Future Security and
Resilience: Common Quality
Technical Group (FSR CQTG)

Meeting 9: 18 Februa@9xb
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AGENDA

Time

Item

8:45 am Sign in at reception (to meet Rob Mitchell)
9:00 am Meeting starts - Minutes and Actions from meetings #7 & #8
9:15 am Frequency Code amendment proposals — consultation paper (Issue 1)
« Feedback and recommendations on the draft consultation paper
« Presentation on narrow dead band implementation in the NEM
« Presentation on the impact of BESS in the NEM
10:15 am | Morning tea (15 minutes)
10:30 am | Frequency Code amendment proposals — consultation paper
(continued)
11:00 am | GXP power factor study (Issue 3)
12:00 pm | Lunch (30 minutes)
12:30 pm | Co-ordinating reactive power flows through GXPs (Issue 2)
1:30 pm Threshold for voltage obligations (Issue 2 and 4)
2:15 pm BESS literature review
3:00 pm Afternoon tea (15 mins)
3:15 pm Iﬁr;formation requirements - document incorporated by reference (Issue
4:15 pm AOB / Next meeting
4:30 pm End of meeting
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OBJECTIVES

The primary objectives of CQTG meeting #9 are for the CQTG to:

(@)
(b)
(€)
(d)
(€)
(f)

finalise the CQTG #7 & #8 meeting minutes

provide feedback on the Code amendment proposals for frequency

provide feedback on the SO system studies on reactive power flow at the GXP
provide feedback on the threshold for voltage obligations

provide feedback on the SO literature review on BESS

provide feedback on the draft Document Incorporated By Reference (DIBR) related to
iIssue 6 (information requirements)
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M | N UTES & ACTIONS A Confirm the minutes from meetings #7 and #8

A Update the action items recorded in the minutes
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Frequency Code amendment
proposalst consultation paper
(Issue 1)
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Options
proposed by the
Authority

Option 1. Lower the 30MW threshold for
generating stations to be excluded by default
from complying with the frequency-related
AOPOs and technical codes.

Option 2: Set a permitted maximum dead
band beyond which a generating station must
contribute to frequency keeping and
instantaneous reserve.

Option 3: Procure more frequency keeping to
manage frequency within the normal band
(49.8-50.2Hz), and procure more
instantaneous reserve to keep frequency
above 48Hz for contingent events and above
47Hz (in the North Island) and 45Hz (in the
South Island) for extended contingent events.
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A Reduced likelihood of triggering an AUFLS block

Optlon 1 0 greater visibility to the system operator of generation at risk
Lowering the 30MW threshold of secondary tripping

A Improved system performance during UFEs

0 requires more generators to remain synchronised and

B e n efl tS maintain their pre-event output

A Additional net free reserves provided by new
generators under 30MW

o more (smaller) generators would be required to provide
governor/frequency response

0 less reserve needed.
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Option 1 - Lowering the 30MW threshold is likely to
Lowering the 30MW threshold Impact on the costs of reserves in future.

- In addition, the introduction of large BESS in NZ
could also have an impact on the cost of
reserves, which could materially impact our
CBA.

- We looked at the impact that BESS had on the
prices of IR in Australia.
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HornsdalePower Reserve)

Impact on prices of reserves
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Capacity (2017)

A Energy storage capacity =
129MWh

A 10MWh for SA government
A 119MWh for Neoen

A Discharge capacity =
100MW

A 70MW for SA government
A 30MW for Neoen



A Regulation FCAS= frequency keeping

S e rV| CeS Offe re d A Contingency FCAS = reserves

FCAS market Registered capacity (MW) Comments

Raise Regulation FCAS 100MW »  HPR's full discharge capacity registered

*+  Normally only 30MW is bid into the market. The 7TOMW
discharge capacity reserved by the SA Government
is not normally bid into this market

Lower Regulation FCAS 8OMW «  HPR's full charge capacity registered

«  Normally only 40MW is bid into the market. The 40MW
charge capacity reserved by the SA Government is
not normally bid into this market.

Raise 6 second Contingency FCAS (R6) 63MW *  Registration limit is set by AEMO in consideration of
permissible droop response settings

+  HPR's full IOOMW discharge capacity is however
enabled to respond to contingency events as required

Raise 60 second Contingency FCAS (R&0 19MW
: ingency (RE0) across each of the 6 second, 60 second and 5 minute
timescales
Raise 5 minute Contingency FCAS (R5) 4IMW
Lower 6 second Contingency FCAS (L6) 63MW +  Registration limit is set by AEMO in consideration of
permissible droop response settings
_ - HPR's full BOMW charge capacity is however enabled
Lower 60 second Contingency FCAS (L60) 19MW to respond to contingency events as required across
each of the 6 second, 60 second and 5 minute times-
Lower 5 minute Contingency FCAS (L5) 4IMW cales
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2019 calendar year

In the mainland NEM, supplied:
A 15% of contingency FCAS

A 12% regulation FCAS
(Total estimated saving of6116m)

In South Australia:
A Average annual regulation FCAS
costs from SA generators fell from

$470/MWh to less than $40/MWh
(91%reduction)
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Background

AAEMO required 35 MW of local
FCAS to be procured during
periods of contingency risk
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REGIONAL BOUNDARIES
REGIONAL REFERENCE NODE
QUEENSLAND
NEW SOUTH WALES
VICTORIA
SOUTH AUSTRALIA

TASMANIA

TORRENS ISLAND

THOMASTOWI

Murraylink HYDC
Capacity = 220 MW
YIGT kt Wacl nigt
transmission system

Heywood AC interconnector
Capacity = 650MW
_ Flowed from VIC to SA most of
the time, unless wind
generation is particularly high
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Supply curves for raise regulation FCAS in SA during
binding of 35 MW local regulation constraint

Price settled above
AUD 10,000/MWh

35 MW
had to be
procured
locally
due to
constrair

Prior to HPR the
supply curves were
exponential during
constraint periods

~AUD 3.5M saving
between dispatch

10

n
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Regulation FCAS supply (MW)

B 14/09/2017 [l 14/01/2018
(Prior to HPR) (HPR online)

Source: AEMO Insights, Q1 2018
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Average Yearly Regulation FCAS Costs ($/MWh)
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Annual regulation FCAS costs..

High SA Regulation FCAS pricing in 2016 and 2017
compared to other NEM regions
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16 November 2019islanding event

4 12
10

—3 ™
o
2 5 a mModelled
= mModslled = additional
= addiliopal = cost with HPR
- 2 cost with HPR s 6 removed from
©3 removed from = bid stack
7 bid stack w
o = M Actual Cost
(&) m Actual Cost o
w A 0
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2 N 2 2
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RB0 R5 RREG L6 L60 L5 LREG R6

FCAS Market FCAS Market

Actual Cost | $4,103,240 |$2,524 $25,693 $43,852 $2,950,069 | $837,194 $61,373 $29,545 $8,053,489
(HPR
Present)
godteﬂule:dR SN,418,127 | $297,632 $238,674 $624,422 $3,625,910 | 52,776,240 |$2,969,081 | $5172,705 $22.122,791
os
removed
from bid 7
stack) /
Cost $7,314,887 | $295,108 $212,980 $580,569 |$675,840 $1939,046 | $2,907,708 | 5143159 514,069,301
Differential

\/
Savings (%) | 64% 999% 89% 93% 19% TO% 98% 83% 75%
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AER v Hornsdale Power Reserve

Pty Ltd [2022] FCA 738

AnRI Gs ¢l JWe GNI ¢T WWe HARI YUqc G a! WH
1.7%t0 3.7%.

AThis went unnoticed for 4 months.

AKogan Creek coal generator (750MW) in Queensland tripped on

October 92019:

A HPR providedl3.4MW rather than the29MW it was required to supply.

A 1ssue was not identified immediately, only during a regular AEMO audit of FCAS
payments a month after the incident.

A Audit found that HPR did not supply the amount that they had been paid for.
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HPR had a major impact on the costs of FCAS,

Summary
however:
: A Significant part of that was due to eliminating a
e & 0 2 constraint

A Does not have the same incentives as a
privately owned BESS due to contractual with

SA government

Early BESS focused on providing FCAS, reducing
the costs as more expensive providers/generating

types were displaced.

Jgygxgt."vjgug"equv"tgfwevlk
as the ones when HPR entered the market.
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Summary

(Slide 2 of 2)

New BESS is focusingon, and expected to
continue focusing on energy arbitrage as the
priority revenue stream.

A D{ " 4 2 80%af batjety project revenues
will come from energy arbitrage, as FCAS
oct mgvu"ucvwtcvgy

o Max Whiteman, research associate of Asia

Pacific Power & Renewables at Wood
Mackenzie
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Cwyv j gt K v { X u - Upcoming workstreams for BESS
projects

b
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References

AReports from Aurecon Group:
ATechnical and market impact report- 2018
ATechnical and market impact studyr 2020
AHPR expansion projectr 2023
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file:///C:/Users/mitchellr/Downloads/Aurecon-Hornsdale-Power-Reserve-Impact-Study-2018.pdf
file:///C:/Users/mitchellr/Downloads/Aurecon-Hornsdale-Power-Reserve-Impact-Study-2020.pdf
https://arena.gov.au/assets/2024/02/Neoen-Hornsdale-Power-Reserve-Upgrade-HPRX-Market-Report.pdf

Option 1 Minor:

Lowering the 30MW threshold

A Modern technology used for new generating
stations should inherently be able to comply:

0 Uses same equipment as overseas markets with stricter
requirements

A For generating stations that are capable of
complying, the cost is minor T essentially
changing a software setting.
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Option 1 10MW:

Lowering the 30MW threshold : : :
0 A Almost aligns with clause 13.25, which states

that generators are not required to submit
offers for generating stations that are 10MW or

: smaller.
What size should
0 A station at exactly 10MW would have to comply with
the threShC)ld frequency AOPOs, butwould not be required to submit
offers.

be?

A Reducing the threshold below 10MW would
require generating stations to install a data
transmission system with Transpower (SCADA
T ICCP/Web Services)
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Option 1

Lowering the 30MW threshold

Existing

generation under
30MW

Possible grandfathering approaches
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Summary of ACS information Generation type (10MW-30MW)

N

10 - 30MW category
A 17 generating stations
A Approximately 364MW combined capacity
A Hydro - 122MW
Solar - 115MW
Wind - 24MW

Gas- 19MW
Diesel - 17MW

Geothermal T 40MW = Hydro Solar Wind Gas
Distillate T 14MW Diesel m Geothermal m Distillate = Biogas

o To Do Do Do D>

Biogas 1 13MW
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Summary of ACS information Generation type (SMW-10MW)

5-10MW category
A 23 generating stations

A Approximately 145MW combined capacity

A

o Io I Do

Hydro - SOMW
Solar - 5SMW
Wind - 15MW

Gas and diesel- 15MW

Diesel - 30MW
= Hydro Solar = Wind Gas and Diesel  Diesel
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Option 1

Lowering the 30MW threshold

When should the

lower threshold
take effect?

Lower threshold to affect generating stations:

A commissioned after a certain date?

A financially committed after a certain date?

A any other proposed alternatives?
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Option 1

Lowering the 30MW threshold

Other CBA-

related
guestions

A Estimate of costs imposed on generators:
A when applying for a dispensation?
A control system changes?

A ongoing asset testing / compliance -related
COSts?

A complying with an under-frequency event
iInvestigation?
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A Reduces the amount of frequency keeping
o the existing MFK band of £15MW is likely to be sufficient

Optlon 2 until at least 2035

Setting a permitted maximum
dead band

A Reduces the disproportionate wear and tear on
some generators

0 greater changes in output - further from the optimal set
point T the greater the physical and operational stress. This

B e n efl tS leads to increased maintenance, reduced efficiency and
higher operating costs.

A Less reliance on a relatively small pool of
generators

o0 Additional safety net if Transpower had an internal service
failure of its SCADA system and temporarily loses visibility.

0 Increases the proportion of generators automatically
providing frequency support.

b
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Option 2
Setting a permitted maximum
dead band

A Action item 7.14: Authority to further
Investigate option 2, with a particular focus on
| earnings from Australi ads

CGOQXu"™ uniform small deadband.
Implementation

of a narrower
dead band
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Implementation of narrower
deadband in the NEM

Summary
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Frequency (Hz)

50.25

50.15

50 Hz

49.85

49.75

Maximum permitted deadbands

Time

IN-CONFIDENCE: ORGANISATION

Normal operating
frequency band (NOFB)

Operating frequency
tolerance band (OFTB)

NEM deadband
+150 mHz

GB and Ireland deadband
+15mHz

ERCOT deadband (uses

60Hz)
+34mHz

Singapore & preFCAS

deadband
+50mHz



Frequency (Hz)

50.25

50.15

50 Hz

49.85

49.75

Maximum permitted deadbands

Time
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Normal operating
frequency band (NOFB)

Operating frequency
tolerance band (OFTB)

NEM deadband
+150 mHz

GB and Ireland deadband
+15mHz

ERCOT deadband
+ 34 mHz

Singapore & preFCAS

deadband
+50mHz



Figure 2

=
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Percentage of Time

Monthly mainland frequency distribution since 2007
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Figure 10 Monthly maximum RoCofF recorded in any mainland region since 2020

<—|25 May 2021 - Queensland separation\n and under frequency load shedding|

0.7 -
0.6 y*—|31 January 2020 - South Australia\n separation from mainland
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Note: 31 January 2020 RoCoF as measured in South Australia and 25 May 2021 RoCoF as measured in Queensiand. New ROCOF calculation
methodology used as of October 2022.
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Implementation

A Uniform deadband applies to all types of generation.

A Slow progress T lack of consultancy resource which has led to AEMO prioritising generators with a higher MW
capacity.

A Difficulties with IBR complying with different requirements

A Requirement on AEMO to publish regular reports on implementation progress:
A Guidance on transitioning to new requirements

A Register of generating units that do not fully meet the requirements, with details on any exemptions or
variations.

A Date expected to be compliant (or multiple dates if a staged approach is agreed with AEMO)

A Reporting on system frequency trends to show the impact of the narrower deadband on system frequency
A Duration of under-frequency events
A Distribution of frequency over longer time periods

A AEMO publishing regular progress updates on the status of other improvements being investigated to better
manage frequency, for example the implementation of a very fast FCAS and studies on system inertia.
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Reducing costs imposed on participants

A No requirement to maintain headroom, footroom or stored energy for the purpose of providing PFR.
A When idle, no requirement to provide PFR although they may be financially incentivised to do so.

A Generators can implement a varied deadband with approval from AEMO.

A AEMO has discretion in the modelling and testing requirements:
A Can provide data from an actual frequency response instead of test data
AQpn{"gpg"wpkv"ku"tgswktgf"vg"dg"vguvgf"kh"rctv"qgh"c" 1ni gg
A Recent tests can be used, or test results from earlier periods reused if no material changes have been

made
A Allowance for some tests to be deferred and included in next scheduled periodic test

A No additional monitoring is undertaken by AEMO

b
TE MANA HIKO ‘ 38



Exemptions and variations

A Generators can apply on certain grounds:
A Lack of capability to comply due to inherent design characteristics
A The generator would operate unstably if required to comply
A Dispatch inflexibilities
A Regulatory/resource licensing or consents
A Unreasonably disproportionate costs imposed on the generator affecting its viability
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Information that may be required to support applications for exemptions or variations is stated
up front

A Provision of OEM specifications

A Test results from the OEM

A A recent assessment from a consulting engineer

A Provision of regulatory consents or other conditions of operation

A Connection agreements with distributors that evidence any operating restrictions

A Documentation evidencing the expected capex and opex costs of modifying and operating the unit
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PFR requirements in the NEM
(Approximate, as of mid 2023)

320 45 15

generating stations variations approved exemptions granted
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Variations and exemptions

A 23 out of the 45 variations are to apply a dead —
band that is wider than the regulated dead band of Generation type | % exempt and varied

+15mHz (other options were to vary the droop 55%

and/or response time requirements). 43%
A 22 of those have been approved by AEMO to apply 9%

dead bands that are £100mHz or narrower 7 only 16%

one of them is outside that range (Meadowbank 8%

hydro run-of-river with an approved dead band of

+150mHz

Questions for the CQTG:

1. Does the amount of variations and exemptions indicate that technology specific dead bands may be
beneficial?

2. Views on a preferred dead band range?+15mHz, +£100mHz, £+150mHz?
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Option 2
Setting a permitted maximum
dead band

Estimating
costs for the
CBA

A Avoided cost of procuring additional frequency
keeping

A Estimating the costs of widening the band by +1MW in
each island T is it practical to estimate the cost
increase to be linear?

A Estimated costs to generators for:
o0 applying for dispensations?
o control system upgrades?

o Ongoing asset testing / compliance related costs?

A Any other suggestions on quantifiable benefits
or costs?

b
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Voltage (Issues ? 4)

GXP power factor study (Issue 3)

A Overview of system studies

A Key preliminary findings

GXP reactive power flows-oodination (Issue 3)
A What might cordination look like?

Voltage support obligations (Issue 2 )

Fault ride through (Issue 4)
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GXP power factor
study (Issue 3)




|

RANSPOWER

Reactive Power Flow at the GXP

Study and Findings

/@\




Studies will be undertaken to analyse the reactive power flo
through GXPs and to determine appropriate requirements t

manage the reactive power flow.
Stage 1 ‘

Analyse reactive power flowing through all the Transpower GXPs T o
Stage 2

a) Investigate appropriate technical criteria to manage reactive power flowing

through the GXPs

b) Investigate the level of reactive power that the system operator or distributior

network operators will have to manage when applying a technical criterion

: Investigate the effects on managing transmission voltages and voltage stablllty I
the GXP power factor is managed to appropriate limits



Thesystem operator must maintain prand postcontingent event voltage within the Asset Owner
Performance Obligation (AOPO) voltage range, that is:

+/- 10% for 220 and 110 kV nominal grid voltage
+/- 5% for 66 and 50 kV nominal grid voltage

To managetransmissiorsystemvoltagesthe systemoperatorcurrentlyemploysmeasuresuchas

A Dispatchinga generatorto absorbor producereactivepower
A UsingSVC# STATCOMs regulatevoltages
A Tappingransformers

A Switchingon/off capacitorbanksandreactors
A Switchingput lightly loadedtransmissiorcircuits







Characterisation of GXPs

Plot on MW Vs Mvar Plot on MW Vs Mvar

A Type 1Active and reactive power.
flowing into the substation

A Type 2Active power flowing intd - |

and reactive power flowing out of .

the substation )

oxe oxe ww

A Type 3Active flowing into and plot on v Vs ver plot on MW Vs var

reactive power flowing into or

out of the substation
A Type 4Active power and reactive: ;

flowing into or out of the

substation e ,, o

LN

RS
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