
 
 

 

 

 

 

 

 

 

 

ESCRI-SA Battery Energy Storage 
Project Operational Report #2 

Second six months (14/6/2019 ï 14/12/2019) 

February 2020 



ESCRI-SA OPERATIONAL  REPORT #2 
February 2020 
 
 

Security Classification: Public Version 1.0 

Distribution: Public  Page 2 of 43 
Date: February 2020 

Copyright and Disclaimer 

The purpose of this document is to provide a summary of the second six months of commercial 
operation of the ESCRI-SA Battery Energy Storage Project. 

ElectraNet makes no representation or warranty as to the accuracy, reliability, completeness or 
suitability for particular purposes of the information contained within this document. ElectraNet and 
its employees, agents and consultants shall have no liability (including liability to any person by 
reason of negligence or negligent misstatement) for any statements, opinions, information or matter 
expressed or implied arising out of, contained in, or derived from, or for any omissions from, the 
information in this document, except in so far as liability under any statute cannot be excluded. 

Copyright in this material is owned by or licensed to ElectraNet. Permission to publish, modify, 
commercialise or alter this material must be sought directly from ElectraNet. 

Reasonable endeavours have been used to ensure that the information contained in this report is 
accurate at the time of writing. However, ElectraNet gives no warranty and accepts no liability for 
any loss or damage incurred in reliance on this information. 

This activity received funding from ARENA as part of their Advancing Renewables Program. 
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Glossary of Terms 

 

Term Description 

AEMO Australian Energy Market Operator 

ARENA Australian Renewable Energy Agency 

BESS Battery Energy Storage System 

BOA Battery Operating Agreement 

CPP Consolidated Power Projects Australia Pty Ltd 

EPC Engineering, Procurement, and Construction 

ESCOSA Essential Services Commission of South Australia 

ESCRI-SA Energy Storage for Commercial Renewable Integration, South Australia 

ESD Energy Storage Device 

FCAS Frequency Control Ancillary Services 

FFR Fast Frequency Response 

GPS Generator Performance Standards 

Hz Hertz 

Hz/s Hertz per second 

IDS Island Detection Scheme 

ITR Inspection Test Report 

kV Kilovolts 

MGC Micro Grid Controller 

MVP Minimum Viable Product 

MW Megawatts 

MWh Megawatt hours 

MWs Megawatt seconds 

NEM National Electricity Market 

NER National Electricity Rules 

PSSE Power System Simulator for Engineering 

RoCoF Rate-of-change-of-frequency 

SA South Australia 

SCADA Supervisory Control And Data Acquisition 

SIPS System Integrity Protection Scheme 

SOC State of Charge 

SRMTMP Safety, Reliability, Maintenance and Technical Management Plan 

WPWF Wattle Point Wind Farm 
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1. Document Purpose and Distribution 

1.1 Purpose of Document 

This document is a public report issued as part of the Knowledge Sharing commitments 
of Phase 3 of the Energy Storage for Commercial Renewables Integration, South Australia 
(ESCRI-SA Project), in accordance with the Funding Agreement between ElectraNet and 
the Australian Renewable Energy Agency (ARENA). ARENA has contributed funding 
support through its Advancing Renewables Programme.  

ESCRI-SA involves the installation of a 30 MW, 8 MWh Battery Energy Storage System 
(BESS) at Dalrymple on the Yorke Peninsula of South Australia. Phase 1 of the Project, 
completed in 2015, involved preliminary business case work. Phase 2 was the actual 
procurement, installation, and commissioning and Stage 3 is the operation of the asset.  

Two public reports on Phase 2 have been published: 

¶ The ñProject Summary Report ï The Journey to Financial Closeò, published in 
May 2018. This detailed the approach and resolution of issues required to 
commence the Project. It is referred to herein as the ñProject Summary Reportò 

¶ The ñESCRI-SA Battery Energy Storage Project Commissioning Report ï From 
Financial Close to Commissioningò, published in October 2018. This detailed the 
journey and lessons learnt in project delivery through to commissioning. It is referred 
to herein as the ñProject Commissioning Reportò 

One public report on Phase 3 has been published: 

¶ The ñESCRI-SA Battery Energy Storage Project Operational Report No. 1 ï First 
six months (14/12/2018 ï 14/6/2019), published in July 2019. This detailed the 
journey and lessons learnt from commissioning to full operation 

This Project Operational Report is the second of four six-monthly operational reports 
required under Phase 3 and focuses specifically on core components of the Project 
operation, and lessons learnt on the journey of full operation, including: 

¶ Current operational status and key storage metrics for the reporting period 

¶ Overview and analysis of key events for the reporting period 

¶ Portal operation and usage 

¶ Demonstration of key BESS regulated services, including analysis of unserved 
energy events, modelled reduction of interconnector Rate of Change of Frequency 
(RoCoF) constraint and test response rates for participation in the System 
Integration Protection Scheme (SIPS) 

¶ Demonstration of key BESS market services, including revenue from energy 
arbitrage and Frequency Control Ancillary Services (FCAS), and 

¶ Overview of system maintenance, remaining defects, faults and resolutions 

Over the course of the Project a wide range of Knowledge Sharing work is being 
undertaken, including delivery of a range of reports, presentations, meetings and site 
visits.  
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Access to the full list of Knowledge Sharing resources as well as operational information 
and data is available at the Project Portal (the Portal), at  http://escri-sa.com.au/, as 
described in Section 3.4. 

1.2 Intended Distribution 

This document is intended for the public domain and has no distribution restrictions. 

 
  

http://escri-sa.com.au/


ESCRI-SA OPERATIONAL  REPORT #2 
February 2020 
 
 

Security Classification: Public Version 1.0 

Distribution: Public  Page 9 of 43 
Date: February 2020 

2. Introduction 

2.1 Background and Report Overview 

The ESCRI-SA Project has been part funded by ARENA and began as a concept in 2013 
to explore the role of energy storage in a future with more variable renewable 
energy-based generation within Australiaôs larger interconnected energy system.  

This concept evolved into a consortium consisting of ElectraNet, AGL and Worley (the 
Consortium1), that jointly explored the business case for a non-hydro energy storage 
device (Phase 1). This was followed by the installation and commissioning of a BESS 
(Phase 2) and now operation of the BESS (Phase 3).  

This Operational Report (Report) is a key requirement under Milestone 5 of the Funding 
Agreement between ElectraNet and ARENA. It covers the journey and lessons learnt for 
the second six months of the Projectôs commercial operation.. 

Section 1 describes the Reportôs purpose, the intended audience and any distribution 
restrictions. This section also includes a link to the on-line portal where all Project 
Knowledge Sharing information is located. 

Section 2 provides context for the Project including a description of the system, 
configuration, operational priorities and key project objectives.  

Section 3 provides a summary of the BESS operation over the reporting period including 
key storage metrics, key events and operation and usage of the portal.  

Section 4 outlines the key BESS regulated services that have been demonstrated over 
the reporting period, covering un-served energy, any reduction of the interconnector 
RoCoF constraints and participation in the System Integration Protection Scheme. 

Section 5 outlines the key BESS market services that have been demonstrated over the 
reporting period covering the revenue from energy arbitrage and FCAS services as well 
as consideration of future revenue streams. 

Section 6 provides information on general operational issues including maintenance, 
safety incidents, stakeholder issues, any market non-compliance incidents, the status of 
the remaining Engineering, Procurement and Construction (EPC) contract and an update 
on the resolution of defects listed at commercial handover. 

Section 7 contains observations about activities and engagements related to the BESS 
and also summarises new lessons learnt during the last six months of commercial 
operation. 

 
1 The parties and their roles are described in Section 8 along with contact details for Project enquiries 
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2.2 Overview of ESCRI-SA BESS System and Operation 

The ESCRI-SA BESS system, a 30 MW, 8 MWh large-scale battery system, is connected 
to ElectraNetôs Dalrymple substation, seven kilometres south-west of Stansbury on the 
lower Yorke Peninsula in South Australia, about 200 km from Adelaide. 

 

Figure 2-1: Aerial photograph of Dalrymple BESS and the Dalrymple substation looking south 

The Dalrymple substation is radially supplied via Hummocks and Ardrossan West 
substations. The BESS connection point is at a two 25 MVA 132/33 kV transformer 
substation.  

In some ways Dalrympleôs local electricity supply system can be considered a smaller 
version of the South Australian power system, as it includes significant local renewable 
energy generation at the nearby Wattle Point Wind Farm (90 MW) and has solar PV (about 
3.4 MW total inverter capacity) installed on local customer roofs.  

The local maximum demand at Dalrymple is about 8 MW, but the average demand is 
significantly lower at about 3 MW. 
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Figure 2-2: Dalrymple connection point relative to existing transmission assets 

The Wattle Point Wind Farm, as is normal for wind farms, is only able to operate if a 
reference frequency is available from the power system. This means that if either the 
Hummocks to Ardrossan West 132 kV line or the Ardrossan West to Dalrymple 132 kV 
line are out of service, the local Dalrymple demand will be unsupplied, and the Wattle 
Point Wind Farm (WPWF) will also be out of service.  

The installation of the BESS has provided the ability to supply the local Dalrymple demand 
in such situations and allow the WPWF to contribute ï this means it can run in island mode 
with the wind farm as part of that island. 

Analysis of the Dalrymple connection point performance for the period 2006 to 2014 
indicated there were 22 interruptions to supply, totalling 35.18 hours. This equates to an 
average yearly loss of supply of 3.52 hours and 9.46 MWh.   

Our analysis indicated that 8 MWh of energy storage, if operated in conjunction with a 
small part of the WPWF, would enable the local Dalrymple demand to be supplied during 
96-98% of unplanned outages of the relevant 132 kV lines.   
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Figure 2-3: Region supported by the Dalrymple battery during an islanding event 

During an islanding event, the Dalrymple battery supplies townships on the lower Yorke 
Peninsula region including Yorketown, Edithburgh and Stansbury. It also supplies 
communities, businesses and farms that are located south and southeast of Stansbury as 
shown in Figure 2-3.  

The BESS has been designed and commissioned to provide the following services in the 
priority order listed below.   

1. Islanded operation to enhance local reliability of supply  

2. Fast Frequency Response (FFR) 

3. Network support 

4. Frequency Control Ancillary Services (FCAS), and 

5. Energy arbitrage (previously referred to as Cap trading) 

AGL operates the BESS and trades in the FCAS and energy markets. During a network 
event where the BESS is required to respond, the system has been configured to 
automatically switch to one of the higher priority services.  

During commercial operation, AGL is required to operate the BESS between 10% and 
90% of the installed battery capacity. This is to ensure that the BESS always has the 
capacity to respond to a network event.   

In the first Operational Report it was reported that AGL and ElectraNet agreed to a 
modified BESS reserved energy discharge limit due to the Wattle Point Wind Farm 
(WPWF) islanding integration testing being delayed at the time. This testing has since 
been successfully completed and the modified discharge limit removed. 
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2.3 Key Project Objectives 

The key project outcomes, as defined in the Funding Agreement, include: 

¶ Demonstrate the deployment and operation of a large-scale BESS to deliver a 
combination of network and market benefits 

¶ Demonstrate a contracting and ownership model to maximise the value of a BESS 

¶ Test the regulatory treatment for the ownership of large-scale BESS by regulated 
transmission network service providers 

¶ Provide price discovery for the deployment of a large-scale grid-connected BESS, 
and 

¶ Highlight and address technical and regulatory barriers in the deployment of 
large-scale batteries 

Specific services and capability of the ESCRI-SA BESS, include: 

¶ Supply of Fast Frequency Response (FFR) ancillary services into South Australia 
to reduce constraints on the Heywood interconnector, resulting in increased flows 
on the interconnector 

¶ Reduction of expected unserved energy to Dalrymple following loss of supply, 
involving islanding of the BESS with the local load, the Wattle Point Wind Farm at 
reduced output, and local rooftop PV to supply local load until grid restoration 

¶ Market trading of electricity within the South Australian National Electricity Market 
(NEM) region and provision of Frequency Control Ancillary Services (FCAS) 
services 

Since commencement of the Project, the BESS has also been incorporated into the 
System Integration Protection Scheme (SIPS) to support the existing Heywood 
interconnector by injecting real power into the system following a system event that causes 
substantial loss of generation in South Australia.  
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3. Summary of ESCRI-SA Operation 

3.1 Current Operational Status 

The BESS has been in commercial operational since 14 December 2018 and continues 
to meet performance expectations within its design specification. 

The BESS is designed to be operated as a power battery, providing various network 
support, FFR and FCAS services as well as energy trading. 

Following up from the first Operational Report:  

¶ ElectraNet and its consultant completed the R2 model validation testing in 
April 2019. The validation report has been delayed but is planned to be finalised 
shortly 

¶ AGL and ElectraNet agreed to a modified BESS reserved energy discharge limit 
due to the Wattle Point Wind Farm (WPWF) islanding integration testing being 
delayed at the time of the first Operational Report. This testing has since been 
successfully completed and the modified discharge limit removed, and 

¶ AGL has submitted a WPWF non-compliance issue with AEMO in relation to WPWF 
wind turbine over-frequency protection settings.  AGL is working with AEMO to 
address the non-compliance and resolve any issues 

3.2 Key Storage Metrics for Reporting Period 

ElectraNet monitors the performance of the BESS, ensuring that operational data is 
captured and analysed to demonstrate its ability to operate as per its design specifications. 
Key performance metrics for the first 12 months of operation from 14 December 2018 to 
14 December 2019 respectively, are shown in Table 3-1.  

Table 3-1: Key Performance Metrics for First 12 Months of Operation 

Key Performance Metric Value for Reporting 
Period (14-12-2018 to 

14-06-2019) 

Value for reporting 
period (14-06-2019 to 

14-12-2019) 

Average BESS Availability 98.01% 97.35% 

Total Energy Consumed 1,370 MWh 2,006 MWh 

Total Energy Exported 160 MWh 768 MWh 

Average auxiliary load and losses (% 
of 30 MW rated capacity) 

2.19% 2.25% 

Number of Charge and Discharge 
Cycles (per BOA definition) 

2 4 

BESS Charging Cost $120,000 $101,000 

BESS Discharge Revenue $116,000 $97,000 

FCAS Revenue $1.33m $3.73m 
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The average BESS availability for the period was 97.35%, which is greater than the 96% 
Guaranteed Annual Availability required under the Battery Operating Agreement. The 
slight reduction in availability compared to the first 6 months is a due due to a planned 
outage of a few days which resolved some of the issues discussed in section 6, (i.e. 
teething issues of the first 6 months of operations). 

The energy consumed by the BESS is significantly higher than the energy exported to the 
grid. The comparatively high energy use is because the BESS is designed as a power 
battery, rather than an energy battery, and therefore needs to be available all the time to 
be able to respond to system events. This results in higher auxiliary load losses from 
transformers, inverters and the battery management system.  

The number of charge and discharge cycles are contractually defined as the BESS state 
of charge (SOC) falling below 2.4 MWh). Limited cycles have been recorded during this 
reporting period which reflects how the BESS is being operated and how many significant 
unserved energy events have been avoided. Overall, for a power battery, the number of 
cycles is expected to be low.   

The main source of revenue for this reporting period was FCAS, providing $3.73 million 
compared to $97,000 for energy discharge. This is consistent with the BESS operating as 
a power battery. The BESS market services are discussed in more detail in Section 5. 

3.3 Overview of Key Events for Reporting Period  

Since 14 December 2018 the BESS has been through 14 operational system events. 
Eleven of these events were single-line trips or a frequency event and high-speed data 
recordings from Power System Performance Monitor (PSPM) confirmed the BESS 
successfully rode through the fault or responded as required. 

The other three events were more significant and led to the BESS supplying load to 
prevent or reduce the duration of an unserved energy event. These events were reported 
on in the first Operational Report. 

This section of the Report focuses on system events during the second six months of 
commercial operation. 

3.3.1 Planned Outages 

No planned outages relevant to the Dalrymple BESS occurred during the second reporting 
period. 

3.3.2 Unplanned Outages 

On 13 June 2019, during protection tests at WPWF, a direct inter-trip signal to Dalrymple 
was accidentally initiated. This resulted in the Dalrymple 132/33 kV TF2 tripping and 
subsequent maloperation of the IDS resulted in the tripping of Dalrymple 132/33 kV TF1.  

The BESS successfully transitioned to islanded operation and continued to supply the 
local load until the System Operator restored all outage elements approximately half an 
hour later. No load was lost as a result of the incident. 
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This event was reported in the first Operational Report, however, at the time data had not 
been downloaded for this event. The following graphs illustrate how the BESS performed 
during this outage. 

 

Figure 3-1: Dalrymple 33 kV voltage measurement during the event 

 

 

Figure 3-2: Active power output from the BESS during the event 

 

BESS discharging 
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Figure 3-3: Reactive power output from the BESS during the event 

Based on the data recorded for the unplanned outage, it indicated that Dalrymple BESS 
successfully transited to islanding operating and supplied the local Dalrymple 33 kV load 
during the outage.  No load was lost as the result of this unplanned outage event. 

No unplanned outages relevant to the Dalrymple BESS occurred during the second 
reporting period. 

3.3.3 Transmission Network Faults 

Over the past six months, from 14 June 2019 ï 14 December 2019, five transmission 
network fault events were relevant to the Dalrymple BESS, summarised below: 

¶ On 1 September 2019 at 17:57, the Davenport ï Olympic Dam West 275 kV line 
reclosed successfully following a single phase ï ground fault 

¶ On 6 October 2019 at 3:35, the Hummocks - Waterloo 132 kV line reclosed 
successfully following a single phase ï ground fault  

¶ On 1 November 2019 at 20:20, the Waterloo ï Templers 132 kV line reclosed 
successfully following a single phase ï ground fault  

¶ On 1 November 2019 at 23:20, the Murraylink sever tripped following a successful 
reclose on the Monash ï Berri #2 132 kV line due to a single phase ï ground fault 
whilst the North West Bend ï Monash # 1 132 kV line was out of service, and 

¶ On 16 November 2019 at 20:05, the 500 kV double circuits connecting Heywood 
tripped in Victoria resulting in South Australia islanding from the NEM 

High speed data recorded at Dalrymple substation has been downloaded by ElectraNet 
and plotted for the transmission network fault events. These are shown in Figure 3-4 to 
Figure 3-18. 
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This data demonstrates that the BESS successfully rode through the network fault events 
and its voltage, active power and reactive power response are in line with its design and 
technical performance expectations.  

The BESS responds almost instantly to the system voltage dip during the fault and injects 
a significant amount of active and reactive power into the network to support network 
voltage recovery. 

In the first Operational Report two system events were reported for May 2019. At the time 
high speed data for the two faults were yet to be downloaded from site. Unfortunately the 
high speed recording device had a failure and had to be replaced, which resulted in the 
data for these two events being lost. 

3.3.3.1 Davenport ï Olympic Dam West 275 kV line, single phase to ground fault 

On 1 September 2019 at 17:57, a single phase to ground fault occurred on the Davenport 
- Olympic Dam West 275 kV line. The fault was cleared and the line successfully reclosed. 
High speed data recorded at the Dalrymple 33kV bus indicated the Dalrymple BESS 
successfully rode through the fault as shown below. 

 

Figure 3-4:  BESS Voltage measured at the Dalrymple 33 kV substation 
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Figure 3-5: BESS active power output measured at the Dalrymple 33kV substation 

 

Figure 3-6: BESS reactive power output measured at the Dalrymple 33kV substation 
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3.3.3.2 Hummocks ï Waterloo 132 kV line, single phase to ground fault 

On 6 October 2019 at 03:35, a single phase to ground fault occurred on the Hummocks ï 
Waterloo 132 kV line. The fault was cleared and the line successfully reclosed. High speed 
data recorded at the Dalrymple 33kV bus indicated the Dalrymple BESS successfully rode 
through the fault as shown below. 

 

Figure 3-7: BESS voltage measured at the Dalrymple 33 kV substation 

 

Figure 3-8: BESS active power output measured at the Dalrymple 33 kV substation 
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Figure 3-9: BESS reactive power output measured at the Dalrymple 33 kV substation 

 

3.3.3.3 Waterloo ï Templers 132 kV line, single phase to ground fault 

On 1 November 2019 at 20:20, a single phase to ground fault occurred on the Waterloo ï 
Templers 132 kV line. The fault was cleared and the line successfully reclosed. High speed 
data recorded at the Dalrymple 33kV bus indicated the Dalrymple BESS successfully rode 
through the fault as shown below. 
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Figure 3-10: BESS voltage measured at the Dalrymple 33 kV substation 

 

Figure 3-11: BESS active power output measured at the Dalrymple 33 kV substation 
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Figure 3-12: BESS reactive power output measured at the Dalrymple 33 kV substation 

 

3.3.3.4 Murraylink sever tripped, 1 phase to ground fault on the Monash ï Berri #2 line 

On 1 November 2019 at 23:20, a single phase to ground fault occurred on the 
Monash - Berrie # 2 132 kV line. The fault was cleared and the line successfully reclosed, 
whist North West Bend ï Monash #1 line was out of service. As a result of the fault, 
Murraylink was tripped. High speed data recorded at the Dalrymple 33kV bus indicated 
the Dalrymple BESS successfully rode through the fault as shown below. 
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Figure 3-13: 33 kV Voltage measured at the Dalrymple 33 kV substation 

 

Figure 3-14: BESS active power measured at the Dalrymple 33 kV substation 
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Figure 3-15: BESS reactive power measured at the Dalrymple 33 kV substation 

 

3.3.3.5 500 kV Double circuit connecting Heywood tripped in Victoria resulting in South 
Australia islanding from the NEM 

On 16 November 2019 at 18:06, the 500 kV double circuits between Heywood and 
Moorabool were tripped as the result of a fault. The Heywood interconnection between 
South Australia and Victoria was lost and the SA transmission network transitioned to an 
islanded condition with SA exporting approximately 300 MW at the time of the event. High 
speed data recorded at the Dalrymple 33kV bus indicated the Dalrymple BESS responded 
to the event as shown below. 
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Figure 3-16: Frequency measured at the Dalrymple 33 kV substation 

 

 

Figure 3-17: BESS active power response measured at the Dalrymple 33 kV substation 

BESS discharging 

Inertial response 

FCAS ramping 
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Figure 3-18: BESS reactive power response measured at the Dalrymple 33 kV substation  
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3.4 Portal Operation and Usage 

The ESCRI-SA web portal is one of the primary knowledge sharing tools for the Project 
and provides the public with access to key information, including a real-time dashboard 
that shows the performance of the battery, Wattle Point Wind Farm, Dalrymple substation, 
the incoming transmission line and the Lower Yorke Peninsula network.  

 

Figure 3-19: ESCRI-SA Portal Dashboard 

This data is available for download directly from the portal. The portal also contains copies 
of ElectraNetôs industry presentations and public reports on the Project. Access to the web 
portal is available at http://escri-sa.com.au/.   

Between 14 December 2018 and 14 December 2019, Google Analytics shows that the 
site has been visited 2040 times from interested parties from 20 countries, with the number 
of views peaking in January 2019, May 2019 and October 2019. The majority of portal 
views were through direct access to the website, rather than LinkedIn, Empired, Google 
or other sources or channels. Further details are shown in Figure 3-20 to Figure 3-22 and 
Table 3-2.  

http://escri-sa.com.au/
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Figure 3-20: ESCRI-SA portal page views (12 months) 

 

 

Top sources         Top channels 

     

Figure 3-21: Top sources and channels used to locate ESCRI-SA portal (12 months) 

 

 

 

 

   


