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1. INTRODUCTION

11 Purpose
These are the Power System Model Guidelines (Guidelines) made under clause S5.5.7(a)(3) of the
National Electricity Rules (NER) . They specify AEMOO6s r e fpunationeamk nt s

models that Generators, NSPs, Network Users, MNSPs, prospective NSCAS tenderers and prospective
SRAS Providers (Applicants) must provide to AEMO and NSPs in specified circumstances.

AEMO requires this information and models to develop mathematical models for plant, including the
impact of their control systems and protection systems on power system security.

These Guidelines have effect only for the purposes set out in the NER. The NER and the National
Electricity Law prevail over these Guidelines to the extent of any inconsistency.

1.2 Definitions and interpretation

1.2.1 Glossary

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

Terms defined in the National Electricity Law and the NER have the same meanings in these Guidelines
unless otherwise specified in this Section 1.2.1.

Terms defined in the NER are intended to be identified in these Guidelines by italicising them, but failure
to italicise a defined term does not affect its meaning.

Table 1 Defined Terms

Term Definition

Applicants Generators, NSPs, Network Users, MNSPs, prospective NSCAS tenderers and prospective
SRAS Providers to whom these Guidelines apply.

AGC Automatic generation control

AVR Automatic voltage regulator

BFP Boiler feed-pump

CT Current Transformer

Data Sheets The Power System Design Data Sheets and Power System Setting Data Sheets

DC Direct Current

Disturbance Any, or a combination e++ere-of the following:

1 A balanced or unbalanced fault remote from a connection point.

1 A balanced or unbalanced fault at, or close to, a connection point.

1 A transmission line, distribution line or other plant switching or tripping;

1 A trip, with or without a fault, of one or more generating units (from the same, or another
generating system) or Customer loads.

9 A short or long voltage disturbance (e.g. as could occur when a part of the network is close
to voltage collapse).

{_A frequency disturbance (e.g. as could occur when a part of the network is islanded).

—Rapid changes in the energy source available to the plant (e.g. as could occur when cloud

cover affects PV energy availability).

DLL Dynamically linked library

DSA Dynamic security assessment

EMT Electromagnetic transients

FACTS Flexible AC transmission systems
FCAS Frequency control ancillary services

© AEMO 2018 5
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Term
FDF
FRT
HIL
HV
HVDC
HVRT
IDF
IGBT
kHz
LCC
LV
LVRT
MBASE
MNSP
ms
MVA
MV
NER
NSP
OLTC
OPDMS
PCC
Pl

PID
PLC
PLL
POD

Post-Contingent Steady
State

PPC

PSCADE/ EMTDCE
PSS

PSS®E

PWM

Quasi-Steady state

R2

RMS

RUG
SCADA
SCR

SMIB
SSCI

SSR

SSTI
STATCOM

)
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Definition

Forced Draft Fan

Fault ride-through
Hardware-in-loop

High voltage

High voltage direct current

High voltage ride-through
Induced Draft Fan

Insulated gate bipolar transistor
Kilo-Hertz

Line-Commutated Converter
Low voltage

Low voltage ride-through
Machine Base Mega Volt Ampere
Market Network Service Provider
millisecond

Mega Volt Ampere

Medium voltage

National Electricity Rules
Network Service Provider

On load tap changer

Operations and Planning Data Management System
Point of common coupling
Proportional integral

Proportional integral derivative
Programmable Logic Controller
phase locked loop

Power oscillation damper

The condition of a power system immediately after a Disturbance, when power system
electrical quantities have obtained steady values following the action of fast-acting plant and
network controls, but other slower-acting control systems may not yet have operated.

Power plant controller (also known as O&6powe
Power Systems Computer Aided Design / Electromagnetic Transient with Direct Current

Power System Stabiliser

Power System Simulator for Engineering

Pulse width modulation

Physically dynamic phenomena that can be represented in simulation using static analysis.

Registered data after connection, as derived fromon-sy st em testi ng and
the Data Sheets and as described further in clause S5.5.6 of the NER.

Root mean square

releasable user guide

Supervisory control and data acquisition

Short circuit ratio

Single machine and infinite bus (simplified network model)
Sub-synchronous control interaction

Sub-synchronous resonance

Sub-synchronous torsional interaction

Static compensator

© AEMO 2018
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Term Definition

Steady State The electrical conditions prevailing in any 50Hz power system after decay of transients, under
either normal or contingency operating conditions and in the absence of short circuits, where
the RMS variables of the power system (such as voltage and current) are unchanging in time.

SvC static VAR compensator

TNSP Transmission Network Service Provider

TOV Temporary overvoltages

TTHL Trip to house load

Type 3 (Wind Turbine) A doubly-fed induction generator type
Type 4 (Wind Turbine) A back-to-back converter type

UPS Uninterruptible power supply

VT Voltage Transformer

1.2.2 Interpretation

The following principles of interpretation apply to these Guidelines unless otherwise expressly indicated:

(@) These Guidelines are subject to the principles of interpretation set out in Schedule 2 of the
National Electricity Law.

(o) The words fAincludeso, Aincludingd or fAsuch aso ar e
an example, do not limit the meaning of the words to which the example relates to examples of a
similar kind.
1.3 Related documents
Title Location
NSCAS Tender Guidelines https://www.aemo.com.au/Electricity/National-Electricity-Market-

NEM/Security-and-reliability/Ancillary-services/Network-support-and-
control-ancillary-services-procedures-and-guidelines

Power System Design Data Sheets TBA
Power System Setting Data Sheets TBA
SRAS Guidelines https://www.aemo.com.au/Stakeholder-
Consultation/Consultations/SRAS-Guidelines-2017
System Strength Impact Assessment Guidelines TBA
14 Context

These Guidelines and the Data Sheets are tools that enable AEMO and the NSPs to implement a number
of obligatonsunder the NER, especially t ho powersybtam securgyl at e t o
responsibilities and the management of new connections to the national grid.

Figure 1 shows the interrelationship between these Guidelines and other NER instruments and AEMO
guidelines, operating procedures and activities. By no means a complete depiction, it highlights the
criticality of compliance by affected Registered Participants with these Guidelines by showing how they
relate to key obligations imposed on AEMO and NSPs in the context of power system security.

© AEMO 2018 7
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Figure 1 Interrelationship of System Security Market Framework components
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2. PROVISION OF MODELS AND OTHER INFORMATION

2.1 Generators

The circumstances in which Generators must provide models and other information to AEMO and NSPs
in respect of their generating systems under these Guidelines are specified in clause S5.5.7(b1)(1)(i)
and are, in summary:

Requirement Timing

(@ Where there is, in AEMOOs rGeeanseornaatholwdh s \ithin 20 business days of

AEMOG6s notice of

(1) adversely affect network capability, power system security, quality or described in sub-paragraph (1),

reliability of supply, inter-regional power transfer capability;

(2) or (3).
(2) adversely affect the use of a network by a Network User; or
(3) have an adverse system strength impact®.
(b) Where, i n AEMOdpisionsirdoarmtomd the type described in clause  \ithin 15 business days of
S5.2.4 of the NER s required to enable an NSP to conduct a system strength AEMOG6s request t
impact assessment’. relevant information.
() Where the Generator is proposing an alteration to a generating system for which Within 20 business days of
performance standards have been agreed and the alteration will: AEMO®&s notice of

(1) affectthegener at i n gerfermande eelaivesto any of the technical dzescribed in sub-paragraph (1) or
requirements in clauses S5.2.5, S5.2.6, S5.2.7 and S5.2.8 of the NER; or @)

2) in AEMOb6s reasonabl e opinion:
(A) have an adverse system strength impact; or

(B) adversely affect network capability, quality or reliability of supply,
inter-regional power transfer capability or the use of a network by
another Network User>.

(d) When negotiating a connection agreement*. With the application to connect
submitted under clause 5.3.4 of
the NER.

(e) When connecting a generating system <30 MW, or generating units totalling With the application to connect

<30MW to a connection point on a distribution network®. submitted under clause 5.3.4 of
the NER.

AEMO needs to be able to model power system behaviour on an ongoing basis to ensure that it can fulfil
its obligations to operate the power system in accordance with the NER. To achieve this, AEMO needs
up-to-date information about the behaviour of plant connected to the power system. Generators should
ensure that all models and other information provided to AEMO in accordance with these Guidelines
remain up to date, because if AEMO reasonably considers that:

1 the analytic parameters for modelling of a generating unit or generating system are inadequate; or

1 available information, including results from a test of a generating unit or generating system under
clause 5.7.6(a) of the NER, are inadequate to determine parameters for an applicable model,

AEMO may direct an NSP to require a Generator to conduct a test under clause 5.7.6(a) at the
Gener acbsbr 6 s

Furthermore, a Generator who has previously provided adequate RMS models and associated
information to AEMO will be required to provide up-to-date EMT models if required by an NSP who carries

! See clause 5.2.5(d) of the NER. See also footnote 2 for further information about system strength impact assessments.

2 See clause 5.2.5(e) of the NER. Where a Generator has previously provided an RMS model to AEMO, that model will be inadequate for carrying
out a full system strength impact assessment and an EMT model will be required. For further information about full system strength impact
assessments, see the System Strength Assessment Guidelines.

3 See clause 5.3.9(b)(2) of the NER.

4 See clause S5.2.4 of the NER.

5 See clause S5.5.6 of the NER.

© AEMO 2018 9
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out a system strength impact assessment, as these are the only types of models that will result in an
accurate assessment.

2.2 Network Service Providers
The circumstances in which NSPs must provide models and other information to AEMO in respect of their
network elements under these Guidelines are specified in clause S5.5.7(b1)(1)(ii) and are, in
summary:
Requirement Timing
(@ Where there is, in AEMOG6s reasonabl e ¢ witin20business days of
network element or the connection of any new or additional equipment to the AEMOG s of the inmac
network will: described in sub-paragraph (1) or
(1) adversely affect network capability, power system security, quality or ).

reliability of supply, inter-regional power transfer capability; or

(2) adversely affect the use of a network by a Network User®.

(b) Wh_ere _there is, in AEMOG6s reasoplanaob| e Within:
e s 9 20 businessdayso f AE MO
(1) adversely affect network capability, power system security, quality or notice of the impact described in
reliability of supply, inter-regional power transfer capability; sub-paragraph (1) or (2); or
9 15 businessdaysof AEMO
(2) adversely affect the use of a network by a Network User; or notice of the impact described in

(3) have an adverse system strength impact’. sub-paragraph (3).

(c) Where, in AEMOO6s reasonabl e opi ni witin15 business days of
4.2.4(0) is required to enable another NSP to conduct a system strength impact AEMOG6Ss request t.
assessment®. relevant information.

2.3 Network Users

The circumstances in which Network Users must provide models and other information to AEMO in
respect of their plant under these Guidelines are specified in clause S5.5.7(b1)(i)(iii) and are,
in summary:

Requirement Timing

(b) Where there is, in AEMOOs rNeeatswonrakb |Ues eor \ithin:
salle 9 20 businessdayso f A E M1
(1) adversely affect network capability, power system security, quality or reliability notice of the impact described

of supply, inter-regional power transfer capability; in sub-paragraph (1) or (2); or
9 15 businessdayso f A E M!
(2) adversely affect the use of a network by a Network User; or notice of the impact described

(8) have an adverse system strength impact®. in sub-paragraph (3).

(b) Where, in AEMO6s reasonabl e opi n Within15business days of
S5.3.1(al) of the NER is required to enable an NSP to conduct a system strength AEMOG6s request
impact assessment™°. relevant information.

(c) Before connecting any new or additional equipment to a network. With the application to connect
submitted under clause 5.3.4 of
the NER.

2.4 Market Network Service Providers
The circumstances in which MNSPs must provide models and other information to AEMO in respect of
their plant or equipment under these Guidelines are specified in clause S5.5.7(b1)(1)(iv) and

are, in summary:

6 See clause 4.3.4(0) of the NER.

7 See clause 5.2.3(j) of the NER.

8 See clause 5.2.3(k) of the NER.

9 See clause 5.2.4(c) of the NER.

10 See clause 5.2.4(d) of the NER.

11 See clause S5.3.1(al) of the NER.

© AEMO 2018 10
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Requirement Timing
(@ Wherethere i s, in AEMOOG6s reasonablpantorpi ni witin:
CAMINETE L 1 20 business dayso f A E MO
(1) adversely affect network capability, power system security, quality or reliability notice of the impact described in
of supply, inter-regional power transfer capability; sub-paragraph (1) or (2); or
T15busi nesasf dAgENO
(2) adversely affect the use of a network by a Network User; or notice of the impact described in

(3) have an adverse system strength impact'2. sub-paragraph (3).

() Where, in AEMOG6s reasonable opinion, Within15busi nesasf day
S5.3a.1(al) of the NER is required to enable an NSP to conduct a system AEMOb6s request t.
strength impact assessment*. relevant information.

(c) Before connecting any new or additional equipment to a network4, With the application to connect

submitted under clause 5.3.4 of
the NER.
2.5 Prospective NSCAS Tenderers

The circumstances in which prospective NSCAS tenderers must provide models and other information to
AEMO in respect of their plant or equipment under these Guidelines are specified in clause
S5.5.7(b1)(1)(vi) , hamely when tendering to provide NSCAS under clause 3.11.5 of the
NER?5. The models and information must be provided to AEMO with an NSCAS expression of interest.

2.6 Prospective SRAS Providers

The circumstances in which prospective SRAS Providers must provide models and other information to
AEMO in respect of their plant or equipment under these Guidelines are specified in clause
S5.5.7(b1)(2)(vii) , namely when tendering to provide SRAS under clause 3.11.9 of the NER1S,
The models and information must be provided to AEMO with a tender for the provision of SRAS or, where
AEMO makes a direct request for an offer for the provision of SRAS, in response to that request.

3. MODELS AND DATA REQUIREMENTS

Changing plant technology in the power system has introduced the need for AEMO and NSPs to have a
deeper understanding of all equipment connecting to the grid, including smaller plant, which in aggregate,
can affect the power system security and reliability.

3.1 Generators, NSPs, Network Users, and MNSPs

On each occasion that a Generator, NSP, Network User or MNSP is required under the NER to provide
models and other information to AEMO and an NSP?Y7, they must provide:

i Completed Power System Design Data Sheets and Power System Setting Data Sheets Data

Sheets;
i Site-specific RMS models of all plant that comply with these Guidelines, including:
model block diagrams; and
model source code;
i Site-specific EMT models of all plant that comply with these Guidelines;

i a RUG for both RMS and EMT models in the template specified in the Releasable User Guide
Template!8; and

12 See clause 5.2.3A(a) of the NER.

13 See clause 5.2.3A(b) of the NER.

14 See clause S5.3a.1(al) of the NER.

15 See clause 3.11.5(b)(5) of the NER.

16 See clause 3.11.9(g) of the NER.

7 In the case of models and information required to be provided by an NSP, this is to be read as providing them to another NSP.

18 Note that AEMO expects the Releasable User Guide Template to be published prior to the expiry of the consultation on this document.

© AEMO 2018 11
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1 R2 test report, and pre-commissioning model confirmation test report?°.

3.2 NSCAS Tenderers and SRAS Providers

On each occasion that a prospective NSCAS Tenderer or SRAS Provider is required to provide models
and other information to AEMO, they must provide the models and other information specified in Section
3.1 except where they:

i had provided the necessary models and information to AEMO within the previous three years
and AEMO had indicated at the time were acceptable;

i are not proposing to make any changes to the components of the plant or proposed facility within
the intended period of any proposed agreement for the provision of NSCAS or SRAS (as
applicable); and

i no changes are likely to occur to the operation of plant (regardless of whether they are owned by
the relevant prospective NSCAS Tenderer or SRAS Provider) that will impact the proposed
NSCAS or SRAS (as applicable) within the intended period of any proposed agreement for the
provision of NSCAS or SRAS (as applicable),

AEMO will not require additional models and information, however, AEMO may require further
clarifications on the models or information previously provided, in which case the relevant prospective
NSCAS Tenderer or SRAS Provider will need to respond within any timeframe requested by AEMO at
the time.

3.3 Exemptions

The requirements proposed in these Guidelines will apply for all power system conditions and model
types, but there are circumstances where AEMO and an NSP may exempt an Applicant from having to
provide the full complement of models and other information specified in Sections 3.1 or 3.2 (as
applicable). Table 2 details the circumstances where AEMO and the NSPs may exempt an Applicant:

Table 2 Grounds on which exemption may be granted

Conditions Reasoning L
reguiredExemption

Plant size is C6 MVA and the Impact of the proposed plant on network and EMT model_not required.
(ool o I =IOl SO To[o] T0 =1 LM AN surrounding plant would be minimal.
SCR* > 10 Proposed plant unlikely to be impacted by low system

strength.
Plant <1 Impact of the proposed plant on network and No modelling information
MVA surrounding plant would be insignificant. required.

A. As assessed by the connecting NSP accounting for all nearby plant that can reasonably impact SCR at the connection point under consideration.

Applicants whose plant meets the conditions specified in Table 2 need not apply to AEMO for exemption
unless their connecting NSP requires them to do so. Hence, Applicants who consider that they should
be exempt from having to provide the full complement of models and other information sheould-apph-te
must approach their connecting NSP to seek advice on whether an application for exemption is required.
If advised by the connecting NSP that it is, the Applicant must apply for exemption to AEMO and the
relevant-connecting NSP using the form contained in Appendix A.

Following consideration of an application for exemption, AEMO must:

i accept or reject it;
i propose options for the Applicant to consider; or
i request further information.

19 Depending on the expected impact of the plant on the power system, pre-commissioning model confirmation results may be required before the
connection can proceed.

© AEMO 2018 12
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AEMO—and NSPs use PSCADELEMIFDBDGCE—toe—perform EMT studie
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. : | "
EMT-type models

RMS-type models

| Bandwidth
1Hz 10 Hz 100 Hz 1 kHz 10 KHz
E X Slow conver‘teri control XEFast converter control E X PLL E
160 ms 16 ms 1.6 ms 160 ps 16 ps

50 Hz systems) |

AEMO and NSPs use plant models for many purposes. The assessment of the suitability of proposed
plant and its proposed performance standards and determination of plant capability to achieve its
performance standards are the ones that most Registered Participants are aware of, and is the main
reason _why they must provide models, but this is just one of many. Others include the ongoing
management and assessment of power system security, such as short-term operational planning and
development of constraint equations, stability assessment, use in long-term power system planning, the
assessment of other proposed connections, procurement of ancillary services, simulations for the
purpose of training and incident investigations.

For these reasons, models must demonstrate the degree of adequacy and accuracy specified in these
Guidelines.

For each plant being assessed, the Applicant must provide a site-specific model in the appropriate tool
and consisting of components necessary to facilitate accurate studies for the specific phenomenon under
consideration.

Subject to any requirements specified elsewhere in these Guidelines, it is expected that models provided
to AEMO and the NSPs are an accurate representation of plant and plant responses for multiple,
successive Disturbances. This does not require those providing models to consider every conceivable
combination of Disturbances. For example, when submitting models for the purpose of connection
studies, the submitting party can evaluate responses to singular or limited combinations of Disturbances
only to the extent that they are relevant to the access standard being considered.

Appendix C outlines the physical components to be included in a model based on the studies being
performed. As load flow and fault level studies are typically based on Newtonian solution methods, rather
than physical components, these study types are excluded from the tables in Appendix C.

Due to the continuous evolution of technology, the tables in Appendix C may not cover every key
component present in all plant. If a plant or component not specified in those tables is determined by
AEMO and the NSP to provide a significant contribution to the result of a study, AEMO and the NSP may
request that this plant or component be included in the model submitted by the Applicant.

© AEMO 2018 21
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163.24.1 Load flow model requirements

Adequate load flow models must represent the plant Steady State conditions for the full operating
envelope in the software package nominated by AEMO and the NSP.

Where applicable and where the RMS tool allows, load flow models of plant must include:

Table 3 Load flow model inclusions

Plant element Including

Generating units*, reactive MVA base
support plant

Source impedance, including positive, negative and zero sequence
Active and reactive power profile®
Voltage control scheme

MERISTERS Il (MG MVA base and ratings
step-up, intermediate and

connection point) Winding vector group

All winding voltages

Winding impedances, including positive, negative and zero sequence

Grounding arrangements and impedances

Connection code

Magnetising impedances

Tap location, number and voltage range

Voltage control scheme

HVDC links Plant ratings, voltages and impedances

Control modes, including target control quantities

Base voltages levels and target voltage levels

Transformer impedances, voltages, tap ranges, bases

Firing angle ranges (for applicable technologies)

Commutating impedances (for applicable technologies)

Positive, negative and zero sequence impedance
Shunt components Switched shunts

Fixed shunts

Switched shunt voltage control scheme

Active and reactive power levels, in most appropriate format (power / impedance / current)

A. For plant consisting of several distributed generating units, aggregation principles outlined in Section 4.7 must be used.
B. Consistent with the plantds performance standard

The load flow model contents must be consistent with the information provided by the Applicant in the
RUG.
163.214.1.1 _ Format

Section 4.3.9 outlines the model format requirements for load flow models when represented in RMS
simulation tools.

163-34.2 Fault level model requirements

Provision of short circuit data for the plant to IEC 60909:2016 is sufficient to meet the requirement for
short circuit analysis. This short circuit data should be integrated into the load flow model to the extent
this is possible in the host software platform.

163.314.2.1 Format

Section 4.3.9 outlines the model format requirements for fault level models when represented in RMS
simulation tools.
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163.44.3 RMS and EMT stability model requirements

The following criteria apply before an RMS or EMT model can be accepted for assessment by AEMO and
the NSP. The requirements specified in this section apply to all plant except those in section 4.3.2, which
only apply to plant participating in the FCAS market or the provision of other forms of frequency control,
such as in a future fast frequency response market.

163.4-14.3.1 _ General requirements

Transient models provided under clause S5.2.4(b) of the NER must define the site-specific
electromechanical and control system performance of components comprising plant under Steady State,
set-point change and Disturbance conditions for all levels of system strength and energy source
availability that the plant is rated to operate.

That plant includes:

1 the generating unit or any other primary or relevant secondary plant within the generating system
that may affect the overall interaction (active power, reactive power or voltage) of the generating
system with the power system (e.g. reactive power compensating plant).

1 any dynamic reactive power or voltage compensation plant within the network that can have an
impact on transient and voltage stability.

Parameters of transient models developed for new and modified generation connections (including any
supervisory control) should be refined through extensive connection studies. Plant model and parameters
must be assessed through the NSP and AEMO due diligence process to be qualified as R1 data.

RMS and EMT models and parameters submitted to AEMO and the NSP must conform to the following
general requirements before being considered for assessment.

Model compatibility and stability

Models must:
i be compatible with the power system software simulation products specified by AEMO and the
NSP;
i work for a range of dynamic simulation solution parameters rather than for specific settings only;
i be numerically stable for the full operating range including a wide range of grid SCR and grid and

fault X/R ratio;

any model validity limitations due to system impedance or strength should be clearly
defined within the RUG;

1 be numerically stable up to a simulation time of up to five minutes2 (have voltage, frequency,
active power and reactive power remaining constant for dynamic simulation runs with no
Disturbance);

i not show characteristics that are not present in the actual plant response;
Model composition and operating range

Models must:
i be a model of the specific plant being considered;

1 include any relevant non-linearities, such as limits, arithmetic or mathematical functions,
deadbands or saturation, etc.

i represent the generating system and reactive compensation plant performance for all possible
Steady State output and system strength levels where the plant would be in operation;

i represent plant response for set-point changes including active power, reactive power, power
factor, voltage and frequency, including associated ramp rates.
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i represent the generating system and reactive compensation plant performance for all possible
values of energy source variation where the generating unit or generating system would be in
operation;

For generating units with an inherently variable power source, the ability to vary the
energy source strength must be maintained throughout the simulation study;

1 represent all plant within the generating system, including generating units, governors, park
controllers, tap-changing transformers, and reactive power compensating plant;

Relevant protection relays must be included in the model, explicitly where practically

possible.

i Represent delays between plant elements (e.g. SCADA, PLC and park controller communication
delays) that have an impact on the performance of the plant;

i include models of generating unit mechanical components that would be affected by
Disturbances;

i include models of generating unit energy storage components that would be affected by
Disturbances;

i represent plant response to any runback scheme or special protection scheme in which the plant
participates in;

i represent plant performance accurately within the normal dispatch range between minimum and
maximum active power output, but must also be able to be initialised at any active power dispatch
down to 0 MW,

Linearised models that are valid only for a single operating point are not acceptable; and

1 can be initialised correctly (for example, for RMS models from load flow) if dispatched to a power
level lower than that available from the fuel source.

Model multiple operating modes and control functions

A model must:

i represent all modes of operation that the physical plant is capable of operating in. For example,
if applicable to the physical plant, the model must be able to represent:

generation, synchronous condensor and pump modes for relevant hydro-electric
generation technologies, e.g. pumped storage.

voltage control, power factor control and reactive power control modes.
activation/deactivation of frequency control and fast frequency response features.

All changes to operating modes should happen automatically. Where automatic mode switchover
cannot occur, operating mode changes must be based on configuration file or variable changes.
It is not acceptable to require a separate model for each operating mode.

i represent the simultaneous control functions that are active within the physical plant without the
need to change model setup, variables or configuration parameters.

For example, a model must be able to represent both active power control and frequency
control functions operating simultaneously.

Mid- and long-term dynamics

Any dynamic models provided for a plant must be adequate for simulation of the response of equipment,
such as onload tap changer controllers, turbine governors, over-excitation or stator current limiters and
any other thermal, voltage or frequency related controller with a time-delayed response up to 120
seconds.
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Additionally, models must not change appreciably?® during a flat-run (no Disturbance) simulation.
Simulation durations for no-Disturbance studies range from 10 to 300 seconds (the latter to verify long-
term Steady State stability).

163-4-24.3.2 __Additional requirements for frequency stability studies
For frequency stability studies, models must also:

i provide an accurate response of the plant to changes in network frequency, and active power
generated to the network, regardless of whether it is enabled as FCAS.

i take into account both central controllers and distributed plant if an aggregated service is used to
provide FCAS.

1 be an accurate representation of the maximum rate of change of frequencies that the plant is

capable of operating with;

for absolute changes in network frequency within the frequency operating standard where
the plant is connected. If the performance standards of the plant exceed these limits, the
models must be accurate for the full range of network frequency in which the plant can

operate;
i represent the frequency and speed filtering applied in the governor system controller and/or time
delays in control variable measurement transducers;
i represent any controller settable control variable position limits, ramp rate limits or deadbands;
i include any mechanical actuator limits e.g. fuel valve open/close rate of change limits, pitch limits,

open/close position limits, exhaust temperature limits, internal turbine limits, active power limits
or other physical limits within the control system that cause a limit on power output and/or fuel
flow;

i include fuel valves and fuel valve actuators that have control dynamics in addition to the control
system, where these can affect the stability of the governing system or have an appreciable effect
of the accuracy of the model must be included in the model;

i include non-linear fuel flow to valve position and/or non-linear fuel flow to power characteristics,
where an efficiency characteristic has an appreciable effect of the accuracy of the model,

1 include large Disturbance controls, such as intercept valve control on steam turbines, load
rejection detection, acceleration control, power load unbalance detection and pre-emptive
overspeed detection.

i include external (to the governor/power control system) control action (e.g. from Generator
SCADA system), to regulate the power set-point during frequency Disturbances when enabled
and not enabled for FCAS.

i include control mode changes or control gain changes that may be triggered from network
Disturbances (for example, in the case of islanding situations where the network frequency may
vary within the normal contingency bands, or where special logic is used to boost FCAS
capability);

i represent any automated deployment of FCAS (specifically fast raise/lower and slow raise/lower
service) where this is provided in addition to (or when generation has been dispatched for a
specified FCAS amount) or by normal governor action with additional algorithms or controls.
Where other control logic is used (e.g. SCADA/AGC) to deploy the FCAS by direct control of the
power set-point during a frequency Disturbance this must also be included in the model.

i represent the fuel delivery system dynamics where this has a material influence on the power
output during and after a frequency Disturbance and within a timeframe up to five minutes from
the initiating Disturbance, or where the fuel delivery system is common to multiple generating
units or derived from the generation in other units within a plant such that changes in active power

26 State changes in RMS models or noise/chatter in both RMS and EMT models are not expected to occur for flat-runs.
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generation on one generating unit can cause a change on another generating unit. Some
examples of these are:

Hydro generating units being supplied from a common penstock/surge tank.

Combined cycle plant where a heat recovery system from gas turbines is used to
generate steam for a steam generating unit.

Gas turbines where the turbine mechanical power decreases with frequency.

163.4-34.3.3 _RMS model-specific requirements
The following are requirements for RMS dynamic models supplied to AEMO and the NSP:

il

models must have a bandwidth of at least 0.05 Hz to 10 Hz (for that part of the response that is
linear) and settle to the correct final value for the applicable power system conditions and applied
Disturbance(s);

models must initialise themselves in a Steady State consistent with the system conditions in the
network load flow model. When these preconfigured system conditions are beyond plant
operational limits or otherwise not consistent with valid operating conditions for the plant, the
model must warn the user by way of a message to the progress output device;

where special tuning of the load flow case is required to replicate expected operating conditions
with given control set-points, acceptability of the tuning procedure must be agreed to by AEMO
and the NSP and documented in the RUG. Where a script is provided to assist with this
procedure, it must be provided in the Python language;

changes to the Steady State operating point for the modelled element must not require changes
to any external dynamic settings (for example, in PSS®E, CONs, and ICONS) except where the
change cannot be adequately inferred from the network load flow case. Where the Steady State
configuration of the model cannot be uniquely inferred from load flow (e.g. Steady State wind
speed when operating a wind turbine at 100% output), additional configuration parameters may
be provided in runtime settable variables. Reasonable default values must be provided or inferred
for any such parameters;

when initialised at a valid Steady State operating point for the plant within operational limits, the
model must correctly calculate state derivatives (for example, in PSS®E, models must not cause
61l NI TI AL CONDI Tl ONS SUSPECT®6 mes s a gaallybathe case
when the derivative calculated for each state variable is no greater than 0.0000127, or 0.01 times
the initial value of the state variable (whichever is greater), in absolute value at time of
initialisation;

to avoid excessive simulation burden when integrating RMS models into OPDMS and DSA tools
the minimum permissible values of the numerical integration time step and acceleration factors
are 1 ms and 0.2, respectively.—Fhe-RMS-—modelmust-not-attemptto—implement-dynamic

me-constan horter than m W hara thic is nace arnsto-achieve

models must be compatible with dynamic simulation frequency dependency functions that the
tool provides (for example, the Network Frequency Dependence option in PSS®E);

RMS model outputs in terms of the voltage, frequency, active power and reactive power must be
reasonably constant and consistent when doubling and halving the recommended time step;

models must be rigorously tested within a NEM-wide simulation for integration compatibility for
large-scale power system studies. Experience has shown that SMIB simulations do not always
reveal n e w verse idterdct®ris with dther models in the system; and

277 pSSR/E

mul at i c

considers any state variable initialised with an abs altulatederatewoh| ue | ess t
change with the fixed threshold 0.01 for such variables. Otherwise, the ratio of the rate of change to the initial value is compared with the 0.01
threshol d. In the worst case, an initial state equwadxcedd®0.0000001 will trigger
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