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Introduction 2
Transmission lines Distribution lines
carry electricity carry low voltage
long distances electricity to
consumers
> > P
Power plant Transformer Substation transformer Homes, offices and
generates converts low voltage converts high voltage factories use electricity
electricity electricity to high electricity to low voltage for lighting and
voltage for efficient for distribution heating and to power
transport appliances

Source: AEMO (www.aemo.com.au)
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Introduction — Australia’s National Electricity Market =

NEM — National Electricity Market
* A wholesale market for supply and purchase of electricity

« Output from all generators is combined and scheduled in real-time to
meet consumer demand

« Commenced in 1988, the NEM operates one of the world’s largest
Interconnected power system that runs for more than 5,000km
(Source: AEMO)

« When NEM commenced, a Code provided guidelines for how the
market was to operate

* In June 2005, the Code was replaced by the National Electricity Rules
(NER)

PowerDist Power Control and Protection Course 2012 4



SILEN

Introduction — National Electricity Market =
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Source: AEMO (www.aemo.com.au)
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Introduction — AEMC and AER
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Australian Energy Market Commission — AEMC
wwwv.aermc.gov.au
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e Approves rules for the nation’s energy markets

« National, independent body, they make and amend- the detailed rules
for the NEM-and natural gas markets

* Responsible for oversight and regulation-of the NEM since June 2005

Australian Energy Regulator — AER | 2
www.aer.gov.au

» Regulates whole electricity market and responsible for economic
regulation of transmission networks of the NEM

» Also responsible for economic regulation of gas networks and
enforcing national gas law and gas rules
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Introduction — AEMO

Australian Energy Market Operator — AEMO

www.aemo.com.au éﬁ J A E MO

e AEMO'’s roles are:

» Power System Operator
» Market Operator

« Some of AEMO'’s responsibilities are:

» Management of the NEM

» Overseeing reliability and security of the NEM

» Ensuring supply reserve to meet reliability standards

» Directing generators to increase production during periods of
shortfall

» Also responsible for gas market
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Introduction —NER

National Electricity Rules — NER

« The NER govern the operation of NEM. The Rules have the force of
law, and are made under the National Electricity Law

» Specifies the objectives, functions, and responsibilities of AEMO

e Current version is 47, downloaded from AEMC website, and it covers
some of the following:

» Registered Participants and Registration

» Market Rules

» Power System Security & Network Connection

» Economic Regulation of Distribution and Transmission Services
» Administrative Functions

» Derogations
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Introduction — Energy Flow =
+€ Transmission Network Service Provider — TNSP
\} Owner and operator of the high-voltage
transmission towers and wires that transport
GENERATOR L.
@ electricity
TRAEJESRTASCSE'B;S&E&%ORK . Examples of TNSP:
% TransGrid — NSW ElectraNet — SA
"~ SERVICE PROVIDER. PowerLink— Queensland TransEnd - Tasmania
\2 Distribution Network Service Provider
MARKET CUSTOMER +—
@ bisi i RS TRUCTIONS Owner and operator of substations and the wires
2 that transport from distribution centres to end-use
consumers.

Source: AEMO (www.aemo.corm.au)
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Introduction — Market Participant

Market Participant: Registered to participate in the NEM as either:

o

Market Generator (sells electricity);

Market Customer (purchases electricity); or

3. Market Network Service Provider (owns and operates a network
linked to the NER)

o
' ¥
@ Delta® <t ell
ENERGY

I

snowy hydro -~

raring energy

An example of some Market Participants
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The Need for Compliance

Section 2
The Need for Compliance with the NER
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The Need for Compliance with the NER =

- The integrations of generation and into the power system must be
coordinated so that levels of quality, reliability of supply and power
system security can be maintained

- Reliable and secure operation of a power system is tied to the ability
of its mix of generation, transmission, and loads to operate under a
variety of conditions

- For this reason, the NER includes processes to coordinate the
technical interaction between new and existing generation and the
power system
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The Need for Compliance with the NER

- Accurate model data for generators, excitation systems, turbine
governors and PSS is required to maintain accurate planning of the
power system

- Assists organisations such as AEMO_and TNSP’s in planning and
operation of the network
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Commissioning of PSS on 100 MVA GT with settings designed on incorrect data
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The Need for Compliance with the NER — Performance Standards

- Rules specify each generating unit must meet a number of technical
requirements and these form part of the technical terms and
conditions of the Connection Agreement

- These are met by ensuring generators meet a range of performance
standards

- The Rules allow performance standards to be negotiated between the
Proponent, the NSP, and AEMO

- An access standard is a benchmark for determining the appropriate
performance standard for each unit:

- Minimum Access Standard

- Automatic Access Standard
- Negotiated Access Standard

PowerDist Power Control and Protection Course 2012 14



SILEN
O

The Need for Compliance with the NER — Performance Standards

* Minimum Access Standard — minimum performance standard
specified in Rules. If a generating unit does not meet this standard,
plant will be denied access to network

« Automatic Access Standard — The upper bound for an access
standard.

* Negotiated Access Standard — Falls somewhere between the
automatic and minimum bounds for the standard of performance

- MNote that no generator will have ‘minimum’ as a standara, instead it
will be ‘negotiated’ at the minimum level.

PowerDist Power Control and Protection Course 2012 15



Validation of Compliance Process following a Plant Change

Section 3

Validation of Compliance Process
following a Plant Change

PowerDist Power Control and Protection Course 2012
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Validation of Compliance Process following a Plant Change

 Compliance process commences once a Generator proposes to install
a new AVR (or for new generator connections)

» The following actions need to be taken for an AVR upgrade before
commissioning.

v Data sheets for the excitation system (incl. exciter, regulator,
PSS, limiters, etc)

v' Design Report
v Model — functional block diagram and source code
v Releasable User Guide

v' Commissioning Plan

PowerDist Power Control and Protection Course 2012 17



Validation of Compliance Process following a Plant Change — Data %LEN
sheets

11\ U

* Prior to the connection, generator must submit registered data
related to the excitation system

» Registered data falls into two categories:

(a) Prior to actual connection and provision of access, data
derived from manufacturers’ data, detailed design
calculations, works or site tests etc (R1),;

(b) After connection, data derived-from-on-system testing (R2)

PowerDist Power Control and Protection Course 2012 18



Validation of Compliance Process following a Plant Change — Data %LEN

sheets

11\

10.1 _ Synchronous Machine Excitation System

Symbol | Data Description Units Data Category Value Remarks

The list of generating units to which

Datasheets can be downloaded s nfomton ppies

Manufacturer and manufacturer's type Text R1.R2

From AEMO website T e

10.1.1  Design Data Sheet

WWW ae m 0 CO m au Symbol Data Description Units Data Category | Value R rk
- - - Rotor volfage capable of being
VCEIL |supplied for 55 at rated voltage v D, R1
(VTGEN) and rated speed
VEMIN _[Minimum field voltage v D. R1
Ea;lamum rate of change of field Rising Vs D.R1
&ar:;mum rate of change of field Falling Vis D.R1
Exciter description including type,
ratings, cannection schematic, saurce Text D.R1
of any external supplies, etc.
If applicable, excitar saturation curve i
over 50%-120% of rated voltage. Diageam e
Deatails of the excitation contrel aystem
10.1.2 setting Data Sheet described in functional block diagram
e . form showing:
Symbol Data Description Units Data Category «  voltage control syslerns
DC gain of excitation control loop VIV D, R1 (AVR);
Active power operating range of the 2 _powaraysio stobilisar
generating unit when the PSS is in D, R1 oL -
R = reactive current or reactive
operatlon. power compensation (if fitted) .
All functional block diagram parameters, (£.0. Load drop compensanontvar shanng, aiso | Functional black | o o o,
i ” refemed fo as ine Arop compensation or diagram o
in accordance with Rule s5.2.4 (b), | reactwe poner droop)
(gains, time constants, mathematical
functions, non-linear characteristics,
limits, etc.) for:
. voltage control systems
g 4 D, R2
(AVR);
. power system stabiliser; D, R2
. exciter; D, R2
. reactive current or reactive D R2
power compensation; '
. over-excitation limiter; D, R2
. under-excitation limiter; D, R2
. stator current limiter; D, R2
. flux (V/A) limiter; and D, R2
. any other limiters that may
restrict excitation control system D, R2
operation.
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Validation of Compliance Process following a Plant Change

Prepare Design Report
Requirements Document

Proposal for
new AVR

A 4

LEGEND

Generator
I

I:I Benchmark simulations to

TNSP

AVR and PSS tunin X .
g confirm model and settings

AEMO

A 4 Y

Assessment of full System impact & ‘

Excitation System using ride through studies
simple equivalent using full NEM model

network model

\ 2

Prepare TNSP
connection report

design report

Prepare I

A Comments I Review Design Report Review Design Report
|
Commissioning & Written Approval
Compliance
R2 Testing

Flow chart of activities and responsibilities associated with preparation and approval of a design report
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Validation of Compliance Process following a Plant Change — Design
Renort
Report

* The design report aims to evaluate compliance against the sections
of the NER that the proposed alteration will affect. According to
S5.3.9 (d), these are:

» S5.2.5.5 “Generating system response to disturbances following
contingency_events”

» S5.2.5.7 “Partial load rejection”
» 55.2.5.12 “Impact on network capability”
» $5.2.5.13 “Voltage and reactive power control”

e Evaluation of “S5.2.5.5, .7, .12” require full 5 state model of the NEM.
Typically assessed by TNSP and/or AEMO;

o S55.2.5.13 is assessed in the design report prepared by the asset
owner’s consultant;

PowerDist Power Control and Protection Course 2012
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Validation of Compliance Process following a Plant Change — Design
Renort
Report

» Design report will present proposed settings and results of simulation
studies to demonstrate that with the new excitation system the
generating unit will comply with S5.2.5.13 — Voltage and reactive
power control

e The document will contain:

v AVR design and assessment of performance offline and online
v PSS design

v" Small signal stability analysis

v' Excitation limiter design and assessment of online performance
v Co-ordination with generator protection

v' Recommend/propose settings

« AEMO will then consider the proposed settings as those values that

will be used during commissioning. Any large deviations will need to
be explained

PowerDist Power Control and Protection Course 2012
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Validation of Compliance Process following a Plant Change — fg”'EN

S5.2.5.13

» Unsynchronised Settling Time < 2.5 seconds for 5% change

1060 | ——— e ——,,-= e g
| 5
| Al

___________________ B
0.402 s
1.053 p.u.
Peak Value

1045 br——"-7"-—-1-" - — 0.228 S_

00 p———————-———-——+ - — ] —— —— 4

106 bp————————————44————

0.000 s
1.000 p.u.
1.000 pP—mm—m—m—m—m T — — — — — — — — —
Initial Value
0.985 : L
-1.000 0.000
Unit 1: Offline Response: Terminal Voltage in p.u.
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Validation of Compliance Process following a Plant Change — fg”'EN

S5.2.5.13

» Step response simulations without limiter operation

Reactive Power (Q)

@ Step start @ Step final settling value —)p Step direction

PowerDist Power Control and Protection Course 2012 24
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Validation of Compliance Process following a Plant Change — %LEN

S5.2.5.13

» Excitation Limiter Settling Time < 7.5 seconds for 5% disturbance when
operating into a limiter from a point where a disturbance of 2.5% would just
cause the limiter to operate

T
00 p———————— Y — — — — — — — — — — — — — e e -_——————— E]
| | | | | g
| | 10.000 s | | ~
\ | 1025 [ \
- =T | | |
| | | | |
| | | | |
| | | | |
| | | | |
108 ——t——f—————— 4 _————— +———— e — N
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | 10.742 s | |
I I I 1.004 p.u. I I
| | | |
106 |——3F———————— 4 _ - - - — 4
| | | | Upper Band = 1.004 p.u. |
-—r __r__________‘___EP____JJ___
I I I I 19.332 s I
} } } } 0.999 p.u. }
| | | |
| | | | Lower Band = 0.996 p.u. |
__________'!___________!'__________F__________\_______JJ___'\
0994 b———— — — — — — — — e - S b -
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
0982 pb———————— — — — — P - e e |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | T -1 I
| | | | |
| | | | |
0.970 L 1 L 1 L 1 L 1 L 1
-1.000 3.200 7.400 11.60 15.80 [s] 20.00
Unit 1: Terminal Voltage in p.u.
————= avrGenl: AVR AUTO Setpoint
Under Excitation Limiter for AVR on a 42.5 MVA Hydro Machine Results(1) Date:
Annex: /4
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Validation of Compliance Process following a Plant Change — %LEN

S5.2.5.13

» Step response simulations into excitation limiters

Active Power (P)

Reactive Power (Q)

@ Step start I Step stopped by limiter m——)p Step direction
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Validation of Compliance Process following a Plant Change — fg”'EN

S5.2.5.13

e Impact of Connecting a Generating Unit with PSS

X With GenNew E i -

+ No GenNew o o dmmmmimmmmmmmmmmmm oo oo Cooooooo oo I\_ _____ SV 1 45

= == Stability Margin | | I %

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
1
1
1
1
1
1
1
1
1
1
!
1
1
1
1
1
1
1
T
1
1
!
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
1
1
T
1
1
1
1
1
1
1
1
1
1
1
1
1
T
1
k
1
1
1
1
1
1
1
1
!
1
1
1
1
1
:
1
-
w
(€3]

|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
l
s
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
1
1
1
1
1
1
1
1
1
1
1
1
:
1
7
1
:
1
4
1
1
1
1
T
1
1
1
1
1
1
1
1
:
1
D
X
1
=
N
1
1
1
l
1
-
w

\!
I
%
%
*
%
%
%
-
N
ol

Xy
L
X
X x |

x
b

x ¥
%
o
- = -
- N

(€3]

Damped Frequency (Hz)

%
X
"
-
%

I’
\
*
o

-20 -15 -10 -5 0
Damping Coefficient (Np.s1)

PowerDist Power Control and Protection Course 2012 28



SILEN

Ol

Validation of Compliance Process following a Plant Change —

™

—1
5
o
LO
)

Effectiveness of the PSS in Time Domain

e

49.00

Is] 5.000

2.000 3.000 4.000

1.000

MFC5: MW: PSS On
———- MFC5: MW: PSS Off

0.000

Annex: /1

Generator Signals | Date:

Study Case for PSS Effectiveness for Open Cycle Gas Turbine
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Validation of Compliance Process following a Plant Change —

Functional Block Diaaram
1 i 1 LI | 1 e’ 1 IN i 3IULIII

* The functional block diagram is required by TNSP and AEMO. It
should include as a minimum when studying the excitation system of
a synchronous machine:

» Exciter and AVR;

* Reactive power/current compensation;
e PSS;

e Excitation Limiters (UEL/OEL);

» A governor (if not previously provided) may need to be provided and
IS decided on a case-by-case basis. For example:

e |f there is a risk that the new AVR and PSS can interact with the
governor

PowerDist Power Control and Protection Course 2012
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ss following a Plant Change — Il
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Function k gram (cont.)
B
avr_EX2000: EX2000 Excitation System, also represents IEEE Type AC7B Alternator-Rectifier Excitation System %’
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0
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Validation of Compliance Process following a Plant Change — Model
Source Code

A

N Al W W\J AN

As per AEMO Model Guidelines and Clause S5.2.4(b)(6), model
source code must be provided in an unencrypted form suitable for at
least one of the software simulation products nominated by AEMO

 PSS/E
* PowerFactory
« TSAT

The model source code is expected to contain the model of the plant
being altered/upgraded, and any other plant that might have an
Impact on the unit or system performance

Source: AEMO (http.//www.aemo.com.au/registration/118-0001.html)

PowerDist Power Control and Protection Course 2012
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Validation of Compliance Process following a Plant Change — L

Releacahle llcer Griide

I NIV W WNMN IV Wl N A1 A

1G

* As per AEMO Model Guidelines and Clause S5.2.4(b)(6), the
generator must also provide a Releasable User Guide (RUG)

« The RUG is a document associated with the functional block diagram
and model source code and explains how to include the plant in the
system model

« It must contain sufficient information so that a Registered Participant
can use the encrypted model source code to carry out studies

e It should contain (but not limited to)
v' Model parameters and values
v" Instructions on how to use the encrypted model source code

v Connection point details
v' Commissioning dates

PowerDist Power Control and Protection Course 2012 33



Validation of Compliance Process following a Plant Change — %LEN

Commissionina Plan
[N L] Illllvl 1CAL L

 The generator must supply detailed commissioning program 3

months in advance (for transmission connected generator) as per
S5.2.4 of the NER

« The TNSP and AEMO_must agree with the program and have the
right to witness commissioning tests

PowerDist Power Control and Protection Course 2012 34



Compliance & R2 Testing

Section 4
Compliance & R2 Testing
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SILEN

Compliance & R2 Testing =

e Compliance Testing is the process of performing on-site tests to evaluate
compliance with the relevant Performance Standards affected by the upgrade

e R2 testing is the process of performing on-site tests to validate R1 data

e “Type-testing” of plant is permissible, but excludes plant that has settings that
can be applied on-site (includes AVR control systems)

— Therefore R2 and Compliance testing is required on all AVR’s of each unit

PowerDist Power Control and Protection Course 2012 36
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Compliance & R2 Testing — Compliance Program

e The onus is on the generator and their consultants to develop a “Compliance
Program”

e A Reliability Panel, put together by the AEMC, have developed a template that

Generators can follow to develop a “Compliance Program”

- www.aemec.gov.au/Market-Reviews/Completed/Template-for-Generator-Compliarnce-
Programs.html

e A compliance program will consider all clauses within the Generators
Performance Standard and be valid for the life of the plant

e |t is the framework to assist generators in evaluating and maintaining
compliance

PowerDist Power Control and Protection Course 2012 37
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Compliance & R2 Testing — Compliance Program

Compliance

Cold Commissioning Testing
\

A
( \l Il 1

Grid Code 0 CCGt-I-
- peration
Conjpllance Back First Commercial
kick-off

Energisation Fire Operation
Q3 I Q4 Q1 Q2 Q3 Q4 Q1 Q2| Q3 IQ4 Q1 Q2

Year N Year N+1 Year N+2
Connection Connection Motor |
Offer executed Works Roll First  Reliability
completed synch RuUn
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Compliance & R2 Testing — Compliance Program =

e Compliance testing of the AVR for the Performance Standards it affects,
S5.2.5.13, would occur every 4 years as recommended in the template

e R2 testing of the excitation system must occur following any plant change, i.e.
installation of AVR, change in software or software version, etc.

e Test methodology includes:
— Unsynchronised and synchronised AVR step response tests
— AVR step response test of excitation limiters
— AVR and PSS transfer function measurements over required frequency range

PowerDist Power Control and Protection Course 2012 39
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Compliance & R2 Testing — cont.

e As the control system is the system being tested, the recording system is
required to be independent of the control system

e Therefore, an independent data logger, or Data Acquisition (DAQ) is required
to measure the quantities during each test

S .
f

| ceesenn
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SILEN
Compliance & R2 Testing — Data Acquisition =

e Typical signals measured during tests and the AEMO required resolution:

— Terminal voltage (5 V)

— Active power (0.01 MW)

— Reactive power (0.05 MVAr)
— Rotor voltage (2 V)

Rotor current(1 A)

— Stator frequency (0.01 Hz)

e Overall measurement time constants for each of the quantities must not
exceed 20 msec

e Results to be made available in electronic format (Excel) to allow for
assessment by AEMO and/or TNSP

Refer to AEMQO’s “Commissioning requirements for generating systems” for full details
(www.aemo.com.au)

PowerDist Power Control and Protection Course 2012 41
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Compliance & R2 Testing — Process =

e When commissioning a new (or retrofit) excitation system:

1. Perform R2 testing in the form of frequency response (transfer function)
testing;

2. Carry out time domain-measurements and recordings during
commissioning of new excitation system;

3. Prepare comparisons between measured-and modelled responses in
frequency and time domain to meet requirements specified by AEMO;

4. Produce a Compliance & R2 Test Report;

5. Provide data and reports to TNSP and AEMO within 3 months after
commissioning as per S5.2.4 of the NER;

PowerDist Power Control and Protection Course 2012
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Compliance & R2 Testing — Accuracy Requirements

e For control system models, overall linear response over 0.1 — 5 Hz must be
within:
— Magnitude within 10% of actual control system magnitude
— Phase must be within 5 degrees of the actual control system phase

e For time domain response
— Rapid slopes in simulated response compared to actual plant response must be
within
e 10%; and
e From start to finish of the slope, 20 msec

Refer to AEMO'’s “Generating System Model Guidelines” for full details (www.aemo.com.au)
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Compliance & R2 Testing — R2 Testing

PowerDist Power Control and Protection Course 2012

Set up for a Transfer Function test of the PSS frequency channel

SILEN
O

INPUT >
Frequency twil.s tw2.s ( 18.s+1 )n >
: -—> +
PSS input twi s+ W25+ 1 (19.5+1)" =
0 0
ks3
Active tw3.s ] ks2 t
Power tW3.5+1 t7.5+1
\4
n— OUTPUT
t1.s+1 t3.s+1 t11.s+1 t31.s+1 PSS output
—| s | —— > > —e - St
t2.5+1 t4.5+1 t21.5+1 t41.5+1 g
-mXxsp

to PSS on/off
logic
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Compliance & R2 Testing — R2 Testing

e Transfer function testing of the PSS Frequency Channel

35

—

e

-

———

.
SN

Gain (abs)

'JJ
/
)/

0.1

1
Frequency (Hz)

m— Simulated PSS w Gain = == Measured PSS w Gain

100

50

-50

-100

Phase Angle (Degrees)

-150

-200

Il

0.1

1
Frequency (Hz)

e Simulated PSS w Phase Angle == == Measured PSS w Phase Angle
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SILEN

Compliance & R2 Testing — Example of Accuracy Requirements =

e Unsynchronised +5% step response on 29.4MVA open cycle GT

Open Circuit Response of Terminal Voltage to +5% Step: 29.4 MVA Open Cycle Gas Turbine Plant

1.08

1.04

o
]

Terminal Voltage fp.u.)
5

1.01 —

— — = Simulated
g G 7 g 9 o " 12 13 14 15 16 17 15 19 20
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SILEN

Compliance & R2 Testing — Example of Accuracy Requirements =
e Synchronised +2.5% step response on a 42.5MVA hydro machine

37.70

37.30

36.90

36.50 . - . - .
9.000 12.80 16.60 20.40 24.20 [s] 28.00

Unit 1: Positive-Sequence, Active Power in MW
Measurement File: Measured Active Power

0000 p———————————— T ——— = ————————————— T

-2.400

-4.800

-7.200

-9.600

-12.00 . - . - .
9.000 12.80 16.60 20.40 24.20 [s] 28.00

—nit 1: Positive-Sequence, Reactive Power in Mvar
Measurement File: Measured Reactive Power
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Thank You!
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