scale batteries.

5.1.1 Social research

As grid-scale batteries have only recently begun to rise in prominence and are increasingly being deployed,
we are interested to understand what of the myriads of research gaps we have seen are being attended to.
We are therefore interested in more recent social studies/assessments that might have been undertaken.

Social research on larger infrastructure as a broad category is relatively extensive and mature (has been
carried out for many years for different infrastructures). However, social research on large grid-scale
batteries is limited with us only being able to locate a handful of examples internationally (in a December
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2025 search). When compared to other emerging renewable energy supporting technologies—particularly
Distributed Energy Resources (DER) and Community Energy Resources (CER) — the social research on
grid scale batteries is extremely limited.

The handful of studies identified, came from various countries - Germany, UK, US, Australia and Finland.
They provided a range of lenses through which to consider grid scale batteries using for example, public
surveys, cost-benefit analysis, community engagement, and political /social framing. Key themes covered
by the research included visual impacts, trust, transparency, safety awareness, community benefits, socio-
political legitimacy. However, in total the studies are relatively small in number, the methods used only
cover a limited representation of what could be undertaken using social research methods. Social research
on grid-scale batteries remains far behind that undertaken on DER and Virtual Power Plant (VPP) trials
and on other large infrastructures. Some detail of the seven most relevant studies are listed here:

¢ In Germany, Baur, Baumann, Stuhm, and Weil wrote a paper in 2023 on social acceptance of large
batteries, based on a broad public survey (https://doi.org/10.1002/ente.202201454). This study
focused on social effects and/or perceptions of large-scale batteries and is the only one
specifically measuring public acceptability via design and location. This study surveyed German
residents on their acceptance of multi-MWh battery facilities, exploring how location and design
influence public sentiment. The study found:
o Higher acceptance in industrial and rural areas compared to residential neighbourhoods.
o Visual design matters in residential contexts so that batteries ‘blend’ in neighbourhoods,

and landscapes (e.g., building-like structures)
o Design had little effect outside residential zones.
o There was support for environmental mitigation measures

e Inthe US White-Nockleby produced an extremely original Master’s thesis on political and social
framing of grid-scale batteries and storage more generally (Microsoft Word -
86E517676DF43899A0BA376F3A1A684E.docx; Grid-scale batteries and the politics of storage on
JSTOR). This work:

o Explored of political, social, and power dynamics surrounding grid battery in the U.S.

o Used qualitative methods

o Examined batteries within broader contexts, framing storage as a contested public
resource.

¢ InFinland Hussain explored energy storage options and their acceptability, which included large-
scale batteries. This was a master’s thesis and was published in 2025
(Mastersthesis Hussain Md Nayeem.pdf). It looked at social impacts via a structured literature
review looking at social LCA and SIA across storage technologies.

e Inthe UK, the Energy Policy Research Group (Sidhu, Pollitt, Karim, and Anaya) published a
Cambridge EPRG Working Paper (likely un refereed) on social cost benefit analysis of grid-scale
batteries(eprg-wp1710.pdf). This paper:

o Focused on Britain’s 6 MW/10 MWh “Smarter Network Storage” trial.
o Applied a Monte Carlo based approach to social cost-benefit framework.
o Evaluated locational and system-wide value streams compared to full lifecycle costs.

o The Joanneum research group published a conference paper (possibly not refereed) in 2020 on
‘Carbon Footprint and Social Impact Assessment of Stationary Batteries in Distribution Grids’
(Carbon Footprint and Social Impact Assessment of Stationary Batteries in Distribution Grids »
JOANNEUM RESEARCH). This was part of the STORY project which looked at energy storage
innovation. This social lifecycle evaluated batteries in distribution systems and included

employment, health and safety and forced labour risks in the assessment.

e In Australia, Faunce, Prest, Su, Hearne, and lacopi looked at challenges and opportunities of large-
scale batteries in 2018, with case studies of battery examples, including one at Hornsby
(Australia). (https://doi.org/10.1557 /mre.2018.11). It provides insight into technical, policy, and
social governance challenges for grid scale battery integration.
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5.1.2 Social Impact Assessment (SIA) Activity

Social assessment explorations of grid-scale batteries appear to mainly be undertaken via formal social
impact assessments (SIAs), which are required for planning and assessment purposes. We are aware that
Eku Energy has been involved with multiple SIAs as part of their social assessments in preparation for
construction of their batteries. SIAs seems the most consistent and reliable public source of social impact
information, although SIAs on grid-batteries still seem low in number. SIAs are often tied to Environmental
Impact Assessment (EIA) frameworks and are often publicly available. While extremely useful, SIAs can be
limited in scope, sometimes focusing only on certain project stages. For example, SIAs may occur late in
the project lifecycle, once design is advanced and confidence in delivery is high. The Orana Renewable
Energy Zone (REZ) Social impact report is an example of a thorough SIA that was limited to certain stages

of construction (Social Impact Management Plan - Central-West Orana Renewable Energy Zone
EnergyCo).

SIAs are often undertaken using peer reviewed methods and standards for social consultations. This is a
positive framework as it provides consistency and more assurance that approaches are well thought out
from ethical and procedural perspectives.

Two SIA examples are described in Table 19 below.

Table 19 Social Impact Assessment examples

ProjectAssessmi Key topics oNotes
Locator

We |l | i n g SIAwithEIS Traffic safety, fire risk, SIA part of an EIS and included assessment
BESS, noise/dust, local of social risks (traffic, safety, noise,
employment, community employment). Economic benefits (jobs,
NS W, mitigation plans training, local procurement) were noted.
Austral Comparison was qualitative and no trade-
off style analysis was done. In depth
interviews sought but only one was
achieved.
Ref - J210534 Covers v0.11
Mi das ESIA Farmland impact, in- Social impacts were rated for significance

migration, safety, and after mitigation. Positive social benefits
Gautenc

Sout h £

employment, cumulative were employment and economic

community effects multipliers. Negative impacts included
farmland impacts, in-migration, safety and
security, nuisance, and fires. Similar
approach to Wellington BESS. No
integrated cost-benefit framework
comparing social impacts to broader
energy or climate benefits.

Ref- 12 Appendix E7 Social Impact

Assessment Report.pdf

SIA examples above cover their scope effectively and describe what they set out to assess and it is a
positive that they have some form of social assessment required for infrastructure projects. However, there
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are missed opportunities with SIA. For example, there are opportunities to integrate social impacts into a
multi-criteria or cost-benefit analyses and with other assessment being undertaken for overall battery
benefits.

Common impacts identified in SIAs include construction-phase traffic, safety, nuisance, environmental
disruption, construction and operational-phase benefits through employment and enhanced grid
resilience. Mitigation strategies: include locally sourced labour, community liaison roles, dust/noise
management, and health & safety monitoring.

5.1.3 Overall commentary on social assessments

Overall, from the social assessments (SIAs and social research) discussed in this section, we would argue
social assessments for grid scale infrastructure are still emerging areas of work. SIAs are using mature
processes that are also used for other infrastructure, and social research is using well known methods
from other areas of socio-technical and applied research. These mature borrowed processes and methods
seem directly relevant and are appropriate for grid scale batterie studies.

Below we comment further on overall key social themes covered in assessments, timing of assessments,
and the methods (including consultations) we saw in published SIAs and research.

5.1.3.1 Social impact themes and gaps

A range of social themes have been covered in this emerging area of social assessment for grid-scale
batteries. Key themes were:

e Visual impacts

e Trustand transparency

e Safety awareness

e Community benefits (e.g. jobs)
e Socio-political legitimacy.

The themes explored align between sources as ones that are repeatedly of key importance. However, as
previously noted there are substantial gaps in topics explored, scopes of studies and approaches used,
which limits the themes explored to date in published reports and papers. Possible reasons for these gaps
include:

e That grid scale batteries are currently emerging as more influential and are now growing in
number.

e Ithas only been a decade since social research was recognised as important in large scale energy
technology trials, and early focus was not on grid scale batteries, in part because they were
removed from population centres.

e  Grid scale social explorations may be hidden in broader studies because grid-scale batteries are
often integrated within broader electricity infrastructure projects. This may mean they are
considered in broader renewable energy project zone SIAs and EIAs or in regional or location-
based studies.

e  Private ownership of grid-scale batteries may mean that most assessment activity occurs behind
the scenes or within planning applications rather than in publicly accessible research.

5.1.3.2 Timing and scope of social assessments

There are constraints that can impede optimal implementation of social assessments. We noted that the
timing of SIAs can be constrained and that there are often opportunities for more social assessment to
occur at other times over the life of the development, construction, operation and decommissioning of an
infrastructure. SIAs are commonly undertaken at set times with a scope that will be limited to certain
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stages of the infrastructure lifecycles. These limitations are clearly because SIAs -and other social
assessments- often require significant resources, including consultation time, ethics approvals, and
specialist input. SIAs also require a close to final infrastructure design so consultations can be meaningful.
So, SIAs are commonly undertaken close to the end of the project design phase when there is a firm idea of
the project design and also the timing of the project. This is so there is sufficient detail to share with the
community; enough confidence that the development will proceed; discussions focus on impacts that are
likely to be relevant to people’s real lives. These factors are often carefully considered for social research
more broadly (for other technologies and other topics). Selecting spots for social assessments and limiting
the scope is undoubtably ultimately also primarily because they can be expensive (being consultation and
time intensive) exercises.

While timing and other constraints are issues, there is opportunity to further think about ways to
incorporate more social assessment. Our report for the ECA on ‘Customer focussed distribution network
management’ relayed research exploring how to better consult with the public on electricity system
changes and designs (see Final-report.pdf). In this research we highlighted the importance of allowing
adequate time for specialists to work through design options before engaging the public, and we also
explored benefits of better engaging with the public as energy system changes and designs developed.
Consulting too early—when project details are uncertain—can lead to confusion, unnecessary concern
about actions that may never occur, ungrounded responses from the public, and wasted effort. Effective
consultation requires a balance: enough detail for people to understand potential impacts and enough
certainty to make engagement meaningful.

In relation to an expansion of scope, LCA approaches offer some opportunity in that they look at all life
cycle stages of an infrastructure project and can include social considerations. Some LCA related work has
been referenced earlier in section 5. One example is the UK “Smarter Network Storage” project: that
attempted a social cost-benefit analysis, incorporating system benefits (e.g., avoided network upgrades)
alongside social factors (eprg-wp1710.pdf). These LCA studies in general do not include consultation with
people - they are less direct than some assessment methods but allow for capture of broader concerns,
such as population labour and health dynamics across the entire project lifecycle, rather than focusing
solely on onsite development and construction.

5.1.3.3 Consultation, approaches and foci

Depending on the timing and purpose of social assessments, there will be the opportunity and likely the
need to consult with people affected. In relation to consultation approaches, some pieces of useful work
exist and can provide guidance, covering areas such as public surveys, cost-benefit analyses, community
engagement strategies, and socio-political framing.

Actual consultation with people in the local areas where infrastructure is (being) built, or with those being
impacted, is important for any potential infrastructure project. SIAs often include public consultation,
although there are instances where the public do not (choose not to) engage. Consultations are best
undertaken with people experiencing, or with imminent opportunity to experience the
infrastructure/phenomena being assessed. Despite the need to engage and consult people close to a real
experience, assessments may be (commonly are) undertaken with general populations and not the local
populations being affected

Table 20 below lists a number of the studies found (both SIA and research) and relays details about
whether there was social consultation involved, the topic of the study and methods used.
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Table 20 consultation, methods and focus of selected studies for comparative purposes

Study Social Topic/Focus Engagement methods
consultation/research
German Survey based with the Hypothetical scenarios Survey

general population
respondents (not

acceptability study

(Baur et al,,
2023) necessarily those living
near an actual battery

site).

Environmental Impact
Statement included
community engagement

Wellington BESS
SIA (Australia)

requirements and
consultation occurred.
Local residents and
stakeholders in the
Wellington area were
informed and invited to
provide feedback.

Midas BESS SIA
(South Africa)

Public participation.
Landowners, local
communities, and
municipal stakeholders.

Carbon and social
LCA stationary
batteries
(Joanneum,
2020)
(Austria/EU)

No public consultation

UK Social cost-
benefit analysis
(Sidhu et al
2017)

Likely there was no
direct public consultation

The Australian National University

about location and design
of grid-scale batteries,
rather than consultation
on a specific
development.

Wellington BESS

Midas BESS

Stationary batteries in a
distribution network.

Britain’s 6 MW/10 MWh
“Smarter Network
Storage” trial.

Mostly public notices,
information sessions, and
feedback channels—not
deep qualitative
interviews and had
trouble getting people for
interviews. The SIA
assessed potential social
impacts but not detailed
ethnographic or
participatory research.

SIA process followed
South African EIA
regulations, which
mandate public
participation. Public
meetings, comment
periods, and disclosure of
project documents.
Again, this was
compliance-driven rather
than in-depth social
research.

A desk-based lifecycle
assessment using social
indicators (employment,
health & safety) from
databases and literature,
not interviews or
community engagement.

Analysis was primarily
economic and technical,
using modelled social
benefits rather than
stakeholder interviews.
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Study Social Topic/Focus Engagement methods
consultation/research

US EPRI white No consultation Siting of lithium-ion Guidance on best
paper (Feb 2025) batteries in the practices for community-
community based siting. Doesn’t

report on consultations.

Of the examples in the above table, only the German study (Baur et al) involved social research with people
(survey-based), but this was not site-specific. SIAs for Wellington and Midas included formal public
consultation, or attempts at consultation, with the public, but these were compliance-driven and not deep
qualitative research. Importantly, no document reported ethnographic or participatory research with
communities directly affected by a grid-scale battery development, so consultation was not that in depth
and it is highly likely therefore that key social insights were overlooked/left uncovered.

Designing social consultation for stages prior to confirming a particular site (before site design, planning,
and construction phases) is relatively uncommon but can be extremely useful. This sort of early-stage
consultation would need to be conducted differently to consultations held at later stages of a process, in
large part due to multiple siting alternatives still being possible.

5.1.4 Section 5.1 conclusion

After review of the current state of social assessments some final comments are that:

Social research and assessment are overall lacking for grid scale infrastructure at most scales.

SIAs are occurring and perhaps are still emerging) and:
o are the best public source of social assessment information.
o tend to use structured peer reviewed, or approved frameworks or approaches, so can be
reliable and use peer reviewed procedures.
o can be as part of EIAs and therefore have a space in commonly used and mature
formalised procedures.

e There is need to consider enlarging the scope of social assessment to incorporate further
infrastructure life cycle stages and further assessment opportunities.

e There is need to consider multiple stages of social assessment to ensure people at locations being
considered can have some input without being overly concerned when multiple site options are
possible.

e Consultations are not always included in SIAs or social research, despite consulting being an

important way to capture social impacts.

5.2 Social considerations for battery development

Over time we have discussed social related issues with Eku Energy. Here, we relay some of the social
considerations discussed, as they are worth recording for battery developers. We relay this now, after our
latest conversation in an interview with Eku, as there has been a wealth of useful information shared and
we would like to double check our interpretations with Eku. We provide some of the key points discussed
so far that relate to social considerations that Eku Energy have seen emerge.

Some general insights about public responses:

e Energy literacy varies by region, with some communities having experience in having electricity
generation and industry close by; and others have limited understanding of the grid and market
complexity.
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e Misinformation is prevalent and is something the Eku must be aware of when engaging. There is
often a need to form communications in a way to mitigate these misunderstandings.
e Some community concerns and narratives can be shaped by prior reliance on coal plants,
perceived price impacts, and fear of the unknown.
o Commercial confidentiality vs public interest was discussed and Eku noted that communities are
rarely interested in commercial details.
e  When consulting with community core questions include:
o “How will this affect my energy bill?”
o “Why do we need it here?”
o “Am I paying for this through taxes?”
¢ Funding and market function need explanation at times. There is sometimes a need to clarify how
assets are financed (e.g. private backers, profit-seeking assets in the NEM) and why batteries put
downward pressure on prices and firm the network in specific locations.

Core community concerns (top 3):

e  Fire risk and smoke emissions during a fire event
e Noise impacts, and
e Visual/landscape impacts (visibility, fit within local character).

Related to environmental concerns there is interest in:

e waterways (rivers/lakes),
e risk of runoff/pollution, and
e vegetation context (bush vs long-cleared land).

Some other key topics:

e Traffic - there often are questions about construction-related traffic, road impacts, and
disruptions.

e Jobs and local benefits - there is interest in employment opportunities, contracting local
businesses, and the duration of opportunities.

e Accommodation - there can be concern about worker accommodation during construction.

e Consultation fatigue near substations - there can be communities that experience development
fatigue after multiple approaches (door-knocked many times by different proponents).

e Trustand receptivity - sharing data alone is insufficient—trust-building requires listening,
localization, and respect for community constraints.

Impacts on people (perceived and actual) that have occurred for different developments tend to need
responding to, and include:

e Price impacts - there can be mixed perceptions about prices and how they might change. Some
expect bills to reduce; others fear increases. Clear messaging about price effects and system
benefits is needed.

e Funding narratives - Transparent funding narratives clarifying who pays, how private capital
works, and public benefit pathways (price, reliability).

e Any noise, visual, and landscape changes.

o Safety-related concerns, for example fear of battery fires and smoke plumes, and a desire for risk
analysis and emergency response planning.

e Traffic and road safety changes and eventualities, especially during construction.

e Local potential benefits through local contracting and short/medium-term jobs.

e Community well-being - concerns about cumulative impacts on communities that are frequently
targeted for grid projects (stress, fatigue, scepticism).
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Siting and development processes (how sites are chosen and assessed) relate/connect to social impacts. It
can be useful to relay information about these processes in community engagement sessions. Some
aspects of siting and development that may need communicating or interactive engagement with
communities includes:

Network-first siting - Sites are prioritised according to proximity to electricity substations and the
site’s relationship to the wider network. It is important to avoid long transmission connections
and complex connection options.

Market factors - There is a need to consider marginal loss factors (MLFs) and the extent to which
batteries will interact with nearby load and generation. Batteries that interact with nearby load
and generation will have higher MLFs and more revenue.

Scaling of battery decisions - There can be similar resource intensity to get small or medium
systems up and running. There is a need to consider utility scale (2132 kV) vs distribution and to
seek the “sweet spot” for deliverability and investor appetite.

Early environmental scanning - High-level checks on vegetation, land use history (bush vs 100-
year cleared), and sensitivity of waterways influence site options.

Community and cultural due diligence - There need to be an early awareness of demographics,
First Nations traditional custodianship, political contexts, and local employment conditions.

Information about detailed assessments required in planning stages may also need to be shared. Some key
points about these processes:

Planning regimes include mandatory detailed assessments designed to address a suite of
concerns, and these include social-related impacts.

Proponents bring specialists (land, environment, hydrology) and commission additional studies
even when not required (e.g., groundwater/hydrology, smoke plume modelling).

There can be timing challenges. For example, SIAs often occur late once designs are advanced;
early consultation can be hard before enough detail is available (“chicken and egg”).

On approaches to community engagement, some Eku Energy strategies are:

Manage expectations, including through remembering the internal motto: “Do what we say” and
avoid overselling (don’t oversell the dream).

Be honest/acknowledge complexity and limits of certainty and then translate technical and
market concepts into local relevance.

Use listening-first methods (reflect back: “what I'm hearing is...”).

Explain “why here” clearly, linking siting to network resilience, price benefits, and reduced
transmission needs.

Bring data and understanding of the local context. Tailor communications to local concerns
(waterways, safety, jobs). Combine technical analysis with locally meaningful narratives.
Recognize that belief and trust are part of this and are part science and part art.

Upskilling technical teams, by training staff from technical backgrounds in community
communication and social listening.

Engage with community interests through extra assessments where needed. Invest in early, locally
relevant studies, even when not mandated as these can build credibility and trust.

Assessment examples mentioned:

Smoke plume modelling where dispersion of gases/emissions in a fire scenario is assessed.
Groundwater/hydrology assessments with commissioned specialists. These are undertaken even
when not required due to community interest in water impacts.

SIA and EIAs with SIAs commonly within EIAs. SIAs within EIS may have limited scopes and SIAs
can also be late stage (after EIA).
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e Social assessment according to broader lifecycle of infrastructure was discussed as a way to
capture broader labour/health dynamics beyond onsite construction (mentioned as a useful
direction).

There are notable nuances in community perceptions. In particular there can be:

e Duration versus capacity misunderstandings because an “8-hour” battery sounds short term to
people in the community, yet it can represent significant supply. So, framing the services of the
battery can be important.

e BESS footprints are often tighter land use wise than other energy infrastructure, which can help
manage visual and land-use concerns.

A useful insight from the above is that planning out and undertaking societal interactions early, using
previous experience, and engaging regularly is strategically worthwhile. Actions and concerns can be
mapped to project phases to guide action:

e During early siting early engagement can be made through explaining “why here,” addressing
waterways and visual concerns and First Nations custodianship. This engagement could suppor
trust over time.

e During design, noise, visual screening, emergency/fire design, traffic management can be
considered.

e During construction, traffic, accommodation, local procurement/jobs, and safety can be
addressed.

e During operation, noise monitoring, safety preparedness, communication on price/system
benefits can be monitored/assessed/reviewed.

e During decommissioning land restoration, materials handling, and transport impacts.
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6 Conclusion and next steps

This report took a mixed methods (qualitative and quantitative) approach to understanding battery
behaviour. It analysed the:

o kinds of services we observe batteries stating they offer, and the parameters of these services

e combinations of services we observe battery operators stating they offer from their batteries

e types of contracts that battery operators offer from their batteries and their implications for
battery operation

e observed behaviours of the battery fleet on a cycles per day and revenue per day basis, with
specific exploration of outliers, and

e social assessment landscape of batteries including the current state of social assessments of large-
scale batteries

Key themes that have emerged through this update are described below:
1. Grid-scale batteries are increasingly diverse in purpose and behaviour:

e Battery operation in the NEM is far more complex than the common public narrative of “charge on
solar, discharge at peak” or even “charge at low prices, discharge at high prices”

o Different batteries behave differently—even when similar in size, location, or ownership—
because their operational objectives, constraints, and commercial arrangements vary.

2. Battery services are multifaceted and essential for a high-renewable grid:

e Batteries provide a wide suite of services: energy arbitrage, FCAS, network support, system
security, and renewable firming.

e Their fast response and flexibility make them uniquely suited to emerging system needs as
synchronous generation retires.

3. Market conditions and revenue streams are shifting:

e FCASrevenues have declined as more batteries enter the market, pushing most projects toward
energy arbitrage as their dominant revenue source.

e Only a small number of batteries—mostly in South Australia—still earn a majority of revenue
from FCAS due to local system conditions.

4. Contractual structures strongly shape battery behaviour but are not always obvious:

e Tolling agreements, PPAs, merchant models, and network support contracts influence which
services a battery prioritises.

e Public data rarely reveals full contract details, making it challenging to interpret behaviour
without triangulating multiple sources.

5. Location and system context matter:

e Batteries in regions with high renewable penetration and low synchronous generation (e.g., SA)
tend to provide more FCAS services. They also have a stronger incentive to deliver system
strength and/or synthetic inertia services, despite the current lack of market mechanisms for
these services.

e Co-located batteries (with wind or solar) sometimes (but not always) have different operational

patterns than standalone merchant batteries. However, these different patterns are not always
more correlated with the behaviour of the co-located generator.
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6. Publicly funded batteries provide valuable transparency:

ARENA-funded and network-owned batteries publish detailed knowledge-sharing reports,
offering rare but important insight into operational objectives, performance, and lessons learned.
These reports help build public understanding and support research like this project.

Batteries that don’t receive external funding from local/federal governments or ARENA have far
less public information available.

7. Battery behaviour reveals broader system trends:

Increasing renewable penetration, negative prices, lower FCAS prices, and growing variability are
shaping how batteries operate.

Batteries are becoming central to system stability, not just energy shifting.

The limited energy storage capacity of batteries is changing the characteristic of high price events.
Some batteries are changing bidding patterns to take advantage of this characteristic.

8. The ACT context and Williamsdale battery remain central to the project:

Understanding national battery behaviour helps contextualise the future role of the Williamsdale
battery.

Insights from the NEM inform how the ACT can integrate storage to support decarbonisation and
local energy resilience.

9. Social and community dimensions are emerging but more is needed:

Large infrastructure projects—including batteries—interact with community expectations, local
benefits, and social licence.

Individual social impact assessments are done for each battery, however there is a limited body of
literature exploring the social landscape of batteries in general and impact assessment may only
include certain life cycle stages of the battery.

Further social dimensions will be explored through upcoming social research (beginning with
expert interviews and expanding where needed to other consultations).

10. This milestone lays the foundation for deeper investigation

The update builds a baseline understanding of battery services, behaviours, and influencing
factors.

Next phases of research will build on this update through thematic analysis, stakeholder
engagement, and deeper exploration of under-examined aspects of grid-scale storage.

6.1 Next steps

This project continues along two interconnected research streams: technical and social.

Technical stream

The technical stream will expand and deepen the analysis presented in this update. Key areas for further
investigation include:

Reconstructing state-of-charge (SoC) profiles from available energy data to better understand
how batteries manage both energy and power in real-world operation.

Analysing battery behaviour during periods of system stress, such as Lack of Reserve (LOR)
events, extreme price intervals, or periods of high renewable curtailment.
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e Comparing operational strategies across different operators, including groups of batteries
with shared ownership or similar configurations (e.g., the Riverina portfolio), to identify patterns
and drivers of divergent behaviour.

These analyses will help build a more complete picture of how grid-scale batteries respond to market
signals, technical constraints, and commercial arrangements.

Social stream
The social research stream now moves into its primary data-collection phase. Continuing expert
interviews is the immediate next step. Based on the findings of this report, priority interview groups

include:

e Battery owners, particularly those managing fleets with diverse operational behaviours (e.g.,
Edify, owners of the Riverina batteries).

e Stakeholders involved in commercial arrangements, such as parties to virtual/physical tolling
agreements, revenue swaps, or network support contracts.

e Practitioners responsible for community engagement on large-scale battery projects.

e Real-time operators and traders who directly influence day-to-day battery dispatch.
We would welcome any introductions or connections that Eku can facilitate with these stakeholder groups.
We would also like to consider with Eku Energy whether there is any value in undertaking
householder/community interviews and linking them back to social impact assessment and social
consultations findings previously generated about the Williamsdale battery.
Planned public deliverables

Over the next phase of the project, we will produce a suite of public-facing outputs, including:

o Information sheets explaining key themes (e.g., different battery operating models), designed for
a general audience.

e Academic papers presenting detailed findings from both the technical and social research
streams.

e The final milestone report, which we hope will be suitable for public release.
6.2 Questions and requests for Eku

We would appreciate Eku Energy’s guidance on the following:

e  Which aspects of this report you find most interesting, novel, or valuable, and where you
believe the research should focus next.

e Support in connecting with relevant stakeholders for the social research interviews,
particularly those identified in Section 6.1

The Australian National University 92



ACES research update 2 to Eku Energy for review 08.01.26

Appendix A Acronyms

ACES - Australian National University Centre for Energy Systems: The research group conducting this
study.

ACT - Australian Capital Territory: The regional context for the Williamsdale battery case study.

AEMO - Australian Energy Market Operator: The body responsible for operating the National Electricity
Market (NEM) and managing system security.

ARENA - Australian Renewable Energy Agency: Provides funding and publishes knowledge-sharing
reports for renewable projects.

BESS - Battery Energy Storage System: A large-scale battery installation used for energy storage and grid
services.

CER - Consumer Energy Resources: Smaller-scale energy resources like rooftop solar and home batteries
owned by consumers.

DER - Distributed Energy Resources: Smaller-scale energy resources like rooftop solar and home
batteries.

EIS - Environmental Impact Statement: A formal assessment of environmental and social impacts for
infrastructure projects.

FCAS - Frequency Control Ancillary Services: Services that maintain system frequency at 50 Hz in the
NEM.

FFR - Fast Frequency Response: A rapid response service to arrest frequency changes after disturbances.

GFM - Grid-Forming Inverter: Advanced inverter technology that helps maintain system strength and
inertia.

GPS - Generator Performance Standards: Technical standards that generators and batteries must meet
under the National Electricity Rules.

HV - High Voltage: Refers to transmission-level voltages (2132 kV).

IBR - Inverter-Based Resources: Generation or storage technologies connected via power electronics (e.g.,
solar, wind, batteries).

ISP - Integrated System Plan: AEMO’s long-term roadmap for the NEM.

LCA - Life Cycle Assessment: A method for assessing environmental and social impacts across an asset’s
lifecycle.

MLF - Marginal Loss Factor: A measure of energy losses between generation and consumption points in
the grid.

NEM - National Electricity Market: The wholesale electricity market covering eastern and southern
Australia.

NER - National Electricity Rules: The regulatory framework governing the NEM.

PPA - Power Purchase Agreement: A contract for buying electricity at agreed terms, often between a
generator and an offtaker.

RoCoF - Rate of Change of Frequency: A measure of how quickly system frequency changes after a
disturbance.
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SIA - Social Impact Assessment: A formal process to identify and mitigate social impacts of infrastructure
projects.

SIPS - System Integrity Protection Scheme: A protection system that uses batteries and other assets to
maintain grid stability during faults.

SRAS - System Restart Ancillary Services: Services that enable the grid to restart after a blackout (black-
start capability).

TNSP - Transmission Network Service Provider: Entities that own and operate high-voltage transmission
networks.

VPP - Virtual Power Plant: A network of distributed energy resources coordinated to act like a single
power plant.
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Appendix B Additional Information

Table 21 Battery revenues from energy arbitrage and FCAS markets (Dec 2024 - Nov 2025)

BESS Contingency Regulation | Energy Total

Ballarat $203K $139K | $1.2M $1.5M
Blyth $2.4M $494K | $19.1M $22.0M
Bouldercombe $1.9M $633K | $6.4M $8.9M
Broken Hill $0 $0 | $3.5M $3.5M
Bulgana Green Power Hub $78K $411K | $1.3M $1.8M
Capital $0 $66K $9.1M $9.2M
Chinchilla U1-80 $2.0M $31K | $12.6M $14.6M
Dalrymple North $245K $0 | $319K $564K
Darlington Point $78K $48K | $3.2M $3.4M
Gannawarra $47K $174K | $1.5M $1.7M
Hazelwood $886K $971K | $10.6M $12.5M
Hornsdale power reserve $2.9M $488K | $10.6M $14.0M
Koorangie $0 $0 | $16.7M $16.7M
Lake Bonney 1 $5.5M $429K | $2.8M $8.8M
Latrobe Valley $98K $265K | $6.1M $6.4M
Mannum $41K $165K | $1.5M $1.7M
Queanbeyan $24K $138K | $368K $530K
Rangebank $239K $199K | $25.4M $25.8M
Riverena 2 $207K $150K | $8.0M $8.4M
Riverina 1 $55K $118K | $10.9M $11.1M
Tailem Bend 2 Hybrid $7.1M $473K | $3.2M $10.7M
Renewable Power Station

Templers $0 $0 | $2.8M $2.8M
Torrens Island $17.7M $1.7M | $18.9M $38.3M
Ulinda Park BESS $907 $12K $1.1M $1.1M
Victoria Big Battery $391K $1.2M | $21.5M $23.1M
Wallgrove 1 $290K $806K | $6.8M $7.9M
Wandoan $2.7M $618K | $10.7M $14.0M
Waratah $3K $696 | $3.5M $3.5M
Western Downs $6.9M $1.1M | $31.8M $39.8M

Total

$ 314,399,953.00
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Table 22 Battery projects across the NEM with their operational dates, located states, owner companies, financiers, grant funders, contractual agreements and observed network services

BESS Operati | State Owner Owner Financers Grant funders Offtaker or PPA Other agreements Observed network
onal type services
Hornsdale Wed, 1 SA Neoen Internation | CEFC 1. ARENA via NA 70% reserved for 1. Synthetic inertia
Power Nov al Advancing (used Tesla Auto designated system 2. Protecting
Reserve 2017 Renewables Bidder and human security services Heywood
Program intervention) agreement with SA interconnector (SIPS,
2. SA Gov via Grid Gov quarterly payments)
Scale Storage Fund
Dalrymple Fri, 14 SA ElectraNet Local NA 1. ARENA via AGL under a long- Incorporated into 1. Islanded operation
North Dec TNSP- Advancing term lease the SA SIPS to 2.FFR
2018 owned Renewables agreement support the existing | 3.SIPS
Programme Heywood
(funding will be interconnector
returned in full
through the
sharing of revenue
generated by
operation of this
battery)
Ballarat Sat, 22 VIC AusNet Local NA 1. Vic Gov via EnergyAustralia 15-year service 1. Additional peak
Dec Services / TNSP- Energy Storage under the Battery agreement with power resource (to
2018 Mondo owned Initiative Storage Services Fluence reducing price
2. ARENA via Agreement (AusNet volatility and
Advancing receives a fixed reliability risks
Renewables annual payment for during high demand
Program providing battery periods)
services) 2. Congestion relief
(through direct grid
connection and FCAS)
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BESS Operati | State Owner Owner Financers Grant funders Offtaker or PPA Other agreements Observed network
onal type services
Gannawarr | Fri, 1 NSW 1. Edify Mixed NA 1. Vic Gov via EnergyAustralia Purchase Agreement | Renewable firming.
a Mar (50.01%) Australian Energy Storage under a novel and Services Grid-forming fast
2019 2. Gentari and Initiative battery storage Agreement with frequency response
(Wirsol internation 2. ARENA via services agreement Tesla (FFR).
Energy, al Advancing (Edify receives a
49.99%) Renewables fixed annual
Program payment for
providing battery
services)
Lake Sun, 1 SA Iberdrola Internation | NA 1. ARENA via NA NA 1. Renewable firming
Bonney Dec Australia al Advancing (used Tesla (co-located with 2. System security
2019 (prev. Infigen Renewables AutoBidder and Lake Bonney wind services: FCAS + FFR
Energy) Program human intervention) | farm) 3. Reducing the
2.SA Gov via Causer Pays Factor
Renewable (CPF) and curtailed
Technology Fund generation losses
Wallgrove Wed, 1 NSW TransGrid Local NA 1. ARENA via Iberdrola Australia NA 1.FFR
Grid Dec and Lumean TNSP- Advancing have the dispatch 2. Synthetic inertia
Battery 2021 (part of owned Renewables control under an (enabled on 23 Nov
TransGrid Program agreement with 2022)
Group) 2. NSW Gov via TransGrid for 10
Emerging Energy years
Program
Victoria Big | Wed, 8 VIC HMC Capital Internation | CEFC NA NA A 250MW Grid SIPS (quarterly
Battery Dec (previously al service contract with | payments)
2021 Neoen VIC AEMO under the
Portfolio) direction from the
Victoria Gov
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BESS Operati | State Owner Owner Financers Grant funders Offtaker or PPA Other agreements Observed network
onal type services
Bulgana Wed, 29 | VIC HMC Capital Internation | 1.Germany's NA PPA with Nectar 15-year support Not publicly disclosed
Green Dec (previously al KfW IPEX-Bank Farms that uses LED | agreement with VIC
Power Hub | 2021 Neoen VIC 2. Korea light technology to Gov
Portfolio) Development grow tomatoes in
Bank glasshouses
3.Societe
Generale of
France
Wandoan Wed, 24 | QLD Vena Energy | Australian- | Green loan: NA AGL assumes NA 1. Firming and
South Aug based 1. BNP Paribas operation on a fixed ramping
2022 2. DBS Bank long-term contract 2.FCAS
3.ING Bank for 15 years 3. Operational
reserve
4. Curtailment
mitigation
5. Reactive power and
voltage control
Queanbeya | Thu, 2 ACT Global Power | Internation | Financing facility | 1.Procured by the | NA A 10-year Deed of Not publicly disclosed
n Feb Generation al with 11 ACT Government Entitlement with the
2023 (GPG), a joint international as part of the 2020 ACT Government at a
venture of: banks for a renewable auction regulated tariff, for
1. Naturgy portfolio 5 the energy
Energy including this equivalent to 100
Group (75%) battery MW capacity
2. Kuwait
Investment
Authority
(25%)
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BESS Operati | State Owner Owner Financers Grant funders Offtaker or PPA Other agreements Observed network
onal type services
Philip Thu, 1 VIC AusNet/Mon | Local NA NA No No 1. Supports the
Island Jun do TNSP- network during peak
2023 owned demand
Hazelwood | Wed, 14 | VIC 1. Engie Internation | NA NA No NA Not publicly disclosed
Jun (70%) al
2023 2. Eku Energy
(30%)
Torrens Tue, 22 | SA AGL Local gen- NA NA NA NA 1. Firming capacity
Island Aug tailer 2. Inertia and system
2023 strength
Darlington Fri, 29 NSW 1. Federation | Australian- | 1.Federation's 1. ARENA EnergyAustralia has | Along-term non- Synthetic inertia and
Point Sep asset based Sustainable 2. NSW Gov market control for network solution system strength
2023 management Australian Reall (Emerging Energy | 10 years - fixed contract with
(90%) Asset fund Program) payments to DPESS TransGrid, to avoid
2. Edify (SARA) the need for a new
Energy 2. Long-term transmission line
(10%) syndicated debt
facility including
CBA, Westpac,
and DNB
Riverina Fri, 29 NSW 1. Federation | Australian- | 1.Federation's NA EnergyAustralia has | Along-term non- Synthetic inertia and
stage 2 Sep asset based Sustainable market control for network solution system strength
2023 management Australian Reall 10 years - fixed contract with
(90%) Asset fund payments to DPESS TransGrid, to avoid
2. Edify (SARA) the need for a new
Energy 2. Long-term transmission line
(10%) syndicated debt
facility including
CBA, Westpac,
and DNB
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3.$10m Capital
raising via share

fixed and floating
revenue share

BESS Operati | State Owner Owner Financers Grant funders Offtaker or PPA Other agreements Observed network
onal type services
Riverina Fri, 13 NSW 1. Federation | Australian- | 1.Federation's NA Shell Energy, 10-year | A long-term non- Synthetic inertia and
stage 1 Oct asset based Sustainable retail contract network solution system strength
2023 management Australian Reall agreement contract with
(90%) Asset fund TransGrid, to avoid
2. Edify (SARA) the need for a new
Energy 2. Long-term transmission line
(10%) syndicated debt
facility including
CBA, Westpac,
and DNB
Boulderco Tue, 12 | QLD Genex Australian- | 1. $40m Equity NA Offtake agreement NA Not publicly disclosed
mbe Dec based raising via with Tesla that
2023 institutional ensures a minimum
placement amount of
2.$35m contracted revenue.
Infradebt This deal provides a

purchase plan structure
from retail
shareholders
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BESS Operati | State Owner Owner Financers Grant funders Offtaker or PPA Other agreements Observed network
onal type services
Kened Wed, 22 | QLD 1. Windlab Mixed A construction 1. AREANA - CS Energy is the An Asset 1. Renewable firming
Energy May 2. Eurus Australian loan with aterm | recoupable loan offtake and Management 3. Grid following
Park 2024 50-50 and loan ending 15 counterparty to a Agreement (AMA) inverters
internation | years from the Renewable Energy & | with Windlab Asset
al establishment Green Benefits Management Pty Ltd
date from CEFC Agreement (REGBA).
All the electricity
generated under the
REGBA is sold to CS
Energy under a
contract for
difference
arrangement other
than electricity
generated from the
BESS. Large
Generator
Certificates (LGC’s)
are shared being
part contracted, part
merchant.
Chinchilla Fri, 12 QLD CS Energy State- Debt facilities NA No NA Not publicly disclosed
Jul owned with Queensland
2024 Treasury
Corporation
Broken Hill | Thu, 1 NSW AGL Local gen- NA 1. AREANA NA NA 1. Inertia and system
Aug tailer strength
2024 2. Black start
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BESS Operati | State Owner Owner Financers Grant funders Offtaker or PPA Other agreements Observed network
onal type services
Tailem Sun, 1 SA Vena Energy | Australian- | Financing NA PPA with ZEN NA Not publicly disclosed
Bend Dec based agreement: Energy for the solar
Hybrid 2024 1.DBS output
2.ING
3. Siemens
Financial
Services through
Siemens Bank
Rangebank | Tue,3 VIC 1. Eku Energy | Internation | 1.BNP Paribas NA Shell Energy has NA Not publicly disclosed
Dec (transferred al 2. Societe access to 100
2024 from Green Generale’s percent of the
Investment Sydney Branch battery capacity over
Group GIG) 3. Standard 20 years under a
2. Shell Chartered Bank’s tolling/offtake
Energy Australia Branch agreement
Australia 4. Sumitomo
3. Minority Mitsui Banking
equity Corporation
partner: 5. Westpac
Perfection Banking
Private Corporation
Capital Tue, 1 ACT Neoen Internation | 1. CEFC 1. Procured by the 1.2 100MW PPA for 1. 50MW is Not publicly disclosed
battery Apr al 2. Infradebt ACT Government Goyder South Stage committed as part of
2025 as part of the 2020 | 1 windfarm in SA the ACT
renewable auction | 2.a seven-year Government's 2020
5 70MW virtual renewable energy
battery contract with | auction 5
AGL
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https://www.venaenergy.com.au/all_projects/tailem-bend-2-hybrid-project/
https://shellenergy.com.au/decarbonisation/projects/rangebank-bess-project/
https://capitalbattery.com.au/
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BESS Operati | State Owner Owner Financers Grant funders Offtaker or PPA Other agreements Observed network
onal type services
Blyth Thu, 10 | SA 1. Victorian Internation | Debt financing: 1. ARENA via NA 1. Baseload 1.FFR
Apr Big Battery al 1. CEFC Advancing agreement with BHP | 2. Synthetic inertia
2025 HoldCo Pty 2. KfW IPEX- Renewables power at Olympic /system strength
Ltd (lead) Bank Program Dam (grid-forming
2. Neoen 3.ING inverters, virtual
4. Mizuho machine mode)
5. Westpac 4. Grid balancing
Western Sun, 1 QLD Neoen Internation | CEFC 1. AREANA via the | 1. Two virtual NA 1. Grid balancing -
Downs Jun al LSBS funding battery agreements may operate in
Battery 2025 round and with ENGIE for 25 accordance with
Advancing MW / 50 MWh from directions from
Renewables stage 2, and 50 MG / AEMO for grid
Program 200 MWH from balancing or during
stage 3. power outages.
2. A 10-year virtual 2. Inertia and system
battery contract with strength
AGL Energy for 200
MW / 400 MWh
from stage 1 and 2.
3. Avirtual battery
contract with Shell
Energy
Greenbank | Fri, 13 QLD CS Energy State- NA NA NA NA Not publicly disclosed
Jun owned
2025
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https://blythbattery.com.au/
https://westerndownsgreenpowerhub.com.au/battery/
https://westerndownsgreenpowerhub.com.au/battery/
https://westerndownsgreenpowerhub.com.au/battery/
https://www.csenergy.com.au/what-we-do/firming-and-storage/greenbank-battery
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BESS Operati | State Owner Owner Financers Grant funders Offtaker or PPA Other agreements Observed network
onal type services
Koorangie Wed, 23 | VIC 1. Edify Internation | Long-term 1. The VIC's REZ A 15-year term 20-year system Synthetic inertia
Jul 2. Sosteneo al syndicated debt fund offtake agreement support agreement /system strength
2025 SGR Spa facility: with Shell Energy for | with AEMO to
1.CBA the full capacity provide system
2.DNB strength
3. BNP Paribas
Waratah Tue, 5 NSW Commissione | Australian- | 1.BlackRock NA NA Supported by an 1. Two contestable
Super Aug d by the NSW | based Private Markets initial investment by | components: a SIP
Battery 2025 Gov and 2. CEFC (money the NSW Gov under service (quarterly
delivered and from Australian its Transmission payments) and paired
operated by Government) Acceleration Facility | generation services
Akaysha 3. 2. A non-contestable
Energy, Sovereign/institu component: network
which is tional investors: augmentations and
backed by NGS Super SIPS control
BlackRock
Latrobe Thu, 4 VIC Tilt Australian- | NA NA NA NA Not publicly disclosed
Valley Sep Renewables based
2025
Mannum Tue, 14 | SA Epic Energy Australian- | NA NA NA NA Not publicly disclosed
Oct (sold by based
2025 Recurrent
Energy on 8
Jan 2024)
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https://edifyenergy.com/project/koorangie-energy-storage-system/
https://www.energyco.nsw.gov.au/our-projects/waratah-super-battery-project
https://www.energyco.nsw.gov.au/our-projects/waratah-super-battery-project
https://www.energyco.nsw.gov.au/our-projects/waratah-super-battery-project
https://tiltrenewables.com/portfolio/latrobe-valley-bess/
https://tiltrenewables.com/portfolio/latrobe-valley-bess/
https://epicenergy.com.au/mannum-battery-energy-storage-system/
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BESS Operati | State Owner Owner Financers Grant funders Offtaker or PPA Other agreements Observed network
onal type services
Ulinda Park | Tue, 16 | QLD Akaysha Australian- | 1.CBA NA NA Battery Revenue Not publicly disclosed
BESS Dec Energy based 2. DBS Bank Swap Agreement
2025 3.ING Bank with Re2 for up to 10
4. Mizuho Bank years
5. MUFG Bank
6. Sumitomo
Mitsui Banking
Corporation
7. Rebobank
Templers Expecte | SA Joint venture | Mixed NA NA 20-year PPA NA Not publicly disclosed
Battery d to be ZEBRE: Australian between Zen Energy
Project operati 1.HD and and HD Renewable
onal by Renewable internation Energy (Taiwan-
the end Energy al based)
of 2025 2.Zen Energy
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https://www.zenenergy.com.au/templers-battery/
https://www.zenenergy.com.au/templers-battery/
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