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Executive summary

Introduction

The Australian Energy Market OperatofAEMO) and the Australian Renewable Energy Agency (ARENA)
signed a Memorandum of Understanding (MOU) in May 2017 to facilitate collaboration between the
organisations in areas of mutual interest such as power system security and reliability. This report outlines the
findings of a trial developed under this MOU, focusing on the first National Electricity Market (NEM) wind

farm to be registered and to operate in both energy and ancillary services markets.

The Hornsdale Wind Farm 2 (HWF2) trial is the firstimarket technical demonstration of a wind or solar farm
providing frequency control ancillary services (FCAS) in the NEMt was undertaken by AEMO and ARNA in
conjunction with NEOEN (owner and operator of the Hornsdale group of projecty and SiemensGamesa
Australia (equipment provider for the Hornsdale group of wind farms). As a result of the trial, HWF2 is the first
Australian wind farm to be registerel and offering FCAS in the NEM.

The relative proportion of generation sourced from wind farms in the NEM has been steadily increasing since
the early 2000s, particularly in South Australia. Almost all wind farm projects built in Australia in this period
have been financed based on a business model relying only on revenue from Larggcale Generation
Certificates (LGCs) and sale of energy in the wholesale market. Prior to this trial, frequency control services in
the NEM were only provided by thermal plant. MO and ARENA expect that broadening the pool of

available FCAS providers and making available additional revenue streams for operating wind and solar farms
will deliver value for NEM customers by improving market outcomes and increasing supply of systeraairity
services.

Consistent with its statutory objectives to improve the competitiveness of renewable energy technologies in
Australia, ARENA provided partial funding for the trial, with the balance of funds provided by NEOEN. One of
ARENAG®G s c etimes in tuhdingpdemoastration projects is to provide learnings that result from the
projects to the broader electricity industry. To facilitate dissemination of results, a Knowledge Sharing Plan
(KSP) is used in some ARENA funding agreements to specifietnature of reports and other information
provided to the electricity industry and the public.

This report has been produced by AEMO as a paxif the KSP for the HWF2 trial.

The concept and scope for the trial described in this report were developed i2017 by AEMO, ARENA, the
Essential Services Commission of South Australia (ESCOSA), and NEOEN, developer of Hornsdale Wind Farm
(HWF¥.

SiemensGamesa Australia was consulted in development of the scope of the trial. As the wind farm
technology provider for HWF,it also played a major role in implementing this project, including authoring a
Knowledge Sharing Article describing the process and lessons learnt from the trial.

l'n addition to the FCAS definiti oGuidetoAntilary Servipea ig the Nat®eat Rlectricity Maripgovale adgen@ralo f  AE MOGJ s

description of FCAS, including the nature of regulation and contingency FCAS requirements, the structure of FCAS offers dmdrttechnical limits, how
FCAS offers are used, and the settlement of procured FCAS

2 The Hornsdale group includesHWF1, HWF2, HWF3, and Hornsdale Power Reserve (HPR), the 100 megawatt (MW) Tesla battery commissioned in
December 2017.

3HWF2 is sometimesalsor e f er r e d t oits dispatchabl® WiFidedtifier DUID used i n AEMOOGs market systems.
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This reportis structured in three chapters

1 Chapter 16 Project description provides an overview of the HWF group of projects as well as the strategic
drivers, objectives, and polig context for the trial project.

1 Chapter 29 Results and outcomesprovides commentary on tests and modelling required for registration
and discussion ofregulation and contingency FCAS performance in the market trial.

1 Chapter 39 Insights provides discussion on outcomes from the trial that will be of interest to the broader
electricity sector, in areas that were not explicitly identified in the trial objetives. This section includes a
summary of areas for further work identified in this proofof-concept.

The Hornsdale 2 Wind Farm FCAS trial
The trial ran from August 2017 until February 2018, and was implemented in three stages:

1. Technical modelling of plart performance and demonstration of capability via onsite plant testing.
2. Review of modelling and onsite test results, leading to registration of HWF2 as an ancillary service
generating unit.
3. In-market demonstration of FCAS delivery for all registered seices through 48 hours oflive bidding and
di spatch under a range of wind conditions, referred

Following submission of modelling and onsite capability tests, HWF2 was registered to provide six of the

eight NEM FCASroducts. HWF2 was not able to register for fast raise and lower contingency FCAS, after
preliminary modelling suggestedw nd t ur bi nes we-rride-t Ihir o engpp @rdvidingivaitagé f a u | t
support in the first few seconds following a frequency even Obligations in Generator Performance Standards

(GPS) for wind farms to support system voltage and prioritise provision of reactive power over active power
following a fault may prevent delivery of active power within six seconds of the frequency everithe ability of

other wind farm projects to provide fast FCAS and interactions between ridéhrough and frequency control

capability will be further investigated in the upcoming Musselroe Wind Farm FCAS Tfal

The market trial component of this project wa undertaken during the peak summer period for 201718. All six
registered services were delivered during 48 hours of bidding from the HWF2 control room, between
December 2017 and February 2018, under a variety of wind and market conditions. The markeiltri
succeeded in meeting the scoped objectives, however the absence of a significant frequency deviation during
the market trial phase of the trial meant that the full endto-end contingency FCAS response of HWF2

coul dnoét be completely evaluated.

Trial insights and market benefits
Highlights of HWF28s performance in the market trial
9 High quality provision of regulation FCAS services.

1 Operation of HWF2 FCAS in conjunction with Hornsdale Power Reserve (HPR) FCAS to reduce otherwise
high FCAS prices dting planned maintenance of the Heywood Interconnector on 14 January 2018.
Regulation prices peaked at $248/MW on this date, compared to an average of over $9,000/MW during
previous Heywood outages. Because of obligations to maintain regions of the powerystem in a
satisfactory operating state, AEMO typically procures additional FCAS in the South Australian region when
the Heywood Interconnector is subject to operation and maintenance.

1 Autonomous response to a range of frequency excursions (both as a padf the market trial and during
normal market operation following its conclusion).

During the market trial, to support end-to-end demonstration of service delivery HWF2 was required to bid
such that it was enabled for FCAS. As a consequence of this, biddibghaviour during the market trial
exercise is unlikely to reflect the longeiterm economic position of HWF2. Since completion of the trial, HWF2

“See ARENAOGs website htps/areme.goe.auinaws/tassiemend-faroirial-grédistability-services/
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has continued to provide contingency and regulation services
to the market. Other market participants with wird farms are
also looking to register as ancillary service generating units.

The Market Ancillay Service Specification (MASS3ets out the
more detailed specification of the market ancillary services,
and how mar ket participantsé
these market acillary services is measured and verified.

As a result of this trial, AEMO has made changes to the MAS
to provide additional guidance for wind and solar generators
looking to provide FCAS, and is currently working with a
variety of NEM stakeholders to onsider options to review
aspects of the MASS. A consultation process to update the
MASS is expected to commence in August 2018.

This proof-of-concept trial has confirmed that inverter -connected
wind plant can provide some frequency control services in
accordance with the requirements of the MASS, and identified areas
for further work and investigation, including:

1 The ability of wind farms and other inverterconnected plant
to provide fast FCAS (6second response) following a
contingency event with simultaneous voltage and
frequency dips.

-Thi s wi Il be further explo
frequency control trial at Musselroe Wind Farm in
Tasmania.

9 Opportunities to minimise the amount of headroom or
pre-curtailment necessary to ensure service delivery, throug
improving forecasting systems and responsiveness of active
power controls. A more accurate forecast wilallow a wind or
solar farm to better assess their capability to deliver FCAS.

- The potential for improvement in forecasting accuracy will

be explored as a part of AEMG@ninata sklfférétd&sting thiad. THdarial k e t

will be conducted from August 2018 and, if successful, will be progressively implemented in production
systems from December 2018.

The ability for inverterconnected renewable plant to operate in ancillary services markets delivers numerous
benefits to the asset opeators, including:

9 Additional FCAS revenues (supplementing existing energy and LGC revenues).
1 The ability to hedge against potentially high FCAS regulation costs by providing FCAS regulation services.
The power system benefits from:

1 Increased availabilityof frequency control services, whichs likely to put downward pressure on prices and
reduce overall FCAS market costs.

1 New sources of FCAS providing greater confidence that sufficient ancillary services will be available to
maintain power system securityas traditional sources of FCAS reach the end of their design life and are
decommissioned.

The success of this trial, and growing interest from other wind farms in providing frequency control services,
demonstrate removal of barriers wind and solar farmsnay have faced in entering frequency control markets.

5Version 5 of AEMODGJ bttpsWaBSeniosomaawkAniediadibes/Eectactty/NEM/Security_and_Relidiiy/Ancillary_Services/Market
Ancillary Service Specification V50-- effective- 30- July- 2017.pdf
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Interest from wind and solar generators in broadening their service offerings to market are also additional
signs of commercial and technical maturation of these energy generation technologies. AEMO eagits that

utility-scale wind and solar technology will continue to take on a larger role in providing essential ancillary
services in the NEM.

The ability to offer frequency control services to the market is no longer a novel concept for pilot projects;
over time this capability should become an important and flexible tool in the operational kit of utilityscale
renewable generators that also provides value to consumers and the power system

Next steps

The findings of this project will inform future trialsand t he evol ution of some of AEM
related trials and AEMO®ds policy consolation processes

1 2018 MASS Review review of the MASS expected to commence in Q3 2018 (final date to be announced by
AEMO), which willinclude consultation on the principles for registration and operation of wind FCAS. The
consultation will have two key focus areas:

- To improve power system frequency control in the NEM by better defining, and potentially amending, the
frequency response equired for contingency and regulating services; and

- To amend the MASS to better facilitate the incorporation of nontraditional frequency control
technologies.

1 Musselroe Wind Farm FCAS trid a trial to investigate the economic and commercial case for EAS
participation by wind farms and if viable, enabing the frequency controllers at this Tasmanian wind farm.
This project will support assessment of the business case for current and future participants seeking to
participate in the FCAS market. The piject will also evaluate the installation of utilityscale storage to
capture energy currently not dispatched due to a combination of network and wholesale market conditions,
as well as providing FCAS and other grid support services from Musselroe Wind Farithis trial is expected
to have preliminary planning underway by early August 2019.

1 Market Participant 5minute Forecasting & a collaboration by AEMO and ARENA, in conjunction with
forecasting service providers and existing wind and solar projects. Thabjective of the program is to
demonstrate the potential benefits of wind and solar generator seHforecasting to operation of the power
system. It is anticipated that the use of selforecasting will deliver systen-wide benefits by reducing
generation forecast error, and provide greater autonomy to semischeduled generators by allowing
them to develop and use their own forecasts to set dispatch targets in National Electricity Market
Dispatch Engine (NEMDE).

8 Further information is available fromhttps://arena.gov.au/projects/musselroewind-farm-fcas-trial/.

7 Further information is available fromhttps://www.aemo.com.au/StakeholderConsultation/Industry-forums-and-working-groups/Other-meetings/Market-
Participant5-Minute-Self Forecast
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1. Project description

This chapter provides an overview of:
1 The gructure and policy context of the trial.
9 A description of the operating Hornsdale assets.

1 A simple overview of frequency control ancillary services (FCAS).

11 Tr i1 al Sstructur e

The trial was undertaken in the following stages.

Figure 1 Structure and stages of trial

APhase 1 Project kickoff
_ . Aindicative Test Plangreed
Project kickoff AObjectives and intended outcomes agreed

Aug 2017
\
APhase 2- Registration
ADetailed Test Plangreed and onsite capability tests completed
. . Awind farm modelling for registration completed
Registration fol S
ancillary service AFCAS products that HWF2 can provide identified )
\
APhase 3 Market Trial
AMarket Trial Plaragreed
Market trial ACompleted 48 hours of inmarket FCAS bidding and enablement
Feb 2018 J

The O06o0objectidesutandmadraldrefanfd Sectivel.5for more detail) were confirmed at a
summary level by AEMOthe Australian Renewable Energy Agency (AREN/And NEOEN before being

infuded in ARENAGS6s funding agreement for this project.
scope by agreeing to:

i.  Conduct a basic set of engineering capability tests;
ii.  Simulate these tests in a power system simulation modgl
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iii.  Register the wind farm as an ancillary services generating unit for any of the eight FCAS types for
whi ch adequate capability had been demonstrated acc
Ancillary Service Specification (MASS); and

iv.  Participate in a 8-hour market trial viareatt i me submi ssion of FCAS bids fro
room to demonstrate end-to-end service delivery and enablement/dispatch by the National Energy
Market Dispatch Engine (NEMDE).

The basic tests referred to in (i) above wereaptured in a high-l e v e | draft test plan incl
funding agreement. This highlevel plan was later augmented into the Detailed Test Plan included in
Appendix Al.

As discussed further in Sectiori.§ AEMO was unsure at the time the trial was scoped Hornsdale Wind Farm

(HWF)would be able to meet the requirements of the MASS and be classified to offer services-imarket. If

this provedinfeasibleforHor nsdal e Wi nd Far m 2 -df-iHaiket2riplwouklbed si mul at ed &
considered to demonstrate the wind farmds ability to s
bidding and market dispatch systems.

The trial demonstrated hat HWF could meet MASS requirements for six of the eight FCAS products, so the
market trial component could proceed as originally envisaged. A copy of the Market Trial Plan agreed
between the parties is included in Appendix A2.

1.2 Hor nsWiandk Ear m

Thissection provides a concise overview of the Hornsdale Wind Farm (HWF) group of projects.

HWEF is a 99 turbine, 315 megawatt (MW) wind energy facility located in the midorth region of South

Australia near Jamestown. HWF was developed by French renewablesegy company NEOEN in conjunction
with international infrastructure investor John Laing. The HWF project is comprised of 99 turbines constructed
in three stages, designated HWF1, HWF2, and HWF3.

All three project stages use the Siemens 3.RIW SWT3.2-113direct drive wind turbine generator (WTG).

HWEF is coelocated with Hornsdale Power Reserve (HPR), a 100 MW/127 megawatur (MWh) Tesla
Powerpack battery energy storage system. HPR has been built next to the Mount Lock substation, which
connects Hornsdaleproject assets listed in Table 1 to the 275 kilovolt (kV) ElectraNet network.

Table 1 Hornsdale project assets

Name Asset type Registered capacity Technology provider/model
HWF1 Wind farm 32 WTGs 102.4 MW Siemens SW¥3.2-113
HWF2 Wind farm 32 WTGs-102.4 MW Siemens SW7T3.2-113
HWF3 Wind farm 35 WTGs 112 MW Siemens SW¥3.2-113
HPR Utility -scale battery 100 MW charge/80 MW Tesla Powerpack

discharge, 129MWh

Although commissioning and testing of frequency control capability from HPR was underway during the
period over which the trial was conducted, only the 32 turbineHWF2 asset was involved in therial described
in this reporté.

8For more information on HPR and its frequency control capabilities, see AEMO
http://energylive.aemo.com.au/Innovationand-Tech/-/media/4A5ACDCBA73CE46A585ACBFFB132EF9B0.ashx
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A detailed layout showing B¢ ¢ t r a N ekV fiassmiasiob line, the Mount Lock Substation, HWF1, HWF2,
HWF3, and HPR is presented below iRigure 2

Figure 2 Hornsdale Wind Farm and Hornsdale Power Res erve project layout

1.3 Overview of FCAS

Frequency control is important to the security of the power system, and frequency itself acts as a measure of
the instantaneous balance between supply and demand. If supply exceeds demand, frequency will increase,
and vice versa. TheNational Electricity Market NEM) operates at a nominal frequency of 50 Hertz (Hz).

In the NEM, generation and demand are balanced through the central dispatch process, which includes the
dispatch of both energy and FCAS. Provided by gesration or loads, FCAS is a market product employed
specifically to correct imbalances between supply and demand.
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There are two types of realtime FCAS markets; for regulation services and contingency services (discussed
further in Section1.3.)L. Regulation services are typically used to maintain frequency within the normal
operating frequency band (NOFB), while contingency services are used to return frequency tthe NOFB if a
contingency event occurs. The NOFB and the role of each of the services is shown belowFigure 3

Each FCAS market is divided into two types of services:
Tf6Rai sed services are used to correct a deficit of gen

f6Lowerd services used to correct an excess of generat

Figure 3 FCAS and the normal operating frequen  cy band
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1.3.1 Regulation and contingency FCAS

Two types of regulation service and six typesfocontingency service form the eighttraded FCAS products
described below.

Regulation FCAS

Regulation FCAS is used to manage minor deviations in power system frequenwithin each5-minute
dispatch period. Regulation FCAS consists of two distinct products, each operated as a single market:

1 Regulation raise/lowerd changes active power in response to ariutomatic Generation Control (AGC)
signal. Acts to increase or dease system frequency for raise and lower respectively.

Regul ation FCAS is triggered by AEMOOds AGC system sendc
provide the services by NEMDE. AEMO does not currently manage regulation FCAS from loads via AGC
although this possibility is under consideration by AEMO and some market participants.

9 More information on the NOFB is contained in the NEM Frequency Operatg Standards, available at
https://www.aemc.gov.au/sites/default/files/content/c2716a96e099-441d 9e46-8ac05d36f5a7/RELO06H he- Frequency Operating- Standard stage-one-

final-for-publi.pdf.
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Contingency FCAS

Contingency FCAS is used to manage relatively material frequency deviations that might arise from larger
supply-demand imbalances following contingeny events. It is delivered in three timeframes: six seconds, sixty
seconds, and five minutes. Providers of each service must deliver a full response by the specified time, and

sustainthatrespsns e suf ficiently t o ptothefillavng feequendycconttobservige. t r an s i

Contingency FCAS consists of six distinct products, each operated as a single market:

1 Fast raise/lowerd provides an active power response within 6 seconds of a frequency event and sustaifor
60 seconds.

1 Slow raise/lowerd provides an active power response within 60 seconds of a frequency event and sustain
for 300 seconds.

1 Delayed raise/lowerd provides an active power response within 300 seconds of a frequency event and
sustairs for 600 seconds.

Contingency FCASisautmat i cal ly triggered by generators or | oads

NEMDE. These assets must autonomously monitor and respond to locally sensed frequency conditions within
the 6, 60, or 300 seconds time base of the relevant contingency FGAproduct.

1.3.2 MASS

In accordance with clause 3.11.2 (b) of tHeational Electricity Rules (NERAEMO administers and maintains
the Market Ancillary Service Specification (MASS).

The MASS includes:
1 A detailed description of each of theeight market ancillaryservices.
9 Performance and quality requirements that must be satisfied for each market ancillary service.

Prior to this trial, AEMO had not attempted to register a wind or solar plant as an ancillary service provider.
However, the MAS&nostacdtepbobfbggtion. I't describes
of the maximum time period after an event for frequency response to occur andhe minimum time for which

the response must be maintained®.

Fast Frequency Response

Currently there isno market framework for frequency control services faster than 6 seconds. The need for a
Fast Frequency Response (FFR) service is under active consideration by AEMO anditistralian Energy
Market Commission (AEMC)n their Frequency control frameworks rgiew (refer to Section1.4.2*%2

14 Policy context

1.4.1 2017 Review of ESOSA licensing conditions

Following a request in mid2016 to support the Essential Services Commsisn of South Australia (ESCOSA)
Inquiry into licensing arrangements for generators in South AustrafisAEMOwas actively engaged in a review
ofthe Co mmi s siceasm@ standards forinvertefc onnect ed generation in early

2

YFurther introductory informati on on GHdASAncdarydServidesin thé N&tiSnalElaatricith Marketound i n AEMOG s

https://www.aemo.com.au/-/media/Files/PDF/Guideto-Ancillary-Servicesin-the-National- Electricity Market.ashx

Additional details on possible specification and applications of FFR services can be found in a working paper published by AEMO in late 2017, at
https://www.aemo.com.aut/media/Files/Electricity/ NEM/Security_and_Reliability/Reports/2017/F¥Rorking- Paper-- Final.pdf

2 Further information on the technical capability of utilityscale wind, solar and other technologies to provide FFR is alatble in an advisory report prepared
for AEMO by General Electric (GE), attps://www.aemo.com.au/-/media/Files/Electricity/ NEM/Security_and_Reliability/Reports/2017/2008-10 GEFFR
Advisory-Report-Finat-- 2017 3-9.pdf.

BFurther information on EhSGO6vW.&ssosa.sa.gov.ailurojectsandapubicatiors/prbjests/iaguiries/inquiry-into-licensing-
arrangements for-inverter-connected-generators.
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https://www.aemo.com.au/-/media/Files/Electricity/NEM/Security_and_Reliability/Reports/2017/2017-03-10-GE-FFR-Advisory-Report-Final---2017-3-9.pdf
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https://www.escosa.sa.gov.au/projects-and-publications/projects/inquiries/inquiry-into-licensing-arrangements-for-inverter-connected-generators

recommendations*to ESCOSA included obligations for all new inverteconnected generation licensed in
South Australia to have a minimum level of frequency control capability.

AEMOds recommended minimum | evel of capability incl ude
1 The cagability for new entrant inverter-connected plant to be controlled remotely by AGC signals.
- This is the basic capability necessary to provideegulation FCAS

1 The capability for new entrant inverterconnected plant to provide an automatic active power response to
locally measured frequecy conditions.

- This is the basic capability necessary to provideontingency FCAS

AEMO consulted broadly with manufacturers across a variety of technologies in preparing this advice to
ESCOSA, including wind turbine manufacturers, solar inverter manufacers, and providers of utility-scale
batteries. The consultation process concluded that the basic level of frequency control capability described
above could be provided by the majority of manufacturers of each inverterconnected generation technology
with little or no increase in project capital cost.

As discussed in Sectiori.§ before this trial no wind or solar farm had registered to be an ancillary service

provi der in the NEM. Despite AEMOG6s finding that wind a
control capabilities without significant increases in project capital costs, entb-end registration and testing
processes with f ul bbiddingtasdgnarket systems would be requiEe¥It® dssess the

degree and extent to which wind and solar generators could provide FCAS in accordance with the MASS.

NEOEN was a new entrant into the South Australian electricity market while the ESCOSA revieag Weing
finalised, and was willing to participate in this eneto-end frequency control demonstration project in
collaboration with AEMO and ARENA.

1.4.2 Related policy development processes

This proofof-concept was devised specifically to identify gaps anthform the evolution of policies and
market arrangements in the NEM. Key current policy development processes relevant to the areas of
frequency control and plant performance requirements are desribed below.

Generator technical performance standards Rule change

Foll owing completion of ESCOSAds review of te®hnical I
proposal on 11 August 2017 with the AEMC to align the negotiable NER connections framework with technical

advice provided to ESCOSA. AEMO supportke use of a single, consistent framework for negotiation of

generator performance standards in the NEM and submitted this Rule change proposal to the AEMC in

accordance with recommendation 3.4 of the Finkel Reviel

AEMOds Generator t standands Ruéelchame is dtilbunderaonsideration by the AEMC,
with a final determination expected by 2 October 2018.

Frequency control frameworks review

In July 2017, the AEMC initiated a Review into NEM Frequency control framewdfk® assess whether arrent
NEM regulatory arrangements were acting to effectively control of system frequency. The Review has broad
Terms of Reference, including considering needs for mandatory governor response obligationshether the

YAEMO® s f inmerdhtions  ERCASA are available attps://www.escosa.sa.gov.au/ArticleDocuments/1050/2017081rquiry-

LicensingArrangementsforGgneratorsSAinalReport.pdf.aspx?Embed=Y

“Refer to the AEMCO6s website for f @GdneratoeTeehnidalRequifemehtE Mi@s:/svwRacmegovb/mle ge Pr opos al
changes/generatortechnicat performance-standards

6 Finkel Reviewd Independent Review into the Future Security of the National Etity Market, available at
https://www.energy.gov.au/sites/gffiles/net3411/f/independentreview-future-nem-blueprint-for-the-future-2017.pdf

7 Further information on Frequency control frameworks review available atitps://www.aemc.gov.au/marketsreviews advice/frequency-control-
frameworksreview.
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current FCAS market structure is fitor purpose, and opportunities for newer technologies (such as wind and
solar) to offer services to maintain power system security.

The AEMC published a final report for this Review in July 2018.

1.4.3 Future trials and policy development processes

The findingsoft hi s project wil/ inform future trials and the
related trials and AEMO policy consolation processes are briefly set out below:

1 2018 MASS Review review of the MASS expected to commence in Q3 2018 (final date be announced by
AEMO), which will include consultation on the principles for registration and operation of wind FCAS. The
consultation will have two key focus areas:

- To improve power system frequency control in the NEM by better defining, and potentiayl amending, the
frequency response required contingency and regulating services; and

- To amend the MASS to provide to better facilitate the incorporation of nontraditional frequency control
technologies.

1 Musselroe Wind Farm FCAS trid will investigatethe economic and commercial case for FCAS participation
by wind farms and if viable, enabling the frequency controllers at this Tasmanian wind farm. This project
will support assessment of the business case for current and future participants seeking tamicipate in the
FCAS market. The project will also evaluate the installation of utiligscale storage to capture energy
currently not dispatched due to a combination of network and wholesale market conditions, as well as
providing FCAS and other grid suport services from Musselroe Wind Farrit

1 Market Participant 5minute Forecasting®d a collaboration by AEMO and ARENA, in conjunction with
forecasting service providers and existing wind and solar projects. The objective of the program is to
demonstrate the potential benefits of wind and solar generator selforecasting to operation of the power
system. It is anticipated that the use of selforecasting will deliver systerwide benefits by reducing
generation forecast error, and provide greater autonomy to semischeduled generators by allowing them
to develop and use their own forecasts to set dispatch targets in NEMDE.

15 HWF2 FrCiA&l tobj ecti ves

The objectives and intended outcomes agreed by AEMO, ARENA, and NEOEN for this project are presented
below. The® were included in the funding agreement for this project between ARENA and NEOEN. These
objectives were conceived to facilitate development of frequency control capability from the renewable
energy sector and to identify Rules and procedures that may reqte amendment as a result of the trial:

9 To model, implement, and test the capability of HWF2 to be remotely controlled by AEMO to provide FCAS.

1 To determine the types of FCAS for which the HWF2 can have its generating units classified in accordance
with NER 2.2.6.

9 To successfully complete a 4&hour trial of bidding and operating in the FCAS markets for which HWF2 can
be classified, orwhere HWF2 cannot be classified, successfully complete a market simulation trial. For the
avoidance of doubt, successful cmpletion of the trial means that the Recipient has fulfilled its obligations
under the Detailed Test Plan.

1 To determine the delayed response time and the accuracy of HWF2's response to the regulation gebint
changes.

1 If technical or regulatory barriers ae identified that restrict the ability of HWF2 Pty Ltd to comply with the
MASS or to fulfil all requirements for AEMO to cl assi

18 Further information available fromhttps://arena.gov.au/projects/musselroewind-farm-fcas-trial/ .

9 Further information available fromhttps://www.aemo.com.au/StakeholderConsultation/Industry-forums-and-working-groups/Other-meetings/Market-
Participant5-Minute- Self Forecast
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generating units under clause 2.2.6 of theNER AEMO and NEOEN are to providegedback to support
reviewing the MASS to address identified issues, if required.

1 To document and share the results of theactivity in accordance with the Knowledge Sharing Plan required
under this agreement.

1.6 Areas of focus for AEMO

AEMO looks to undertake proofof-concept projects that reduce risks to power system security or identify
and remove barriers to entry for new technologies and services that are consistent with the National
Electricity Objective.

Secure operation of NEM FBS markets requires a high level of coordination between AEMO and FCAS
providers. In the case of a wind or solar farm this includes, but is not limited to:

fEsti mation of available wind resource and astsoci at ed
expected to be available prior to a 5minute dispatch interval. This is a critical factor for a wind farm or
other FCAS providers to bid capacity into the FCAS markets. Wind forecasting and Possible Power are
discussed further below.

1 Clarity on the feasible range of operating conditions for which energy and FCAS from a registered provider
can be offered to the market. This includes the ability for system security services, such as FCAS, to be
provided immediately following a significant supplydemand interruption that may result in extremeor
unstable voltage conditions ¢liscussed further in Sectior2.1.3.

Prior to undertaking the HWF2 trial, AEMO was unsure if information on classification, testing, and

operational parameters would need to be added to the MASS to adequately cover the provisn of FCAS by

wind and solar farms, and provide sufficient information to support an application to classify them as ancillary

service generating units. AEMO was also aware of the importance of developing guidance on operational
parameters for wind and sdar farms as to how muchprecur t ai | ment (al so call ed ©6hea
necessary to give confidence that security services could be provided in the presence of variations in wind

and solar energy not anticipated by 5minute ahead forecasting.

Before the trial, AEMO had limited operational familiarity in dispatching ancillary services from wind farms.
AEMO focused on the following operational and procedural matterswith the specific goal of building
confidence in these technologies.

Possible Power and Unconstrained Intermittent Generation Forecast (VIGF)

Possible Powelis an estimate produced by each Market Participant of the active power available from their
semi-scheduled generating units based on available wind or solar energy, subject only to techmicfactors
affecting operation of its generation and connection assets (local limits) and excluding the impact of
transmission and distribution network limits.

The current value of Possible Power can be provided to AEMO vgpervisory control and data acauisition
(SCADA systems and is derived from the control system of the generating units or by thirdparty forecasting
systems.

A UIGE?, for dispatch purposes is a5-minute ahead forecast of the active power from a semischeduled
generating unit at the end of the next dispatch interval. UIGF is defined in clause 3.7A of the NER.

Currently, all values for UIGF used to set dispatch targets for seracheduled generators are determined by
AEMO®s cent r Adstraljan \Windddergy Fokcasting System\(VEF$ and Australian Solar Energy
Forecasting SystemASEFpmodels. However, as part of the Market Participant-Bninute Forecasing project,
participants will be able to provide their own Possible Power Forecast to set dispatch targetather than
using AE MO G s c-producedavhluey UIGFas shown inFigure 4

20 This a defined term in chapter 10 of the NER, and is discussed in NER clause 3.7B. See also Sé&i@in Appendix 3.
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Figure 4 Possible Power and UIGF
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FCAS Classification criteria for wind and solar plant

i Test if version 5 of the MASS was suitable for FCAS provision from wind and solar farms; if amendments
were required, identify and propose changes in a revised document as a part of a NER Consultation round
in areas such as:

- Pre-classification engineering capability test® such as testing active power response to a frequency event
profile fed into plant supervisory controls.

- Plant simulation requirementsd necessary to provide reasonable confidence that services which are relied
upon for secure system operation can be deliveredy each ancillary service generating unit.

Operational management of FCAS from wind and solar plant

1 Identification of suitable mechanisms for market participant® to estimate active power available to provide
ancillary services on a Sminute ahead basis As discussed above, thi®ossible Power forecast is important
for FCAS providers as it enables them to evaluate how much service can be reasonably provided in bids
submitted to AEMO.

1 Identification of suitable communications channels to provide the Sminute ahead Possible Power forecast
to NEMDE. This could be through the existing market bidding system or other means (e.g. secure
Application Program Interface (API)).

9 Development of basic guidance as to how muchprec ur t ai | ment (al so quradfdored ©6éhead
reliable service delivers?.

Discussion of how these areas of focus were addressdry AEMO during the tial is presented in Chapters 3
and 4.

21|t is the responsibiity of each market participant submitting energy and ancillary to bid in good faith such that energ and services can be provided.

22 Consistent with requirements to bid in good faith, it is the market participan® responsibility to be maintain headroom b ensure service delivery
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2. Results and outcomes

2.1 FCAS cl assificati on

2.1.1 The FCAS classification

This section provides a simplifiecbverview of the process for demonstrating FCAS capability by generation or
loads prior to classification and operation in the FCAS markets.

Verification of communication and telemetry requirements

Prior to being registered as an ancillary service provideproponents must provide evidence to AEMO that
they have sufficient telemetry and communication and telemetry requirements in place to record the
provision of FCAS for verification purposes.

Generally the requirements for slow and delayed services aremilar (data sampling of less than or equal to
4s per measue). Telemetry requirements for dst services are more onerous than slow or delayed services
because the data sampling intervals are much smaller (at least 50 ms per sample).

Assessment of FCAS cap ability and proposed FCAS trapezium

FCAS trapeziums are used by NEMDE to schedule FCAS by comparing its energy and contingency FCAS bids
to the plant capability envelope. FCAS trapeziums represent the capability envelope of an FCAS provider to
deliver energy and FCAS in each dispatch period and are discussed in further detail in Appendh8.

A major part of the pre-classification technical assessment is to chechat plant can provide FCAS per the
proposed FCAS trapezium. It is critical that FCAS Trapeziums accurately reflect the actual performance of
plant, as they are relied on by NEMDE to dispatch resources to maintain system security.

AEMO3s pr oc e mngan F@AS trapeziani requimes thectual capabilityof the unit to be assessed for
a range of representative base points (or cases) as shown kigure 5below.

Figure 5 Example FCAS trapezium for assessment
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2 For contingency FCAS, these requirements are listed in section 3.6, 4.6, and 5.6 of MASS (version 5 in effect since 30QLF).2
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Simulations and on -site testing

The method for generating representative base point data to evaluate the proposed FCAS trapezium will
depend on the circumstances of the plant being classified, including the nature afontingency events
(sometimes referred to as faults) that AEMO considers to be reasonably possible in the relevant area of the
power system. Under the current version of the MASS (version 5), AEMO will accept evidence of plant
performance using representdéive data derived from measured performance and simulations.

In the first instance, AEMO will request that a proponent looking to register in FCAS markets provide base

point performance datafromon-si t e testing using an 0 bobmlmedelingahd fr eque.]
data from power system simulations may be requested if AEMO believes the results from esite frequency
6injectiond tests are not representative of actual ope
conditions.

Evaluation of on -site testing and simulations results

Once the representative base point pairs have been obtained via osite tests, or simulation results, AEMO
uses the MASS FCAS Verification Tool (FCASY¥T9) confirm that fast, slow, or delayed services have been
provided according to MASS requirements.

Classification of a unit to provide FCAS may be approved once:

1 Results from tests and simulations confirm the capability of the proponent to provide contingency FCAS
according to their proposed FCAS trapezium; and

1 Bvidence has been provided to confirmthat telemetry suitable for verification of FCAS is installed at the site;
and

1 All other information required by the AEMO applicationform is provided.

Further detailed information on FCAS trapezia, bidding, operation, coptimisation, and dispatch of FCAS
from wind and solar farms is provided in AppendixA3.

2.1.2 On-site capability testing at HWF2

Pre-classification tests were undertaken at a range of active power base points of 40, 74, and 88 MW,
according to the Detailed Test Planncluded in Appendix Al Pre classification tests were performed during
the commissioning phase of HWF2 on 17, 24nd 27 October 2017.

Testing undertaken included standard undet/over-frequency ramp testing (accordng to the MASS), injection
testing of non-credible contingency events, and AGC setpoint following.

AEMOwas an observer to these tests, which were performed by SiemerBamesa Australia and NEOEN. Full
detail of testing undertaken is provided in AppendixAl Further detail on test results is available in reporting
provided by SiemensGamesa Australi#.

Onsite tests provided accept aawatien metieodologytfos sixafche eightd i ng t o
FCAS products for which HWF2 was seeking classification. AEMO requested that additional data be provided

from power system simulations to assess the ability of the wind farm to provide fast FCAS. These simulation

results indicated that HWF2 was unlikely to be able to provide fast services under reasonably expectable

conditions. This issue is discussed further in sectidh1.3

Key finding: ancillary services HWF2 was classified to provide

Based on the other evidence provided to AEMO, HWF2 wadassified forraise and lower services in the
regulation, slow contingency and delayed contingency FCAS markets on 1 December 2017 wever, HWF2
was unable tomeet the classification requirementdor fast contingency services (refer tdection 2.13 below).

24 Available athttps://www.aemo.com.au/Electricity/National Electricity Market- NEM/Security and-reliability/Ancillary-services/Marketancillary-services
specifiations-and-FCASverification.

25 Available athttps://arena.gov.au/projects/hornsdale wind-farm-stage-2/.
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2.1.3

Issues identified durirg pre-classification testing and simulations

Challenges in providing fast contingency services following voltage instability

As part of the testing process to assess the capability of HWF2 to provide all eight FCAS services, AEMO
requested that simulatins be carried out to demonstrate the FCAS capabilities of the WTG following a
simultaneous frequency and voltage dip. Events involving simultaneous frequency and voltage reductions
have been observed in the weak grid conditions present in the South Austriain power system, so the
presence of these conditions is considered to be possible under some conditions.

As discussed in Siemen§sa mesa Austr al

i ads

K2f) loow Vadtatyg Ride Shmoaigh (LYMRJN isAr t i ¢ |

a standard control mode used by wind turbires in Australian and international grid codes to provide voltage
support if voltage drops below a threshold level (normally 90% of nominal voltage at the point of
connection). Operation in LVRT prioritises the provision of reactive power to the power systeover active
power (which is required to support system frequency) while voltage is below this threshold.

Preliminary power system simulations produced for the trial identified a conflict between the LVRT operation

required for ¢ omp lhina nccael

wd etnhe rHABWFo2rd sP etrefcor man c e

Standar

ability to provide fast raise and lower FCAS during a reasonably expectable contingency evehRigure 6 shows
a typical simulation result. At 74 MW hold point, following the LVRT and recovery, the active powegduces
substantially for 23 seconds before recovering to provide a raise signal.

Figure 6
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26 Refer to section 8.1.2 of the SiemerGamesa report.
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Siemens provided active poweutput data at the turbine levelfrom simulationswhich confirmed the decrease
in active power, as observed inFigure 7.

Figure 7 Simulation of standard under -frequency ramp 74 MW & turbine level
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Simul ation results confirmed a high reactive power
ability to provide active power needed for these services. The conflicting géctives of LVRT and fast acting
frequency response impeded the ability of the wind farm to reasonably provide fast raise and lower services
and HWF2 could not be classified to provide fast raise and lower contingency service.

The need for headroom

During the pre-classification technical assessment process, AEMO must consider whether an intending FCAS
provider can operate in energy and FCAS markets according to their proposed FCAS trapezium. If the power
system is relying on enabled ancillary services beingvailable to the grid following occurrence of a fault, the
system operator will need to be confident that these services can be provided accurately and precisely as
expected. In the case of wind and solar plant, the ability of the plant operator to provid an acceptable

forecast of generation in the coming dispatch interval as part of their FCAS offers (bids) becomes particularly
important.

To provide AEMO with confidence in the forecasting capabilityan FCAS parameter was developed to reflect
a minimum headroom (or pre-curtailment) requirement for both the raise and lower services. This minimum
headroom approximates a 3 standard deviation error in its 5minute ahead generation forecast (that is, an
error not exceeded for 99.7% of the time). This ensures that generator output can be steadily controlled over
the 5-minute interval over which it may be enabled to provide the service. Failing to provide the service could
have an adverse impact on frequency.

For HWF2, this calculation resulted in a minimum of around 10 MW of headroom to manage the risk of
forecasting error (or 10% of registered capacity) across all operating conditions, measured over the period
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from 21 February to 18 July 2017. It is notedahthis period was during the commissioning phase of the
HWF2 wind farm, for which forecasting pedrmance data was availabled this minimum level of 10 MW of
headroom resulted from benchmarking against actual forecast data from this period.

A detailed explanation of why a minimum level of headroom is requiredand how to calculate it is provided
in Appendix A3.
Key finding: headroom is required to ensure ancil lary services can be delivered

Based on what was learnt in establishing this trisfhEMO had developed a procedure for new wind or solar

farms seeking to register for FCAS that do not have historical forecastingath to estimate forecast error.

AEMO willdetermine a generic minimum headroom factor and allow reviewafter six monthsof actual

operation and assessment oforecast performance This opportunity to review the minimum headroom factor

is particularly relevant for those farms electing to provide aalf-forecast, anticipated to be an improvement

over AEMOO6s forecast. The p-foteeastingiteairhprofemutcomesintheNEMp ar t i ci
will be investigated during AEMO and AREN& s Mar k et -RiautetForecastmagpnoject.5

2.2 Mar Keti al

2.2.1 Process

The 48 hour market trial was conducted over a period from 19 December 2017 to 1 February 2018 following
classification of HWF2 in FCAS markets on 1 December 2017. To gain the broadest possible experience and
insights observing ancillary sernee provision from HWF2 it was agreed between the parties involved in the
trial that FCAS would be offered in a variety of service combinations, each with different wind and system
constraint conditions.

A summary of the range of service offerings and wid conditions is provided below in Table 2 In this table:
1 RReg andLRegmean regulation raise and regulationlower FCAS

9 R5/L5mean delayed (5-minute or 300-second) raise/lower contingency FCAS

9 R60/L60mean dow (60-second) raise/lower contingency FCAS

1 R6/L6mean fast (6-second) raise/lower contingency FCAS

Table 2 Summary of services offered during market trial period

Test FCAS offer description Approximate Duration  Expected autcome
Number average wind (hrs)
speed (m/s)

1 20 MW RReg only 5 2 Nominal operation

2 20 MW LReg only 5 2 Nominal operation

3 20 MW R60/R5 only 5 2 Nominal operation

4 20 MW L60/L5 only 5 2 Nominal operation

5 20 MW R60/R5 and 20MW 7+ 2 Up to 40 MW movement in combined raise and lower
L6/L60both enabled direction

6 10MW R60/R5 and 10MW 7+ 4 Up to 20 MW movement in combined direction, then
L60/L5 at $0, 1MW additional 20 MW being enabled as price moves in
R60/R5 and 1MW L60/L5 between bid bands

near price-setting range

7 20 MW RReg only 9 2 Up to 20 MW curtailment from AGC high limit at times
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Test

FCAS offer description

Approximate

Duration

Expected autcome

Number average wind (hrs)
speed (m/s)
8 20 MW LReg only 9 2 Up to 20 MW curtailment from AGC high limit at times
when responding to high frequency
9 20 MW R60/R5 only 9 2 Up to 20 MW curtailment from AGC high limit at times
10 20 MW L60/L5 only 9 2 Up to 20 MW curtailment from AGC high limit at times
when responding to high frequency
11 20 MW LRegand 20 MW 10+ 2 Up to 40 MW movement in combined raise and lower
RReg both enabled direction
12 10MW LRegand 10MW 10+ 4 Up to 20 MW movement in combined direction, then
RReg at $0, 10MW LReg additional 20 MW being enabled as price moves in
and 10MW Rregnear between bid bands
price-setting range
13 20 MW RReg only 13 2 Nominal operation
14 20 MW LReg only 13 2 Nominal operation
15 20 MW R60/R5 only 13 2 Nominal operation
16 20 MW L60/L5 only 13 2 Nominal operation
17 All services offered 18+ 3 Dispatch conditions under binding conditions
18 All services offered 18+ 3 No constrained conditions, but dispatch conditions
under S_NIL_STRENGTH_2 (SA system strength
constraint) invoked but not binding
19 All services offered Increasing wind 3 1l Expected to utilise a 23 hr slow wind ramping up
conditions event, to observeAGC upper limit(mapped to actual
Possible Power”) increasing the effective FCAS
Enablement Max and the energy curtailment upper
break-point.

1 Increasing wind during the DI does not change its
curtailment level (unless actually delivering FCAS
response)

20 All services offered Decreasing wind 3 9 Expected to utilise a 23 hr slow wind ramping down

conditions

A. This is an estimate of the currenPossiblePower.

event, to observe Possible Bwer/AGC upper limit
decreasing the effective FCAS Enablement Max and
the energy curtailment upper break point.

9 Despite a drop inPossible Power during a DI that is
not forecast, wind farm is still able to deliver its full
enabled raise/lower response (becase registered
FCAS trapezium angles allow for-8ninute forecast
error)

All tests were completed according to the descriptions shown ifTable 2 except for tests 17 and 18. These
conditions occurred infrequently during the approximately two-month span of the market trial.

AEMO and NEOEN included basic and flexible provisions in thraarket trial plan for NEOEN to:

1 Support system security by contacting the South Australian control room prior to commencing testing to
ensure no extraordinary risks were affecting the South Australian power system; and

1 Maximise the likelihood of FCAS beingnabled by providing guidance on the pricing of FCAS and energy
offers (discussed further in Sectior2.2.4).
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Complete information on these points can be found inthe Market Trial Plan included as Appendi@1to this
report.

2.2.2 Delivery of raise and loweregulation FCAS

When HWF2 was enabled to provide regulation FCAS, its germance in delivering that service was generally
very good.

Figure 8below shows the performance of HWF2 between 2200rs and 2230hrs on 19 Decerber 2017
(Test 11). During this time, HWF2 offered and was enabled for ROV of raise regulation and 20MW of lower
regulation services.The PossiblePower from HWF2was consistent due to a steady wind speed of t@1m/s.
The output of HWF2 follows, to a high level of precision, the AGC set point in the direction to correct
frequency.

Figure 8 HWF2 regulation FCAS performance

100 50.20
90 50.15
80 50.10
70 50.05 N
T
2 40 5000 2
= g
o
50 49.95 +
40 49.90
30 49.85
20 49.80
22:00:00 22:15:00 22:30:00

19th December 2017

Possible Power (LHS) AGC Setpoint (LHS)
NEM Frequency (RHS) - 50 Hz (RHS)

HDWF2 Output (LHS)

For comparison, the output of a synchronous generator that was enabled for a similar amount of raise and
lower regulation FCAS over the same set of dispatch periods shown below inFigure 9

HWF26s regul at ashowpieFigired ismeom precise than that of the synchronous generator
providing regulation services.
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Figure 9 Comparative regulation FCAS performance by a synchronous generator
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In a separate test, HWF2 offered regulation FCAS (along with contingency FCAS) under decreasing wind

conditions on 7 January 2018 (Test 20). While regulation FCAS was offered ud®00 hrs, HWF2 was only
enabled for regulation FCAS untiD810hrs, asthe actual Possible Power fell due to declining wind speeds.

NEMDE stopped enabling HWFECASwhen its output fell below its enablement minimum.When HWF2 was
enabled for regulation FCAS (shown in the yellow shaded period iRigure 10, its output closely followed the

AGC setpoint to correct frequency. When HWF2 was no longer enabled for regulation FCAS, its output

converges with itsactual Possible Power

Figure 10 HWF2 regulation FCAS performance during declining wind speeds

100 50.25
%0 50.20
80 50.15
70 50.10
60 50.05 T+
2 by
50 50,00 £
= S
o
40 49,95 ¢
[T
30 49.90
20 49.85
10 49.80
0 49.75
07:30:00 08:00:00 08:30:00 09:00:00

7th January 2018
NEM Frequency (RHS) --------- 50Hz (RHS)

AGC Setpoint (LHS) HDWF2 Qutput (LHS)

REG FCAS Enabled
Possible Power (LHS)

© AEMO 2018| Hornsdale Wind Farm 2 FCAS trial

25



2.2.3 Delivery of raise and lowercontingency FCAS
The performance of HWF2 in the provision of contingency FCAS could not be fully evaluated. This was due to

rarity of contingency eventsoccurring while HWF2 was enabled by NEMDE to provide contingency FCAS.

However, he droop mode for HWF2 waspermanently enabled for the entire duration of the trial period. This
meant that the wind farm should have responded tofrequency deviations outsidethe Normal Operating
Frequency Band (NOFB) by increasing or decreasing output, even when not enabled by NEMDE.

The graphs below show the response from HWF2 when frequency deviated from the NOFB, even when HWF2
was not enabled by NEMDE to provide contingacy FCAS.

Raise contingency services

NEM frequency fell below the NOFB lower limit of 49.85 Hz on 26 December 2017 at approximately 20:52:46,
as shown below inFigure 11The active poweroutput from HWF2 momentarilyincreased after thedeviation
from the NOFB,and gradually decreased as system frequenciecovered.

Figure 11  HWF2 active and Possible Power during low s ystem frequency on 26 December 2017
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However, while system frequency was still recovering and below 49.8%, HWF2 did not maintain an active
power output above its initial output at the time of the frequency disturbance. Had HWF2 operated with
greater headroom between its active power output and Possible Power, the raise response could potentially
have been sustained'.

For comparison, the active power output of a synchronous generator providing raise contingency FCAS using
a variable controller is showrbelow in Figure 12

27 This is in part because NEMDE was using Possible Power (that is, power available now) to estimate plant output in the nesgadtch interval, rather than
the 5-minute ahead Possible Poweforecast which will be investigated through the Market Participant5-Minute Forecasing program.
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Figure 12 Synchronous unit active power during low system frequency event on 26 December 2017
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I n the exampl e shown a bartvepowet ilceassdywhen the system freguencyfellt 6 s
below the NOFB lower limit, and the active power response was sustained until the frequency recovered.

The MASS FCAS Verification tool could not beayadsed t o c
raise contingency FCASas the active power increase after the low frequency event was not sustained.

Lower contingency services

NEM frequency exceeded the NOFB upper limit 060.15 Hz on 16 January 2018 at approximately 08:00:19, as
shown below in Figure 13 The active power output from HWF2 decreased when the system frequency
exceeded 50.15 Hz and returned to its initial output as frequency recovered.

Figure 13  HWF2active and possible power  during high system frequency event on 16 January 2018
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There was no significant change in HWF28s possible pov
that the decrease in active power output was in response to the hilg frequency event as opposed to falling
wind speeds.

For comparison,the active poweroutput of a synchronous generator providing lowercontingency FCAS
using a variable controlleris shown below inFigure 14
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Figure 14  Synchronous unit active power during high system frequency eventon 16 January 2018
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The active power of the synchronous unit decreased when the system frequency exceeded the NOFB, and
returned to its initial output once the system frequency returned to the NOFB.

HWF26s ability to provide | ower ¢ on3HCASverificatpntdolCAS was ¢C
Figure 15 from the MASS FCAS verification tool, shows the compensated lower FCAS response when the
frequency exceeded the NOFB.

Figure 15 Compen sated Basic response from MASS FCAS V erification Tool (MW)
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2.2.4 Issues identified inthe market trial

This section presents detail on issues that were not anticipated in the planning phase of this project, and
which affected dispatch of FCAS in the marketial. Discussion here is intended to educate and inform other
intending FCAS participants.

Unexpected outcomes arising from FCAS co  -optimisation

Plant operating in FCAS markets may find itself not being enabled for FCAS, despite offering FCAS at a price
below the dispatch priced an unexpected outcome that may result from ceoptimisation of energy and FCAS
and operation within an FCAS trapezium. Understanding the coptimisation of energy and FCAS is
particularly important for semi-scheduled generators whowant to offer FCAS, because they will typically be
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operating at the Enablement Max, that is, the extreme righhand point of the FCAS trapezium, which is often
limited to its Unconstrained Intermittent Generation ForecastUIGF.

Semischeduled generatos tend to offer their entire energy availability at negative prices, and very often at
the market floor price of -$1,000/MWh. In general, energy offered at negative prices will be dispatched.
Consequently, semischeduled generators will almost always be fly dispatched in the energy market. If
those generators are also offering FCAS, that means they will almost always be dispatched at Enablement
Max. Furthermore, a generator operating at Enablement Max is typically unable to offer any raise FCAS, as
shownin the generalised FCASrapezium in Figure 21in Appendix A3.

When a generator is operating at Enablement Max, and because energy and FCAS isagatimised, the

dispatch process will reduce the energy target below Enablement Max to enable FCAS only when it is cheaper
overall to do so. Reducing the energy target below Enablement Max means the loss of energy must be
supplied by someone else. It wilbe cheaper to do this only when the reduction in FCAS costs is greater than
the increase in energy costs. This is unlikely to happen while a generator is offering negative energy prices.

To understand how this might work in practice, consider the followingexample:

1 A semischeduled generator is offering to sell energy at$1,000/MWh and raise regulation FCAS at
$1/MWh.

1 The prevailing energy price is $100/MWh and the prevailing raise regulation FCAS price is $10/MWh.

9 Because the generator is offering energyt the market floor price, it is dispatched in the energy market at
Enablement Max.

1 The upper slope of the FCAS trapezium is 45 This means the generator must be backed off by MW in
the energy market to provide 1MW of raise regulation FCAS.

i Reducingtre gener at or s dvwgat-$000 woulg require beplacihg it with MW of
energy from other sources at the prevailing energy pr
negative, the net cost is $1,100.

fl ncreasing t GAS emablement lay tMWr(di $1) weould allow a reduction of MW of raise
regulation FCAS from other sources at the prevailing FCAS price ($10). The net benefit is $9.

1 The overall cost of enabling the generator for MW of raise regulation FCAS is therefor&1,106 $9 =
$1,091, that is, an increase. Guptimisation of energy and FCAS would never allow this to happen.

In general, a generator will be enabled for FCAS only when the difference between their FCAS offer price and
the prevailing FCAS price is great than the difference between their energy offer price and the prevailing
energy price. This is unlikely to occur if the generator is offering negative energy prices unless the prevailing
FCAS price is very high.

During the FCAS trial, there were 50 disgah intervals (or 5.8% of the time) when no FCAS was enabled for
the HWF2 unit because its effective FCAS offer was uneconomic due to the relative high cost of trading off its
energy target against FCAS enablement along the upper slope of its FCAS offeapezium.

Of those uneconomic dispatch intervals, thex were 37 intervals where FCASgulation was available but not
enabl ed, with the unitds energy target trapped at the

As noted above, this issue is more prevald for semi-scheduled generating units than scheduled units,

because the effective FCAS Regulation Enablement Max is scaled down to its UIGF (or, if more limiting, to the
SCADA AGC Upper Limit, noting that for EHWw&).HRhis was n
scheduled generating units there is no UIGFhence this dynamic scaling does not apply.

FCAS O6strandingd

For a unit to be enabled for FCAS, it is a prerequisite that the energy being produced (or consumed) at the
start of the dispatch intenal lies within the maximum and minimum enablement limits of the scaled FCAS

28 Defined in Sectionl.60f this report.
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trapezium. If the initial energy operating point is outside these limits,theni t i s sai d fartbat b e

FCAS. Stranding can be a particular issue for seracheduled generation, which generallyhasless control of
its output, and whose available capacity in any dispatch interval is currently forecast as UIGF.

Consider the case when semscheduled generation is falling. The measured energy output at the start of the
dispatch interval is likely to be greater than the UIGF for the end of the dispatch interval. Any offered FCAS
will be enabled by constraining energy below its effective Enablemerilax, in this case the UIGF. However,
because the initial measured energy ouiut is already greater than the UIGRhe generator will be stranded in
that FCAS market, and thereforavill be ineligible to provide FCAS. A similar situation could arise simply
through the natural variation in the output of a semischeduled generator, idependent of whether that
output is falling over time.

Table 3below summarises the incidence of FCAS stranding during the market tridh this table:
1 RReg andLRey mean regulation raise and regulationlower FCAS

1 R5/L5mean delayed (5-minute or 300-second) raise/lower contingency FCAS

1 R60/L60mean dow (60-second) raise/lower contingency FCAS

9 R6/L6mean fast (6-second) raise/lower contingency FCAS

There were94 out of 863 dispatch intervalsduring the FCAS triakor 11% of the time)when the HWF2unit
was strandedfor one or more FCAS Of these intervals, 50% were due to the unit initially operating above its
FCAS Enablement Max/UIGF, and the other 50% were due the unit initially operating below its FCAS
Enablement Min of 20 MW.

Table3  Summary of FCAS stranding during market trial

Test  Description Total Dispatch % of DIs % of Dls % of those % of those
Interval (Dls)s with no FCAS with any FCAS  Dls where Dls where
enabled stranded stranded stranded

above EMaxA below EMinA

1 20 MW RReg only, energy 48 54% 15% 100% 0%
bid at Market Floor Price
(-$1,000)

2 20 MW LReg only 24 29% 4% 100% 0%

3 20 MW R60/R5 only 24 33% 33% 0% 100%

4 20 MW L60/L5only 24 33% 17% 100% 0%

5 20 MW R60/R5 & 20MW 24 0% 0% 0% 100%
L60/L5

6 10MW R60/R5 & 1MW 48 19% 17% 13% 88%

L60/L5 at $0
10MW R60/R5 & 10MW
L60/L5 near pricesetting

range
7 20 MW RReg only 24 29% 29% 57% 43%
8 20 MW LReg only 24 0% 0% 0% 100%
9 20 MW R60/R5 only 24 0% 0% 0% 100%
10 20 MW L60/L5 only 36 44% 8% 100% 0%
11 20MW LReg & 20MW RReg 60 27% 18% 27% 73%
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Test  Description Total Dispatch % of DIs % of Dls % of those % of those
Interval (Dls)s with no FCAS with any FCAS  Dls where Dls where
enabled stranded stranded stranded
above EMaxA below EMinA
12 10MW LReg & 10MW RReg 114 8% 8% 22% 78%
at $0
10MW LReg & 10MW RReg
near price-setting range
13 20 MW RReg only 24 13% 0% 0% 100%
14 20 MW LRegonly 52 21% 13% 100% 0%
15 20 MW R60/R5 only 24 0% 0% 0% 100%
16 20 MW L60/L5 only 24 13% 0% 0% 100%
17 All Services offered 84 1% 2% 50% 50%
S NIL_STRENGTH_1
constraint binding
18 All Services offered 53 8% 4% 100% 0%
19 All Services offeredd 44 5% 0% 0% 100%
increasing wind
20 All Services offered® 84 56% 30% 48% 52%
decreasing wind
Total 863 21% 11% 50% 50%

A. Refer to sectionA3.1in Appendix A3 for further explanation.

Figure 16provides an example of how HWF2 FCAS was stranded.

Figure 16

Example of FCAS stranding
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