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Disclaimer and Release Notice

► Ernst & Young (we or EY) has been engaged by the Australian Energy Market Operator (you, AEMO or the Client) to provide electricity market modelling services to assist AEMO in calculating ancillary service 

parameters in accordance with the Western Australian Wholesale Electricity Market Rules (the Services), in accordance with our Assignment commencing 15 July 2019, under the Master Services Consultancy 

Agreement entered into by AEMO and EY commencing 28 November 2018.

► The enclosed presentation (the Presentation) provides an overview of the modelling methodology and assumptions to be used in delivering the Services. A simulation model will form the basis for the outputs 

produced and either has been, or will be, agreed with AEMO, following the end of a public consultation process and after consideration of submissions received.

► The Presentation should be read in conjunction with the full Ancillary services parameter review 2019 methodology and assumptions report (dated 18 September 2019) referred to herein, including the applicable 

scope of the work and any limitations. A reference to the Presentation includes any part of the Presentation. The Presentation has been prepared based on information current as of 18 September 2019, and which 

has been provided by the Client or other stakeholders, or which is available publicly. Since this date, material events may have occurred that are not reflected in the Presentation.

► EY has prepared the Presentation for the benefit of AEMO, and has acted upon the instructions of AEMO and had no third party interest in mind while performing the work. EY has not been engaged to act, and has 

not acted, as advisor to any other party. Accordingly, EY makes no representations as to the appropriateness, accuracy or completeness of the Presentation for any other party's purposes.

► No reliance may be placed upon the Presentation or any of its contents by any party other than AEMO (Third Party) for any purpose. Any Third Party receiving a copy of the Presentation must make and rely on its 

own enquiries in relation to the matters to which the Presentation relates, the contents of the Presentation, and all other matters arising from or relating to or in any way connected with the Presentation or its 

contents.

► EY disclaims all responsibility to any Third Party for any loss or liability that the Third Party may suffer or incur arising from or relating to or in any way connected with the contents of the Presentation, the provision 

of the Presentation to the Third Party, or the reliance upon the Presentation by the Third Party.

► No claim or demand or any actions or proceedings may be brought against EY arising from or connected with the contents of the Presentation or the provision of the Presentation to any Third Party. EY will be 

released and forever discharged from any such claims, demands, actions or proceedings.

► The WEM simulation model used for this Service has been developed on the assumptions stated and on information to be provided by market participants engaged in this process. We do not imply, and it should not 

be construed, that we have performed audit or due diligence procedures on any of the information provided to us. We have not independently verified, or accepted any responsibility or liability for independently 

verifying, any such information, nor do we make any representation as to the accuracy or completeness of the information. We accept no liability for any loss or damage, which may result from your and any Third 

Party’s reliance on any research, analyses or information so supplied.

► Modelling work performed as part of our scope inherently requires assumptions about future behaviours and market interactions, which may result in forecasts that deviate from future conditions. There will usually 

be differences between estimated and actual results, because events and circumstances frequently do not occur as expected, and those differences may be material. 

► EY has consented to the Presentation being published electronically on AEMO’s website for the purpose of undertaking public consultation. EY has not consented to distribution or disclosure beyond this. The 

material contained in the Presentation, including the EY logo, is copyright and copyright in the Presentation itself vests in AEMO. The Presentation, including the EY logo, cannot be altered without prior written 

permission from EY.

► We take no responsibility that the projected outcomes will be achieved, if any. Further, the outcomes are contingent on the collection of assumptions as provided and no consideration of other market events, 

announcements or other changing circumstances are reflected in the Presentation. Neither Ernst & Young nor any member or employee thereof undertakes responsibility in any way whatsoever to any person in 

respect of errors in this Presentation arising from incorrect information provided to us or other information sources used.

► EY’s liability is limited by a scheme approved under Professional Standards Legislation.
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► EY’s report published by AEMO:*

► Detailed methodology and assumptions

► Structure of the report

1. Introduction

2. Frequency AS in the SWIS

3. Identified market and modelling developments

4. Modelling of the WEM

5. Backcasting

6. SRAS and LRR modelling methodology steps

7. Sensitivity analysis of modelling results

8. Appendices (A to F)

2019 ancillary services (AS) parameter review

* Available here: https://aemo.com.au/-/media/Files/Electricity/WEM/Security_and_Reliability/Ancillary-

Services/2019/2019-Draft-Methodology-and-Assumptions-Report.pdf

https://aemo.com.au/-/media/Files/Electricity/WEM/Security_and_Reliability/Ancillary-Services/2019/2019-Draft-Methodology-and-Assumptions-Report.pdf
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► Background and introduction

► Market and modelling developments

► EY market model, backcasting and sensitivity analysis

► SRAS and LRR modelling methodology steps

► Questions?

Workshop agenda and key dates

► 24 September 2019: stakeholder workshop

► 2 October 2019: closure of consultation period

► 30 November 2019: deadline for submission of proposed AS parameters
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Background and introduction
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Project background

EY is engaged by AEMO to provide electricity market modelling services 

to assist in calculating ancillary services parameters

Operations

Spinning reserve 

service

(SRAS)

Operations

Load rejection 

reserve service

(LRR)

AEMO

Margin values (peak / off-peak)

WEM Rules

SRAS capacity values 

(peak / off-peak)

‘L’ parameter of Cost_LR* 

(2020-21 only)

EY to estimate these 

parameters for 

2020-21 financial year

* The ‘R’ parameter of Cost_LR is outside of scope for EY modelling

AEMO required to:

► Determine

► Procure 

► Schedule 

► Dispatch

generation services to meet 

the AS requirements.
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Project background: 
SRAS and LRR

► Prevent under-frequency excursions below 48.75 Hz

► Capacity held in reserve which can respond rapidly 

to a sudden decrease in system supply*

May be provided by:

► Non-Synergy providers (under contract)

► Synergy (default provider)

► Prevent over-frequency excursions above 51 Hz

► Capacity held in reserve capable of responding rapidly 

to a sudden decrease in system load**

50 Hz

SRAS LRR

50 Hz

* Clause 3.9.3 of WEM Rules

** Clause 3.9.7 of WEM Rules
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Project background: 
SRAS and LRR remuneration

50 Hz

SRAS remuneration for Synergy

No centralised market exchange 

for provision of SRAS or LRR

Opportunity and direct costs of SRAS provision

As a default SRAS / LRR provider, 

Synergy is remunerated through 

an administered mechanism*

‘Availability payment’ for Synergy is determined on the basis of:

►The margin values (MV) approved by ERA

►The balancing price

►The modelled SRAS requirement assumed in forming the MV

LRR remuneration for Synergy

Direct costs of LRR provision

Determined on the basis of:

►The ‘L’ component of Cost_LR approved by ERA

50 Hz

* Clause 3.13.3A, 3.13.3B and 3.13.3C of the WEM Rules
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Synergy’s SRAS/LRR costs and payments

Synergy’s 

SRAS 

costs 

(availability cost)

=

Margin

value*

SR_Capacity

parameter*

* Margin values and SR capacity parameters are modelled for peak and off-peak periods. 

Peak (off-peak) trading interval: 8:00 AM to 10:00 PM (10:00 PM to 8:00 AM)

** ln accordance with clause 9.9.2(f) of the WEM Rules

Synergy’s 

administered 

SRAS 

quantity for 

settlement**

Synergy’s 

SRAS 

payment
×= ×

Margin

value*
Balancing 

price

SR_Capacity

parameter*

LFAS 

Up− −
Non-Synergy 

SRAS providers 

(contracted individually)

► Loss of balancing market operating margins 

(opportunity cost)

► Costs associated with any operating 

inefficiencies 

► Direct out of merit operating losses

► AS parameters to be determined:

‘L’ parameter of 

Cost_LR

► Detailed explanation in the course of this workshop

Synergy’s 

LRR 

costs
= ► Direct out of merit operating losses

► Direct cost of delivering the service
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Identified market and modelling developments
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Identified market and modelling developments

► Single largest supply-side contingency 

► LFAS market developments 

► ‘Full runway’ method for SRAS cost allocation

► Calculation of LRR requirement 

► Modelling ready reserve

► Modelling Generator Interim Access (GIA) network constraints
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Single largest supply-side contingency

► 390 MW of intermittent generators connected in 2020

► Loss of single transmission line (up to 730 MW generation can be lost)

Proposed modelling approach:

► SRAS requirement: 70% of the largest supply-side contingency (incl. transmission line contingency)

► If SRAS requirement not met, a shortfall will be reported

While rule changes are being considered, due to lack of certainty around outcome, AEMO regards this 

methodology as appropriate
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LFAS market developments:
Sculpted LFAS requirement

► Daytime variability of PV

► 2019-20: varied LFAS requirement proposed by AEMO / accepted by ERA

► 2020-21: LFAS requirement yet to be defined

Proposed modelling approach:

► 116 MW from 5:30 AM to 7:30 PM

► 70 MW from 7:30 PM to 5:30 AM

AEMO assumption driven by:

► Expected increase in PV 

► Expected connections of other new non-scheduled generators
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LFAS market developments: 
Exclusion from SRAS

► AEMO clarified reasons for excluding some LFAS capacity from available SRAS

► LFAS units unable to meet all SRAS technical requirements not counted towards SRAS

► E.g. 6 seconds response

Proposed modelling approach:

► Only facilities certified for both LFAS and SRAS will be counted towards available SRAS

Currently, the only facilities certified for both LFAS and SRAS are balancing portfolio facilities
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LFAS market developments:
Non-Synergy LFAS

► Assumed LFAS merit orders for time of day periods (from AEMO)

► Confidential assumptions from new LFAS market participants

Proposed modelling approach:

► Offer behaviours of LFAS providers and assumed portfolio merit order

► Monte Carlo outage simulations passed through all modelling steps
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‘Full runway’ method for SRAS cost allocation

► ‘Full runway’ effective from 1 September 2019

► Expected changes to offer behaviours

Proposed modelling approach:

► Use ‘full runway’ formula

► Allocate past modelled SRAS cost to past modelled generation output levels

► Conduct regression analysis

► Modify generators’ offer curves
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Calculation of LRR requirement

► Dynamic LRR requirement trialled by AEMO

► AEMO expects to procure sufficient LRR through committing facilities before the trading interval to ensure 

the LRR requirement can be met in real time

Proposed modelling approach:

► Model LRR requirement based on AEMO’s procurement timeframe and formula

AEMO’s formula accounts for:

► Boddington Gold Mine and the Eastern Goldfields

► SWIS total system load

► Aggregate output from selected wind farms (assumed to be zero at procurement timeframe)
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Modelling ready reserve

► Not modelled in the past

► Expected to improve accuracy of simulated dispatch outcomes

Proposed modelling approach:

► Model AEMO’s operational practice, ensuring specific Synergy units are:

► Kept in reserve

► Not available for provision of SRAS or LRR

Currently, ready reserve is provided by:

► Synergy units only (exclusively gas-fired facilities)

► Keeping specific units off-line to meet the standard
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Modelling Generator Interim Access (GIA) network constraints

► Past modelling: no GIA-connected facilities

► Present: two GIA facilities

► FY 2020-21: three more expected

Proposed modelling approach:*

► Reduced capacity factors (if data available)

► No constraints to new GIA generators (if no data)

AEMO considered three options: 

► Implement constraint equations

► Apply reduced capacity factors

► Assume unconstrained connection

AEMO’s understanding:

► GIA constraint equations not yet developed

► Implementing GIA pre-dispatch constraint equations not feasible

* To be reviewed for future AS reviews
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EY market model and backcasting
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EY’s dispatch model (2-4-C®) for the Wholesale Electricity Market

► EY’s in-house market dispatch modelling software (2-4-C®)

► 2-4-C® developed to include LFAS modelling

► Inputs and assumptions agreed with AEMO to reflect planning and operational practices

2-4-C® dispatch 
engine

Network capability

Balancing 
Price

Unserved 
Energy

Half-hourly 
generator 
dispatch

Half hourly renewable 
generation

Half hourly demand

Generator 
assumptions

Binding 
constraints

External drivers 
and factors

Generator 
outages 

(partial, full)

And more..
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Backcasting

Purpose:

► Mathematical and logical integrity of 2-4-C®

► Validate input assumptions

► Reconcile modelled results with observed practice

► Understand model’s limitations

► Tune model and inputs to reproduce historical price and dispatch outcomes

2018 lesson learnt:

► Better to backcast after collection of facility assumptions data

► False sense of precision (over-tuning)

Further considerations for 2019

► Rule changes 

► Market reforms

► Other market developments



Page 23

Sensitivity analysis of modelling results
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Sensitivity analysis of modelling results

► Investigate impacts of varied assumptions on modelling outputs

► Determine inputs with greatest influence on outputs

► Determine outputs most sensitive to varied inputs

Base case modelled results compared against sensitivity cases

Assumptions to be varied from base case in consultation with AEMO
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SRAS and LRR modelling methodology
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Modelling of generation outages and the least-cost mix of LFAS providers

Preliminary dispatch model run

Calculation of the dynamic SRAS requirement and the LRR requirement

Non-linear constrained optimisation (minimisation) of SRAS and LRR costs

Balancing price modelling

Forecast of the total opportunity cost of SRAS and out-of-merit LRR provision

1

2

3

4

5

6

Calculation of Synergy’s SRAS and LRR availability cost7

Calculation of SR_Capacity_Peak and SR_Capacity_Off-Peak parameters8

Calculation of Margin_Peak and Margin_Off-Peak parameters9

Calculation of LRR response costs10

This will include:

► The opportunity costs of providing SRAS

►The direct cost of out-of-merit provision of 

SRAS and LRR

subject to the SRAS and LRR requirement 

being met.

SRAS and LRR modelling methodology
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Calculation of SR_Capacity_Peak and SR_Capacity_Off-Peak 

SR_Capacity

parameter
=

WEM-wide 

SRAS 

requirement

LFAS up 

not certified 

for SRAS

+

SR_Capacity parameter derived from:

► Modelled SRAS requirement

► LFAS not certified for SRAS

For market settlement, expressed as two fixed values:

► Average across peak trading intervals

► Average across off-peak trading intervals
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Calculation of Margin_Peak and Margin_Off-Peak:
robust linear regression

Indicative regression results from 2018 modelling presented below

► Outputs of steps 1 to 8 used as variables for linear regression

► Regression model solution will provide Margin_Peak / Margin_Off-Peak parameters
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Structural changes from 2018 modelling

Integrate SRAS and LRR modelling algorithms 

Minimise:

► Costs

Subject to:

► SRAS and LRR requirement 

► Other constraints
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Cost concept: in merit units

Opportunity cost of providing SRAS by an in-merit generation unit 

Price, cost ($/MWh)

0

Output sold into balancing market 

if unit were not providing SRAS

Provided 

SRAS

Output sold into balancing market 

if unit is providing SRAS

Output (MW)

Max rated capacity 

of the unit

Marginal cost

(heat-rate based)

Opportunity cost 

of providing SRAS 

by an in-merit 

generation unit 
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Cost concept: out of merit units

Opportunity cost of dispatching SRAS and LRR out of merit

0

Marginal cost 

(heat-rate based + VOM)

* Variable operations and maintenance costs

Output 

(MW)
Output needed 

from the unit during 

trading interval

Unit’s 

min gen

Optimal 

combination 

of LRR & 

SRAS

Illustration for an out of merit unit providing LRR.

It would not be optimal for an out of merit unit 

only needed for SRAS to operate above min gen.

Balancing 

price

Opportunity cost of providing SRAS / LRR 

by an out of merit generation unit 
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Allocation of out of merit costs

Out of merit SRAS / LRR provision cost proposed allocation rule

Operating out of merit for both SRAS and LRR

LRR

Net costs 

(incurred until 

min gen)

SRAS

Additional net costs 

for operating above 

min gen

LRR

Operating out of merit 

for SRAS only

SRAS

Operating out of merit 

for LRR only

LRR

50%50%
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Thank you! 
Questions?
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EY | Assurance | Tax | Transactions | Advisory

About EY

EY is a global leader in assurance, tax, transaction and 

advisory services. The insights and quality services we deliver 

help build trust and confidence in the capital markets and in 

economies the world over. We develop outstanding leaders 

who team to deliver on our promises to all of our stakeholders. 

In so doing, we play a critical role in building a better   working 

world for our people, for our clients and for our communities.

EY refers to the global organization, and may refer to one or 

more, of the member firms of Ernst & Young Global Limited, 

each of which is a separate legal entity. Ernst & Young Global 

Limited, a UK company limited by guarantee, does not provide 

services to clients. For more information about our 

organization, please visit ey.com.

© 2019 EYGM Limited. 

All Rights Reserved.

This material has been prepared for general information purposes only and is 

not intended to be relied upon as accounting, tax or other professional advice.  

Please refer to your advisors for specific advice.

ey.com


