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Sebastien Henry TEsLA
Australian Energy Market Commission
Sydney NSW 1235

13 August 2020
RE: AEMC 1 System Services Consultation
Dear Sebastien

Tesla Motors Australia, Pty Ltd (Tesla) welcomes t he oppotonpapercongolidatmg tipersevenirute eharege propasgsacurrendy under t h e
consideration.

Tesl abdbs mission iIis to accelerate the transition t o s usithal marketbbdes te i m@avagppwer sybtet Becunity dandh reliability dujcanedin v e
the National Energy Market (NEM) in a manner that is efficient for consumers, timely for system operations, and sustainable over the long-term. Therefore, we believe emissions reduction should also be
central to any future market design and we recommend AEMC assess the costs and benefits of each reform against this criterion - to structure system services in a way that enhances the integration of low-
emission, secure, low-cost energy technologies into the NEM.

We recognise the real and immediate need for action to improve the current system service frameworks in the NEM and agree with the AEMC and AEMO position that system security, frequency, and

reliability have all been deteriorating over recent years. At the same time, battery storage has proven particularly valuable in managing system security issues and providing premium stability, voltage and
frequency services, as recently demonst r-avheesedridisaale &etes wereAongdlled byl AEMCOOtE supgpatigrad stabdity follpwong extensiseysorims, bushfires

and unexpected outages. Going forward, storage at all scales i transmission, distribution and behind the meter T and in all forms 7 stand-alone, co-located, and aggregated i will be an increasingly critical
component of Australiads energy mix. As such, it 1 s es sndydisincentivisd theapgtakenobfuwurersrbge projests.and r equi r e me nt

Tesla looks forward to working with the AEMC in addressing the priority objective to improve the efficiency and effectiveness of power system security and reliability in the NEM, ideally through a long-term
market based approach that can ensure the National Electricity Objective remains central to the reform agenda and investor certainty is improved. Ultimately, investment and innovation in the energy sector
will flourish when market design principles focus on achieving outcomes, rather than mandating specific short-term requirements, or procuring services on a reactive and ad-hoc basis.

Our feedback on each of the consultation papers is included in the following submission, along with our recommendations as to how principles based system service design can deliver optimal outcomes
whilst not resulting in increased costs for consumers or disincentivising the entry of new technologies. For more information contact Dev Tayal (atayal@tesla.com).

Kind Regards

e

Emma Fagan - Head of Energy Policy and Regulation

T
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Summary of Key Consultation Considerations

ATesla supports the AEMCO6s approach to parallel process mul ti pdoerdinacel reforengpatlemays t em service refor

A Whilst the individual proposals present a range of solutions, the problems they collectively seek to address form a critical part of NEM design, and have become an increasingly important area. We
acknowledge the case for change across all elements of system service provision T inertia, system strength, operating reserves, and the broader frequency control ancillary service (FCAS)
arrangements, in particular Primary Frequency Response (PFR) and Fast Freguency Response (FFR).

A We note that under current frameworks, inertia and system strength are procured on an ad-hoc basis, highly reactive, and without any transparent, competitive remuneration; FCAS has long
awaited improvement in design and incentives, both within the scope of the Market Ancillary Service Specification (MASS) and more broadly to consider how incentives could be strengthened /
Introduced for PFR and FFR services; and the current reliance of in-market operating reserves warrants re-design, alongside other key structure changes being explored such as resource
adequacy mechanisms, unit-commitment improvements, and enhanced dispatch visibility.

A Given existing overlaps with sever al ESB mar ket design initi atniSudes, itavill de cAtiedM@badl market bodiaseot ed Sy s
provide much greater transparency on how these related market reform developments interact and plan to be progressed

A We note this consultation has been released in parall el AEMC tub aoufd$hB $ame tife thecESB willbpublisB gnovemmhinG e r v i «
Post 2025 Draft Report, but with next stages on both AEMC and ESB processes appearing to be out of step, where defined at all. At best this creates an overly burdensome and duplication of effort
for industry, and at worst this could lead to contradictory assessments on what market reform options are likely to be optimal and will be considered in more detail.

A The hierarchy of decision making also remains unclear i with multiple overlaps and ongoing rule change proposals introducing additional uncertainty for stakeholders. AEMC (and ESB/AEMO)
must provide industry with clear governance, timeframes for consultation, option design, and implementation i noting the above on level of urgency across individual elements. Of particular note
are the trade-offs and interactions between complementary/competing market designs. (e.g. inertia and FFR; or Operative Reserves vs Resource Adequacy vs Retailer Reliability Obligation)

A Tesl a supports the AEMC6s System Services Obj ec thasedktechmmlogles tiil gldy inisgrvide provistoe alangside syschromoasgpantand i n v

A As demonstrated in day to day operations as well as during non-credible power system events, storage technologies are well aligned with the objective of efficient provision of services to meet
Amul ti ple system needs, i ncl udi Stogagesassetaihavie the gbility t@ dptimesd acrbsis muftiple seraices ancensultidleimarkets & t provide what is needed when it
IS needed the most T driving increased flexibility, improved competition and enhanced stability to the local grid and the NEM more broadly. Multiple services can also be provided by a single asset
simultaneously i ensuring the cost of service provision maximises efficiency, and can be co-optimised across energy and system services.

A We note that many of these services can be, to varying degrees, partial substitutes of each other, so that the provision of one service may reduce the need for another service. For example, both
AEMO studies and I nternational experience suggests a st r olyagnounarng the iprodaction bfa hew eapichrespordR fremuency | ner
product to support system operations with less inertia.

A The reform of system service mechanisms must be cognisant of impacts on investment signals for low-carbon technologies i storage in particular requires removal of existing barriers
and recognition of its capabilities to unlock the required levels of deployment in the NEM

A The NEM currently provides mixed signals for investors looking to develop storage projects, highlighting a significantgapinmeet i ng AEMO6s forecast | evels of st
to 19GW by 2040 as projected in the 2020 | SP 0step c hanigjteandsystem segurity aitcamesiinihe shert tgrm,afjd &odrives ar e ¢
affordability and efficiency outcomes for consumers over the longer term.

A AEMC must consider both the individual and collective impact of the rule change proposals against a broader assessment of what potential market design features will be necessary to stimulate
the requisite levels of private investmentinalow-c ar bon future, whether through t he Hegld snechamisnts, o2parallél explaratidsdpgayfera m on r e
performance arrangements.
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Key Recommendations and Design Principles for System Services

1. Teslarecommends the acceleration of discrete reform elements that present immediate net benefits T most notably the introduction of FFR markets in 2021

A
A

A
A

Maintaining independence of individual rule changes will allow for varying speeds of implementation based on assessed level of need; complexity; and level of net benefit delivered.

Some aspects of system services are likely to have ongoing complexity (e.g. defining/procuring system strength), whilst others (FFR services) already hold demonstrated benefits and can build on
precedents set i n other jurisdictions to be i mplemented quickly, and much sooner than O0po

Fol |l owi ngeghet ®®@oi ntroduction of FFR, assessments on t he seunarketsloriresourcd adeguacy méckhameEms caa beyundertakern o s
providing a pathway that all ows for evolutionary desi gnechnitabRenewablaintégatoe Stumligse opti onal ity ben

Inertia markets could also be progressed in parallel i potentially focusing on trials in regions where urgency is greatest (e.g. South Australia)

2. Afirst principles approach to service provision is critical 7 i.e. defining outcomes that uphold technology neutrality, rather than restrictions based on synchronous classifications

A
A

As the NEM transitions towards a high renewables and low-carbon future, synchronous services are increasingly being substituted by proven (and asynchronous) technologies that can contribute to
fault current and actively support voltage waveforms. E.g. electrical inertia measured in MWs can be derived both from synchronous machines (kinetic energy) or asynchronous (chemical potential).

Structuring markets to value service provision (rather than mandates based on asset type, or size or classification etc.) becomes increasingly relevant for evolving market designs that will need to
Integrate a suite of technologies providing comparable services across the grid. As a principle, all technologies should be able to access all revenue streams for which they can provide services 1 it is
the MWs of inertia that is important T not how it is derived.

3. As renewables and supporting technologies increase their penetration levels, innovation in service provision should be encouraged through structured incentive-based mechanisms

A

Market reform must use future proofed terminology rather than relying on prevailing / outdated assumptions that only synchronous generators can provide specific system services, as suggested in
several rule changes. Participation should appropriately reflect the capacity of all resources to contribute to system services, noting this may include procuring new services from existing technologies,
or may incentivise innovation and bring forward power system contributions from future technologies. Innovation will flourish when design principles focus on achieving outcomes, rather than
mandating specific short-term requirements.

Synthetic, digital or oOvirtual Il nertiad I's a current ptyafegavalenksarvge previsienttheough non-gaditionabalssetg. These| a d v
developments should be encouraged 1 and ideally be rewarded through pay for performance mechanisms that recognise premium service provision (accuracy, speed etc.).
The ramping requirements highlighted in the rule changes can also be mainly addressed by inverter-based technologies, with large and rapid ramps well suited to the capability of fast-response

battery storage in particular. The increasingly variable supply-demand mismatch will be improved from the introduction of 5 minute settlement, and may also be supported by additional incentives to
provide operating reserves.

4. AEMC need to consider/address how long-term investment signals will be maintained or strengthened where required

A
A

Whilst economic theory might naturally drive design decisions towards pure spot markets, it will be important to balance how investors perceive market price signals and whether volatility and
unpredictability can be sufficiently managed to support adequate volumes of long-term investments (e.g. through financial CFD type products, or other contracted revenue streams).

Regulatory checks and balances will play a critical role, and Tesla supports additional work to ensure AEMO and networks service providers are appropriately incentivised to explore and integrate
new technologies and services i e.g. through trials or refinements to the RIT-T/D in particular for non-network opportunities.

5. Any changes to system service frameworks must also consider the potential role and benefits of DER, demand response, and VPPs in supporting the objectives
A Tesla notes that the future NEM, under any credible future scenario, will see a significant contribution from distributed energy resources (DER), and aggregated fleets operating as VPPs that should

T =

be enabled to participate in all energy and system service markets given their ability to provide many of these services much more efficiently and at a localised level. Many of these capabilities are
already being demonstrated as part of AEMOOG6s Virtual Power Plant trials.
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Summary of Battery Storage System Services

A A key benefit of battery storage is its ability to stack multiple services and provide multiple sources of value across different time-scales. System services provide a critical area where battery
technologies can enhance and drive additional efficiencies in service provision to the benefit of all participants and consumers.

A To date, Tesla has deployed over 3GWh of battery storage providing a range of system services, with around 300MW of batteries on microgrid or off-grid backup sites fully utilising grid-forming and
system synchronisation capabilities in particular.

A Key system services from battery storage include:
A Frequency stability

Fast frequency response

Voltage stability

Primary frequency response

Virtual inertia services

> > D> D>y D

System strength
A Special Protection Systems for fast active power injection for network support

A Multiple reports have also conducted detailed analysis on the performance and capability of battery storage systems operating in Australia since the introduction of Hornsdale Power Reserve in late
2017 7 highlighting:

AfiOperation of the HPR to date suggests that it can pr ovitedfer eag ureanncgye roefs pvoarsla lemedbn potmnet rr osl y. sot
operation of the Hornsdale Power Reserve)

A i T he -$calabgteery storage in SA was valuable in this event, assisting in containing the initial decline in system frequency, and then rapidly changing output from generation back to load, to
limit the over-frequency condition in SA following separation from VIC (AEMO Final Report i_Queensland and South Australia system separation on 25 August 2018)

AfAThe plan [for managing SA islanding] involved Lake BonNn e wtputiuarénraigingptlastate ohchaige slficientsocdliolw e bat t
provision of raise and | ower conti ngen@gMOfPreeronaneRegoy i dctonatanddobuth AustcalialSéparatign Eseatr 3t Jaguarg 20d0F CAS) o (

AARHPR has responded to three South Australian separation eemesecurig fostheSauth Australiae metworkgby espondingwith. On
its Fast Frequency Response capability to reduce the severity of the disturbance and support a return to normal frequency conditi o n Aurécon i HPR Year 2 Technical and Market Impact
Case Study)

A An approach that recognises the benefits of new technologies such as battery storage is also in line with the broader work program bei ng progressed by the Energy S
System Services workstream as part of its post-2025 market reform agenda. As outlined by the ESB, a long-term, fit-for-purpose market framework to support reliability and system security will
necessarily rely on the capabilities of fast-response and flexible resources, including demand side response, battery storage and distributed energy resource participation.

A Ensuring appropriate frameworks are set up now offers a much less volatile price discovery mechanism that will provide a more efficient pathway to supplement the planned exit of large volumes of
Incumbent synchronous generators that presently provide much of these system security services. A clear price signal for services from battery storage is required today if it is expected that these
technologies will form the bulk provision of this service in the years to come, and also ensure a back-stop insurance against the early closure of thermal plant.
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http://www.aemo.com.au/-/media/Files/Media_Centre/2018/Initial-operation-of-the-Hornsdale-Power-Reserve.pdf
http://www.aemo.com.au/-/media/Files/Electricity/NEM/Market_Notices_and_Events/Power_System_Incident_Reports/2018/Qld---SA-Separation-25-August-2018-Incident-Report.pdf
http://www.aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2020/preliminary-report-31-jan-2020.pdf?la=en
http://www.aurecongroup.com/markets/energy/hornsdale-power-reserve-impact-study

FREQUENCY STABILITY

Grid-scale battery storage has consistently demonstrated its ability to provide both
rapid and precise regulation FCAS, particularly when compared to the service 20
typically provided by conventional synchronous generation units. ;T o ,

Whilst this premium response has been demonstrated by Hornsdale Power 20 Z A \n 1 |

Reserve (HPR) over 2 years of operation, regulation FCAS arrangements in the . . Jl' 1 i

NEM do not currently recognise differences jn thespeedoraccuracy, Ll,"'-' 6qu
of service delivery. T | ,"ll [ L
\ I /,:
Operational data shows that HPR provides very rapid and precise response to § 0 j ‘\‘ 'l | ’
regulation FCAS signals, see figure right. This is in contrast to large conventional ‘-I [ \,_ ,J —AGC Real Power
steam turbines, which can lag the Automatic Governor Control (AGC) signal by up ” B ,r' | T ST
) - 1 e

to several minutes. U — Battery Power Response
HPR provides a high quality Regulation FCAS service. Increased deployment of 20
such high quality frequency regulation would assist in maintaining network
frequency within the 50 N0.15 Hz normal operating range

-30
Recommendation:i mpl| ement findi ngs -i8Fequenicyhe AEMCO s 122¢1 7 124031 e Latesld e —

Control Frameworks Review, which highlighted: #Athe B ¥ 'Y EBEYTLEN"Po t he
procurement of frequency services in the longer-term will need to be performance-
based, dynamic and transparent o.



FREQUENCY STABILITY
SA ISLANDING EVENT

SA Re-sync: 17 February 2020
HPR response and grid frequency |
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Constraints lifted, back in Energy market

AGC Real Power Command

Frequency

FFR Delta Real Power

Battery Instantaneous Power

A The South Australian separation event provides an instructive example of the existing capabilities of battery systems to respond rapidly to provide grid support
(transitioning from AEMO AGC signal to support the islanded SA grid), before playing a critical role in ensuring a smooth and seamless resynchronization could be
achieved between SA and the wider NEM network

A During islanding, AEMO constrained SA batteries to zero MW output but allowed 50% state of charge to allow provision of raise and lower contingency FCAS

A Data also highlights that frequency management during the islanded and NEM connected periods were not remarkably different

A It demonstrates technical feasibility in providing system security service today, and the critical role batteries will continue to play going forward in a high renewables NEM



FAST FREQUENCY RESPONSE

. ) . . HPR Response - 25 August 2018 Event
A The fast frequency response from battery storage is well suited to supporting restoration

of frequency and is of particular value in arresting a high Rate of Change of Frequency 206 190
(RoCoF) during initial frequency disturbances. It rapidly and accurately follows the 50.4 56
frequency deviation and provides proportional active power response for both small

deviations caused by minor contingency events or in support of the Regulation FCAS 202 60

service, and large deviations caused by more significant contingency events. 0

40
A HPR currently provides FFR while participating in all six of the existing Contingency

FCAS markets. It provides a premium service in this market through its fast response
time of approximately 100ms, as compared to the minimum required 6 second response
under existing Contingency FCAS markets. This premium service supports a reduced
RoCoF and total deviation in frequency during contingency events.

49.8

20
49.6

Frequency (Hz)

49.4

-20

HPR Incremental Power Output (MW)

492
A Recommendation: exploring appropriate incentives to value fast frequency services

should be accelerated, particularly as frequency control continues to loosen across the 49 ~40
NEM. This is increasing the occurrence of the frequency falling outside the normal

- 13:11:36 13:11:40 13:11:45 13:11:49 13:11:53 13:11:58
operating band of 50 N0.15 Hz: strengthening the case for new mechanisms such as
FFR to be introduced. Again, this aligns with the Frequency Control Frameworks Time
Review recommendation from 2018: nAlthough | T
the existing six second contingency service, this does not necessarily recognise any = Frequency (LH3)

enhanced value that might be associ ated wi

Source: https://www.aurecongroup.com/-/media/files/downloads-library/2018/aurecon-hornsdale-
power-reserve-impact-study-2018.ashx?la=en



https://www.aurecongroup.com/-/media/files/downloads-library/2018/aurecon-hornsdale-power-reserve-impact-study-2018.ashx?la=en

FAST FREQUENCY RESPONSE
AURECON CASE STUDY

HPR provides Fast Frequency Response more rapidly than existing HPR Fast Frequency Response vs 6 second C-FCAS
market requirements, which were structured on the response ' requirement

capability of thermal generators . 50.2 @ @ 120

| . I | %

A Fast Frequency Response is the fast dispatch of active power in response to a , v 100 2

frequency disturbance outside the normal frequency operating range of 50 N0.15 Hz. 498 §

The active power dispatch is in accordance with a frequency droop curve, generally & 50 &

proportional to the magnitude of the frequency deviation. . 5496 . E

= =g

A The chart to the right compares the FFR response characteristic of HPR to the % 49.4 o

minimum requirement for the 6 second Contingency FCAS service, based onadropin ' & 4, 40 @

frequency at a RoCoF of 1 Hz per second, down to 49 Hz: ' . “g“’rq

1) HPR closely tracks the droop curve power dispatch requirement, with minimal - e

delay (response based on lab test results of inverter response characteristic). . 488 . 0 'QE“

| -

2) This contrasts with the relatively slow minimum required response , Time (s) E
characteristic for the existing O6Fast . FCAS

service. : Frequency (LHS) = = =Frequency deadband (LHS) '

Droop curve settings (LHS) 6 sec C-FCAS (RHS)

HPR Response (RHS)

Source: https://www.aurecongroup.com/-/media/files/downloads-library/2018/aurecon-hornsdale-power-reserve-impact-study-2018.ashx?la=en
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VOLTAGE STABILITY

Configurable voltage support features of Tesl aods

Tesla inverters have demonstrated capability to provide voltage support
through precise reactive power injection / absorption based on direct AQ
command, fixed power factor setpoint or closed-loop voltage control
approaches.

Lower voltage Battery
Injects VARs or
increases VARS

The system can also provide fast acting voltage support through a
configurable Volt/VAR droop curve.

AQ, AQ;
>~

Direct
Feactive
Power
Command
(%)

Reactive power support from an inverter-based technology can be a
credible alternative to dedicated static VAR compensators (SVCSs) or static
synchronous compensators (STATCOMS).

Higher voltage Battery
absorbs VARs or
decreases VARSs

Recommendation: ensure any system service procurement process and

Incentives remain transparent and competitively neutral (avoiding

t echnol eigny0 Oblacscekd on exi sting view of <caf
process for network utilities to utilise capabilities of batteries as non- _ :
network options. v gV

Voltage (pu)

Additional Reactive Power




PRIMARY FREQUENCY CONTROL

HPR Contingency response over 1 st year :

Teslads battery energy storage systems "@5puapy ‘%Spé“?rlgCOfH”EF”[CVECiﬁSaSGLrV'FeSCfOme”OF IEEIEREY [ 25 TR, € R elne

occaslonally, as required, to large contingency events

Instantaneously to locally measured changes in system frequency outside
predetermined set points. 10,000

Under existing NEM arrangements, primary frequency control services that ® Peak discharge

operate outside the normal operating frequency band of the frequency operating
standard are procured through the fast and slow contingency FCAS markets,
with new mandates introduced for generating units to provide service within the
normal operating frequency band when dispatched for energy.

m Peak charge

=
o
o
S

HPR is regularly responding to small frequency disturbances outside the normal
operating frequency band. The demand for this frequency control is related to
the effectiveness of Regulation FCAS in maintaining the frequency within the
normal range.

100

As discussed with AEMO, battery systems can be incentivised to tighten their

frequency droop curve setting and/or deadband and provide an enduring Primary
Frequency Control service. This could be a complementary service to Regulation I

[HE
o

10 min interval count (log-scale)

FCAS, and should ultimately be supported through an incentive-based approach.

Recommendation: early consideration of a market mechanism ahead of the 1

mandatory PFR sunset I n 2023 (as suggested 8n7c§BO7O SOﬁoEﬁﬂaooBMOWr:nsto‘r’elr? Oy11 At
Frameworks Review). ’

0.1-1




VIRTUAL INERTIA

With increasing asynchronous generation and declining inertia from
synchronous machines, there is increasing potential for batteries to provide a
Ovirtual 6 i nertia service.

Tesla battery systems have a virtual machine mode that can mimic the
response of a traditional rotating machine to provide an inertial response. The
virtual machine is a blended mode that brings dispatchability of a current source
operating in parallel with the stability benefits of a voltage source.

The flexible and fast controls in a Tesla battery inverter can replicate the

response of a traditional rotating machi ne
created by the inverter controls the response is tunable and can be modified
based on the gridodos needs (unli ke traditic

constant based on their physical characteristics).

The virtual machine model is a flexible feature that can be enabled or disabled
as required. Its parameters such as inertial constant and impedance are fully
configurable and can be tuned to obtain the desired dynamic behaviour for the
grid. The inertial constant of a Tesla battery can be configured from 0.1 to
20MW.s/MVA.

Recommendation:pr ogress i1 ncentives for oOinerti a
through requirements (e.g. response time and active power level required).

Tesla Inverter Virtual Machine Mode:

A Tesla inverter can operate in Virtual Machine Mode with a configurable current source operating

in parallel with a rotating machine model (voltage source).

Machine Model enable

/
Rotating Machine Mode Highly configurable
(Grid-Forming) Current Source
(Grid-Following)
serviceso, defined neutr al

y



VIRTUAL INERTIA
AMERICAN SAMOA - CASE STUDY

A Thei sl and of Taou ihistoricallyeetiedonan S a
expensive diesel generators to supply all of their electricity
needs 1 facing frequent outages, rationing and high emissions.

A In 2016, Tesla commissioned a renewable microgrid i using
1.AMW of solar PV paired with 750kW / 6MWh battery storage to
provide affordable, reliable, and clean power to the island.

A With the battery providing all critical power system services, the
microgrid now provides energy independence to the nearly 600
residents of T a G allowing the island to store and use solar
energy 24/7, reduce diesel costs, remove the hazards of power
Intermittency and make outages a thing of the past.

A The microgrid allows the island to stay fully powered for three
days without sunlight, and the Tesla battery system recharges
fully in seven hours 1 providing back-up power, peak shaving
and seamless grid stability through Virtual Machine Mode (the
battery operating as grid forming i setting frequency and voltage
reference for the grid).

A The microgrid has no grid-connected synchronous generation
and, whilst a small system, illustrates the capability of inverter
based technologies to support the grid at all times.




VIRTUAL INERTIA
ADDITIONAL CASE STUDIES

Since 2017, Teslaodos Virtual Machi ne Mode has been operating on a 13MW / 52 MW
energy storage facility on the 1 sland of Kauaoi, Hawai i . This system has al l c
Increasing renewable penetration on the island by time-shifting energy generated

from solar PV and providing critical grid services including inertia and voltage

smoothing.

As part of the expansion of the Hornsdale Power Reserve to 150MW, inertia
services from a grid-scale battery storage system will be demonstrated in the NEM
context. Once expanded, the Hornsdale Power Reserve could provide up to
3,000MWs of inertia to the local South Australian grid.

We note that inertia/system strength events are typically transitory events before
frequency response kicks in, meaning inverter based technologies are able to
provide the initial response just as well as traditional plant (and this hierarchy can
be considered within the operating regime of the battery system).

Studies by EirGrid and SONI in Ireland have also shown the benefits of
incorporating virtual inertia into energy systems (lower $'s, less CO,, reduced
oscillations).



