AMENDMENT OF THEMARKET

ANCILLARY SERVICE
SPECIFICATIONO DERAND
GENERALCONSULTATION

SECOND DRAFT DETERMINATION

Published: 28 October 2021



http://www.aemo.com.au/
mailto:info@aemo.com.au

) AMENDMENT OF THE MARKET ANCILLARY SERVICE SPECIFICATEDER AND GENERAL
¥ CONSULTATION

> NAEMO

AUSTRALIAN ENERGY MARKET OPERATOR

NOTICE OFTHIRDSTAGE CONSULTATION AMENDMENT OF THE MARKET
ANCILLARY SERVICE SPECIFICATIONDER AND GENERAL CONSULTATION

National Electricity Rules & Rule 8.9

Date of Notice: 28 October 2021 1

This notice informs all Registered Participants and interested pargConsulted Personythat AEMO is
commencing a third stage of consultation onamending the Market Ancillary Service Specificatian

This consultation is being conducted under claus@&.11.2 (cand (d) of the National Electricity RulesNER),
and the Rulesconsultation proceduresin rule 8.9 of the NER.
Invitation to make Submissions

AEMO invites written submissions on thiSecondDraft Report and Determination Second Draft
Determination ).

Please identify any parts of your submission that you wish to remain confidential and explain why. AEMO
may still publish that information if it does not consider it to be confidential but will consult with you
before doing so.

Consulted Persons should nte that material identified as confidential may be given less weight in the
decision-making process than material that is published.
Closing Date and Time

Submissions in response to this Notice of Second Stage of Rules Consultation should be sent by enail
mass.consultation@aemo.com.auo reach AEMO by 5.00pm (Melbourne time) orl8 November2021

All submissions must be forwarded in electronic format (both pdf and Word). Please send any queries
about this consultation to the same email address.

Submissions received after the closing date and time will not be valid, and AEMO is not obliged to
consider them. Any late submissions should explain the reason for lateness and the detriment to you if
AEMO doesnot consider your submission.

Publication

Al'l submissions will be published on AEMOG6s website,

© 2021Australian Energy Market Operator Limited. The material in this publication ay be used in
accordance withthec o pyr i ght per missions on AEMOO6s website

1 This document was first published on 28 October 2021 and republished with minor edits on 1 November 2021.
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EXECUTIVE SUMMARY

The publication of this Second Draft Report and Determination§econd Draft Determination )
commences a third round of consultationconducted by AEMO to amend the market ancillary services
specification MASS) under the National Electricity RulesNER).

AEMO is required by clause 3.11.2(b) to make apdblishthe MASS, which AEMO may subsequently
amend at any time subject to theRulesconsultation proceduresin rule 8.9. There were twokey reasons for
the consultation:

1. Whether it would be appropriate to amend the MASS to accommodatethe provision of market
ancillary services FCAS by distributed energy resources DER using the learnings from a trial of
virtual power plant (VPP Demonstrations).

2. Whether to adopt a restructured, redrafted MASS following a review toimprove clarity.

AEMO commenced this consultation onl9 January 2021 and received 34 submissions in response to an
issues paper on the proposed changes to the MASSgsues Papel). A Draft Determination and Report
(Draft Determination , or first Draft Determination ) was published on14 June 2021and AEMOreceiveda
further 44 submissionsin response tothe Draft Determination.

The MASS consultatiorhad two broad objectives

1 The firstwas a general improvement objective,to resolvea number of ambiguities and make the
MASS consistent with therule requirements for mandatory primary frequency response.

1 The secondobjective was todetermine whetherany changes tothe measurement arrangementsn
the MASSwere appropriate to facilitate increasedparticipation of DER in the contingency FCAS
markets.

The changes made to restructure and redraftthe MASS published with the Draft Determination, were well
supported. There was no suggestion that AEMO should return to thearlier format. The substantive
changes proposedwere largely regarded as appropriate although there wasa variety of minor
suggestions, which are addressed ithe draft MASS published withthis Second Draft Determination.
AEMO considersthe general issuego be largely settled and does not expect toreceivefurther submissions
on this agect of the consultation.

Conversely, there was a broad range of views from Consulted Persons on the need to amend the MASS to
accommodate the provision of FCAS by DER. Several submissions supported alternative measurement time
resolutions for Fast FCAS sh as 100milliseconds(ms) and 200 ms, and there was also a split between the

submi ssions supportive of the measurements remaining
to the asset level.

AEMO decided that further analysis was required befe making a final determination, with an additional
round of consultation. AEMO publishes this Second Draft Determination to discuss the submissions and its
response to the issues raised by Consulted Persons.

At this stage, based on the additional evidene submitted by Consulted Persons and further analysis from
the University of Melbourne, AEMO proposes to vary its draft determination to:

1 Require a minimummeasurement timeresolution for Fast FCAS providersf:

- 200 ms for aggregated facilities with no inertial responsg5% error applies if number of sites is less
than 200); and

- 50 ms for all other facilities

1 Leavet he measur ement |l ocation O6at or close tod the c
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AEMO considers this change from thdirst Draft Determination is in the long-term interests of consumers
and, hence, promotes thenational electricity objective (NEO).

A combination of proposed changes to the FCAS verification methodology and the University of
Melbourne (UoM) analysisof error associated with measurement time resolution has enabled the above
change in resolution to 200ms. The difference between the errors associated with data capted at 100ms
and 200 ms was less than %, and the UoM analysis also cdiirmed that the verification error decreases as
the number of sites within an aggregatel facility increases. AEMO will therefore allow a measurement time
resolution of 200 ms but only for aggregated ancillary service facilities andvith a discount of 5% applied
to reflect the verification error when the number of sites within an aggregate is less than 20@&
measurement time resolution of 1second () was determined to be unsuitable due to the inability to detect
detrimental under-damped oscillabry behaviour.

AEMO also congdered whether to revise the measurement time resolution for all Fast FCAS providers
However, as the inertial component cannot be calculated with sufficient accuracy using data captured at
100ms or 200 ms intervals AEMOproposesto leave the measurementtime resolution unchanged for
FCAS providers with inertial response

No change is proposed to the measurement locations as AEMO must ensure the proper orchestration of
DER behindthe meter (BTM), and the measurement location cannot depend on the number é

controllable BTM assets at registration. AEMO must be able to verify the delivery of FCAS even if additional
controllable BTM assets or smart devices, such as hot water diverters, are retrofitted.

The transitional arrangements for VPP Demonstrations pacipants proposed in the first Draft
Determination included a discount error of 20% if data was captured between 20fhs and 1s intervals.
Based on the study completed by UoM and the analysis shared in formal submissions, the discount error
has been revised to 5%.

Thefirst Draft Determination set a transitional period until 30 June 2023 foparticipants in the VPP
Demonstrations to either comply with the measurement arrangements in the MAS®r trial facilities, or exit
the FCAS markets. This is based on the following considerations:

I The total FastFCAS capacity offrial Participans is 31 megawatts MW) across four regions, so
allowing a transitional period is considered reasonable giventheir minimal impact on power system
security.

9 Trial Participans will need to make equipment and control system changes to be able to comply with
the MASS measurement requirements if they wisto remain in the Fast FCAS markets. AEMO
considers thatthe proposed transitional period until 30 June 2023allows them sufficient time to make
the necessary changes.

9 During the transitional period, the potential adverse impact of the measurement error eslower time
resolutions will be mitigated by discounting the measured quantityof Fast FCAS

Unexpected behaviour of DER inverters continues to be a concern, and AEMO will work wdlstribution
network service providers DNSPS9, original equipment manufacturers OEMs), and aggregators outside of
the MASS consultation to resolve several substantive issues. AEMO is also considering revisions to the
benchmarking FCAS test requirements to detect any unexpected behaviour from a DER inverter.
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1. STAKEHOLDER ONSULTATIONPROCESS

As required by clause3.11.2(dpf the National Electricity RulesNERor Rules), AEMO is consulting onthe
Market Ancillary Service SpecificatioMASS) in accordance with theRulesconsultation procedures.?

AEMO®6s timeline for this consultation is outlined bel
Deliverable Date
Notice of first stage consultation and Issues Paper published 19 January 2021
First stage submissions closed 11 March 2021
Draft Report & Notice of second stage consultation published 14 June 2021
Submissions due on Draft Report 6 August 2021
Second Draft Report & Notice of third stage consultation published 28 October 2021

Submissions due on Second Draft Report 18 November 2021

Final Report published 22 Deember 2021

The publication of this SecondDraft Determination marks the start of the third stage of the consultation.

Note that there is a glossary of terms used in thiginalReport at Appendix A .

2. BACKGROUND

2.1. NERand NEL requirements
Clause 3.11.2(b) of the NER requira&EMOto have a MASS which describes and specifies the requirement
for each type of market ancillary service(FCASS. It states:
(b) AEMOmust make angublisha marketancillary service specificationontaining:
(1) adetailed description of each kindroarketancillary service and

(2) the performance parameters and requirements which must be satisfied in order for a service to
qualify as the relevamharketancillary serviceand also when Blarket Participantprovides
the relevant kind ofmarketancillary service

The MASS may be amended at any time after following th&®ules consultation proceduresas required by
clause 3.11.2(c) & (d), which state:

(c) AEMOmay amend thenarketancillary service specificatigrfrom time to time.

(d) AEMOmust comply with th&kules consultation proceduragien making or amending tiearket
ancillary service specificatian

When considering changes to the MASS, AEMO is required to have regard to the national electricity
objective (NEO), which is contained in section 7 of theNational Electricity Law

706 National electricity objective

The objective of this Law is to promote effinidnvestment in, and efficient operation and use of,
electricity services for the long term interests of consumers of electricity with respect to

(@) price, quality, safety, reliability and security of supply of electricity; and

2 See rule 8.9 for theRules consultation procedures
SThe term OFCAS® has been used inter chan g ersided and fiequenty ledntsol adcidlaryu ment t o
services.

© AEMO 2021 5
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(b) the reliability, safey and security of the national electricity system.
Section 49(3) of theNational Electricity Lawstates:

(3) AEMO must, in carrying out functions referred to in this section, have regard to the national
electricity objective.

When ref err i n gtions,sectdredd(D) dnsludés thase:

495 AEMO's statutory functions
Q) AEMO has the following functions:

€) to operate and administer the wholesale exchange;
(b) to promote the development and improve the effectiveness of the operation and
administration of the wholesale exchange;
é
(e) to maintain and improve power system security;
In its role as thepower systemoper at or, AEMO®6s pri mary powensy#gemn i s t he

security. In the context of the NEO, thisincorporates the dispatch of electricity and other services in the
most cost-effective manner so as to minimise costs to consumers.

2.2. Context for this consultation

The primary driver for this consultation wago determine whether and how to amend the MASS to
facilitate the ongoing participation of DER in the FCAS marketAEMO commenced atrial of the capability
of virtual power plants (YPPs)to deliver FCASn June 2019VPP Demonstrations). In its Issues Paper
published on 19January 2021l§sues Papel), AEMOsought submissiors on whether the trial specifications
should be incorporated in the MASS

The core questionsfor this consultation in relation to DER participationwere directed at the measurement
requirementsin the MASS for delivery of FCASn the Issues PapeAEMO proposed two options for the
measurement of FCASrovision from DER:

91 Option 1: To leave the measrement requirements in the current MASS unchanged.
1 Option 2: To embed the measurement requirements that were tested in the VPP Demonstrations in
the MASS.
AEMOinvited stakeholders to proposealternative options if they promoted the NEO and FCAS delivery
could still be verified accurately.

In addition to the DER questions, the Issues Pap@resented a range of generalimprovements and issues
for consultation, spanning a variety of mattersncluding improved guidance on Regulation FCAS
requirements, serviceco-ordination, and refinementof service definitions Thisopening of the MASSalso
seemed an appropriate time to consult on arestructured, redrafted MASS The changes are aimed at
improving its readability, accessibilityand usefuhess, as described in the Issues Paper.

2.3. First stage consultation
AEMO issued a Notice of First Stage Consultation oh9 January 202lalong with the Issues Paper

AEMO received32 valid written submissions and two late submissiors.

AEMO also heldtwo forums on 4 February 2021; one to address the general MASS review, thther to
consider the DERissueswith up to 40 organisations represented Eght stakeholdermeetings were held to
discuss the submissions in more detail and also as a result of meeting requests framio Consulted
Persons

© AEMO 2021 6
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2.4. Second stage consultation

AEMO issued a Notice of Second Stage Consultation o4 June 2021 along with a draft determinatioand
report (Draft D etermination ) and a mark up of the proposed changes to the MASS.

AEMO received44 submissionsin response to the Draft Determination

Copies of all written submissionf ex cl udi ng any confidential information
websitet

One submission was entirely confidential AEMO has not taken that submissiofnto account in reaching
any determination.

3. SUMMARY OF MATERIAL ISSUES

Appendix Blists all issuesarising from the Draft Determination raised by Consulted PersonsMaterial issues
addressed inSectiors 4 and 5 are summarisedin the following table:

No. Issue Raised by

1. Measurement Time Resolutiorfor FCAS Australian Energy CouncilAEQ, AGL,Clean Energy Council
provided by DER. (CEQ, CitiPower, Powercorand United Energy CPUE),

Dreambox Co. Energy ConsumersAustralia ECA, Empower
Energy,Energy Networks Australia ENA), EnergyAustralia (EA),
Energy Locals, Bphase EnergyEvergen,Hydro Tasmania,
Intellihub, Members Energy New Energy Ventures, Origi
Energy,Public Interest Advocacy CentreRIAC), Powerledger,
Quinbrook Infrastructure Partners Quinbrook ), Redback
Technologies(Redback), RepositPower Reposit), Rheem
Australia & Combined Energy TechnologieRheem & CET),
SAPower Networks (SAPN), Government of South Australia
Department of Energy and Mining DEMSA), Shell Energy,
Simply Energy Social EnergySolar Analytics SolarEdge,
sonnen, SwitchDin,Tesla Motors Australia Tesla), Viotas

2. Location of Measurement Point for FCAS ~ AEC,AGL, Cape ByrorPower (CBP), CECDiscover Energy,
provided by DER. Dreambox, Empower EnergyEnergy Locals, Enphase Energy,
Evergen, Hydro Tasmanidntellihub, New Energy Ventures,
Origin Energy, PowerledgerQuinbrook, Redback, Reposit,
Rheem & CETShell Energy Simply Energy Social Energy
SolarEdge sonnen, Tesla

3. Trial ParticipantTransitional Issues AEC Australian Energy RegulatorAER), Empower Energy,
Energy Locals, Evergen, Hydrdasnania, Members Energy,
Origin Energy,Quinbrook, Reposit, SAPN,Shell Energy Simply
Energy,sonnen, SwitchDin Tesla

4. Consultative Forumon the provision of AEG AGL, AusgridCECCS Energy, DEMSA/ictorian
FCAS by DER Government Departmentof Environment, Land, Wateiand
Planning OELWRV), Discover Energy, EA, ECA, Empower
Energy,Enphase Energy, PIAGhell EnergySolar Analytics,
SolarEdge, Tesla

5. Application of the NEOto the provision of  Australian Consevation Foundation (ACH, AEC, AGLCEC,
FCAS by DER. CPUE, S Energy DEMSADEWLRBV, ECA, Empower Energy,
ENA, Energy Locals, EvergeMembers Energy,PIAC,Reposit,
Rheem & CETSAPN,Shell Energy, Simply EnergygolarEdge,
sonnen, SwitchDin, Tesla

4 Available at:https://aemo.com.au/en/consultations/current-and-closed-consultations/mass consultation?submissions=4
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No. Issue Raised by

6 Importance of VPPDemonstrations AGL, Enphase Energy, EvergeNew Erergy Ventures, Simply
Energy, SolarEdge, Tesla

7. Relevance of Other Market Experience CEC, Simply Energy, SolarEdge, Tesla

8. MASS Readability and Usability AER CS EnergyDelta Electricity, EA, Hydro Tasmanjd&eposit,
SwitchDin

9. Clarification of References to the FOS AER

10  Requirements for NonFrequency Enel X, Hydro Tasmania

Responsive Facilities

11. Co-ordination between different FCAS and AGL, EAEnel X Energy Locals, Hydro Tasmania, Quinbrook,

PFR Reposit,Shell Energy Viotas
12. Requirements for Regulation FCAS AGL,Delta Electricity, Hydro Tasmania, Shell Energy, Tesla
13. Clarification of Requirements for Delayed  Hydro Tasmania

FCAS
14, IssuesAssociated with Pending Rule Enel X, Hydro Tasmania, Shell Energy

Changes and Matter for Separate
Consultation

All issues raised by Consulted Persons in submissioaad forums, t oget her wi th AEMOOGS
contained in Appendix B

4. DISCUSSION OF MATERIAL ISSUB®ER

The Draft Determination indicated that AEMO wouldleave the measurement arrangements unchanged
from the current MASS This was based on the information available othe adequacy of 100milliseconds
(ms) or 200 ms to verify the delivery of Fast FCAS and to ideify oscillatory behaviour. The power system
security concerns highlightedin the Draft Determination must be resolved, but AEMO understands thaa
number of those concerns have to be addresseautside of the MASS framework withdistribution network
service providers DNSP9, original equipment manufacturers QEMs), and DERaggregators.

Sectiors 4.1to 4.7 address the key issas raised byConsulted Personon key issues around the provision
of FCAS by DEROther issuesare addressedin Appendix B which alsolists all issueswith crossreferences
to where they are addressed in this Second Draft Determinatian

As outlined in the following sections, there was a broad range of views from Consulted Persons on the
need to amend the MASS to accommodate the provision of FCAS by DERhis range of views on central
issues was a contributing factor to AEMO deciding that further analysis was required before making a final
determination, with an additional round of consultation.

4.1. Measurement time resolution for FCAS provided by DER

4.1.1. Issue summary and submissions

For the reasons set out irthe first Draft Determination, AEMO determired to leave the measurement
resolution for Fast FCASit 50 ms or less Several Consulted Persons challenged thposition, in particular
noting independent analysis from the University of MelbourneyoM) indicating the degree of error a
longer sampling rate would yield.

© AEMO 2021 8
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Extracts from submissions on this issue are cited below.

AEC:
The AEC generally accepts as part of an interim approach:

1 The decisions not to change the measurement time resolution and measurement location point.

AGL:

AGL acknowledges the system security risks identified by AEMO that will need to be effectively managed
to support the continued integration of DER at scale. Nevertheless, we are concerned thatthe Draft
Determination appears to conflate distribution network constraints and system security risks with the
metrology requirements associated with market settlement.

While we commend AEMO in commissioning independent analysis through the UoM to understand the
nature of these risks and identify options to manage them, it is not clear that requiring more onerous
metrology requirements than were required in the VP P Demonstrations will mitigate the system security
risks AEMO is seeking to address. At the same time, these requirements risk impacting the maturity of the
market for DER services by limiting the ability of a range of technology providers to participate i n VPP
services. As a result, the proposed specifications present an unnecessary barrier to entry for DER
participation in Fast FCAS markets.

e

We note that the UoM analysis concluded that the 100 and 200ms measurement options are sufficient to
meet AEMOO6s system security concerns. We u-eftt@ivest and t ha
for a broader cross-section of inverter OEMs.

e

€ we would recommend AEMO defer this component of the MASS and commission further test analysis to
confirm whether 100 or 200ms measurement granularity is
market settlement systems.

CEC:
2. Power system security concerns

We are verydisappointed that power system security concerns were introduced late in this review process
as a barrier to amendment of the MASST particularly as the concerns raised seem to mostlybe separate to
concerns legitimate to the MASS and DER FCAS participatian.

CEC has been working closely with AEMO to address the power system security concerns cited in th®raft
Determination. If power system security concerns can be used to veto any other initiative between AEMO
and the renewable energy industry, then it seems pointless to work with AEMO on anything other than
power system security concerns.é

2.1 Unexpected disconnection of inverters

The CEC and its members are very aware of A@&M@dOs concer
local distribution netwo rk faults and power system disturbances. CEC and its members workedclosely

with AEMO to support the introduction of its short duration under voltage disturbance ride through

(VDRT) test procedure, which has been mandatory in SAand on the Western Power network since 28

September 2020 and 1 July 2021 respectively and which will be mandatory inVictoria from 1 September

2021. This test procedure will be superseded when AS/NZS 4777.2:2020commences from 18 December

2021. We estimate that bringing forward the date for compliance with the VDRT test procedure in advance

of AS/NZS 4777.2:2020 cost inverter OEMs in the order of tens of millions of dollars in total for product

changes and retesting of products.

CEC has encouraged members to provide AEMO withinverters compliant with AS/NZS 4777.2:2020 to
enable testing of their behaviour in response to power system disturbances. We understand thatseveral
manufacturers (OEMSs) have already arranged to provide AEMO with 2020-compliant inverters or have
plans to do so. There are already fourOEMs whose inverters are listed on the CEC ApprovedProducts List

> Note that submissions quoted in this document arein this font ; a footnote in this font indicates that the footnote is copied from
the submission. In the interests of saving space, AEMO has shortened some comments, removed repetitive content, replaced
descriptions in the submissions with eronyms and standardised the use of other terms that are defined in the Glossary.
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as compliant with AS/NZS 4777.2:2020. We do not foresee any obstacles to AEMCOcommissioning
independent testing of these inverters over the course of this year.

CEC would support the proposal to require compliance with AS/NZS 4777.2:2020 for all systems upon
registration for FCAS. This would address the risk of unexpected behaviour by inverters installed prior to
2021.

Recommendation 1: AEMO and CEC members shoud continue cooperation on testing the behaviour of
inverters compliant with AS/NZS 4777.2:2020 and consider formalising the program
with a Memorandum of Understanding.

Recommendation 2: AEMO should require compliance with AS/NZS 4777.2:2020 for all systems upon
registration for FCAS.

2.2 The control hierarchy for inverters

The Draft Determination expressed concern regarding behaviour during local distribution network and
global power system disturbances posing a risk of underdelivery of FCAS due to inverter requirements
e.g. autonomous reactive power (Volt-Var response) support assisting voltage management in the
distribution network prioritised over active power (FCAS response).

The prioritisation table 2.6 in AS/NZS 4777.2:2020 (included below) does not stipulate prioritisation level
of FCAS response but it does specify priority for sustained active power response to frequency
disturbances (prioritisation level 4) ahead of power quality response modes like volt-var (prioritisation
level 5). Frequency support does sit below generation control functions like export limits (prioritisation

level 3), that will probably become dynamic/flexible in the future.

Table 2.6 — Specification for prioritization of inverter functions

Prioritization e
Description
level
1 All disturbance withstand limits described in Section 4 while abnormal conditions prevail
and until the duration exceeds the time limits of the passive anti-islanding settings in
2 All requirements to operate the automatic disconnection device.
3 Generation control function of Section 6.
4 Sustained operation for frequency disturbances of Clause 4.5.3.
5 Inverter demand response mode of Clause 3.2 and power quality modes of Clauses 3.3.2
and 3.3.3 (see Note 1).
6 Power rate limit of Clause 3.3.4.
NOTE 1 The prioritization requirements for the power quality modes is defined in Clause 3.3,
NOTE 2 The performance of the inverter when responding to demand response commands is defined in
Clause 3.2.1

Thus, when frequency falls below the continuous operation range, inverters are required to increasetheir
output if it was previously curtailed by volt -var and/or volt -watt response modes as illustrated, below.

© AEMO 2021 10
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Figure 4.1 — Example frequency response for a decrease in frequency for an inverter that has a
reduced output

The test procedure described in clause J.3.4, raises the voltage into the vokwatt region and then reduces
frequency down below 48Hz to confirm this behaviour. This is a mandatory response. Delivering an FCAS
response in advance of this would not necessarily conflict with AS/NZS 4777.2:2020.

The CEC is keen to understand AEMOO6s view asant o
adverse effect on FCAS delivery.

We understand that these concerns were readily addressed in theSA VPP trials without any need to
rewrite inverter standards.

Recommendation 3: AEMO and CEC members should work together to understand in more detail which
aspects of AS/INZS 4777.2:2020, if any, could have an adverse effect oRCAS
delivery, and how best to balance different priorities.

é
3. Time resolution for measurement of FCAS delivered by DER

The MASS requires measurements of power flow and local frequerty be made at intervals of 50ms or less
for the purpose of verifying FCAS delivery and AEMO has concluded that it is not appropriate to change
the measurement resolution for Fast FCAS.

wh i

We understand the concerns t ha tinclesseatiee measudemendresdlEidmOoO s

to 1s. Nevertheless, we do not support the decision to leave the measurement resolution at 50ms. A
resolution of 100ms has been demonstrated to be sufficient and would reduce costs to customer who are
part of a VPP. Thiswould benefit all consumers in the long term.

AEMO has confirmed that the maximum error introduced at 100ms measurement intervals is only 2.3%.

AS/NZS 4777.2:2020 commences 18 December 2021. It specifies measurement times of 100ms for voltage

and frequency and 200ms for power. Alignment of the FCAS measurement requirements with AS/NZS
4777.2:2020 would reduce implementation costs and would benefit the long-term interests of consumers.
AEMO had observes(sic) that data functionality is specific to each inverter make and model, but this does
not change the expectation that better alignment of technical standards and market rules would reduce
implementation costs.

© AEMO 2021 11
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3.1 Power system security and measurement interval

It is unclear how the concerns about the response of inverters to power system disturbances would be

addressed by requiring VPPs to measure at 50ms intervals. This appears to be conflating two separate

issues. AEMO has acknowledged that reduced granularity sampling will still identify inverter

disconnection. We acknowledge that reducing the granularity of sampling would affect the accuracy of the

verification of FCAS delivery, but the maximum error for 100ms measurement intervals would be only

2.3% and there are options to address that level of error.Th e Dr aft Determi n®Bti on states
committed to working with industry to address the DER inverter behaviour concerns but cannot raise the

50ms sampling rate requirement until thi sadegoately i s compl
explain why the sampling rate cannot be changed or how leaving the sampling rateunchanged will help to

address power system security concerns.

The Draft Determination states, AWhil e measuRkRCASnent reso
assessment methodology ma present a reasonable compromise, it is anticipated that in the time required

to assess and confirm whether this is the case, advances in higtspeed metering will reduce this as a

barrier to entryo. However, the DrrafAE Mgp@idatomof nati on pro
imminent cost reductions in high -speed metering.

3.2 Inverter capability

OEMs are in the process of redesigning their inverters to comply with AS/NZS 4777.2:2020. The standard
requires measurement intervals of 100ms for voltage and frequency and 200ms for power. This is the
sampling rate requirement. We are not aware of anyinverters that capture and store data at 50ms or
100ms intervals. Most capture and store data at 1sintervals.

é
3.5 Data Capture Resolution Capabilities

AEMO has requested clear information on the data capture resolution capabilities of OEM equipment to
measure grid flow (at or close to the connection point), currently or with simple upgrades to current
capabilities (e.g., firmware upgrades) and noting that this data capture capability is distinct from the
sampling rates specified in AS4777.2.2020.

It is extremely difficult and unnecessary to measure and transmit the FCAS data in real time. The CET
meter can store one hour of FCAS measurementsAn external device is required to extract and store the
FCAS data at the end of each FCAS event. The cost of the external device will be developmetiine and
cost, rather than equipment cost. The development task could involve firmware changes inthe meter and
coordination between the meter and the inverter so that the inverter can store the data. This could be
complicated, especially if there is insufficient storage within the meter and changes to meters are required.

Typically, the way this works today for almost everyone with a storage inverter or AC coupled battery isas
follows:

1. There is a metering device that is responsible for metering. It is separate from the inverter, and
usually connected via RS485 serial protocol and installed next to the smart meter. That device must
be capable of sampling faster than 50ms or it cannot do its job (e.g. calculate powerfactor, accurate
power measurements, frequency readings, etc.)

2. The inverter polls that device regularly to enable it to figure out whethe r it needs to export limit,
ramp up the battery, etc. What oOregularlyd means vari
highly unlikely to be every 50ms.

3. There is a microprocessor on the monitoring device and some flash storage, but usally not much.

Currently there are no requirements for DER vendors to meter to 50ms levels of accuracy. There is a
sampling response requirement of 100ms for voltage and frequency and 200ms for power thresholdsin
AS/NZS 4777.2:2020 but no requirements for data capture or recording.

Most OEMs will be able to achieve data capture and recording at the 100ms rate, with additional storageto
enable uploading of data when an FCAS event has occurred.

Dreambox Co.

It is clear from the analyses performed by AEMO and other groups that sampling power and frequency at a
rate of 1 Hz introduces unacceptable amounts of error when verifying Fast FCAS responses. It is also worth
noting that AEMO has expressed interest in the ability to assess DER behaviour more generally diring

other events of interest (grid voltage fluctuations, etc.), and sample rates of 1 Hz will greatly diminish this
ability.

With the above in mind, we are supportive of the move to increase the required sample rates of power and
frequency from those in place during the VPP Demonstrations. However, we believe, as noted by AEMO in

© AEMO 2021 12
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the consultation document, that sample rates of 10 Hz, as opposed to the 20 Hz sample rates proposed in
the draft MASS, represent a good compromise between accuracy and technidaifficulty. In our

experience, 10 Hz sample rates are close to the boundary of what can reliably be achieved with simple and
inexpensive microcontroller -based measurement techniques. While the maximum error when using 10 Hz
sample rates (and the trapezoidal integration method) was calculated by AEMO to be 2.3% in the
consultation document, the average error, based on Figure 2 of the document, appears to be less than 1%.
Given this low average error, we do not see the value of investing additional time andmoney into the
development of measurement devices capable of 20 Hz sample rates.

ECA:

€ we support the Draft Determination to maintain the current measurement time resolution for Fast
Contingency FCAS which we consider will help to avoid anyreduction in the efficacy of an FCAS response
and the associated increase in costs for consumers. While we are sympathetic to theiew that loosening
this standard would allow greater rates of participation in the short -term we are not persuaded that this
benefit outweighs the potential costs.

Empower Energy:

Empower Energy broadly supports the Draft Determination to maintain current MASS measurement
requirements pertaining to Fast FCAS delivery. This support is offered as afunction of options
promulgated through the MASS review process rather than what our view might be following a holistic
review of all possibilities associated with DER integration into the NEM. In particular:

1 AEMO has determined not to accept options outside the metering status quo principally on grounds of
system security. Empo we rcontEntianthgt gystaruspcprityrista seal Anl MO 6 s
present concern, the importance of which is duly guided by the intent of the NEO.

1 Atthe present time it has not been adequately demonstated that a reduction in metering performance
requirements 1 given the inherent possibility that quality of response within relevant frequency
response services may degradé would not adversely impact system security.

e

Systems complying with the MASS are designed for a clear performanceparadigm that has existed with
good stability for some time; market directions have, for various reasons, similarly made clear that these
performance requirements are not broadly and reasonably able to be made inherent toDERs by OEMs
without dedicated, market-specific investments in technology development. FCAS participation is a subset
of the Australian market for DERSs offering little certainty about uptake rates, market value and no
secondary marketsi these and other factors contribute to DER OEMSs being unlikely to invest in solutions
able to meet the MASS These notions are duly reflected in the current market state: solutions for MASS
compliance exist from a few specialist vendors, and DER vendors seeking FCAS partigation have instead
chosen to advocate for change to the MASS.

There are limits. The current MASS review has established that 1Hz metering is notsufficient for
adequately-accurate characterisation of frequency response. The advent oAS/NZS 4777.2:2020 1
implementing a 10Hz standard (albeit at lesser total accuracy thanthe MASS, were the MASS reduced to
10Hz sampling rate) allows a more rigorous minimum condition for participation i at negligible marginal
costi that is worthy of evaluation in future MASS reviews. As mentioned in our original submission, these
developments are consistent with development and market directions for frequency response market
participation from significant classes of DER in overseas markets, which will ultimately im pact the
availability and prevalence of such solutions in the Australian market.

Energy Localst Quinbrook:
AEMO has concluded:

fié that it is not appropriate to change the measur e me

While changing the measurement time resolution requirement to 1s may increase competition in the
short term, any issues this could create for the Fast FCAS markets would not promote the NEO.

While measurement resolution of 100/200ms along with changes to the FCAS assessment
methodology may present a reasonable compromise, it is anticipated that in the time required to
assess and confirm whetherthis is the case, advances in highspeed metering will reduce this as a
barrier to entry.

Notwithstanding the potential pathway AEMO has identified to address t he errors associated with a
lower data time resolution, given the power system security concerns associated with DER inverter
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behaviour, AEMO does not consider it to be prudent to reduce the granularity of the measurement
resolution until approaches toaddr ess t hese concerfs are implemented. o

System security concerns

We donét believe AEMOG6s stated concerns about metering
supported by the evidence presented to date. AEMO does not use high speed meterinHSM) data as part

of real-time operation and monitoring. The Draft MASS requires that Ancillary Service Facilities transmit

real-time dataviaSCADA fevery 4s to AEMO via SCADA “&ssdchwi th no g
measuring FCAS on a 50ms, 100ms or 1s asis does not impact the reattime data sent to AEMO on a 4s

basisand therefore cannot i mpact AEMOG6s abili ttiineet o moni t ol

HSM data at FCAS is used for ex post analysis, especially around major events. Aove to 100msor 1s

basis may limit the ability to analyse ex post outcomes on a subsecond basis to somedegree. We note that

where major incident reports do focus on high-speed data (50ms or less) the focus igypically system

frequency and interconnector flows which would still be fully available to AEMO as would HSM data from

transmission and distribution operators. AEMO does not explicitly highlight this as a risk and we would be
interested to understand AEMOO6s v i dmpacbits abiiitytewcoanduad i f f er ent
ex post event analysis now and in future with greater levels of DER penetration.

AEMO does raise several risks in theDraft Determination r el at i ng t o ADER inverter beh
unexpected disconnection due to a local retwork fault; behaviour during local distribution network and

global power system disturbances posing a risk of underdelivery of FCAS due to inverter requirements;

| argescale, rapid active power injecti onesoissuevarde hdr awal
analysedin a supporting report (DER Behaviour Report). 8 It does not appear that the analysis of any of

these issues orthe proposed solutions depend on 50ms metering of FCAS. The DER Behaviour Report

usesHSM data (which appears to be 5msor 10ms resolution) as part of its analysis, however this data is

from distribution feeders, not specific DER assets, and in any case is higher resolution than the proposed

MASS. There is no mention in the DER Behaviour Report of FCAS metering speed requiements in the

MASS.

AEMO does raise another risk in the Draft Determination :

AfUnexpected responses from inverters that cannot be i
for example, if inverters deliver an oscillatory response within 1s intervals due to a voltage or
frequencydi st urbance. 0

AMEO recommends a potential action to fimaintain the 50m
MASS in order to identify phen disissuesnotdoverabsinamysot i | | at ory
therefer enced reports and we are interested to understand t
access tothe supporting analysis informing their position as has been provided with the other issues. We

suggest thateven if this issue were to manifest:

1 The issue could be analysed in the field in the same manner as the issues covered by the DER
Behaviour Report i namely using distribution feeder level HSM data. It seems unlikely that AEMO
would need individual device data to analyse a subsecond oscillatory issueat the distribution system
level.

1 Individual devices could be analysed on the bench usingHSM.
1 Specific, not all, devices could be analysis in the field usingHSM.

Finally, AEMO states that it i s Iiproportional ar switchigfFk@AS t he Fast
controllers can be verified ovet. Weagee Howevertasored of a fr eq
above, AEMO only monitors the system on a 4s basis in reattime, so this is not a real-time operational

requirement. We also note that even 1s metering resolution would allow AEMO to confirm ex post that a

given FCASresource was responding across the 6s after a frequency disturbance as opposed to ramping to

full response at the very end of the 6s responseperiod.

We do not believe AEMO has made the case that system security requires all individual FCAS resources to
record HSM at all times when this data is only used on an ex post basis in highly limited circumstances.

é

& AEMO, Amendment of the Market Ancillary Service Specification i DER and General Consultation, 14 June 2014, p1920.
” AEMO, Amendment of the Market Ancillary Service Specification i DER and General Consultation, 14 June 2014, p22.

8 AEMO, Behaviour of distributed resources during power system disturbances, May 2021.

® AEMO, Amendment of the Market Ancillary Service Specification i DER and General Consultation, 14 June 2014, p18.
10 1hid.

11 AEMO, Amendment of the Market Ancillary Service Specification i DER and General Consultation, 14 June 2014, p14.
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Settlement accuracy

AEMOG6 s f iemn eelatestooneasurement error for the purpose of determining procurement
guantities and in settlement. We believe this issue is overblown and can largely be managed by altering the
MASS to acompromise metering resolution and adopting the trapezoidal ru le for calculating quantities.

AEMO states fiwhile measurement resolution of 100/ 200ms
methodology may present a reasonable compromise, it is anticipated that in the time required to assess
and confirm whether this is the case, advances irHSM wi | | reduce this adeleawebarrier t

100/200ms metering resolution is a reasonable compromise, and that given the results of the VPP
Demonstrations there is ample evidence that this will work in practice. We also believe that moving to
100/200ms will ensure barriers to entry are reduced. In our experience there are many cost-effective
metering solutions even at 100ms but this reduces significantly at 50ms for small scale devices and usually
involves secondary costs beyoml the unit cost of the meter (e.g. expensive annual subscriptions for meter
reading platforms).

Recommendation

Our preferred position is that the MASS is updated to require measurement on less than or equal to
200ms and that the trapezoidal measurement rule is adopted. 200ms with the trapezoidal rule strikes the
right trade-off between the short-term benefits highlighted by AEMO, the wider benefits under the NEO
identified in this submission and manages metering accuracy.

Enphase Energy:
2.2 DC Coupled Vs. AC Coupled Storage System

The Draft Determination has assessments and determinations (Section 4.1, 4.2 etdhat are largely based
on DC coupled systems (including Hybrid19). There is also analysis of older generation
(AS/INZS4777.2:2015) inverters with limited AGF 13 presented that havelimited relevance given the rapid
development cycle of the DER industry.

Whilst DC coupled storage systems were common during the initial deployment of ESS* last decade, the

current ESS market in Australia has swung rapidly to AC coupled ESS. Almost90% of the domestic DER

storage, installed so far in 2021, is AC coupled. By not providing equal consideration for AC coupled ESS,

the Draft Determination woul d effectively kill 90% of the availabl e

There are several reasons for the shift from DC coupled systems, not the least of which ishe challenge to
safely combine a battery and inverter from different OEMs. This involves extensive testing for DC coupled
systems whereas AC coupled systems provide aalready tested combination from a single vendor.

DC coupled systems have a lower overall efficiency as performance is compromised using the same
inverter for both PV and Battery storage. An AC coupled solution has an inverter optimised for storage or
PV only, resulting in greater power output availability across the entire operational envelop.

Field experience has, in addition, long shown that relying on a single Inverter for the entire system lowers
reliability by introducing a single point of failure.

é
3.0 Meter Measurement Resolution
The Draft Determination states:

AWhil e measurement resolution of 100/ 200ms and change
may present a reasonable compromise, it is anticipated that in the time required to assess and

confirm whether this is the case, advances in highspeed metering will reduce this as a barrier to

entryo.

During the consultation process, a metering measurement resolution of 1s (Option 2) was used however
this was found to be inadequate. The Draft Determination proposes intervals of <560ms as Option 1 for
metering however does not provide further commentary on how this resolution was arrived at.

12 A Hybrid inverter is one that is designed to provide DC to AC conversion from more than one energy source using a single
inverter with common electronics to perform both functions, e.g., converting PV Solar (~600 VDC) and Battery (48 - 400 VDC)
to 230 VAC

13 AGF = Advanced Grid Functions. AS/NZS4777.2:2015 mandated limited AGF. In 2018 IEEE & IEC gandards introduced more
prescriptive grid stability and measurement requirements. Australia currently has a mix of inverters built to 2018 standards
and AS/NZS4777.2:2015 and largely accounts for the wide performance variations found during industry grid stability testing
of inverters.

14ESS = Energy Storage Systems (IEC definition)
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Enphase proposes that a 100ms would be a more viable interval rate. ThdJoM report 15 clearly
demonstrates that a meter resolution of 100ms is a more than adequate measurement resolution vs. the
50ms interval proposed in the MASS. A 100msinterval has close alignment with AS/NZS4777.2:2020
measurement and calculation accuracy requirements that in most cases will negate the need for additional
expensive metering equipment or R&D for product modification.

Table 2.5 — Specification for measurement and calculation accuracy

Quantity Measurement accuracy Measurement time Measurement range
Voltage +1 % Vnominal 100ms Qto280V
Frequency ' +10 mHz [ 100ms 45t055 Hz
Active power +4 % Srated 200ms 010120 % Srated
Reactive power +4 % S;ated ';’UUms 0tot 117207% .":, ated
Apparent power +4 % Srated 200ms 0to+ 120% Srated
NOTE For the purposes of measurement accuracy, Vaominat refers to 230 V of AS 60038

Source: AS/N254777.2:2020 Grid connection of energy systems via inverters Part 2: Inverter requirements

Evergen:
Specific additional recommendations

1. Amend the FCAS verification to use the trapezoidal rule for estimating delivered FCAS, instead of
Riemann sums.

2. Amend the method for estimating tO to use the midpoint method described in Section 3 to avoid bias
towards overestimating FCAS delivery.

3. Persist with AEMOO6s original sugge®otFHasthRCA®Sf adopti ng ¢
verification measur ement resolution of 1-s for DER-basedVPPs, since this resolution presents no
barrier to effective verification.

4. Revise and automate the verification process, using contemporary datahandling methodologies more
suited to this task than spreadsheetbased assessment that has a bias against DER fleebased FCAS
provision.

6. AEMO should omit consideration of alleged oscillatory responses from their determination due to the
implausibility of effects manifesting at the fleet level, and lack of evidencethe issue is widespread.

7. AEMO should devote resources to recommissioning the APIs established for the VPP
Demonstration , update APl documentation, provide an adequate API staging/test platform, conduct
regular analysis (including automated analysis) of this data and share findings with industry on a
half-yearly basis

8. AEMO should consult on mandating compliance with AS/NZS 4777.2:2020 for all systems upon
registration for FCAS.

é
3 Measurement error

The Draft Determination found that there was a large measurement error associated with sampling at 1s

versus sampling at 50ms, contributing to their decision to retain the 50ms sampling requirement for all

DER-based FCASVPPSAEMOGO6s f i ndi ngs ywearnealsyusppsorctoend abh ned i n Repos
submission to the MASS review, with additional research commissioned by AEMO from UoM (Mancarella,

Zhang & Wang, 2021).

AEMO characterises this error as a A mesanswhateisieaditg. err or 0,
VPPs to date have consisted of hundreds of devices, and asuch there are an excess of measurements at

hand for verifying delivery. Any error is more appropriately characterised as a shortcoming of the existing

verification approach, rather than a sampling rate deficiency or measurement error.

15 The UoM report has demonstrated that 100ms metering measurement resolution provides a suitable solution, when combined
with an update to the trapezoid method in the FCAS Verification Tool, the results of this proved a near zero error risk for
verification purposes. A meter measurement resolution of 100ms is also appropriate for identifying oscillatory behaviour. A
meter measurement resolution of 100ms will also align to the new AS4777.2:2020 requirements for Inverter accuracy when this
standard is adopted on 18 December 2021.
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Evergen has identified two key short adiitontothe i n AEMOG6s v
shortcoming of using Riemann sums instead of the trapezoid method?9):

1. AEMOG6s current ap stimatiegdrdguehcy distutbanceastart tyne iatroduces bias; and

2. omitting most of the mandated measurement data from the verification methodology causes
avoidable verification error.

The next sections cover these points in detail, and we suggest amendrants to the verification approach.

The following analyses use a simulated DER response a sigmoid function, similar to the response profile
depicted in the Mancarella et al. study.

3.1 Estimating frequency disturbance time (FDT)

AEMO defines the FDT asthe time when the frequency leaves the NOFB. We will refer to this astO-actual.
Each DER is required to monitor grid frequency locally, and each respondsin accordance to its local
measurements, so t0 needs to be estimated locally foreach DER.

311 AEMOG6s existing verification-aatgagpr oach to estimating

AEMOG6s appr oac DT (we wdl seferi taraa estinmatg as t0-estimate) is to use the timestamp
of the first sample where frequency falls outside of the NOFB as tO-estimate. This means that t0-estimate
will always be some time after t0-actual.

This approach is named the O6relati ve Wihthlsapproacippr oachod b
the error in t0 -estimate will not be uniformly distributed around zero across the devies comprising a
DUID, it will include a bias, and a subsequent bias in estimation of FCAS delivered energy.

As shown in the UoM study, the relative window approach results in FCAS energy delivery being biased
towards overestimation.

Inverters sense frequency much more often than once per second, even if storingand transmitting
recorded data for verification is only achieved at 1-sintervals. So batteries have time to begin ramping up
their response prior to the commencement of the FCASassessable period, viich starts at t0 -estimate.

This systemic bias towards overestimation of FCAS delivery is larger for coarsersampling rates. For 1-s
sampling for verification, the error in t0 -estimate could be as much as 1s after the battery commences its
response (or close to0Os if a sample occurs a very short duration after t0-actual).

This range of errors is depicted in Fig. 1 below. A sampled FCAS response mighbccur anywhere between
the two depicted edge cases always resulting in an over-estimate of FCAS deliveredenergy (the area
under the curve over the assessable 6s period).

16 Evergen will not comment further on the choice of integration method for calculating energy, since this was well -covered in the
Draft Determination an d first round consultation. Evergen fully supports adopting the trapezoid method as the standard form
of integration for calculating delivered FCAS energy for verification.
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Fig. 1. Range of sampled FCAS responses resulting from possible t0-estimate errors using AEMQO's
current “relative window" approach. Errors skew towards t0-estimate being later than t0-actual, and

an overestimate of FCAS delivery.

3.1.2 Two superior alternatives

Mancarella et al. included an examination of how FCAS delivery error is distributed if the error in tO -
estimate could be eliminated, such that t0-estimate = t0-actual (see Fig. 20 and Fig. 21 from Mancarella et
al. 2021).

They referred to the ideal case as t heEg Hldromiteier sal windo
report that the error in FCAS for the universal window approach has a mean very cbse to zero in most
cases, with a reasonably even distribution oferrors either side of zero.

This is to be expected: with no bias from erroneous t0 estimation and using the trapezoidal approach to
estimating delivered energy, the error associated with calculating energy by sampling power is neutral, not
skewed towards overestimation.

The universal window approach provides a useful benchmark, but cannot beimplemented practically,
since it relies on perfect time-keeping for each device.

Evergen proposes two simple,nor egr et s al t er nat i v e sipptoach. Either approaehl at i ve wi
would remove the systemic bias towards overestimationt hat i s i nherent in AEMOO6s pr e
and both would also halve the size ofthe maximum possible error in t0 -estimate, with a commensurate

halving of the error in FCAS delivery verification compared to the relative window approach.

Method 1 - midpoint

Use the midpoint between the time of the last sample where frequency is inside theNOFB, and the time of
the first sample when the frequency is outside of the NOFB, as t0-estimate. Calculating FCAS energy will
therefore involve taking half of the first trapezoid, followed by a number of full trapezoids, followed by a
final half trapezoid to reach 6sof energy. See Fig. 2. A sampled FCAS responsgould occur anywhere
between the two edge cases, with a mean téestimate error of approximately zero (i.e., the actual response
is in the middle of this range).
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Fig 2. Range of possible sampled FCAS responses across possible tO-estimate errors using
alternative Method 1. Errors range from an overestimate to an underestimate, with a mean error of
approx. zero. Note that 1s samples are offset compared to AEMO's approach by 0.5s. E.g., at 500ms,
1500ms etc, instead of Oms, 1000ms etc. The FCAS delivery calculation involves taking half of the
trapezoid between the -0.5s sample and the 0.5s sample.

Method 2 - average

Calculate FCAS energy twee: once using the timestamp on the first sample wherethe frequency is outside
the NOFB as t0-estimate, and once using the start time asthe timestamp on the last sample where
frequency is inside the NOFB ast0-estimate. Calculate delivered FCAS energy athe average of the two.

Both of these alternative approaches ensure that instead of a maximum error as bigas a single sample
interval (i.e. 1s for the sample rate adopted for the VPPDemonstration s), the maximum error in tO -
estimate will now not exceed 0.5 sample intervals (0.5s for a 1-s sample rate).

For AEMO to implement either of these methods into their verification approachisa é no regr et sé chan:
The logic for the change is simple and straightforwardly an improvement on the existing approach.

By eliminating systemic bias, a change to t0 estimation in this way also means that 1-s sampling at each
DER will be more than sufficient for VPPs comprisingnu mer ous DER t o meet AEMOO6s tac
accuracy benchmark, provided AEMO improves their verif ication approach, as follows.

3.2 Sample rate, accuracy and number of devices

The benchmark for accuracy that AEMO is willing to accept is communicated in MASS v6.0. Namely, data
from a single-plant DUID, sampled at 50ms, with a measurement accuracy for each sample of:2%, is
deemed to hold sufficienti nf or mati on to meet AEMOGO6s requirements for

Evergen has conducted analysis that shows that there is sufficient information in the many individual
measuremernts taken across a DERbased VPPs consisting of ndevices, each sampled every 1s over 6s, to
match or exceed theaccuracy AEMO would accept from a single device sampled at 50ms intervals (120
measurements over 6s). This applies for a wide range of values of, certainly for any of the VPPs
participating in the VPP Demonstrations.

We provide an analysis of the number of DER required to exceed AEMOs tacitinformation content
standard in the section below. Table 1 provides a guide to thenumber of measurements obtained for
various sample intervals and fleet sizes, forcomparison.
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Sampling 250 devices
interval 1 device 100 devices | (1.25MW)
50ms 120
100ms 60 6,000
200ms 30 3,000 7,500
1000ms 6 600 1,500
321 AEMOb6s existing verification

AEMO
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Table 1. Numher of measurements recorded per six seconds for varinus VPP configurations and

sampling rates. The MW figures in parentheses assume 5kW size for individual devices, and is

indicative of a fleet of residential-scale batteries. 120 samples over 6 seconds for a single plant, each

measurement subject to up to 2% error, is acceptable to AEMOQ for verification purposes.

10,000
1000 devices devices
(5MW) (50MW)

1,200,000

approach

AEMO requires VPP operators participating in the VPP Demonstration sto collect 1-s telemetry from every
individual DER.

However, for verification, AEMO only makes use of a single time series, created byaggregating all the
individual DER time series. For the VPP owner to perform this aggregation, individual DER time series are
time -aligned using the t0-estimate for each DER, so that thepower measurement in each time-aligned 1-s
interval can be summed. The aggregate time series, which will consist of only 6 data pointver a 6-s
window, is what AEMO uses for verification (of course in addition to the balance of 54s, for the full fast
market sustained response).

This is despite requiring that thousands of data points be recorded across a VPP comprising hundreds or
thousands of DER.

3.2.2 Alternative approach

FCAS delivered energy could be calculated on a pedevice basis, and theFCASenergies summed. If the
bias towards over-estimation were eliminated as discussedin Section 3.1, then summing these energies
would result in a reduction in error.

Thi

s is

because,

as wa s

shown

n

t haealypigotthweiudversal sect i on

window method, the mean error across all devicesapproaches zero if the error is unbiased, and summed
errors distributed evenly around zero tend to cancel one another with a big enough fleet.

Using an artificially -generated response cune based on a sigmoid (as in Fig .1, andimilar to the FCAS
response curve considered by Mancarella et al.), and assuminghat any individual measurement is subject
to a measurement error within + 2%, we show that, for a single device, sampled every 50ms wer 6s, the
error in calculated FCAS energy using the trapezoid method has a 95% confidence intervabf +1.4% error
(see Appendix Al7for a detailed calculations). This is the benchmark accuracy implicitly accepted by
AEMO for good verification.

We assumean onerous +25% error in calculating the delivered FCAS energy for asingle DER, arising just
from using 1-s sampling instead of 50ms sampling. This error is much larger that what Mancarella et al.
found when using the trapezoid method and universal window method for calculating FCAS energy, it is

among the worst cases considered in the Mancarella et al. study.

Even with this assumed large error per individual DER, we determine that for an aggregation using the
proposed alternative verification approach and the proposed midpoint method for estimating FDT, only
213 such DERwould result in the same 95% confidence interval error range of +1.4%. If the error per
device arising from sampling at 1s were only 10%, then aggregatingacrossonly 35 DER with 1-s sampling
achieves similar accuracy to samplinga single device at 50ms intervals over6s. Again, sampling a single
device at 50ms intervals sets the benchmark for what AEMO regards as sufficientinformation for
acceptable verification.

17 Available at:https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nemconsultations/2021/mass/submissions/

evergen.pdf?la=en
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Further results are included in Table 2, for a range of devicelevel estimation errors versus fleet-level
estimation errors.

Table 2: The minimum fleet size and 1-second measurement interval to achieve the fleet-level error

indicated for each column. E.g., only 17 DER, each with a 10% error, would result in a 2% fleet-level

error when aggregated.

Assumed sampling error 2% error (fleet) 1.4% error (fleet) 1% error (fleet)
per device
10% error 17 35 67
25% error 105 213 417
50% error 417 851 1667

3.2.3 Recommendations regarding verification approach

A simple desktop analysis (see Appendix A) readilyshows that if AEMO were to fully utilise al | of the data
that they require VPP operators to collect as part of the VPP Demonstrations, they would have sufficient
information to conduct highly accurate verification, provided AEMO updates and improves its verification
approach.

Evergen recommends tha AEMO take this opportunity to modernise the current outdated approach to
FCAS verification. Parts of industry have already suggested tcAEMO that their spreadsheet-based
verification tool is opaque, and not fully specified in the MASS itself. That its use by AEMO for verification
is manual and labour-intensive would lead to a high risk of introduced errors during data handling, not to
mention being a time sink and pain point for AEMO staff.

Its use creates conditions which clearly and unfairly bias AEMO towards favouring single-plant DUID
rather than VPPs composed of many DER. AEMOunderstandably lacks the resources to use such a
cumbersome tool to validate the FCAS response of individual DER, hence requiring DERbased VPPs to
aggregatefirst, throwing awa y device level data and magnifying verification error.

VPPs represent a new approach to delivering grid services, and industry is devotingmillions of dollars to
exploring and understanding the possibilities of using VPPs to deliver FCAS and near reattime
operational data feeds across thousands of deviceso AEMO. We believe AEMO should consider devoting
internal resources commensurate with what industry is providing to modernise their alarmingly outdated
tools. It is concerning that a major NEM -wide compliance process wouldbe governed by manual copying
of data received by email into a spreadsheet.

3.3 Oscillatory response

In the Draft Determination, AEMO indicated that an additional power system security risk associated with

1s data is that theoccurrence of inverter sub-secondoscillatory behaviour would only be apparent to

AEMO with a shorter samplingi nt er val of 50ms. |t appears that this ri
response tothe MASS review, where they provided one example of an iverter delivering an oscillatory

response. Reposit indicated that although the frequency injection tests required for Option 2 compliance

prior to registration could identify and exclude devices showing oscillatory response behaviour, this

behaviour may theoretically only eventuate subsequent to this test. There is no current evidence on the

likelihood of this behaviour, or how it may vary by technology or age of equipment.

Mancarella et al. (2021) included analysis of a DUID response with superimposed oscillatory response.
Evergen notes that inclusion of this oscillation did not always result in an increased verification error in
their study. Mancarella et al. did find an increased verification error resulting from the oscillatory
response when using thetr apezoidal rule and universal window method.

3.3.1 DER oscillations would not manifest at the fleet level

AEMO indicates concern about oscillatory behaviour in individual DER inverters,and y et AEMOG6s exi st
verification approach does not consider data from individual inverters, it only considers the fleet

aggregation. As a result, AEMO would neversee oscillatory behaviour among individual inverters during

verification, even with mandatory 50ms measurement intervals. Requiring VPPs to sample at 50ms

therefore imposes a cost on industry without materially improving verification of the FCAS response of

VPPs regarding this specific issue.

In a fleet aggregation, oscillatory behaviour in individual DER inverters would at best appear as almost
imperceptible noi se in the aggregated fleet time series forbattery power. A sub-1Hz oscillation of £5kW in
an aggregated fleet power ofLO00kW (or even higher) is of no consequence.
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For AEMO to observe significant oscillatory behaviour at the fleet level:
1 Many inverters would need to deteriorate and begin exhibiting oscillatory behaviour, and

1 The oscillations for each inverter would need to be both in phase and at thesame frequency of
oscillation after time alignment to the same FDT, to ensure the superimposed oscillations reinforce
rather than destructively interfere with each other.

The idea that these conditions would occur is not plausible. Not only is there no evidence that this
behaviour is widespread, but even should it be, oscillations at the DER level would not deliver a
concerning oscillation at the assessable fleet/DUID level.

Oscillatory behaviour would notionally be more of an issue for individual large BESS with a single inverter
to deliver the behaviour than it ever will be for a VPP comprising many DER. But single-plant DUIDs are
not eligible for Option 2 coarser sampling regardless.

AEMO sought advice from the UoM on the impact of an oscillatory response at the fleet level (an

oscillation with a huge magnitude of 30%, or 1.5MW for the 5SMW fleet considered!). Mancarella et al. state
thattheyincludedt hi s case as a O0stress testd of the different i
sums etc). However, they also suggesinlesshlieetset hi s respons
aggregates dinverter-b a s ed p r (Maricatellaresab, 2021, p.10 footnote).

This is misleading, because 6l ess di v aWRPevbuldicansisan under s
of a majority of devices that each failed in the same way suctthat the fleet aggregate would see such a

significant oscillation. The faulty inverters would need to be identical in their failure, and in their response

and oscillationsate ach ti me poi nt. This is not 6l ess diversebo, it

Figs. 3 and 4 show an &ample of how, even for an extreme edge case of a VPEonsisting of 250x5kW
DERs, where every DER suffers the same oscillatoryresponse, would not result in a significant impact to
the aggregated fleet responséf all the oscillatory noise waves for each DER were not perfectly in phase. In
the unlikely event that all DER had the same issue in the first place, it is not plausible they would all be in
phase.

As can be seen in Fig.4, individual oscillatory responses destructively interfere with one another to
dampen the possible oscillation at the fleet level when not perfectly aligned.

Simulated response single SkW DER

= Clean = With noise

Power (kW)

-2
0 2000 4000 6000

Time (ms)

Fig. 3. Simulated raise response of a single 5kW DER, with and without oscillatory noise. The noise
is a superimposed sine wave with 3Hz frequency and amplitude of 30% of 5kW.
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Example aggregated fleet response, 250x5kW DER
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Fig. 4. Aggregated power of 250x5kW DER, with and without noise. For the ‘with noise’ condition,
the oscillatory noise added to each DER is offset by a time randomly chosen from the range 0 to 333
milliseconds. We did this since it is implausible that oscillatory noise in each DER would be perfectly
in time sync. The result provides an example that even for the extreme edge case of every single
DER in the fleet suffering from the same oscillation problem to the same amplitude and with the
same period of oscillation, the aggregation of oscillations is subdued since they do not combine into

a large oscillation over many DER when not perfectly time aligned.

In summary, it can be concluded that alleged oscillatory behaviour that has beensuggested may occur
among some small inverters in a VPP consisting of manyDER is of negligible consequence to either the
aggregated fleet FCAS responsehe verification of this response by AEMO (whether using 50ms or 1s
granularity data), or overall power system security.

é
5. DER behaviour (and potential impact on network stability)

AEMO raises some concerns about the impact on power system security posed bpER. Evergen notes that
these risks do not change whether Option 1 or Option 2measurement requirements for DER-based VPPs
are adopted. These concerndnclude:

A. Research conducted br AEMO suggests that legacy solar inverters are notcompliant with recent
standards and are prone to disconnecting from the grid under conditions of voltage and/or frequency
disturbance. If this were to occur with FCAS-enabled battery-based DER, it would causenon-
compliance and jeopardise system security;

B. AEMO shares concerns of DNSPs that multiple DER acting in unison todeliver FCAS might exceed
secure distribution network operation limits;

C. DNSPs apply connection requirements to DER which may include limits on export (whether static
export limits or dynamic operating envelopes) and Volt-VAr response. AEMO is concerned that
complying with these requirements may conflict with FCAS deliverability and wishes to clarify the
hierarchy of control comman ds; and

D. Measurement error resulting from sampling at 1s may fail to identify oscillatory patterns that
allegedly may occur in some battery FCAS responserofiles, which could impact system security.
(This issue has been addresse¢p r e vi o u s | ysrésponsg,we degaenstrate that it is a non
issue andwill not cover it further in this section).

5.1 Behaviour of PV inverters vs battery inverters

In May 2021, AEMO published a compendium of analysis conducted over the last 3 years in conjunction
with UN SW, examining the behaviour of PV inverters over the course of various grid disturbances.
Available at: https://aemo.com.au/ -/mediaffiles/initiatives/der/2021/capsto  ne-report.pdf

The report found evidence of extensive disconnection of legacy PV inverters duringvoltage disturbances.
The report also found low levels of disconnection during frequency disturbances where frequency
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remained above 49.5Hz, and a greaterdegree of disconnection for larger frequency disturbances below
49.0Hz.

The report focuses solely on PV inverters, many of which would be many years oldgiven that grid -
connected residential solar across Australia has been ramping upover the past 20+ years.

The report specifically excluded study of battery inverters.

Compared to rooftop PV, residential batteries and their inverters will be newer, and therefore more likely
compliant with recent standards. For example, the Tesla Powerwall 2 was releasedin 2016. The two types
of battery-inverter system comprising the two VPPs operated on behalf of Members Energy by Evergen
have each only been available in Australia for less than two years, and are alreadyompliant with the
voltage ride through requiremen ts specified in AS4777.2:2020.

There are categorical differences between the battery inverters that comprise the VPPs
participating in AEMOs demonstration program and the PV inverters considered in
AEMOG6s study.

Therefore, it is questionable whether the findings of this report bear great relevance to concerns over
whether FCAS fleets will ride through grid disturbances in sufficient numbers to deliver on their FCAS
enablements.

A far more relevant source of information on how battery inverters in VPPs respond during system
disturbances is the VPP demonstration program itself. AEMO has previously indicated across three
knowledge sharing reports and its initial MASS review documentation that the VPP Demonstrations

has shown that VPPs can deliver compliant FCA S bids . Further, the VPP Demonstration s afforded
AEMO an enhanced view of local telemetry such as local voltage readingsvhich could facilitate further
research.

As indicated in the Draft Determination, AEMO has identified that AS4777.2:2020 compliance could
further improve certainty over inverter disturbance ride -through performance, and Evergen supports
pursuing this, towards requiring all DER be AS4777.2:2020 compliant to be registered as ancillary service
loads.

5.2 VPP -based FCAS exceedin g network operating limits?

The risk posed by battery-based FCAS VPPs to distribution networks is dwarfed bythe risk posed by the
millions of rooftop PV systems already installed around the NEM. These PV systems all generate power in
unison on a sunny dayin a given area of the network and across the NEM.

That rooftop PV is magnitudes more significant than battery -based VPPs deliveringFCAS is not just the
current circumstance, but will be an enduring condition. It is almost never the case that a residental
battery would be installed without a rooftop PV system, and there is no plausible scenario under which this
would change.

For this reason it is ineffectual to use the MASS to render support or benefit to DNSPs in managing
network constraints.

There areindustry processes that are completely independent of and unrelated tothe MASS that are
already underway to grapple with the impact of large volumes of rooftop PV on distribution networks.
These include the widespread imposition of export limits and solar curtailment measures (switching off of
rooftop PV systems) by DNSPs, and investigation of dynamic operating envelopes as a more flexible
alternative to export limits. Evergen does not see how battery based VPPs wouldoe able to circumvent
these measures without the explicit permission of incumbent DNSPs.

AEMO seems focused on trying to establish an industrywi d e 06 c o nt rbefore ihwilleoustanantey 6
modifying the MASS in line with Option 2 requirements. By control hierarchy, AEMO refers to the

potential conflicts between FCAS responseand controls such as export limits. We will respond to this in

the next section.

5.3 The o6control hierarchybd

AEMO wishes to determine a control hierarchy to establish which battery commands will take precedence
when both DNSPs and VPP operators bidding for FCAS request potentially conflicting battery actions.

In Evergends view, DNSP contr ol sasedaatiansd sdch asaldlieeringr ecedenc e
FCAS, and should be assumed by VPP opators to take precedence. It is incumbent on the VPP operator

to be aware of the potential for conflicting controls, and manage their fleet and moderate their FCAS

bidding strategy accordingly. Managing risk is a responsibility of the VPP operator, not something that

AEMO and DNSPs need to excessively regulate at the individuaDER level.
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