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Executive Summary Tesla Motors Australia, Pty. Ltd. (Tesla) is pleased to 
provide ARENA with the second Lessons Learnt report of 
Phase 3A of our flagship virtual power plant (VPP) project, 
the South Australia Virtual Power Plant (SAVPP). This 
report is provided following the installation of 1,500 Phase 
3A systems on SA Housing Authority (SAHA) properties in 
South Australia. 

With a goal of deploying up to 50,000 solar and Powerwall 
systems, the first Lessons Learnt report was an introduction 
to the mission, plan, and initial findings Tesla has collated 
through the deployment of an initial 500 systems. The SAVPP 
is supported by funding from Australian Renewable Energy 
Agency (ARENA), Clean Energy Finance Corporation 
(CEFC), and the South Australian Government’s Grid 
Scale Storage Fund (GSSF), and Tesla has been working 
collaboratively with SAHA and SA Power Networks (SAPN) 
to deploy VPP systems and test services. 

The GSSF funding provided to the project aims to fill 
a current market gap in the valuation of new system 
security services from VPPs. A key aim of this funding is to 
demonstrate the technical capability of VPPs in providing 
these services, establish the market value of these services, 
and identify customer impact in providing these services.
One of the services approved for testing with GSSF funding 
is voltage support. Tesla has previously completed initial 
voltage support testing (Notch Testing) was undertaken 
to test prototypical Volt-VAr curves and their ability to 
stabilise network voltage and reported on in the previous 
Lessons Learnt Report. Promising results from initial testing 
led to Notch Testing 2 being completed on a larger pool of 
20 fleet sites.  

Notch Testing 2 proceeded over a weekday and weekend 
day, at selected times of the day and night. Day-time 
results from this round showed mixed results with voltage 
reductions noticed in some instances. The night-time  
tests were inconclusive as there is a natural voltage rise 
through the night.  

SAPN’s validation of this data concluded that feeders which 
had a higher penetration of Powerwall sites were more 
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successful at providing voltage support. From this, Tesla 
and SAPN proceeded with Notch Testing 3 which included 
three feeders and larger number of Powerwall sites 
notching. Results for this round confirmed that a higher 
penetration of Powerwalls is more effective at reducing 
network voltages. Further testing will be conducted  
in spring and summer when network voltages are higher. 

Another grid service supported by the GSSF mission is 
the capability for Powerwall sites to generate an inertial 
response. Using a grid-simulating Powerwall, and inertia 
response Powerwall, in-house testing has started to 
measure the frequency rate of change between control 
data (without inertia response Powerwall) and where  
an inertia response Powerwall provides real power 
charging/discharging. These results are currently being 
reviewed internally and by SAPN to determine the 
possibility of field testing. 

Fast Frequency Response is a third grid service in testing. 
Currently, Tesla has been providing a 100ms measurement 
resolution for the purposes of the GSSF. Powerwalls in  
the SAVPP are capable of providing a <250ms response 
which technically meets the needs of AEMO’s new very fast 
FCAS 1 second market. 

The testing and results achieved through Phase 3A have 
been positive for Tesla’s mission to demonstrate the 
success of VPP’s to provide grid support services. Tesla 
remains committed to being a technical leader  
in developing and delivering innovative market solutions 
and new customer offerings. 
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1. 
Overview

1.1. About Tesla

Tesla Motors Australia, Pty Ltd (Tesla) is a global leader 
in manufacturing electric vehicles and clean energy 
products. Tesla produces a unique set of energy solutions 
such as Powerwall and Megapack, enabling homeowners, 
businesses, and utilities to manage renewable energy 
generation, storage, and consumption. Our mission is to 
accelerate the world’s transition to sustainable energy 
and globally Tesla has deployed more than 9 GWh of 
residential and utility scale energy storage systems across 
40 countries. To date, Tesla has over 33,000 Powerwall 
systems installed in Australia, accounting for nearly a 12% 
share of global installations.

Tesla is also a leader in delivering high quality virtual 
power plants (VPPs). The South Australia VPP (SAVPP), 
delivered by Tesla and Energy Locals with support from the 
Government of South Australia, the Australian Renewable 
Energy Agency (ARENA) and the Clean Energy Finance 
Corporation (CEFC) currently has 21 MW registered to 
provide all six contingency frequency services.

Tesla currently employs more than 150 people in Australia 
to undertake the full range of the development and 
deployment of utility scale energy storage and VPP work.  
Our permanent employees provide end-to-end development 
of all Tesla’s local energy projects including Business 
Development, Engineering, Project Management, Project 
Deployment, Software Development, Market Integration, 
Service & Operations.

https://www.tesla.com/en_au/powerwall
https://www.tesla.com/en_au/megapack
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1.2. Introduction to SAVPP

The SAVPP is a globally leading project which will see the 
deployment of up to 50,000 solar and Tesla Powerwall 
home battery systems across South Australia, forming 
Australia's largest virtual power plant. The SAVPP leverages 
smart software integrated into Tesla’s Powerwall, a 13.5 
kWh home battery, to optimise system dispatch and 
market bidding. The SAVPP is designed to provide more 
affordable, reliable, and secure electricity for all South 
Australians, while increasing homeowners’ visibility of their 
energy use and supporting South Australia’s transition to 
net zero emissions.

SA VPP is being developed in Phases: 

• Phase 1  comprised of 100 systems installed across 
South Australia Housing Authority (SAHA) properties and 
demonstrated the technical capability of the systems to 
operate as a VPP, while supporting the development of 
Tesla software. 

• Phase 2  marked the completion of 1,000 systems 
installed and registered with the Australian Energy Market 
Operator (AEMO) to provide energy and contingency 
frequency control ancillary services (FCAS) and operate as 
a VPP using Tesla’s Autobidder software.

• Phase 3A  is the current phase deploying 3000 solar PV 
systems and Tesla Powerwalls.

SAVPP aims to reduce customers’ energy costs by passing 
on energy market benefits by way of a reduced retail 
rate. These outcomes are achieved by leveraging smart, 
controllable distributed energy resources to ensure 
systems are used to their full potential, co-optimising 
real-time behind the meter customer data including tariff 
information, solar generation, load, and local conditions 
against energy market participation using Tesla’s leading 
Autobidder software.
The SAVPP is the largest Tesla VPP operating globally  
and the first VPP to use Tesla market integration and 
bidding software globally. Insights from systems deployed 
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1   https://www.climatecouncil.org.au/resources/states-renewable-energy/#:~:text=Tasmania%2C%20the%20ACT%20and%20South,and%20
Victoria%20(1%2C634MW).
2   https://www.safa.sa.gov.au/environmental-s-governance/energy#:~:text=South%20Australia%20is%20at%20the,100%25%20net%20
renewables%20by%202030.
3   https://pv-map.apvi.org.au/historical
4   https://aemo.com.au/newsroom/news-updates/negative-electricity-demand-in-south-australia

so far are allowing Tesla to continuously improve 
aggregation and market integration software. Tesla sees 
VPPs as a priority in our focus to transition the world 
to sustainable energy and hopes that the learnings and 
benefits discovered through SAVPP will drive the growth  
of similar opportunities globally. 

1.3. Introduction to Grid Scale Storage Fund (GSSF)

South Australia has long been a front runner in Australia’s 
transition to renewable energy. In 2018, the Climate Council 
found that South Australia had the largest amount of 
installed wind and solar capacity in the country and was 
on track to achieve net zero by 20501. Since then, the 
state government has strengthened its goal to achieving 
100% net renewables by 2030 with the South Australian 
Government Climate Change Action Plan 2021-2025.2 

South Australia’s energy mix continues to rapidly transform, 
rising to 60% renewables over the last 15 years.  

In respect of distributed energy resources (DER) at 41.3% 
penetration (1 in 3 houses), South Australia is second only 
to Queensland in global solar PV uptake rates.3 This growth 
has led the state to achieve a new record in negative 
electricity demand, with rooftop solar accounting for 92% 
of the region’s electricity requirements over a 30 minute 
period on 31 October 2021.4 The penetration of DER in 
South Australia creates both unique network challenges, as 
well as opportunities for new services to be demonstrated. 

This transition has been driven by a range of factors such 
as the national Renewable Energy Target, decreasing costs 
of technology, readily accessible renewables in South 
Australia, increasing gas prices and the exit of coal from 
the SA market. In addition, strong investment into DER 
programs including the SA Government support of the 
SAVPP and the $118m Home Battery Subsidy Scheme, have 
accelerated this transition.  
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5 https://www.energymining.sa.gov.au/industry/modern-energy/renewable-projects
6 https://www.minister.industry.gov.au/ministers/taylor/media-releases/50-million-fund-support-new-energy-storage-projects-make-electricity-
more-affordable-and-reliable-sa
7 https://www.energymining.sa.gov.au/consumers/solar-and-batteries/south-australias-virtual-power-plant

The Grid Scale Storage Fund (GSSF) is an initiative by the 
South Australian Government with a focus on incentivising 
the deployment of new energy storage technologies to 
impact existing challenges experienced by the state’s 
power system.5 

GSSF specifically targets projects that address key 
challenges currently impacting South Australia’s energy 
system including low system strength, lack of dispatchable 
generation during peak periods, and decreased reliability at 
fringe-of-grid locations in regional South Australia.6 

The Fund has a total of $50 million available to be 
disbursed by the South Australian Department for Energy 
and Mining (DEM) for projects that meet critical objectives. 
Tesla applied for funding under the investment stream 
targeting behind-the-meter projects in commercial  
or industrial facilities, or in the distribution network. Tesla’s 
SAVPP has been approved to receive $10 million over five 
years to demonstrate its ability to provide critical network 
benefits such as voltage control, frequency support,  
and inertia.7 

In Tesla’s previous Lessons Learnt, it was outlined that 
these system security services being trialled using the 
SAVPP were underway. At that time, voltage testing in 
conjunction with SAPN had begun, fast frequency response 
was also in operation, and inertia trials were set to begin.
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2.  
Grid Scale Storage 
Fund (GSSF) Voltage  
Services

Australia’s existing energy infrastructure was designed for 
the one-way flow of energy from large-scale generators 
to consumers. DER, such as rooftop solar, means that 
energy now also flows back from consumers to the grid. If 
DER are not integrated correctly into the grid, this causes 
challenges in maintaining power security and reliability.8

For the energy grid to operate with minimal disruption, 
electricity supply must be closely matched to demand. 
Ensuring stable voltage requires accurate forecasting 
of electricity demand as well as generation that will be 
available across several scenarios: no load (night-time 
residential), peak load (hot summer days), and solar export 
(reverse electricity flow peaking in the middle of the day).9

AEMO (Australian Energy Market Operator) estimates that 
a further 8.9 gigawatts (GW) of commercial and residential 
solar PV is expected to be installed by 2025 in the NEM 
(National Energy Market).10 With solar penetration in South 
Australia currently at 40% and increasing, a need is created 
for network services to prevent disruption of power to 
consumers or damage to network hardware.  

The GSSF program provides financial support and an 
opportunity to demonstrate how grid services can maintain 
network stability with increasing DER. Other programs 
such as AEMO’s Project Edge11, is similarly looking to 
demonstrate the technical capability of aggregated DER 
to provide value-add network services. The GSSF led 
voltage service demonstration is looking to demonstrate 
whether the application of prototypical volt-var curves can 
reduce network voltages to an extent both observable at 
the feeder level, and to a level which may offset the need 
for alternative voltage protections, and as such result in 
network payments. 

The custom curves were applied to SAVPP fleet sites 
based on SAPN topology and designed to test stricter 
settings than those stipulated in SAPN’s TS129 connection 
guidelines. Refer to Figure 1 for an overview of the 
prototypical curves deployed.

8  https://aemo.com.au/-/media/files/initiatives/der/2022/master-research-plan-edge.pdf?la=en
9  https://www.energynetworks.com.au/news/energy-insider/is-too-much-solar-to-blame-for-voltage-issues/
10 https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2021/2021-nem-esoo-summary.
pdf?la=en&hash=33C0EE66FEF1A225C3BDB680D0C57AE0
11  https://aemo.com.au/-/media/files/initiatives/der/2022/master-research-plan-edge.pdf?la=en
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As noted in the previous Lessons Learnt report, the SAVPP 
is looking to demonstrate the effectiveness in prototypical 
volt-var curves in reducing network voltage, through 
conducting notch testing in conjunction with South 
Australia Power Networks (SAPN). This trial will allow Tesla 
to better understand the effectiveness of inverter control in 
providing localised voltage support and improving network 
voltage.

All NSPs work to control voltage to ensure it is within an 
acceptable range to be supplied to consumers safely and 
reliably. One way to control reactive power can be done 
by sinking and sourcing through an autonomous Volt-VAr 
curve. Sinking reactive power attempts to decrease the 
voltage, while sourcing reactive power will increase it. 

Initial voltage testing (Notch Testing 1) was conducted 
and reported on in the previous Lessons Learnt. The 
Notch Testing 1 curves (Figure 1) were initially deployed 
on medium residential site feeders. Site feeders are 
responsible for stepping down the higher voltage to a 
lower household voltage.

Inverter Voltage Control Field Trial: Curves
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Figure 1: Prototypical voltage control droop curves being tested under SAVPP Phase 3A
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The notch testing procedure consisted of 30-minute 
intervals of curve variations shown below in Figure 2. 
Voltages were monitored by Tesla at each site first  
for the prototypical curves, then with no Volt-VAr  
response activated, then with the standard TS129 Volt- 
VAr response activated. 

The initial notch testing results were encouraging and 
indicated the proposed custom curves have the ability to 
draw voltages closer to the desired voltage deadband of 
230V +/-10% through sourcing or sinking. In follow up to 
these positive results, Tesla and SAPN agreed to a second 
round of notch-testing on a larger pool of assets which has 
since been conducted on a pool of 20 fleet sites. 

Figure 2: Notch test procedure operating at 30 minute intervals using a combination of custom curves, volt-var disabled, and 
SAPN's TS129 curve
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2.1. Notch Testing 2 

To provide a more conclusive demonstration of the  
impact of the prototypical curves, Notch Testing 2 was 
expanded over a larger sample of low voltage networks  
and topology types. Each feeder ID was assigned a  
custom curve by SAPN based on factors such as topology 
type, number of customers and penetration of PV,  
shown in Table 1. 

While the Notch Testing 1 results were limited in that  
they only considered the impacts of the single most 
aggressive prototypical volt-var curve, Notch Testing 2 
tested all prototypical curves to test the effectiveness in 
reducing network voltage. The feeders considered  
in this round of testing had various levels of penetration  
of Powerwalls installed.

Table 1: Site count per Curve Type and Feeder ID

MB22-19439 1

ME347C-28 2

AP139B-51 1

ME231B-18675 3

ELO1N-4.7 1

SA42-16407 3

NL511A-69 3

ME131A-7 2

NU21-27 2

SM349C-44 2

A 1

B 5

C 7

opt 1 3

opt 2 4

Custom Curves & Feeder ID

Total 20

Site Count
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Notch testing 2 was conducted on the 20 sites at 1am  
ACDT (night) and 1pm ACDT (day) on a weekday and 
weekend day. 

The intended outcome of the notch-testing was to monitor 
whether the prototypical Volt-VAr settings resulted in lower 
voltages than the standard TS129 Volt-VAr requirements 
which apply to all small, embedded-generation assets12 

looking to connect to the SAPN network. Tesla was able 
to monitor voltage reduction at the site level, SAPN then 
reviewed this data set and provided confirmation of the 
results (see section 2.3 below). 

Night-time tests aimed to collect control data when energy 
use is lowest, and the grid is theoretically most stable. 
Testing during the day targeted solar hours which is when 
voltage is most unstable. The second round of notch 
testing followed the same approach as outlined in Figure 2 
above, used during the first round of notch testing.

12  Generally behind the-meter inverter based technology with capacity not exceeding 30kVA

2.2. Notch Testing 2 - Results and Validation

Results collected by Tesla from Notch Testing 2 were mixed. 
Data collected shows that periods of sinking reactive power 
were achieved at the inverter level during the use of custom 
curves, showing the desired result of reducing voltage. 
However, an overall change of voltage at the feeder level 
was not as obvious.

Figure 3: Volt-VAr notch testing results per DIN grouped by Feeder ID and Curve (day only)

Results Per DIN Grouped By Feeder ID & Curve (Day Only)
SAPN GSSF Volt-Var Notch Testing Results
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Figure 3 shows daytime testing results across all sites. 
Grouping these results by curve illustrates that Curve C, 
although the most aggressive, is the most successful in 
sinking reactive power during the testing period. Curve A, 
B, Opt 1, and Opt 2 had a smaller number of test sites than 
those using Curve C. 

Tesla’s analysis of night-time test results showed 
inconclusive results as voltage rise naturally occurs through 
the night and hides any var impact from the test sites. 

2.3. Notch Testing 2 – SAPN Validation

A key finding from the SAPN validation of test data was 
that positive impacts on voltage during daytime testing on 
feeders were more likely to be observed where there is higher 
penetration of Powerwalls installed on a particular feeder.

SAPN’s review of data collected from notch testing on 
weekday 19/10/21 confirmed an average volt decrease 
from TS129 when compared to custom curve. Results show 
that the average Voltage decrease across test sites was 
approximately 0.5V. 

Weekend testing on 23/10/21 recorded an increase in average 
Voltage by approximately 0.1V. From the data shared by 
Tesla there are two clear outliers which have resulted in an 
overall increase being recorded on the first and last sites.

From these results, Tesla and SAPN agreed to undertake 
a third round of notch testing with a focus on feeders that 
had the highest penetrations of Powerwalls installed. The 
purpose of the third round of notch-testing was to  
confirm the theory established with notch Testing 2, that 
higher penetrations of battery storage are more effective  
at reducing voltages at a feeder level.

2.4. Notch Testing 3

As noted above the third round of notch testing was 
undertaken as an additional step to validate findings 
uncovered from the second round of notch testing. SAPN 
identified three nodes that had the highest penetrations  
of Tesla Powerwalls installed – a total of 25 Powerwalls. Tesla 
maintained a control Powerwall on each node to provide 
monitoring data.



Tesla Motors Australia Pty Ltd.17

• AP226C-20607 = 13 Powerwalls
• NL111B-102 = 7 Powerwalls
• NL511C-24298 = 8 Powerwalls
• 1 Powerwall on each feeder was left untouched to be  
            used as a “control”
• Total of 25 Powerwalls notching 

2.5. Notch Testing 3 – Results

Results from this round of testing shows that two out of 
three feeders showed promising results with a reduction of 
~1V recorded (Figure 4). This is higher than what had been 
previously witnessed during the second round of notch-
testing and appears to confirm that a higher penetration of 
Powerwalls or battery storage, operating using prototypical 
approach to voltage control, is more effective at reducing 
network voltages. 

Table 2: Notch 3 Testing Powerwall Distribution and Penetration

Figure 4: Notch Testing 3 Average Voltages per Feeder per Notch

Low Voltage Area Statistics

Node

AP226C-20607

NL511C-24298

NL1118-102

Total Solar Generation  
(kW)

Customer Count Transformer Rating 
(kVA)

Solar Penetration

79.90 52 170 47.0%

61.92 33 150 41.3%

62.18 78 200 31.1%

Average Voltages per Feeder per Notch
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On feeder NL111B-102, active sites saw a 1V improvement, 
whereas the control site did not. This was due to a 
change in real power on the control site during the TS129 
notch that caused a significant power drop. Overall, this 
makes the control test invalid and shows the difficulty of 
quantifying this service when the grid is always fluctuating 
at consumer level.

Feeder AP226C-20607 shows that with a penetration of 
13 Powerwalls, there was a distinct drop measured by the 
control site of just over 1V. However, it is important to note 
that this level of penetration is not common and is unlikely 
to be achieved without large battery uptake.

Data for NL511C-24298 was influenced by a reduction in 
solar over the testing period which resulted in Voltage 
to trend lower as testing was conducted. Therefore, the 
custom curve was tested during a naturally lower voltage 
period. It cannot be concluded whether the customer  
volt-VAr had any influence during this test. 

These results are promising, but 1 volt reduction in  
overall Voltage does not appear to be commensurate with 
a new network service value stream. As Notch Testing 3 
was conducted during winter months it does not show an 
accurate representation of voltage fluctuations experienced 
by the network. Tesla and SAPN will retest these results  
in spring when network voltages are traditionally higher to 
determine whether an increased voltage reduction can  
be observed.

2.6. Opportunity Costs

With any action or innovation, opportunity costs must be 
identified through the decision-making process to account 
for all potential outcomes. Identifying these early allows  
for hidden costs, unforeseen events, or missed 
opportunities to be considered before making a choice  
on a particular outcome. In the case of Tesla’s Volt-VAr 
testing and voltage service trials, the following potential 
risks have been identified: 
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• Wear and usage of the inverter: Using maximum 
curve with maximum VAr sinking or sourcing may  
cause premature wear to the hardware. This may result 
in hardware replacements or servicing earlier than the 
expected lifespan and incur replacement costs sooner  
than planned.

• Inability to undertake real power functions:  
Reactive power activity through VAr sinking or sourcing 
will pause any real power functions. Test results indicate 
that the most aggressive curve results in the most desirable 
outcome, but this also causes all other functions to cease 
such as supplying household power (from rooftop solar) or 
potential inertia support services. 

Until more conclusive results provide an indication as to the 
effectiveness and potential for SAVPP to provide voltage 
services, these opportunity costs will continue to be 
monitored and considered. 

3.  
Grid Scale Storage  
Fund (GSSF)  
Inertia Trials

3.1. Inertia Trials

Another grid service currently being tested by Tesla is 
the capability of Powerwall to generate inertia responses. 
Testing has been conducted at the Tesla remanufacturing 
facility in Tonsley, Adelaide. 

Without access to a grid simulator, Tesla has opted to 
utilise a Powerwall in grid forming mode (Grid Powerwall) 
to simulate a 50Hz grid supply. Connected to the Grid 
Powerwall is a second Powerwall system configured to 
provide an inertial response (Inertia Powerwall) in grid 
following mode, configured with AS/NZS 4777.2:2015 and 
SAPN TS129 grid protection settings and Tesla inertial 
response custom firmware (see Figure 5). 
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Figure 5: Single line diagram of grid simulating Powerwall (Grid PW) and inertia response Powerwall (Inertia PW)

Figure 6(Left): Control test (inertia disabled) Figure 7(Right): Inertial response (inertia enabled)

To demonstrate an inertial response from the Inertia 
Powerwall, a significant frequency change must occur. This 
sudden change was created by turning on several common 
household loads connected to the Powerwall circuit. A test 
process was followed to gather control data (Figure 6) with 
the Inertia PW disabled, response data was then collected 
when the Inertia PW was enabled (Figure 7). 

Measured Frequency - Control Test 
(Without Inertia)

Measured Frequency and Inertial Response - Actual Test 
(With Inertia)
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Figure 8 shows the control test procedure of the 5kW 
household load being turned on, triggering a “frequency 
event”. The control test shows a steep frequency decrease 
when the load is turned on, followed by a steep frequency 
increase back to 50Hz when the load is turned off. 

Figure 9 then shows the response of the Inertia Powerwall 
when it detects the frequency event. The Inertia Powerwall 
discharges real power from 0 to 1500W when it senses 
the drop in Grid Powerwall frequency. It then charges to 
–1500W when it detects Grid Powerwall returning to 50Hz 
as the frequency event is over.

Figure 8: Comparison of frequency (x-axis aligned by "start of event" timestamp)

Figure 9: Comparison of frequency (x-axis aligned by "ending of event" timestamp)
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4. 
Grid Scale Storage  
Fund (GSSF) Fast  
Frequency Response

The Fast Frequency Response (FFR) market opportunity 
has progressed with AEMO commencing a review of 
the Market Ancillary Services Specification (MASS) with 
regards to the incorporation of very fast frequency control 
ancillary services (very fast FCAS). This review kicked off 
on 2 May 2022 with the final MASS Determination due to be 
published on 26 September13. AEMO are initially proposing 
a new 1 second very fast FCAS market to support the 
existing fast, slow and delayed contingency FCAS markets.

When comparing the frequency rate of change between 
the control data (without Inertia Powerwall response) and 
where Inertia Powerwall provided real power discharge/ 
charge, it is evident that there is an obvious reduction. 
The data from this initial phase of inertial response testing 
has been provided to SAPN for feedback and will influence 
the potential for in-field testing. Tesla continues to  
review and update the controls required for future testing 
and deployment. 

13  https://aemo.com.au/consultations/current-and-closed-consultations/amendment-of-the-mass-very-fast-fcas
14  https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2022/amendment-of-the-mass/mass-issues-
paper.pdf?la=en

Figure 10: Proposed 1 second very fast FCAS market [source: AEMO MASS Consultation - May 202214]
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Tesla Powerwall uses open loop controls to provide 
contingency FCAS services, whereby the grid-tied 
Powerwall inverter initiates a power response as soon as 
it detects a frequency deviation. The Powerwall power 
response therefore does not depend on frequency 
measurements from a meter. 

In respect of FFR, Powerwall is capable of providing a 
<250ms response. This response rate is verified with AEMO 
for the provision of FCAS through a Frequency Injection 
Test – Device (FIT-Device) required upon registration 
of a new technology in any VPP. This demonstrates the 
technical capability of the technology to respond to 
frequency deviations using the settings provided by AEMO, 
such as the 0.7% droop (Figure 11 and Figure 12 below 
provide an overview of Tesla’s frequency injection test 
results demonstrating the <50ms response time). 

These tests and the associated ≤250ms power and 
frequency measurements were validated by AEMO as part 
of the AEMO FCAS registration process.

Figure 11 (Left): Tesla Powerwall 2 Frequency Injection Test Results: 5kW Raise Response15

Figure 12 (Right): Tesla Powerwall 2 Frequency Injection Test Results: 5kW Lower Response16

15  https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2021/mass/submissions/tesla.pdf?la=en
16  https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2021/mass/submissions/tesla.pdf?la=en
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Providing a <50ms response, means that Powerwall will 
be more than technically capable of providing an FFR 
response in a new Very Fast FCAS 1 second market. 
However, the required measurement resolution of 
the verification data will prove critical in whether this 
application is feasible for VPPs. 

For the purposes of the GSSF, Tesla has been providing a 
100ms measurement resolution to demonstrate the fast 
performance. At the time of the GSSF being established, 
this 100ms resolution was 10 times faster than the 1 second 
AEMO requirement used under the VPP Demonstrations 
Trial for Very Fast FCAS measurement resolution.

AEMO is currently exploring appropriate measurement 
resolution options and have noted the following in their 
consultation paper: 

“AEMO again intends to complete an analysis to determine 
the implied verification error for Very Fast FCAS when data 
is captured at different measurement time resolutions, e.g. 
from 10 ms to 200 ms.”.17

5.  
Regulatory Barriers  
and Market  
Opportunities

5.1. AEMO MASS review – DER

A key market reform outcome from 2021 which simplifies 
VPP market access, was the final AEMO ruling in the 2021 
amendment of the MASS in respect to DER. The Final 
Determination found that18:

A measurement time resolution of 200 ms is adequate 
to verify Fast FCAS delivery from Aggregated Ancillary 
Service Facilities with no inertial response, provided that:

• At least 25 Ancillary Service Facilities are 
aggregated; and
• A discount of 5% is applied to the quantity of Fast 
FCAS delivered if at least 25, but less than 500 Ancillary 
Service Facilities are aggregated.

This reform provides a reflection of the unique operating 
characteristics of VPP assets and how error is considered 

17  https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2021/mass/submissions/tesla.pdf?la=en
18  https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2021/mass/final-determination/final-
determination.pdf?la=en
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where hundreds or thousands of small DER assets are 
aggregated to provide a service, as opposed to a single 
utility-scale asset. The approach of considering the error 
rate of aggregated assets, and potentially providing a 
discount to bids where there is a smaller number of assets 
in market, has carried over into the current AEMO FFR 
MASS review.

5.2. SAPN Residential Time of Use Plus (RToU+)

SA Power Networks is currently trialling a new tariff 
aiming to encourage residential consumers to shift their 
electricity consumption away from peak times where there 
is maximum demand on the grid, to the middle of the day 
when excess solar is supplementing the network. 

The current Residential ToU tariff consists of three periods 
which apply each day: Off Peak/ Solar Sponge (10am-
3pm), Shoulder (1am-6am), and Peak (6am-10am and 3pm-
1am). In the new Residential ToU Plus (RToU+) peak times 
are shorter, comprising of 4 hours between 5pm–9pm from 
November to March. 

While the Peak times in RToU+ are shorter, they are 
however three to four times more expensive per kWh than 
the current peak time rates. This price increase over a 
shorter period aims to encourage customers to be more 
considerate of their energy consumption timing and shift 
large load use to outside peak.

SAPN has limited the trial participation to 8000 customers 
over the regulatory year, with all retailers and Virtual 
Power Plants able to participate. The tariff is initially 
available from 1 July 2021 for one regulatory year (1 July 
2022). SAPN will consider extending the duration of the 
trial through to 2025 if the desired outcomes of customer 
consumption shift are noticed.18

5.3. RToU+ and Opticaster

There are currently 100 VPP sites included in the RToU+ 
trial. Tesla’s Opticaster uses the trial tariff information to 
ensure optimal grid service participation along with utility 

18  https://www.aer.gov.au/system/files/SAPN_Annual%20Pricing%20Proposal_29%20April%202021_0.pdf
Annual Pricing Proposal 2021/22, SA Power Networks
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savings. Opticaster navigates the rate structures to support 
the shifting of energy use to less expensive times, reducing 
peak demand charges. 

With the shorter peak period of RToU+, Opticaster can 
more easily avoid importing energy during those hours and 
prioritises imports during solar sponge hours. However, this 
is offset by an increase in the overnight electricity rate.

Figure 13: Powerwall charging and discharging behaviour based on Opticaster responses to RToU and RToU+ tariffs
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Figure 13 graphs the difference in Powerwall charging 
and discharging behaviour based on Opticaster response 
to RToU and RToU+ pricing. Segment A shows that while 
RToU is in a low off-peak rate, Opticaster imports energy 
from the grid, saving Powerwall capacity to avoid charging 
during morning peak. RToU+ does not have a separate 
overnight off-peak or morning peak period so Opticaster 
does not time imports around these periods. Segment 
B shows that for RToU, Opticaster will minimise grid 
importing as much as possible during peak. However, for 
RToU+, Opticaster halts all imports during peak time due to 
significantly higher pricing. 

The use of Opticaster in controlling SAVPP assets ensures 
that Powerwall is always operating on the most optimal 
charging and discharging schedule for greater consumer 
savings, and grid service participation.

Data collected for the enrolled sites from Opticaster 
between August 2021 and January 2022 show the 
financial performance between RToU and RToU+ sites are 
comparable. Overall, Time of Use pricing proves to return 
positive financial results for these types of systems, with 
further reforms and changes to network tariffs likely to 
provide greater incentive for installation of batteries and 
program enrolment. 

6.  
Conclusion

The testing process and results achieved through Phase 
3A have been positive for Tesla’s goal to demonstrate the 
success of VPP’s to provide grid support services. Further 
testing and iterations will be conducted on all services 
discussed in this report and refined through to the next 
milestone of 2,500 installations. 

With current local and international events shining a 
spotlight on energy and energy infrastructure, Tesla 
remains committed to being a technical leader in 
developing and delivering innovative market solutions 
and new customer offerings to support the transition to 
renewable energy.


