Delta’

electricity

MASS Consultation Team

Australian Energy Market Operator

GPO Box 2008

Melbourne

VIC 3001

(Lodged electronically to mass.consultation@aemo.com.au) 11 March 2021

AEMO Consultation on the Market Ancillary Services Specification (MASS) January 2021
To Whom it May Concern,

Delta Electricity operates the Vales Point Power Station situated at the southern end of Lake Macquarie
in NSW. The power station consists of two 660MW conventional coal-fired steam turbo-generators.
Since market start in 1998, Delta Electricity has participated in the support of frequency by way of
installed controllers and systems subject to the market ancillary services rules and specifications.

Delta Electricity appreciates the opportunity to participate in this consultation.

IMPROVE THE CONNECTIVITY BETWEEN DISPATCH SYSTEMS AND THE MASS

AEMO could improve connectivity between existing practical FCAS systems and the way that the AEMO
dispatch system and individual units communicate and transfer energy dispatch targets from NEMDE to
the Unit via the AEMO AGC processing and the Unit control process. In the best development of the
next version of a revised market ancillary service specification, an understanding of all these
mechanisms and, more particularly, the impact of inadequate total system response on the performance
of each individual unit, should be included in the MASS and considered for in the objectives of the
specification.

IMPROVE AND STANDARDISE IN GREATER DETAIL THE METROLOGICAL REQUIREMENTS

AEMO are encouraged to think carefully about metrological details. For the control of frequency there is
little value in encouraging competition if the services obtained are not coordinated due to too great a
mismatch in measurement technigue, control response speed and accuracy. Coordination of controls
depends initially on ensuring like-for-like data for the control signal, frequency, and the dispatch signal
process confirming the correct target reaches the Unit output. Full coordination also depends on the
correct engineering parameters and suitable metrology of a comparable performance and quality being
demanded by the specification. Making the specification easier for some suppliers by broadening the
accuracy base in value or resolution will not bring about an overall coordinated result. For example, as
the specification has in recent past removed the calculations that confirm performance into a guide, it is
now less certain in instructing a participant how to build a spreadsheet that evaluates the participant’s
performance. Perhaps this is AEMO'’s intention in that there are some technical advisers in the market
that think the FCAS controls as currently specified and guided do not adequately provide the required
reactions to coordinate frequency.

Inaccuracy for the centralised controller which can result in less coordination for frequency control has
many sources including:
o Data source instrumentation differences (accuracy of device, accuracy of source transformer,
settling time),
o Data conversion differences (A-D conversion resolution, time-stamping conventions, delta error
interpolation of data),
¢ Telecommunication defects, drop-outs or inadequacy,
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e Time-base of the centralised controller and mismatched coordination between the unit controllers
and the centralised controller because of transient reactions that occur within the time-frame
particularly apparent on Units that have mechanical-hydraulic controllers in partnership with
computer controllers that following instructions from the centralised controller to set the Unit
output and

¢ Intermittency in the prime-moving source energy compared to predicted (wind speed, Solar
irradiance, specific energy of fuel).

Whilst higher quality instrumentation can be expensive, the impact of poor-quality information, any
subsequent greater mismatch and inaccuracy in the true supply and demand conditions and the overall
impacts on frequency performance compounds the inaccuracy of supply/demand balance.

As the variability of frequency reflects the balance in the system between supply and demand, it is
important that all instrumentation that provides information on the supply and demand quantities, and
the frequency of electrical system, be measured in a consistent way to a common specification.

AEMO can reduce some of the variability in the response and performance of FCAS systems by
producing in the next MASS draft an improved and more directing specification on the instrumentation
signalling and quality expected.

DISTINGUISH FURTHER BETWEEN CONTROLLER AND RECORDER SPECIFICATIONS — BOTH
ARE IMPORTANT AND MAY BE DIFFERENT SYSTEMS ON SOME INSTALLATIONS

AEMO are also advised to define, clarify and distinguish further between control input specifications and
recorded data specification. Obviously, if the instrument that is providing the data for performance
monitoring is suitable in quality and the unit complies with dispatch expectations, the performance is
acceptable but, when it is not, the reasons may relate to different specifications, not included for in the
MASS, having been applied to the instruments and data used by the controller and, if systems have not
been constructed with suitable quality of data in the controller they will also be less likely to coordinate
well with other controllers and objectives for system-wide precision and control.

Each machine’s electrical response depends on and compliments the system’s electrical response. As
the system performance deteriorates, the response time of each unit will likely lengthen particularly if
less machines are providing accurately measurable performance. Droop reactions necessarily limit a
Unit’s response to the relevant and fair proportion of energy required by that Unit to assist in the
correction of the system frequency deviation. The level of stored energy and the output position of a Unit
prior to a required response will also affect the resultant response of the unit. Knowledge of this
variability in response and a performance based on the overall recovery time for the system might be
worth considering in the assessment process.

In addition to the extensive description of the performance calculations of previous versions (many now
removed to the supporting guide on the FCAS Reg Tool which Delta Electricity thinks should be returned
to the MASS or a MASS attachment to ensure it remains more relevant in guiding those that may wish to
construct their own assessment tool), the revised MASS ought to equally describe the design and
control block expectations of the controllers, the specifications for the data feeds that controllers depend
on and, in this way, describe the uniformity necessary in relevant aspects of the frequency control
design AEMO consider required to facilitate good frequency control.
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CONSIDER CHANGING THE REGULATION DISPATCH PROCESS

The existing regulation dispatch process carries with it inherent delays due to the AEMO delivery upon
the energy dispatch target. This delivery separates regulation FCAS adjustments from PFR. Ironically,
the present MASS design, as applied in many controllers, means that PFR delivery is more similar to
that of 6s FCAS delivery than it is to regulation control. Regulation signals delivered on the energy
dispatch target become subject to necessary and less transient plant limitations as energy targets
relevant to market energy changes are shaped, smoothed and delayed in response to cater for
continuous operation design safety limits which are not necessarily relevant to match for transient
frequency response. Regulation FCAS dispatch if separated from energy dispatch signals and sent into
a unit's frequency control loop instead of its MW dispatch control loop could, in combination with the
local unit’s stored energy for FCAS control, be able to respond immediately to the regulation
requirement and respond better during times when ramping of energy dispatch is also occurring
something which, in the existing regulation FCAS dispatch design, performance is less successful.

Delta Electricity will continue to be engaged with the frequency control work program and the changes to
the MASS and if AEMO wishes to discuss this submission please contact Simon Bolt on (02) 4352 6315
or simon.bolt@de.com.au.

Yours sincerely

%ﬁv/f

Simon Bolt
Marketing — Technical Compliance

Attachments

1. Delta Electricity Response to AEMOs Questions in the January 2021 Issues Paper
2. 25 August 2018 response and the impacts of 1s resolution data
3. Draft MASS with Delta Electricity mark-ups for AEMO to consider
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Attachment 1 — Delta Electricity Response to AEMOs Questions in the January 2021 Issues Paper

No.

Delta Electricity Viewpoint

Distributed energy resources (DER) participation in frequency control ancillary services (FCAS) markets

1.

Which option for the ongoing
measurement requirements for DER
described in Section 2.3 do you want
AEMO to implement and why? Should
any other options be considered?

Which option do you think is more
consistent with the NEO, and why?

Should AEMO consider any principles
other than those described in Section 2.4
to guide its assessment?

What is the difference in implementation
costs, such as updating the
communication links or installing

Delta Electricity recommends Option 1 for these reasons:

¢ In a market where the accuracy of demand-supply predictions is
reducing, AEMO are encouraged to seek the most accurate information
possible.

e The system inertia is reducing which is potentially increasing the RoCoF.
1s time sampling reduces the certainty of events between sampled data.

e There are events that trigger on Delta’s present 20ms high speed
recorders that are not detected in the 4s sample set. 1s sampling will
lose visibility of some of these. In addition, if units are only recording for
triggered events and not maintaining a continuous 1s data set, the
events may not be detected.

e Consistency for all providers. Existing providers are meeting the existing
standard. A reduced specification standard will reduce the overall
standard and produce greater variability in the objective.

The NEO seeks to promote efficient investment.

Investment that results in poor quality frequency control is not efficient. The
NEM is focusing a lot of time and resources to improve frequency control
suggesting market inefficiency already exists.

To reduce the variability in the performance, common standards are
recommended to be applied and expected for the specification. Allowing too
much flexibility increases the likelihood of less coordination and defeats the
objectives of frequency control.

A fundamental principle to seek is coordination of the overall response.
Uncoordinated responses are not good control and contribute to inefficiency.
Amongst other key aspects of the specification, permitting variability of the
standard of instrumentation and control performance measurements reduces
the objective of a coordinated frequency response.

Inaccuracy can exist in source transformers and instruments that provide for the
recording. Costs of aligning source transformers to common standards is
probably prohibitively expensive but good quality high-speed instruments and
recorders are not.
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No.

AEMOs Question

additional equipment, for capturing data
at a resolution of either 50ms or 1
second for every NMI for different VPP
facility types?

Do you consider the cost difference to be
prohibitive for participating in the
Contingency FCAS markets? Please
provide examples or analysis if possible.

Do you think that either of the options
presented will result in more or less
competition in the Contingency FCAS
markets?

Are there any technical risks that you
envisage if the Option 2 measurement
requirements are allowed? How material
do you consider those risks and how
could they be efficiently mitigated?

Does the sampling rate of one second
rather than 50ms for Fast Contingency
FCAS under Option 2 and the

v

AEMO should include specifications for the controller reactions, the controller’s
frequency input data and sampling rate separately from specifications of the
recorded data. If the Unit controller is responding to a frequency value only
sampled at 1s will it provide the necessary response required? If the controller is
rapidly detecting and reacting to frequency fast enough, the recorded data can
probably be taken at a slower sample rate but it is better that control and
monitoring data are comparable.

No. Accurate MW and MVAr transmitters with fast settling times recently
purchased were difficult to locate from international suppliers but at around $2-
3k per instrument are reasonably priced. High speed recorders that can
maintain a 2-week continuous record of data sampled at 20ms are only $50-
100k.

Competition will be more effective when there is greater clarity of purpose in the
design specification, consistency in data metrology, effectiveness in
performance monitoring of like-for-like information improving the confidence of
the Operator that more/less supply of specific services improves frequency
control objectives.

Electrical response during large contingency events happens in cycle-time and
1s scans will miss important activity particularly where it is monitoring delivery
from new technologies capable of acting much faster than 1 second. Reducing
the scan times is going in the opposite direction to what is required, presently,
and certainly in the future as and when system inertia reduces.

Delta Electricity Viewpoint

Lack of coordination and separation of performance between participants with
faster recordings and, of more relevance to frequency control objectives, faster
controllers, from those with controllers relying on 1s sampled information whose
units may be varying in uncertain ways between each sample point, unknown to
the participant’s controller and to AEMO, could affect the overall steadiness and
response of frequency and, due the nature of the accepted low resolution data,
not be identifiable as the cause of unsteadiness in both transient and steady
state conditions.

It won’t impact on the market itself unless AEMO finds reasons with the lower
resolution information to reduce services when, if better information was
collected, the opposite may be obvious as being required.

5



No. AEMOs Question

determination of the FCAS delivery at the
inverter/controllable device level create
market distortion or negatively impact the
FCAS markets?

8. If Option 2 was adopted, should the
changes to the measurement
requirements of the MASS be limited to
small-scale DER (under 1 MW per NMI),
or should a different threshold apply,
such as 5 MW? For example, what do
you see as the risks and benefits of
expanding these measurement
requirements to other FCAS providers
and in what circumstances might that be
appropriate?

Delta Electricity Viewpoint

However, the market purpose to control frequency may be reduced in reliability
if overall frequency control continues to be considered by the operator as being
inadequate and frequency quality, continued to be considered a threat to system
security. If power system security due to frequency quality remains a concern,
particularly in events that can occur rapidly and interrupt interconnectors and
disconnect customers, greater detail in the information is required, not less, to
ensure the operator can adequately identify all causation.

Delta Electricity does not recommend the adoption of Option 2 even for small-
scale DER which should be encouraged to aggregate capability and install
appropriate recording for the whole aggregation to improve efficient outcomes
that do not overburden low cost suppliers but also do not undermine frequency
control objectives.

All Fast FCAS providers should be asked to invest in both accurate
instrumentation with fast settling times for use in both the controller AND a
suitable fast capturing recorder, assuming the controller and the recorder do not
use the same data feed which is possibly the case in some existing systems.
Risks Benefits
Unfair standards if lesser | Cheaper system
quality standards are not | development costs
equally permitted to be

installed by all

participants.

Greater inaccuracy and More options in
subsequently lower development

coordination in control
Expansion of lesser
quality of controlling and
monitoring and retarded
control delivery impacting
on overall coordination
requiring overuse of
mandated control
systems or emergency
response systems
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No. AEMOs Question Delta Electricity Viewpoint

General MASS improvements

9. Does the proposed reformat of the MASS The draft is heading in the right direction in its structure but not in its detail.
(see Attachment 1) make for improved AEMO are encouraged re-incorporate all details, including re-incorporation back
readability and understanding? into the MASS the FCAS RegTool guidelines to develop the document into

being a more complete specification covering all aspects of importance to
designers. A document can contain an abundance of information but still be

What other improvements in the form straightforward to comprehend. Understanding should become easier for the
and drafting of the MASS could be appropriately qualified engineers and designers. AEMO are cautioned against
beneficial? If you consider the making amendments designed to make the specification simpler to understand

reformatted MASS may have materially ¢ in doing so, remove necessary details without which participants need to
changed the substantive meaning of the  55syme if not specified.

MASS v6.0, please also bring this to our

attention. The draft MASS does not have the correct purpose and scope for the Rule it is
addressing.

e The purpose and scope distract from the MASS also being meant to be a
specification for the frequency controller and focus a reader on
monitoring and recording. In the coordination of overall frequency
control, recording equipment is possibly less important than control
equipment. Accurate data provided by instruments specified separately
for both the controller and the recorder will improve the overall objective.
AEMO should seek audience with industry specialist control design
consultants to obtain suggested additional frequency controller details to
include in the draft.

e The Rule requires that the MASS include “the performance parameters
and requirements” which must be satisfied by the service providers. This
should be applied separately to both the controllers and the recorders.

e The Rule also refers to the use of undefined standards which should be
included in or referred to by the specification and which could enhance
the expectations for quality of control. If the standards don't exist, AEMO
should also draft them and deliver them with the next draft of the MASS.
If the FCAS REG Tool is a standard it should be named as such rather
than being sidelined to being a guide which weakens its purpose.

e The word “specification” included in the Rule defines what the MASS is
meant to be. An English definition is “an_act of identifying something
precisely or of stating a precise reguirement.” Precision requires the

7



No. AEMOs Question Delta Electricity Viewpoint
right amount of detail. A reduced and simpler specification may not be
possible without undermining the actual purpose and therefore should
not necessarily be the target for a revision of the MASS. A revision that
more precisely and completely defines the requirements for control and
for monitoring is recommended.

The draft has made amendments in the direction of separating out specifications
applicable to controllers from those applicable to the monitoring but could go
much further. The structure of the whole document should focus up front on the
Controller Specifications and follow later in the document with Data Recorder
Specifications specifying each of these with consistent rigour and referencing
required standards of instrumentation. Sections 7,8 and 9 are really aspects
relating to data recorders for Contingency services.

10. Clarification of FOS references — Whilst the FOS defines several different NOFBs, it is generally understood that
please provide any feedback on the NOFB when used without reference to islanded conditions and other operating
proposal to clarify that FOS terms relate ~ States, means the 49.85 to 50.15Hz band.
to Table A.1 of the FOS, and any other However, the MASS is a specification that ought to provide concise descriptions
terms that have ambiguous values. of the expectations for the services. Therefore, it is essential to make as many

clarifications as necessary to avoid misinterpretations.

11. Frequency responsiveness of FCAS:

a. What would be involved in ensuring that non-frequency responsive facilities:
i Respond only when enabled in ~ The SCADA system can deliver enablements to Units and automatically select
the relevant FCAS market(s)? the relevant controllers for service.
Processes relying on human observation and manual arming or disarming of
controllers are unlikely to be successful in supporting this objective.
ii. Do not deliver significantly more A switched controller could be assigned the required MW value by automated

than market enablement (for dispatch. SCADA and Unit controller modifications would be required for this
example, >50%)? Do any which can be expensive and which require coordinated projects between
alternative options exist to AEMO, TNSPs, participants and technical resources.

manage over-delivery? Without the above, the separation between FCAS bidding, dispatch and controls

means that controllers will deploy a maximum value including times when the
enabled quantity is less suggesting over-delivery will be common.
b. Please provide feedback on the Delta Electricity considers Delayed controls should be set wider than any faster
proposed revised trigger ranges for ~ Services. The trigger ranges proposed in the Draft that narrow Delayed FCAS
activation to tighter values of 49.85 and 50.15 are not recommended. Generally,

8
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No. AEMOs Question Delta Electricity Viewpoint
switching controllers set out in Table switched control ought to be considered a secondary back-up to frequency
1 and Table 2 of section 3.3. responsive controls.

In typical installations, the switched controllers have been applied in the Delayed
service only, which by existing MASS design are set outside the operational
levels of Fast and slow services and are only be required where 6 and 60s
responses have been inadequate. The Delayed switched control follows in more
stepped correction to hopefully prevent further deterioration of conditions and
avoid the deployment of more disruptive protective measures such as load

shedding.
C. Please provide feedback on the Clarifying that the controller must continue to operate until recovery is
proposal in section 3.3 to require appropriate if that is what is required for good frequency control relative to the
proportional controllers to set FOS. However, for many existing designs it also determines the activation value
deadbands no wider than +0.1 Hz. and the frequency deviation point that determines the effective proportional

droop reaction in MWs.

The specification needs to be clearer about this (e.g. wording of 6.2.3 in the
draft still implies where the control should commence). AEMO should consider
the impact from controller designs that choose to include hysteresis in activation
between an initiation point at 49.85Hz, for example, and a recovery point to
49.9Hz. If both are configured with a droop response applicable to the relevant
frequency value, the response will be different depending on whether frequency
is deteriorating or recovering. Such complexity could contribute to oscillatory
reactions and is probably best avoided in fast and slow frequency responsive
controllers as it adds to the complexity of coordination. It would be better if the
FOS NOFB meant what it has meant previously as being the point where
frequency controllers are meant to operate but the simpler compromise to cater
for possible detection delays in controllers is to have the controller set at the
frequency recovery band initially but permit its variation out to the NOFB as long
as the recorded MW response quantities remain compliant with MASS
expectations.

Additionally, if participants are using the same controller to deliver Mandatory
PFR, the practical deadband for these FCAS services will be much tighter. Does
the MASS permit this in all places particularly when proportional response at

9



No. AEMOs Question

Delta Electricity Viewpoint

+0.15Hz deviation will be much larger from a large machine with a +0.015Hz
deadband vs a one with a +0.1Hz deadband?

12. Co-ordination of different FCAS and PFR:

a. Referencing the list of co-ordination

matters in section 3.4, are there
other co-ordination matters AEMO
should seek to address in the
MASS?

b. Does the list of clarifications on co-
ordination of Contingency
FCAS/PFR controls with AGC
controls in Section 3.4 provide a
reasonable balance between
guidance and flexibility for plant
control design?

A couple of suggestions:

e AGC control time-base of 4s vs mechanical hydraulic governor response
time (1-2s) and complimentary PFR or retarding Unit controller response
times (5-20s) — What the AGC should do is match the DCS expectations
not the mechanical governor reactions which are faster than the control
time of the AGC.

e Coordination differences between the fast and slow services of units with
separated fast and slow controllers and those with a combined controller
providing both services.

e Coordination between frequency responsive and switched controllers —
Should the MWs assigned by the switched controller be assigned only
on top of the energy dispatch value or on top of energy dispatch value
plus any proportional frequency control still active?

The specification should seek precision and clarity. The balance of guidance
and flexibility is less important than the precision, standardisation and clarity of
technical parameters, without which, the interpretative measures adopted by
designers to fill in gaps in aspects of the specification will reduce overall
coordination of frequency control. AEMO is encouraged to seek advice from
technical design specialists as to what this specification requires. If that advice
has already been obtained AEMO is encouraged to include it with the
consultation papers.

Inclusion of a reference to a document that details how the AEMO AGC
interacts with Unit dispatch participates in frequency control should be
considered.

AEMO are advised to think in more detail about what the specification implies by
clause 2.2 regarding priority. Many controllers provide FCAS support and PFR
added/subtracted to/from the AEMO delivered energy target which also includes
any regulation amount AEMO is dispatching to the Unit. The implications of the
clause suggest the MASS requires specific decoupling from the energy target of
some frequency reactions including contingency services, when triggered, to
essentially freeze the energy target at the pre-event level until frequency

10



No. AEMOs Question

13. Regulation FCAS requirements:

a. Are the requirements and proposed
settings listed in section 3.5
adequate and achievable?

In particular, can PFR (separate to
other plant targets) be determined
readily and communicated to
AEMO?

Delta Electricity Viewpoint

recovers. To the knowledge of Delta Electricity, no systems are presently built
this way and if AEMO now requires them to be modified it needs to be more
definite in this pursuit and seek modifications on all controllers, acknowledging
also, the time it might take to achieve this alteration across the NEM. Following
from other comments, the design specification would benefit from better
diagrams to describe better how dispatch targets should be managed during
contingency event responses.

In addition, as many frequency controllers are the same controller that delivers
PFR, decoupling the reaction from the dispatch signal on such controls would
mean the dispatch target will be continuously stalled unless further modifications
ensure the reaction to the PFCB in droop fashion differs from the reaction to
NOFB breaches that now requires suspension of the dispatch target until
frequency recovers.

Finally, as the delayed service is seeking recovery to 50Hz, the designs are
become very complicated for words to adequately describe.

Control system and SCADA modifications would be required for this which can
be expensive, use resources with limited availability, require considerable
testing periods post implementation and require coordinated projects between
AEMO, TNSPs, participants and technical resources.

The MW adjustment (some of the PFR) deployed by a computerised
proportional frequency controller, can be accurately sent to AEMO. PFR
delivered by mechanical-hydraulic controllers can be calculated and provided
but in AEMOs 4s AGC the data would not be useful. By the time the AGC has
considered and adjusted, the PFR from the mechanical-hydraulic governor will
have changed significantly. The time-frame of the response of the AGC should
target only that part of a controller it can reasonably expect to react to which for
many machines will only be the computerised portion of the control, of which the
actual amount can be communicated to AEMO in the SCADA data set.

The currently designed Regulation FCAS dispatch is particularly difficult to
deliver during energy ramping because of AEMO'’s delivery of the dispatched
quantity on the energy dispatch signal. Some of the proposed requirements are
difficult to meet because of this design. AEMO could separate the FCAS

11



No. AEMOs Question Delta Electricity Viewpoint

regulation target and send it to each Unit separately where it could be delivered
with more assurance by Frequency controls instead of via MW setpoint controls.

Ramp rate limitations often occur due to ambient temperature and fuel
constraints. It is better that the FCAS regulation dispatch observe the applied
Unit ramp rate and restrict the maximum possible regulation FCAS dispatch to
suit the ramp rate rather than the specification trying to enforce that a Unit
should maintain enough ramp rate to deliver any amount up to the maximum
registered Regulation FCAS in 3 minutes.

b. Would a 1-year phase-in period for ~ Outages, budgets and planning will be required and for many participants this
existing Regulation FCAS providers ~ €xtends the period of time it may take to consider the revised specification,
be satisfactory? obtain estimates for the cost of modifications, consider the economic viability of
the project and modify and test revised controllers. 2-years is recommended as
a minimum.

The implementing resources are often resource constrained which can also
extend the delivery time.

cC. Do Consulted Persons believe that a  Testing could be at wider periods. e.g. AVRs are not tested at this frequency.
2-year Regulation FCAS testing But participants may also observe defective performance in shorter time frames
cycle strike the right balance of and, if so, ought to be required to report and correct.
stringency and reasonableness? AEMO may also be able to perform the tests without notice in which case AEMO

could do that at whatever cycle it chooses but are encouraged to approach such
testing in coordinated fashion with the participant to seek improvement in
performance if required.

Clarification of requirements for Switched controllers are preferred for the delayed services but in a slow

Delayed FCAS — please consider the recovering system, frequency responsive proportional controls may still be

implications from your perspective of active and the total response will need to be coordinated.

clarifying that Delayed FCAS controls _ ) S

may be of a switched type only (rather Some switched controllers may be ramping the provision in from a zero amount

than also proportional), and, whether to an assigned MW value (control value not market enabled) over a five-minute

other factors in addition to those outlined Period and then ramping down over the next five minutes. Is this acceptable or

in section 3.6 need to be considered. should the switch be an abrupt ‘On’ and ‘Off’ of switched MWs when required?
14. Regarding issues associated with the pending FFR rule change canvassed in section 3.7 and any other rule

changes of concern, AEMO wishes to hear from Consulted Persons on the following issues, which would be used to help
scope future changes to the MASS:

12
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a.

AEMOs Question

What MASS issues they consider
should be addressed in subsequent
reviews, including if possible,
provide reasoning as to why these
issues are important.

How any other desirable changes to
the MASS could be managed in the
context of ongoing rule changes.

Delta Electricity Viewpoint

FFR services may need to include for control and monitoring data at a rate
faster than 1s sampling.

The combination of services and the incorporation of PFR into the MASS in
combination with or separated from Regulation FCAS. These two are a
theoretical combination because each is continuously operating during dispatch.
However, many contingency FCAS systems utilise the same controller as does
the mandatory PFR which means there is a technical challenge and
contradiction between the objectives of continuous PFR and that of the more
sparsely employed contingency services making the occasional delivery of the
latter likely to be affected by the constant delivery of the former. Redesigning the
MASS to employ the present frequency responsive controllers as PFR instead
of 6s and 60s FCAS is one solution.

A redesign of Regulation FCAS could also see a faster and more reactive
delivery using the same frequency controller as present PFR and many
frequency responsive 6/60s Contingency FCAS systems. This redesign would
need AEMO to separate Regulation FCAS delivery signals from the energy
dispatch signal and send it separately to each unit where it can be channeled
into frequency controls instead of MW setpoint controls

13
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Attachment 2 — 25 August 2018 response and the impacts of 1s resolution data

The permission for participants to use 1s data will limit the capability of AEMO or any other
organisation to analyse large contingency events that contain great variability.

The chart below is seventy seconds of frequency and power traces during 25 August 2018
separation of NSW and Victoria systems from Queensland and South Australia. This data was
captured in NSW at a 20ms sampling rate.

fFuy Waveform Viewer - [Vales Pt 6 FR | 3 FCAS Events: 1311, 1312 and 1317 QNI tripped (lightning] then V-5A tripped and > 1000MW Load shed NSW, VIC and TAS] - [m] hed
@8 File Edit View Tools Window Help - 8 X
BARAL G 5wl 6 TE2RIENN QOSSN TGO B @S OR /S BL R HOO X
M AR]R ® & Trigger: 25/08/2018 11:11:41.000.000 PM WA O0R | Pagel & B
! ] 1-12:00 PM Y ot i "
5015 [0 "
49.980 43887 Hz Frg. Generator o

45.80
700.00

550.36 BB036 MW P3 Generator -
R WWM

< >
Ready ||l instantaneous Values || TM= 01:11:38.980.000 PM || TR= 01:11:48.220.000 PM || TM-TR= -00:00:09.240.000 | .:

550.00 v

Observations:

e The red and blue cursors are 9.24s apart

e The frequency decline is non-linear but in 1s sampling, this detail would be lost

e The MW variations and rises and falls are regular and as large as 100MW in 0.3s. Such
variations may not be captured by 1s data sampling particularly when examining fast
responding frequency services

e Controllers that only assess the frequency every second are also probably less responsive to
all variations in frequency (but actually for computerised controllers this might be common
and perhaps is preferred to smooth the overall response)
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Attachment 1 – new proposed form of current MASS



AEMO has published a reformatted draft version of the MASS as a separate document with this Issues Paper. The draft has been substantially reworked from v6.0 in the interest of readability and usability, but does not address any of the substantive issues or amendments canvassed in this issues paper. AEMO will publish drafting to address those matters at the draft report and determination stage, after considering feedback on this Issues Paper.
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1. [bookmark: _bookmark0]INTRODUCTION



1.1. [bookmark: _bookmark1]Purpose and scope

This is the market ancillary service specification (MASS) made under clause 3.11.2(b) of the National Electricity Rules (NER). It includes a full description of the required controllers and descriptions of the monitoring and recording standards referred to in clause 3.11.2(g).

The MASS has effect only for the purposes set out in the NER but is primarily specifying controllers and recording systems necessary to ensure system frequency is managed in accordance wit the Frequency Operating Standard.  The NER and the National Electricity Law prevail over the MASS to the extent of any inconsistency.



1.2. [bookmark: _bookmark2]Definitions and interpretation



1.2.1. [bookmark: _bookmark3]Glossary

Terms defined in the National Electricity Law or the NER have the same meanings in the MASS unless otherwise specified in this section 1.2.1. NER defined terms are intended to be identified in the MASS by italicising them, but failure to italicise a defined term does not affect its meaning.

The words, phrases and abbreviations in Table 1 have the meanings set out opposite them when used in the MASS.



[bookmark: _bookmark4]Table 1	Definitions

Term	Definition
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Aggregated Ancillary Service Facility



Aggregated Generation Amount


The ancillary service generating units or ancillary service loads aggregated by an FCAS Provider under clause 3.8.3 of the NER for the purpose of providing FCAS.

The amount of active power flow through one or more connection points of an Aggregated Ancillary Service Facility comprised of ancillary service generating units, in MW.



Aggregated Load Amount    The amount of active power flow through one or more connection points of an Aggregated Ancillary Service Facility comprised of ancillary service loads, in MW.

Ancillary Service Facility	An ancillary service generating unit or ancillary service load used to deliver FCAS.

Contingency Event Time	The time at which a contingency event occurred, which is determined as follows:

(a) Where the initial frequency change that led to a Frequency Disturbance is clear, there was a single rapid and significant change in frequency, the Contingency Event Time is the starting point of that frequency change.

(b) If there was a series of step changes in frequency or a slow ramp in frequency, the Contingency Event Time will be at the start of the greatest rate of change of frequency, as measured by AEMO.

(c) If neither paragraph (a), nor (b), applies, AEMO will take into account the circumstances of the contingency event and select a time that, in AEMO’s opinion, represents the start time of the frequency disturbance, against which the FCAS response to it can reasonably be measured.

Contingency FCAS	A term used to refer to fast raise service, fast lower service, slow raise service, slow lower service, delayed raise service and delayed lower service  collectively.

Controlled Quantity	A quantity of generation or load that is:

(a) controlled by Raise Signals and Lower Signals; and

(b) measured at the relevant connection point.











		Term

		Definition



		Delayed FCAS

		delayed raise services and delayed lower services.



		Fast FCAS

		fast raise services and fast lower services.



		FCAS

		market ancillary services, commonly referred to as “frequency control ancillary services”.



		FCAS Provider

		A Market Ancillary Service Provider or Ancillary Service Provider, as applicable.



		FCASVT

		Frequency Control Ancillary Service Ancillary Service Verification Tool: An Excel spreadsheet used to verify the delivery of Contingency FCAS.



		FOS

		frequency operating standard.



		Frequency Deadband

		The range of Local Frequency through which a Variable Controller will not operate.



		Frequency Deviation Setting

		The setting allocated to an Ancillary Service Facility by AEMO within the range shown in Table 5 for the Mainland and Table 6 for the Tasmania region.



		Frequency Disturbance

		An occasion when System Frequency is outside the NOFB.



		Frequency Disturbance Time1

		The time2 when Local Frequency is outside the NOFB following a Frequency Disturbance, as determined by AEMO.



		Frequency Ramp Rate

		0.125 Hz/s for the Mainland or 0.4 Hz/s for Tasmania.



		Frequency Rate of Change Multiplier

		See Table 5 for the Mainland, and Table 6 for Tasmania.



		Frequency Recovery

		The first change in Local Frequency to occur after a Frequency Disturbance from above 50.15 Hz to below 50.1 Hz, or below 49.85 Hz to above 49.9 Hz.



		Frequency Setting

		The level of frequency or a combined level of frequency and frequency rate of change determined by AEMO in accordance with section 6 for use by an Ancillary Service Facility’s Switching Controller.



		Generation Amount

		The amount of active power flow through the connection point of an ancillary service generating unit, in MW, with flow from the ancillary service generating unit being positive.



		Generation Event

		As defined in the FOS.



		Inertial Response

		The change in Generation Amount or Load Amount due to the impact of an Ancillary Service Facility’s inertia.



		Initial Value

		The Generation Amount or Load Amount immediately prior to a Contingency Event Time.



		Load Amount

		The amount of active power flow through the connection point of an ancillary service load, in MW, with flow towards the ancillary service load being negative.



		Load Event

		As defined in the FOS.



		Local Frequency

		The frequency measured by an FCAS Provider at the connection point of the FCAS Provider’s Ancillary Service Facility or Aggregated Ancillary Service Facility, in Hz.



		Lower Control Limit

		The lowest level to which a Controlled Quantity can be controlled in response to Lower Signals.



		Lower Rate Limit

		The highest rate at which a Controlled Quantity can be controlled in response to Lower Signals.









1 Referred to as occurring at t=0 in the equations used in the MASS.

2 Australian Eastern Standard Time.









Term	Definition



Lower Reference Frequency


The upper value in the ‘containment band’ for Load Events, as specified in

Section A.1 of the FOS (A.2.1 for Tasmania).



Lower Response	The decrease in Generation Amount or increase in Load Amount as

compared with its Initial Value.

Lower Signal	An AGC control signal sent by or on behalf of AEMO to request delivery of a Regulating Lower Response.

Mainland	All regions other than Tasmania.

MASS	This document, namely, the market ancillary service specification.

NER	National Electricity Rules.

NOFB	normal operating frequency band.

OFTB	operational frequency tolerance band.

Raise Control Limit	The highest level to which a Controlled Quantity can be controlled in

response to Raise Signals.

Raise Rate Limit	The highest rate at which a Controlled Quantity can be controlled in

response to Raise Signals.



Raise Reference Frequency


The lower value in the ‘containment band’ for Generation and Load Events, as specified in Section A.1 of the FOS (A.2.1 for Tasmania).



Raise Response	The increase in Generation Amount or decrease in Load Amount as

compared with its Initial Value.

Raise Signal	An AGC control signal sent by or on behalf of AEMO to request the delivery of a Regulating Raise Response.



Regulating Lower Response

Regulating Raise Response


The decrease in Generation Amount or increase in Load Amount delivered in response to one or more Lower Signals.

The increase in Generation Amount or decrease in Load Amount delivered in response to one or more Raise Signals.



SCADA	Supervisory control and data acquisition system.

Slow FCAS	Slow raise services and slow lower services.

Standard Frequency Ramp    A linear change in Local Frequency from one level to another at the

applicable Frequency Ramp Rate and then sustained, as shown in Appendix A.

Switching Controller	A control system that delivers a specific amount of FCAS by either switching generation or load on or off (as applicable) in response to parameters specified by AEMO.

System Frequency	The frequency of the power system, as measured by AEMO.

Time Average	For a Raise Response or Lower Response and a time interval, the average value of that Raise Response or Lower Response over that time interval, determined as the integral of the Raise Response or Lower Response over the time interval divided by the duration of the time interval.

Trigger Range	The frequency range for which an Ancillary Services Facility with one or more switching controllers must record and store data regarding its performance, commencing 0.2 Hz either side of 50 Hz for the Mainland, and 0.8 Hz for Tasmania.

Trigger Rate	0.05 Hz/s for the Mainland and 0.15 Hz/s for Tasmania.

Variable Controller	A control system that delivers FCAS upon the commencement of a

Frequency Disturbance corresponding to the size of the frequency excursion outside the NOFB.











1.2.2. Interpretation

The following principles of interpretation apply to the MASS unless otherwise expressly indicated:

(a) The MASS is subject to the principles of interpretation set out in Schedule 2 of the

National Electricity Law.

(a)	Units of measurement are in accordance with the International System of Units.



1.3. [bookmark: _bookmark5]Related documents



[bookmark: _bookmark6]Table 2	Title and location of related documents



		Title	Location



		Application for Registration as a Customer in the NEM

		http://aemo.com.au/Electricity/National-Electricity-Market-NEM/Participant- information/New-participants/Application-forms-and-supporting-documentation



		Application for Registration as a Generator in the NEM

		http://aemo.com.au/Electricity/National-Electricity-Market-NEM/Participant- information/New-participants/Application-forms-and-supporting-documentation



		Application for Registration as a Market Ancillary Service Provider and Classification of Load

		http://aemo.com.au/Electricity/National-Electricity-Market-NEM/Participant- information/New-participants/Application-forms-and-supporting-documentation



		Dispatch Procedure SO_OP_3705

		http://aemo.com.au/-

/media/Files/Electricity/NEM/Security_and_Reliability/Power_System_Ops/Procedures/ SO_OP_3705---Dispatch.pdf



		FCAS Verification Tool User Guide

		http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and- reliability/Ancillary-services/Market-ancillary-services-specifications-and-FCAS- verification



		Generator Exemption and Classification Guide

		http://aemo.com.au/-/media/Files/Electricity/NEM/Participant_Information/New- Participants/Generator-Exemption-and-Classification-Guide.pdf



		Generator Registration Guide

		http://aemo.com.au/-

/media/Files/Electricity/NEM/Participant_Information/Application-forms-and- supporting-documentation/NEM_GENERATOR_REGISTRATION_GUIDE.pdf



		Guide to Ancillary Services in the National Electricity Market

		http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and- reliability/Ancillary-services



		MASS 4.0 FCAS Verification Tool_v2.08

		http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and- reliability/Ancillary-services/Market-ancillary-services-specifications-and-FCAS- verification



		NEM Market Ancillary Service Provider and Classification of Load Registration Guide

		http://aemo.com.au/Electricity/National-Electricity-Market-NEM/Participant- information/New-participants/Application-forms-and-supporting-documentation



		Pre-Dispatch Procedure SO_OP_3704

		http://aemo.com.au/-/media/Files/Electricity/NEM/Security_and_Reliability/ Power_System_Ops/Procedures/SO_OP_3704---Predispatch.pdf



		Interim Primary Frequency Response Requirements

		https://aemo.com.au/-/media/files/initiatives/primary-frequency- response/2020/interim-pfrr.pdf



		Description of the AEMO Automatic Generation Controller

		







2. [bookmark: _bookmark7]MASS PRINCIPLES



2.1. [bookmark: _bookmark8]Open Access

When specifying the requirements for participation, the MASS is designed to permit open access to the FCAS spot markets, where this is possible, but the MASS must also ensure the overall responses from all participants are coordinated and therefore some uniformity in control design details is necessary .

















2.2. [bookmark: _bookmark9] (
Commented
 
[A1]: 
Replaces current 6.9.
)Priority of Contingency FCAS over Regulation FCAS

If a contingency event occurs while an Ancillary Service Facility is enabled to deliver both Regulation FCAS and Contingency FCAS, until Local Frequency has returned to be within the NOFB, the Ancillary Service Facility must deliver Contingency FCAS only.	Comment by Me: Existing controllers cannot satisfy this aspect of the design. Regulation FCAS is superimposed by AEMOs AGC onto the energy demand it sends to participants. Contingency reactions are added/subtracted to/from the energy setpoint. Switching controller MWs is also added/subtracted to/from the energy setpoint. Unit dispatch targets including regulationg FCAS delivery are rate limited by the control system to maintain safe operation, avoid interruptions and conditions in excess of design expectations. 

The 28January2020 NSW high frequency event demonstrates how NSW Unit contingency FCAS delivery is coupled with AEMOs market dispatch signals.

Significant redesign, implementation and testing effort would be required by participants to decouple contingency control (and for many participants the Mandatory PFR response) from AEMOs 4s automatic dispatch signals and essentially hold a dispatch target at the target (plus/minus PFR) that precedes the contingency reaction. 

Will AEMO be insisting on modifications to controllers to meet this clause for companies to remain FCAS suppliers?

If a contingency event occurs while an Ancillary Service Facility is enabled to deliver both Regulation FCAS and Contingency FCAS, the Ancillary Service Facility should give priority to providing the Contingency Services and not respond to AGC instructions while responding to Contingency Service actions until such time as the Local Frequency has returned to the NOFB.



2.3. [bookmark: _bookmark10] (
Commented
 
[A2]: 
Replaces current 
2.2
 though
 
this section 
is
 
a 
candidate for
 
removal.
)Contracting

Nothing prevents an FCAS Provider from procuring a third party to provide equipment or a monitoring or recording service to the FCAS Provider under contract, or perform any other action required or contemplated by the MASS on behalf of that FCAS Provider.

The FCAS Provider remains responsible for compliance with its NER obligations regardless of whether it provides market ancillary services itself or outsources part or all of their delivery.



2.4. [bookmark: _bookmark11]Inertia

 (
Commented
 
[A3]: 
Reflects current 2.1.1.
)FCAS does not include the impact of inertia.3



2.5. [bookmark: _bookmark12]Delivery of FCAS by Ancillary Service Facilities

An Ancillary Service Facility can be enabled to deliver any combination of FCAS it is capable of delivering.



3. [bookmark: _bookmark13] (
Commented
 
[A4]: 
Replaces current 2.1.
)DESCRIPTION OF EACH TYPE OF FCAS



FCAS are essential to the management of power system security, facilitation of orderly trading in electricity, and ensuring that electricity supplies are of acceptable quality. They are procured through the FCAS spot markets operated by AEMO and the central dispatch process in accordance with clause 3.8.1 of the NER.

AEMO procures FCAS to manage System Frequency during normal operating conditions and following contingency events. FCAS usually takes the form of an increase or decrease in active power output or consumption by an Ancillary Service Facility to address the impact of supply/demand imbalances on System Frequency. Each type of FCAS is delivered to different specifications to address different needs.

Clause 3.11.2(a) of the NER specifies that there are eight different types of FCAS. Table 3 details these, provides their common names, differentiates between Contingency FCAS and Regulation FCAS, and provides a brief description of how they are usually provided.



















3 See also the definition of Frequency Disturbance Time.
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Table 3	Description of each FCAS

Type	NER Term	Commonly

Referred to as…






Group	Description	Purpose	Usually Facilitated by…


Commented [A5]: Contents reflect existing 3.1, 3.2, 4.1, 4.2, 5.1

& 5.2.





		

Contingency FCAS

		[bookmark: _bookmark14]Fast raise service

		6-Second Raise FCAS

		

Fast FCAS

		A rapid increase in generation or a decrease in load

in response to decreases in Local Frequency.

		To arrest a change in System Frequency following a contingency event that takes it outside the NOFB within the first 6 s of a Frequency Disturbance and then provide an orderly transition to a Slow FCAS.

		· Governor or governor-like control systems

· Frequency relay detecting System. Frequency below NOFB and starting a fast generating unit or disconnecting load.

· Rapid change in charging or discharging from batteries.



		

		Fast lower service

		6-Second Lower FCAS

		

		A rapid decrease in generation or an increase in

load in response to increases in Local Frequency.

		

		· Governor or governor-like control systems.

· Frequency relay detecting System Frequency above NOFB and reducing a generating unit’s output or reducing load.



		

		Slow raise	60-Second Raise

service	FCAS

		

Slow FCAS

		An increase in generation or a decrease in load in response to decreases in Local Frequency.

		To stabilise System Frequency following a contingency event within the first 60 s of a Frequency Disturbance, and then provide an orderly transition to a Delayed FCAS.

		· Governor or governor-like control systems

· Frequency relay detecting a frequency deviation and reducing load.



		

		Slow lower service

		60-Second Lower FCAS

		

		A decrease in generation or an increase load in response to increases in Local Frequency.

		

		Governor systems on generating units.



		

		Delayed raise service

		5-Minute Raise FCAS

		

Delayed FCAS

		An increase in generation or a decrease in load in response to decreases in Local Frequency.

		To return System Frequency to 50 Hz within the first 5 min of a Frequency Disturbance, and to sustain that response until central dispatch can re-schedule generation and load to balance the power system.

		Frequency relay detecting a frequency deviation starting up generating units or reducing load.



		

		Delayed lower service

		5-Minute Lower FCAS

		

		A decrease in generation or an increase in load in response to increases in Local Frequency.

		

		Frequency relay detecting a frequency deviation and reducing generating unit output or increasing loads.



		

Regulation  FCAS

		Regulating	Raise Regulation

raise service	FCAS

		

Regulation FCAS

		Increasing generation or decreasing load in response to Raise Signals to increase System Frequency.

		To support the control of System Frequency within the NOFB and time error in response to variations of demand and generation within a dispatch interval.

		Setpoint controllers on generating units.



		

		Regulating lower service

		Lower Regulation FCAS

		

		Decreasing generation or increasing load in response to Lower Signals to reduce System Frequency.
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3.1. [bookmark: _bookmark15] (
Commented
 
[A6]:
 
Reflects 2.1.1.
)Contingency FCAS



Contingency FCAS manages Frequency Recovery after an under-frequency or over-frequency event to arrest a fall or rise in System Frequency (as applicable), so that System Frequency can recover as required by the FOS. This means that, while always enabled for delivery following a contingency event, Contingency FCAS are only delivered if a contingency event occurs.

Contingency FCAS are provided by technologies that can detect a System Frequency deviation and respond in a manner that corrects System Frequency following a contingency event.

Ancillary Service Facilities need not provide Contingency FCAS once Local Frequency has recovered. For example:

· If Local Frequency recovers above 49.9 Hz within 6 s from the Frequency Disturbance Time, the Ancillary Service Facility is not required to deliver any 60-Second Raise FCAS or 5-minute Raise FCAS.

· If Local Frequency recovers below 50.1 Hz within 6 s from the Frequency Disturbance Time,



 (
Commented
 
[A7]:
 
Reflects current 4.2.
)

 (
the
 
Ancillary
 
Service
 
Facility
 
is
 
not
 
required
 
to
 
deliver
 
any
 
60-Second
 
Lower
 
FCAS
 
or
 
5-minute
Lower
 
FCAS.
If
 
Local
 
Frequency
 
recovers
 
above
 
49.9
 
Hz
 
between
 
6
 
s
 
and
 
60
 
s
 
from
 
the
 
Frequency
Disturbance
 
time,
 
the
 
Ancillary
 
Service
 
Facility
 
is
 
not
 
required
 
to
 
deliver
 
any
 
5-minute
 
Raise
)



FCAS.

·  (
Commented
 
[A8]:
 
Reflects current 5.2.
)If Local Frequency recovers below 50.1 Hz between 6 s and 60 s from the Frequency Disturbance Time, the Ancillary Service Facility is not required to deliver any 5-minute Lower FCAS.



3.2. [bookmark: _bookmark16] (
Commented
 
[A9]:
 
Reflects 2.1.2
)Regulation FCAS

Regulation FCAS are centrally controlled by AGC, which allows AEMO to monitor System Frequency and time error at all times. AGC also sends control signals through SCADA to Ancillary Service Facilities enabled to deliver Regulation FCAS to alter the MW output of generating units or electricity consumption of loads to assist with correcting the demand/supply imbalance and return System Frequency within the NOFB.

Regulation FCAS are normally delivered during each dispatch interval.



4. [bookmark: _bookmark17] (
Commented
 
[A10]: 
Reflects current
 
2.4.
)AGGREGATION OF ANCILLARY SERVICE FACILITIES



4.1. [bookmark: _bookmark18]Requests for Aggregation



4.1.1. Generally

FCAS Providers may apply to AEMO under clause 3.8.3 of the NER to aggregate their ancillary service generating units or ancillary service loads for the purposes of central dispatch. Where aggregation has been approved, market ancillary service offers must only be made in respect of the Aggregated Ancillary Service Facility.



4.1.2. Regulation FCAS

With Regulation FCAS, AEMO will approve aggregation if an FCAS Provider’s AGC can support the aggregated dispatch of Regulation FCAS, namely it will respond to a single AGC signal from AEMO to deliver the requested Regulation FCAS.

The FCAS Provider must ensure that its Aggregated Ancillary Service Facility provides the requested Regulation FCAS in an accurate and timely manner.
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4.2. [bookmark: _bookmark19]Requests for Reports on Aggregate Ancillary Service Facilities



4.2.1. Generally

A request from AEMO to an FCAS Provider for a report dealing how an Ancillary Service Facility responded to changes in System Frequency under clause 3.11.2(h) of the NER may also be made in respect of an Aggregated Ancillary Service Facility, in which case the FCAS Provider must detail in its report the response of each plant within the Aggregated Ancillary Service Facility.

An FCAS Provider must provide a report promptly but, in any event, no more than 20 business days after AEMO’s request.



4.2.2. Contingency FCAS

Where the report requested concerns the delivery of Contingency FCAS, this may include the response as determined by the FCASVT, or the FCAS Provider may propose an alternative method of demonstrating the response of the relevant plant. AEMO, in its absolute discretion, may accept an FCAS Provider’s alternative method.



5. [bookmark: _bookmark20]COMMON REQUIREMENTS



5.1. [bookmark: _bookmark21] (
Commented
 
[A11]: 
Reflects current 2.3.
)Market Ancillary Service Offers

FCAS Providers must ensure their market ancillary service offers reflect the physical availability and capability of their Ancillary Service Facility or Aggregated Ancillary Service Facility (as applicable) to deliver the relevant FCAS, as required by clause 3.8.7A of the NER.

FCAS Providers must rebid in accordance with clause 3.8.22 to reflect changes to FCAS availability and capability.



5.2. [bookmark: _bookmark22] (
Commented
 
[A12]: 
Reflects current
 
7.1.
)Controller Specifications Enablement



5.2.1 Controller Enablment

FCAS Providers must operate their equipment in accordance with clause 4.9.3A(c) of the NER to deliver FCAS in response to a dispatch instruction immediately following enablement by AEMO.

5.2.2 Instrumentation Requirements	Comment by Me [3]: This section could incorporate 6.1. and 6.2 but not 6.3.

(AEMO to consider ……)



5.3. [bookmark: _bookmark23] (
Commented
 
[A13]: 
Replaces current 2.4,
 
3.6,
 
4.6,
 
5.6 
& 
6.7.
)Recorders MeasurementSpecifications	Comment by Me [4]: This section could include 6.4, 6.5 and section 7, 8, 9.



5.3.1. Connection Point

All measurements of Local Frequency, Generation Amount and Load Amount must be taken at or close to a relevant connection point.

If an FCAS Provider considers that an alternative measurement methodology can provide AEMO the required data more simply and accurately, the FCAS Provider must request AEMO’s approval prior to using it. AEMO may approve any alternative measurement methodology on such conditions as AEMO considers appropriate.

5.3.2. [bookmark: _bookmark24]Measurement Recording Requirements 

	Ancillary Service Facilities

The equipment required to measure and record the delivery of FCAS, including both the source transducer and data recorder, must have the characteristics detailed in Table 4:

















[bookmark: _bookmark25]Table 4	Measurement Requirements for FCAS



		Requirement	Fast FCAS	Slow FCAS	Delayed FCAS	Regulation FCAS



		Frequency of Local Frequency	≤50 ms4	≤4 s	≤4 s	NR measurements



		Frequency of Generation Amount	≤50 ms	≤4 s	≤4 s	≤4 s and Load Amount measurements



		Measurement Range of Power Flow     As appropriate to the Ancillary Service Facility, with a margin of error of ≤2%, and Measurements	resolution of ≤0.2%



		Settling Time	≤50 ms (to 99% of final value after a step change from zero)



		Local Frequency Measurement Range	Comment by Me: Whilst measurement devices might be able to achieve this specification, existing controllers do not. There is a fundamental flaw in the specification’s intentions in that it is not crystal clear to the designer that the controller needs any accuracy in reading system frequency and reacting to it whilst a recorder of the data does. AEMO must separate the two and clearly detail what is required. Coordinated control requires accuracy in the Controller. Recorder accuracy is of secondary importance but is still necessary to provide auditable records that delivery has met specification. At present many controllers probably don’t have signals of the accuracy specified here and if AEMO requires them to, a modification process will need to be run over several years and tracked to completion by AEMO.

		At least the range specified in the OFTB, with:

		NR



		

		Margin of error:	Resolution:

		



		

		≤0.01 Hz

		≤to 0.02 Hz

		



		

		≤0.0025 Hz	≤0.01 Hz



		Frequency Disturbance Time

		< 10 s

		NR



		Recording Period for Power &	≥5 s before the	≥20 s before the	≥20 s before the Frequency Measurements	Frequency	Frequency	Frequency

Disturbance Time	Disturbance Time	Disturbance Time and ≥60 s after it	and 5 min after it	and 10 min after it

		NR



		Trigger for Recording	At least whenever Local Frequency changes ≥ Trigger Range.	NR Measurements







 (
Commented
 
[A14]: 
Reflects parts of
 
current 2.4.
)Aggregate Ancillary Service Facilities

If an Aggregate Ancillary Service Facility is used for the delivery of FCAS, measurements must meet these additional requirements:

(a) The Generation Amount or Load Amount must be measured at, or close to, each relevant connection point and summed to calculate the Aggregated Generation Amount or Aggregated Load Amount. Where any part of an Aggregated Ancillary Service Facility shares a connection point with a variable load or generating unit, it is the gross active power flow to or from the relevant plant that forms the aggregated response and must be measured directly.

(b) To correct for any discrepancy in the time measurement by Aggregated Ancillary Service Facility meter clocks, FCAS Providers must time-align the data logged by each meter to the actual time a Frequency Disturbance was detected.



5.4. [bookmark: _bookmark26] (
Commented
 
[A15]: 
Replaces current 3.6(xi)
 &
 
(xii),
 
4.6(x)
 &
 
(xi),
 
5.6 (ix)
 & 
(x),
 
6.7(d)
 &
 
(e)
)Data Retention

Measurement and other data recordings must be digital and stored in a format that is reasonably acceptable to AEMO for analysis using commercial spreadsheet software.

Each FCAS Provider must retain recordings of data measurements for at least 12 months from the Frequency Disturbance Time and provide them to AEMO on request.











4   If another measurement at ≤50 ms is sufficient to determine the timing of the delivery of the Fast FCAS where a Switching Controller is used, the measurement may be at 4-s intervals. Sufficient information should be provided to AEMO to compare the Local Frequency and power flow data in a common time scale.











6. [bookmark: _bookmark27][bookmark: _bookmark28] (
Commented
 
[A16]: 
Reflects current 7.2.
)CONTINGENCY FCAS REQUIREMENTS



6.1. [bookmark: _bookmark29]Frequency Deviation Settings provided by Switching Controllers



6.1.1. Default Frequency Deviation Setting

Until an Ancillary Service Facility that uses a Switching Controller to deliver Contingency FCAS is allocated a Frequency Deviation Setting under section 0, the FCAS Provider must apply the default Frequency Deviation Setting shown in Table 5 if the Ancillary Service Facility is on the Mainland or Table 6 if the Ancillary Service Facility is in Tasmania.	Comment by Me: What section is this meant to be?



[bookmark: _bookmark30][bookmark: _bookmark31]Table 5	Frequency Settings for the Mainland



		Level

		Raise FCAS Frequency Deviation Setting (Hz)

		Lower FCAS Frequency Deviation Setting (Hz)

		Frequency Rate of Change Multiplier



		Frequency Deviation Setting range

		49.80 Hz to 49.60 Hz

		50.20 Hz to 50.4 Hz

		0.4



		Default Frequency Deviation Setting

		49.65 Hz

		50.35 Hz

		0.4







[bookmark: _bookmark32]Table 6	Frequency Settings for Tasmania



		Level

		Raise FCAS Frequency Deviation Setting (Hz)

		Lower FCAS Frequency Deviation Setting (Hz)

		Frequency Rate of Change Multiplier



		Frequency Deviation Setting range

		49.50 Hz to 48.75 Hz

		50.50 Hz to 51.25 Hz

		0.875



		Default Frequency Deviation Setting

		49.125 Hz

		50.825 Hz

		0.875







6.1.2. [bookmark: _bookmark33]Allocation of Frequency Settings

When allocating Frequency Settings to Ancillary Service Facilities for each Contingency FCAS, AEMO will take into account the following principles, as appropriate:

(a) Where an Ancillary Service Facility is used to deliver more than one type of Contingency FCAS, it will be allocated the same Frequency Settings for each.

(b) Ancillary Service Facilities with larger switched blocks of generation or load will be allocated Frequency Settings closer to the NOFB.

(c) Ancillary Service Facilities with higher availability will be allocated Frequency Settings closer to the NOFB.

(d) For Aggregate Ancillary Service Facilities, where possible, AEMO will negotiate with the FCAS Provider to allocate Frequency Settings to simulate the behaviour of Variable Controllers to minimise the potential for over-delivery of Contingency FCAS.

(e) AEMO will consider the physical characteristics of the Ancillary Service Facilities.

(f) A Frequency Setting:

(i) for Fast FCAS may be a Frequency Deviation Setting or a combination of both the Frequency Deviation Setting and Frequency Rate of Change Multiplier shown in Table 5 for the Mainland and Table 6 for Tasmania; and

(ii) for Slow FCAS or Delayed FCAS will be based on the allocated Frequency Deviation Setting alone.













(g) The criteria for a combined Switching Controller to initiate delivery of a fast raise service based on a combination of both Frequency Deviation Setting and Frequency Rate of Change Multiplier is to occur if both of the following conditions are satisfied:

(i) Local Frequency < 49.85; and

(ii) Local Frequency < FDS + (FRCM * LFRC). Where:

FDS is the allocated Frequency Deviation Setting

FRCM is taken from Table 5 for the Mainland and Table 6 for Tasmania

LFRC is the measured rate of change of Local Frequency

(h) The criteria for a combined Switching Controller to initiate delivery of a fast lower service based on a combination of both Frequency Deviation Setting and Frequency Rate of Change Multiplier is to occur if both of the following conditions are satisfied:

(i) if Local Frequency > 50.15; and

(ii) Local Frequency > FDS – (FRCM * LFRC)

Where acronyms in the formula bear the same meanings as in paragraph (g).



6.1.3. FCAS Provider request to Change Allocation

An FCAS Provider may request AEMO to change a Frequency Deviation Setting if there is a technical reason preventing an Ancillary Service Facility from delivering Contingency FCAS due to its Frequency Deviation Setting. AEMO may change the Frequency Deviation Setting in its absolute discretion subject to the principles in section 0.	Comment by Me: What section is this meant to be?



6.1.4. AEMO request to Change Allocation

The only circumstances in which AEMO may request a change to a Frequency Deviation Setting are the following:

(a) the principles in section 0 have been amended;	Comment by Me: What section is this meant to be?

(b) the classification of an Ancillary Service Facility that uses a Switching Controller to deliver a Contingency FCAS has changed;

(c) at least 6 months have elapsed since the last change of Frequency Deviation Settings and one or more Ancillary Service Facility has changed its maximum response capability; or

(d) a Frequency Disturbance that involved loss of load or generation has occurred and AEMO has determined that the relevant Frequency Deviation Setting was inadequate under those circumstances.



6.2. [bookmark: _bookmark34]Control of Contingency FCAS



6.2.1.  (
Commented
 
[A17]: 
Replaces current 3.5(f).
)No Switching Controller Operation within the Normal Operating Frequency Band	Comment by Me: This clause is misplaced and inappropriately titled. It implies no operation within the NOFB for contingency controls but only applies to Switching controllers. Other requirements from AEMO are requiring frequency responsive contingency controllers to  operate within the NOFB to ensure frequency recovery. 

 (
Commented
 
[A18]: 
Does this only
 
apply
 
to 
Fast
 
FCAS?
)A Switching Controller must not operate if Local Frequency is within the NOFB.



6.2.2.  (
Commented
 
[A19]: 
Replaces current 3.5(d),
 
4.5(d)
 & 
4.5(d).
)Notification of Control System Settings

Each FCAS Provider must inform AEMO of the details of each relevant control system as reasonably required by AEMO for the purposes of central dispatch or allocating the Frequency Settings.
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6.2.3. Control System Requirements

Whenever Contingency FCAS is enabled, the Ancillary Service Facility used to deliver the requested Contingency FCAS must have a control system to automatically initiate:

(a) a Raise Response when Local Frequency changes are below the lower limit of the NOFB; and

(b) a Lower Response when Local Frequency changes are above the upper limit of the NOFB.

The control system may be either a Variable Controller or a Switching Controller, or a discrete combination of both, and must operate so that the Raise Response or Lower Response is:

(a) for a Variable Controller, a variable amount commensurate with the difference between Local Frequency and Frequency Deadband where the Local Frequency is between the NOFB and the lower limit of the OFTB (for a Raise Response) or upper limit of the OFTB (for a Lower Response);

(b) for a Switching Controller, one or more step changes if Local Frequency falls below its Frequency Deviation Setting (for a Raise Respone) or exceeds its Frequency Deviation Setting (for a Lower Response); or

(c) for a discrete combination of both, responses in accordance with sub-paragraphs (a) and (b).

Where a Switching Controller is used, it must be capable of adjusting its Frequency Deviation Setting to the Frequency Setting provided by AEMO with an error margin of <0.05 Hz for absolute Frequency Deviation Settings and <0.05 s for Frequency Rate of Change Multiplier.	Comment by Me: This is a form of specification on the controller and the instrument that provides the controller with its reading of frequency



6.3. [bookmark: _bookmark35]Measurement when using a combination of Variable Controller and Switching Controller

In addition to the requirements specified in section 5.3, when proposing to use a combination of a Variable Controller and a Switching Controller, FCAS Providers must agree with AEMO on the process used to determine separate amounts of each Contingency FCAS that will be delivered through each type of controller.




Commented [A20]: Replaces current 3.5, 4.5 & 5.5.

Commented [A21]: Reflects current 3.5.





6.4. [bookmark: _bookmark36] (
Commented
 
[A22]: 
Replaces current 3.7,
 
4.7
 
and
 
5.7.
)Verification

The verification requirements that must be followed by FCAS Providers are provided in Table 7:







































[bookmark: _bookmark38][bookmark: _bookmark37]Table 7	Verification Requirements of Contingency FCAS



		Fast FCAS	Slow FCAS	Delayed FCAS



		Assessment Period - From the	60 s	300 s	600 s Contingency Event Time to Frequency

Recovery up to a maximum of:



		Calculation Method

		The amount of Contingency FCAS delivered must be compared with the amount of

enabled Contingency FCAS as follows:

(a) If the Ancillary Service Facility is a scheduled generating unit, scheduled load or semi-scheduled generating unit, determine the generation or electricity consumption trajectory it would be expected to have followed if the Frequency Disturbance had not occurred.

(b) Use this trajectory to adjust the measured Generation Amount and Load Amount to reverse any response in a direction that would hinder Frequency Recovery.

(c) Remove the impact of any Inertial Response.

(d) The difference between the value calculated following paragraph (c) and a measure of the output of the Ancillary Service Facility just prior to the Frequency Disturbance constitutes the Ancillary Service Facility’s ‘basic response’.

(e) Where a Variable Controller was used, the ‘basic response’ is compensated to take into account the difference between Local Frequency and the Standard Frequency Ramp.

(f) Where a Switching Controller, was used the ‘basic response’ is compensated to take into account the timing difference for Local Frequency to reach the Frequency Setting, compared to the Standard Frequency Ramp.

(g) Where a discrete combination of Switching Controller and Variable Controller was used, the compensated ‘basic response’ is the sum of the compensated ‘basic responses’ of each.



		Where more than one Contingency	If a Slow FCAS was also	If a Delayed FCAS was FCAS Enabled	enabled, the Ancillary	also enabled, the Ancillary

Service Facility’s response	Service Facility’s response should exceed the	should exceed the required response, such	required response such that the Slow FCAS can be     that the Delayed FCAS delivered.	can be delivered.

		



		Specification of Market Ancillary	The specifications in	The specifications in	The specifications in Service Offers	sections 7.1 and 7.2 are	sections 8.1 and 8.2 are	sections 9.1 and 9.2 are

applied to calculate the	applied to calculate the	applied to calculate the Fast FCAS offered.	Slow FCAS offered.	Delayed FCAS offered



		Delivery Requirements

		The amount of Fast FCAS	The amount of a Slow	The amount of Delayed delivered in response to a     FCAS delivered in	FCAS delivered in change in Local	response to a change in	response to a Frequency must be at	Local Frequency must be	change in Local

least equal to the	at least equal to the	Frequency must be at

dispatched quantity.	dispatched quantity.	least equal to the

dispatched quantity.





























6.5.  (
Commented
 
[A23]: 
Reflects current 2.5.
)The FCAS Verification Tool

The FCASVT5 is available to help calculate the quantity of any Contingency FCAS delivered by an Ancillary Service Facility. It contains detailed algorithms used by AEMO to verify whether Contingency FCAS has been delivered in accordance with the MASS.

If there is any inconsistency between the FCASVT and the MASS, the MASS will prevail to the extent of that inconsistency.

 (
Commented
 
[A24]: 
See Glossary
)To avoid doubt, the FCASVT is not part of the MASS.



7. FAST FCAS REQUIREMENTS



7.1. [bookmark: _bookmark39] (
Commented
 
[A25]: 
Reflects current 3.3.
)Specification of Fast Raise Service in Market Ancillary Service Offer

The amount of fast raise service in a price band and all cheaper price bands is the lesser of:

(a) twice the Time Average of the Raise Response starting at the Contingency Event Time and ending 6 s from the Frequency Disturbance Time, excluding any Inertial Response; and

(b) twice the Time Average of the Raise Response between 6 s and 60 s from the Frequency Disturbance Time, excluding any Inertial Response,

that the FCAS Provider making the market ancillary service offer expects would be delivered at the relevant connection point in response to a Standard Frequency Ramp from 50 Hz to the Raise Reference Frequency while this price band is enabled.



7.2. [bookmark: _bookmark40] (
Commented
 
[A26]: 
Reflects current 3.4.
)Specification of Fast Lower Service in Market Ancillary Service Offer



The amount of fast lower service in a price band and all cheaper price bands is the lesser of:

(a) twice the Time Average of the Lower Response starting at the Contingency Event Time and ending 6 s past the Frequency Disturbance Time, excluding any Inertial Response; and

(b) twice the Time Average of the Lower Response between 6 s and 60 s from the Frequency Disturbance Time, excluding any Inertial Response,

that the FCAS Provider making the market ancillary service offer expects would be delivered at the relevant connection point in response to a Standard Frequency Ramp from 50 Hz to the Lower Reference Frequency while this price band is enabled.



7.3. [bookmark: _bookmark41] (
Commented
 
[A27]: 
Reflects current 3.2.
)Dispatch

AEMO will issue dispatch instructions for the delivery of Fast FCAS to enable the required quantities based on the market ancillary service offers received.

During enablement, an Ancillary Service Facility must respond to Local Frequency without further instruction from AEMO.



8. [bookmark: _bookmark42]SLOW FCAS REQUIREMENTS



8.1. [bookmark: _bookmark43] (
Commented
 
[A28]: 
Reflects current 4.3.
)Specification of Slow Raise Service in Market Ancillary Service Offer

The amount of slow raise service in a price band and all cheaper price bands is the lesser of:







5 Available at: http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-reliability/Ancillary-services/Market-   ancillary-services-specifications-and-FCAS-verification.
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(a) twice the Time Average of the Raise Response between 6 s and 60 s from the Frequency Disturbance Time, excluding any fast raise service provided; and

(b) twice the Time Average of the Raise Response between 60 s and 5 min from the Frequency Disturbance Time,

that the FCAS Provider making the market ancillary service offer expects would be delivered at the relevant connection point in response to a Standard Frequency Ramp from 50 Hz to the Raise Reference Frequency while this price band is enabled.



8.2. [bookmark: _bookmark44] (
Commented
 
[A29]: 
Reflects current 4.4.
)Specification of Slow Lower Service in Market Ancillary Service Offer



The amount of slow lower service in a price band and all cheaper price bands is the lesser of:

(a) twice the Time Average of the Lower Response between 6 s and 60 s from the Frequency Disturbance Time, excluding any fast lower service provided; and

(b) twice the Time Average of the Lower Response between 60 s and 5 min from the Frequency Disturbance Time,

that the FCAS Provider making the market ancillary service offer expects would be delivered at the relevant connection point in response to a Standard Frequency Ramp from 50 Hz to the Lower Reference Frequency while the slow lower service in this price band is enabled.



8.3. [bookmark: _bookmark45] (
Commented
 
[A30]: 
Reflects current 4.2.
)Dispatch

AEMO will issue dispatch instructions for the delivery of Slow FCAS to enable the required quantities based on the market ancillary service offers received.

During enablement, an Ancillary Service Facility must respond to Local Frequency without further instruction from AEMO.



9. [bookmark: _bookmark46]DELAYED FCAS REQUIREMENTS



9.1. [bookmark: _bookmark47] (
Commented
 
[A31]: 
Reflects
 
current 5.3.
)Amount of Delayed Raise Service in Market Ancillary Service Offer



The amount of delayed raise service in a price band and all cheaper price bands is the lesser of:

(a) twice the Time Average of the Raise Response between 1 min and 5 min from the Frequency Disturbance Time and slow raise service provided; and

(b) the Time Average of the Raise Response between 5 min and 10 min from the Frequency Disturbance Time,

that the FCAS Provider making the market ancillary service offer expects would be delivered at the relevant connection point in response to a Standard Frequency Ramp from 50 Hz to the Raise Reference Frequency while the delayed raise service in this price band is enabled.



9.2. [bookmark: _bookmark48] (
Commented
 
[A32]: 
Reflects current 5.4.
)Amount of Delayed Lower Service in Market Ancillary Service Offer



The amount of delayed lower service in a price band is the lesser of:

(a) twice the Time Average of the Lower Response between 1 min and 5 min from the Frequency Disturbance Time and slow lower service provided; and

(b) the Time Average of the Lower Response between 5 min and 10 min from the Frequency Disturbance Time,
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that the FCAS Provider making the market ancillary service offer expects would be delivered at the relevant connection point in addition to the amounts in all cheaper price bands in response to a Standard Frequency Ramp from 50 Hz to the Lower Reference Frequency while the delayed lower service in this price band is enabled.



10. [bookmark: _bookmark49]REGULATION FCAS



10.1. [bookmark: _bookmark50] (
Commented
 
[A33]: 
Reflects current 6.3
)Specification of Regulating Raise Service in Market Ancillary Service Offer

The amount of regulating raise service specified in a price band must be the amount of Regulating Raise Response that the FCAS Provider making the market ancillary service offer expects would be delivered at the relevant connection point progressively over a dispatch interval in addition to the amounts in all cheaper price bands in response to Raise Signals sent to request the maximum possible Regulating Raise Response while this price band is enabled.



10.2. [bookmark: _bookmark51] (
Commented
 
[A34]: 
Reflects current 6.4.
)Specification of Regulating Lower Service in Market Ancillary Service Offer

The amount of regulating lower service specified in a price band must be the amount of Regulating Lower Response that the FCAS Provider making the market ancillary service offer expects would be delivered at the relevant connection point progressively over a dispatch interval in addition to the amounts in all cheaper price bands in response to Lower Signals sent to request the maximum possible Regulating Lower Response while this price band is enabled.



10.3. [bookmark: _bookmark52] (
Commented
 
[A35]: 
Reflects current 6.5.
)Compliance Monitoring and Action



AEMO needs assurance that that an Ancillary Service Facility or Aggregated Ancillary Service Facility (as applicable) enabled to deliver Regulation FCAS will respond in an accurate and timely manner.

AEMO will monitor the output of Ancillary Service Facilities and Aggregated Ancillary Service Facilities enabled to deliver Regulation FCAS in accordance with Appendix A of the Dispatch  Procedure.

AEMO may invoke a fixed constraint equation until it is reasonably satisfied that the Ancillary Service Facility or Aggregated Ancillary Service Facility (as applicable) responds as contemplated by the MASS.



10.4. [bookmark: _bookmark53] (
Commented
 
[A36]: 
Reflects current 6.6.
)Control System



The Ancillary Service Facility must have a control system to:

(a) transmit the Controlled Quantity, Raise Control Limit, Lower Control Limit, Raise Rate Limit and, if different from the Raise Rate Limit, the Lower Rate Limit every 4 s to AEMO via SCADA;

(b) receive Raise Signals and Lower Signals;

(c) when enabled for Regulation FCAS, automatically deliver a Regulating Raise Response or a Regulating Lower Response corresponding to those Raise Signals or Lower Signals; and

(d) not suspend the Regulating Raise Response or Regulating Lower Response (as applicable) for more than 60 s during a Frequency Disturbance, and even then, only if Local Frequency has exceeded the Raise Reference Frequency or Lower Reference Frequency.
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An Aggregated Ancillary Service Facility’s control system for regulating raise service or regulating lower service must only apply to the whole aggregated generating unit or load.



10.5. [bookmark: _bookmark54]Verification

For the purpose of verifying the amount of regulating raise service or regulating lower service that can be delivered in response to a Raise Signal or a Lower Signal, the amount of service to be compared with the enabled price bands of the relevant market ancillary service offer must be determined using the recordings made under section 5.3.2 as follows:

(a) If AEMO or the FCAS Provider wishes to verify delivery of Regulation FCAS, AEMO must transmit no Raise Signals or Lower Signals to the relevant Ancillary Service Facility for at least 60 s and then immediately transmit Raise Signals or Lower Signals to the Ancillary Service Facility that would produce either a Regulating Raise Response or Regulating Lower Response equal to the lesser of the sum of the enabled price bands of the relevant market ancillary services offer and the corresponding Raise Rate Limit or Lower Rate Limit for at least 5 min such that the Controlled Quantity remains at all times between the Raise Control Limit and the Lower Control Limit.

(b) The following procedure must be used:

(i) fit a linear function of time (of the form P = P1 + R1 * t) to the power measurements made during the sixty seconds to which paragraph (a)(i) refers;

(ii) fit a linear function of time (of the form P = P2 + R2 * t) to the earliest power measurements made over the following five minutes that are all greater than (for Regulating Raise Response) or less than (for Regulating Lower Response) the function to which paragraph (b)(i) refers; and

(iii) determine the Regulating Raise Response or Regulating Lower Response as the slope of the function to which paragraph (b)(ii) refers (in MW/min) multiplied by 5 min.



11. [bookmark: _bookmark55]TRIALS OF NEW TECHNOLOGIES



11.1. [bookmark: _bookmark56]AEMO’s Requirements

From time to time, a trial to demonstrate the capability of new technologies in the delivery of FCAS may be authorised. Where this occurs, AEMO may specify the capabilities, measurements, verification and other requirements and conditions of the trial in its absolute discretion.



11.2. [bookmark: _bookmark57]Report to AEMO

AEMO may specify the contents of a report and supporting data that trial participants must submit to AEMO upon the conclusion of a trial to enable AEMO to assess the efficacy of reviewing the MASS to address any issues that the trial has raised as to the performance of the new technologies in the delivery of FCAS or the operation of the spot markets for FCAS.
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[bookmark: _bookmark58][bookmark: _bookmark59]APPENDIX A.   STANDARD FREQUENCY RAMP





[bookmark: _bookmark60]Figure 1	Standard Frequency Ramp for regions other than Tasmania
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[bookmark: _bookmark61]Figure 2	Standard Frequency Ramp for Tasmania
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