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Executivesummary

In the Wholesale Electricity Market (WEM), participants offer energy and ancillary services to
meet real-time demand for energy. Offers into the energy markets (short term energy market
and balancing market) are subject to a set of price limits to mitigate the exercise of market
power.

These price limits are set based on the short run marginal cost of the highest cost generating
works in the South West Interconnected System (SWIS).

This report outlines the Economic Regulation Authority’s estimate of the revised values for
those price limits. These final revised values will take effect on a date specified by the
Australian Energy Market Operator (AEMO).

The WEM Rules specify two maximum price limits:

e The maximum Short-term Energy Market (STEM) price s the price limit that is applicable
to all offers except those from liquid-fuelled generation. The ERA must annually review
this price limit.

e Thealternative maximum STEM price applies to offersfromgeneratorsthat use liquid fuel
for generating electricity. This price limit is indexed to the liquid fuel price. AEMO resets
this price limit monthly based on prevailing liquid fuel prices. The ERA must annually
review the formulafor indexing this price limit.

The WEM Rules require that these price limits be set based on the supply cost of an existing
40 megawatt (MW) open cycle gas turbine in the SWIS that is expected to have the highest
cost of energy supply. Consistent with previous reviews, the ERA identified Synergy’s Pinjar
units and Goldfields Power’s Parkeston units as generators that satisfy the criteria for this
review.

The WEM Rules include a method for determining the price limits, which encompasses an
estimate of fuel costs, heat rate at minimum capacity and variable operating and maintenance
costs. The method also includes a risk margin to account for uncertainty in determining the
supply cost of the highest cost unit.

The ERA has based its determination of the energy price limits on the highest supply cost of
the highest cost generator in the SWIS, under an operational scenario of the highest cost
generator supplying energy for a short period of time at its minimum stable generation level
and when its cost of fuel consumptionis high. The energy price limits should reflect the upper
boundary of the supply cost for the highest cost generator so that, under a set of extreme
operating conditions, the generator is able to recover its generation costs. As these extreme
conditions do not apply all the time, the supply cost calculated for energy price limits will tend
to be greater than the highest cost generator’s supply cost under “normal” conditions and
greater than the price at which the highest cost generator might be expected to offer energy
into the STEM or balancing market under normal conditions.

The responsibility for the annual review and determination of the price limits was transferred
to the ERA on 1 July 2021. AEMO was previously responsible for proposing any revised
values for the price limits to the ERA for approval.

The ERA published a draft determination on 23 November 2021 and sought feedback from all
sectors of Western Australia’s energy industry by 31 December 2021, including through a
virtual workshop.! The ERA received feedback from Synergy and Alinta Energy. After

1 ERA, 2021, Energy price limits review 2021, Draft report, (online).
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assessing the feedback, the ERA concluded that it was not necessary to change the revised
price limits in this report.

In its submission, Synergy stated that “the methodology to derive the undelivered gas price
for the Parkeston units appears inconsistent with that used for the Pinjar units.”?

In this review, the ERA has adopted the same approach to determine the opportunity cost of
using gas for both Pinjar and Parkeston units. The ERA considered the best available
information to determine the opportunity cost of gas for each unit. It compared information
provided by Synergy and Goldfields Power on their expected gas costs, as well as a gas price
forecast prepared by the ERA’s independent consultant, Jacobs. The gas price point estimates
for each unit were then modelled to generate arange of forecast gas price s used to calculate
the energy price limits. This approach recognises the uncertainty inherent in forecasting and
minimises the risk of either of the Pinjar or Parkeston units under-recovering their supply costs
under extremely high-cost conditions over the upcoming year.

In its submission, Alinta Energy expressed concern that the gas price forecast of $5.04/GJ
(undelivered) for the Parkeston units may understate fuel prices over the next 12 months.
Alinta noted that the 2021 WA Gas Statement of Opportunities (GSOOQO), prepared by AEMO,
considers the domestic gas market is expected to be finely balanced, which may leave
availability and prices prone to supply side shocks such as unplanned outages.3. The ERA
notes that the 2021 WA GSOO considers the potential gas supply is sufficient to meet gas
demand until 2024.4 Even under the ‘low’ scenario assumption, where no new gas supply is
assumed to be commissioned, there is no potential supply gap until 2024. For the 12-month
period relevant for this review, the ERA considers that the gas price forecast is appropriate.

The ERA’s process of determining the gas price forecast is further discussed in section 2.3 for
the Parkeston units and in Appendix 3 for the Pinjar units. Stakeholder feedback is detailed in
section 1.2.

Revised price limits

The ERA revises the maximum STEM price to $290/MWh. This is higher than the current
maximum STEM price of $267/MWh, which took effect on 1 September 2020. This revised
value is the same as that proposed in the ERA's draft determination.

The ERA also revises the indexation formulafor determining the alternative maximum STEM
price to the following:

alternative maximum STEM price
=33.627+ 25.426 X net ex—terminal distillate price ($/G]))

At the currentdistillate price of $24.0/GJ (net of excise and goods and services tax), the ERA’s
revised indexation formula yields a higher value for the alternative maximum STEM price of
$645/MWh when compared to $621/MWh determined last year.

The increase in the estimated price limits follows a change in how the ERA has calculated the
generators’ mean heat rates to better reflect the requirements of the WEM Rules. The ERA

2 Synergy, 2021, Submission to Energy price limits review 2021, Draft determination, (online).

8 AEMO, 2021, 2021 Western Australian Gas Statement of Opportunities. Market outlook to December 2031
— A report for the natural gas industry in Western Australia, (online). AEMO defines ‘potential gas supply as
supply that could be economically offered to the domestic gas market, given forecast prices, production
costs and domestic market obligations, subjectto the availability of processing capacityand gas reserves.
AEMO’s model does notprojecthow much gas will be produced, buthow much could be produced ifth ere
was demand at the forecastprice.

4 Ibid.
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has estimated heat rates at the high-cost operating conditions typically expected at low output
levels around the limit of minimum stable generation. Previous energyprice limitreviews relied
on estimating heat rates at higher levels of output. Changing to heat rate estimates around
minimum stable generation and the ERA’s assumptions on forecast gas prices has identified
the gas turbines at Parkeston Power Station as the highest cost 40 MW open cycle gas
generatorsinthe SWIS and so these units have set the price limits this year. Previous reviews
considered the smaller industrial gas turbines at Pinjar Power Station as the highest cost
generators.

There are other differences in the values used for estimating the price limits when compared
to previous years. Given its functions and powers under the WEM Rules and the Economic
Regulation Authority Act 2003, the ERA can obtain information from market participants that
AEMO may not have had access to in previous years.

The ERA received information on the Pinjar units’ variable operational and maintenance
(VOM) costs from the asset operator, Synergy, which were significantly lower than VOM costs
estimated by AEMO in previous reviews. Consequently, the ERA’s estimate of the Pinjar units’
VOM cost as a component of the price limits calculation has declined significantly compared
to last year, resulting in the Pinjar units no longer being determined as the highest cost
generator in the SWIS.

This report describes how the ERA has arrived at the final revised values for the maximum
STEM price and alternative maximum STEM price. It also includes details of how the ERA
determined the appropriate values to apply for the factors in determining the price limits, as
described in clauses 6.20.7(b)(i) to 6.20.7(b)(v) of the WEM Rules.

Figure 1 shows the effect of changes in the underlying variables of the price limits calculations
for both the Pinjar and Parkeston units.
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Figure 1: Change in the components of the energy price limits calculation from the
previous review, Parkeston and Pinjar units
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The reduction in the variable operating costs for the Parkeston units (left hand figure) above
results from a change in maintenance expenditure drivers. In this review, maintenance
expenditure has been calculated based on the hours of operation, consistent with the asset
operator’s approach and advice from the equipment manufacturer. The increase in the fuel
consumption cost parameter for the Parkeston units is a feature of the ERA’s approach to
determining the generator’s heat rate at minimum capacity.

The main change in the variable operating costs fromthe Pinjar units is from Synergy providing
information on maintenance costs. Previously, costs were higher as AEMO’s consultants were

reliant on estimates and publicly available information.
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1. Introduction

In the WEM, participants offer energy and ancillary services to meet real-time demand for
energy. Offers into the energy markets (STEM and balancing market) are based on the cost
of supply and are subject to a set of price limits to mitigate the exercise of market power.>
These price limits are set based on the short run marginal cost of the highest cost generating
works in the SWIS.6

The energy price limits comprise:

e The maximum STEM price: this applies to offers from all facilities except those using
distillate as the fuel source.

e The alternative maximum STEM price: this applies to generators that use distillate as a
fuel source, which typically have a higher cost of supply than generators that use fuel
sources other than distillate.

e The minimum STEM price: this is currently set at negative $1,000/MWh and is not part
of this review.”

For clarity, any reference to the energy price limits or price limits in this document refers only
tothe maximum STEM price and the alternative maximum STEM price, as the minimum STEM
price is excluded from this review.

The price limits were last reviewed by AEMO and approved by the ERA in 2020. The maximum
STEM price is currently set at $267/MWh. The alternative maximum STEM price is indexed to
the distillate price and is updated by AEMO monthly. Based on the distillate price as of January
2022, the alternative maximum STEM price is $553/MWh.8

Since 2017, the maximum STEM price has varied between $235/MWh and $351/MWh,
resulting from changes in input costs and calculation method in practice. However, over the
same period, the STEM and balancing market have seldom settled at the price cap or above
$200/MWh. Historical price limits and market clearing prices are presented in Appendix 5.
Figure 2 shows the number of times the balancing market cleared at the maximum STEM
price since the inception of the market in 2012.

5 Other market power mitigation mechanisms in the WEM include mandatory provision of capacityin the
energy markets and ex post market monitoring.

6 Shortrun marginal costis the additional costof producing one more unitofoutput from an existing
generation plant. In the context of this paper, SRMC refers to the increase in the total production costarising
from the production of one extraunit of electricity and is measured in dollar per megawatt-hour ($/MWh).

7 From 1 February 2021, the ERA has a separate obligationunder clause 6.20.13 of the WEM Rules to
annually review the minimum STEM price. The ERA completed its review and concludedthatthe current
minimum STEM price of negative $1,000/MWh is ap propriate. ERA, 2021, Minimum STEM price review
2021 — Final determination, (online).

8 AEMO, 2021, Currentprices and limits, (online).
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Figure 2. Number of times the balancing market cleared at the maximum STEM price
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Source: ERA’s analysis using AEMO’s published data.

Note: This chart in the ERA’s draft report showed the count for 2021 based on the information available at the
time of drafting. However, since the publication of the draft report in November 2021, there were nine trading
intervals over the Christmas 2021 long weekend (24 December to 28 December 2021) at which the balancing
market cleared at the maximum STEM price. This resulted in an increase in the total count for 2021.

1.1 The ERA’s obligations under the WEM Rules

Prior to 1 July 2021, AEMO was responsible for determining the energy price limits according
to the method and guiding principles outlined in the WEM Rules. The ERA was responsible
for approving the revised values proposed by AEMO after considering whether AEMO had
followed the method and guiding principles outlined in the WEM Rules, and whether AEMO
had carried out an adequate public consultation process.

On 22 January 2021, the Minister of Energy transferred the function of annually reviewing and
determining the energy price limits from AEMO to the ERA from 1 July 2021:

6.20.6. The Economic Regulation Authority must annually review the
appropriateness of the value of the Maximum STEM Price and Alternative
Maximum STEM Price. °

On 15 February 2021, AEMO advised the ERA Secretariat that it would not commence the
annual review of the energy price limits in 2021, given the ERA would be responsible for
carrying out this function from 1 July 2021. AEMO noted that previous annual revie ws of the
energy price limits were typically completed by the end of the financial year. However, the
WEM Rules do not specify an exact timeframe for when the annual review must occur and
there is no express requirement to start or complete the review by a specific date. The ERA
Secretariat agreed with AEMQO’s assessment.

9 Wholesale Electricity Market Rules, 1 October 2021, clause 6.20.6, (online).
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From 1 July 2021, the ERA may propose revised values for the energy price limits based on
its estimate of the short-run marginal cost of the highest cost 40 MW open cycle gas turbine
(OCGT) in the SWIS:

6.20.7. In conducting the review required by clause 6.20.6 the Economic Regulation
Authority:

(@) may propose revised values for the following:

i. the Maximum STEM Price, where this is to be based on the
Economic Regulation Authority's estimate of the short run
marginal cost of the highest cost generating works in the
SWIS fuelled by natural gas and is to be calculated using the
formulain paragraph (b); and

ii. the Alternative Maximum STEM Price, where this is to be
based on the Economic Regulation Authority’s estimate of
the short run marginal cost of the highest cost generating
works in the SWIS fuelled by distillate and is to be calculated
using the formula in paragraph (b).

(b) must calculate the Maximum STEM Price or Alternative Maximum
STEM Price using the following formula:
Variable 0&M Cost + (Heat Rate X Fuel Cost)

Loss Factor

(1 + Risk Margin) x

where:

i. Risk Marginis a measure of uncertainty in the assessment
of the mean short run average cost of a 40 MW open cycle
gas turbine generating station, expressed as a fraction;

ii. Variable 0&M Costis the mean variable operating and
maintenance cost for a 40 MW open cycle gas turbine
generating station, expressed in $/MWh, and includes, but is
not limited to, start-up related costs;

iii. Heat Rate is the mean heat rate at minimum capacity for a
40 MW open cycle gas turbine generating station, expressed
in GJ/MWh;

iv. Fuel Costis the mean unit fixed and variable fuel cost for a
40 MW open cycle gas turbine generating station, expressed
in $/GJ; and

V. Loss Factoris the marginal loss factor for a 40 MW open
cycle gas turbine generating station relative to the Reference
Node.

Where the Economic Regulation Authority must determine
appropriate values for the factors described in paragraphs (i) to (v) as
applicable to the Maximum STEM Price and Alternative Maximum
STEM Price. 10

The WEM Rules require the ERA to publish a draft report for consultation, describing how it
determined any revised values of the maximum energy price limits.

6.20.9. In conducting the review required by clause 6.20.6 the Economic Regulation
Authority must prepare a draft report describing how it has arrived at a
proposed revised value of one or both of the Maximum STEM Price and
Alternative Maximum STEM Price. The draft report must also include details
of how the Economic Regulation Authority determined the appropriate values

10 |pid, clause 6.20.7.
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to apply for the factors described in clauses 6.20.7(b)(i) to 6.20.7(b)(v). The
Economic Regulation Authority must publish the draft report on the WEM
Website and advertise the report in newspapers widely published in Western
Australia and request submissions from all sectors of the Western Australia
energy industry, including end-users, within six weeks of the date of
publication. **

After considering the submissions, the ERA must propose final revised values for the
maximum energy price limits:

6.20.10. The Economic Regulation Authority must consider in-time submissions on the
draft report described in clause 6.20.9, and any in-time submissions received
under clause 6.20.9A, and may consider any late submissions, and after
considering the submissions must propose a final revised value for one or
both of the Maximum STEM Price and Alternative Maximum STEM Price. 12

The revised values proposed by the ERA will take effect on a date specified by AEMO:

6.20.11 A proposed revised value for the Maximum STEM Price and the Alternative
Maximum STEM Price replaces the previous value after AEMO has posted a
notice on the WEM Website of the new value of the applicable Energy Price
Limit, with effect from the time specified in AEMO'’s notice.

Relevant excerpts of the WEM Rules are provided in Appendix 1.

1.1.1  Information gathering

The determination of the energy price limits requires data for estimating generators’ fuel costs,
heat rate and VOM costs.

Previous reviews of the energy price limits were based on public data and any information
provided voluntarily by market participants. AEMO did not have any specific authority to
compel market participants to provide information for the purpose of reviewing the energy
price limits. In contrast, the ERA’s functions under the legislation enable the ERA to access
and gather data from multiple sources. Consequently, the ERA has a richer source of
information available to it to calculate energy price limits.14 This improved data access has
driven some of the changes in the revised energy prices limits as part of the 2021 review.

The ERA requested and received data from asset operators on their respective generating
units, which includes:

e historical data, such as dispatch profiles, heat rates, and fuel and non-fuel costs

e market participants’ estimate of a generator’s VOM costs

e any forecast or assumptions of future fuel and non-fuel costs.

I bid, clause 6.20.9.
12 |bid, clause 6.20.10.
13 |bid, clause 6.20.11.

14 section 51 of the ERA Act 2003 (WA) (online) stipulates thatifthe ERA has reason to believe that a person
has any informationthat may assistthe ERA in the performance ofits functions, the ERA may require the
person to givethe ERA the information. Clause 2.16.6 of the Wholesale Electricity Market Rules (1 October
2021) (online) allows the ERA to collect additional information from market participants ifthe ERA considers
it necessary or desirable for the performance of its functions.
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For this review, the ERA has also gathered information from other sources:

e the original equipment manufacturer of the turbines
e AEMO and its consultants that carried out previous reviews of the energy price limits
e public data fromthe WEM and other jurisdictions.

The ERA has evaluated the information received from all sources to determine which source
would be the best input into the energy price limits calculation. Where the information has
differed significantly from the information relied on in previousreviews, the ERA has placed a
greater weight on the information provided directly by the asset operator. The ERA has
adopted this approach on the basis that the asset operator would be best placed to provide
information on its generator’s operating patterns and cost profile.

Some of the information required forthe ERA’s analysis is either confidential or commercial -
in-confidence. Goldfields Power and Synergy requested that the data provided to the ERA be
redacted throughout this document. The ERA would have preferred to publish the information
in the interest of transparency and openness in the market and asked Goldfields Power and
Synergy if any of the information could be published. Both participants indicated they would
prefer the confidential information remain redacted. As a result, the information that was
received from the participants has been redacted in this document, but the ERA’s estimates
of inputs to the energy price limits calculation based on participants’ data are published.

1.2 Stakeholder consultation

The WEM Rules require the ERA to publish a draft determination of energy price limits and
request submissions from all sectors of WA’s energy industry within six weeks of publication.
The ERA must also publish a notice in a newspaper widely circulated in WA: 15

6.20.9. In conducting the review required by clause 6.20.6 the Economic Regulation
Authority must prepare a draft report describing how it has arrived at a
proposed revised value of one or both of the Maximum STEM Price and
Alternative Maximum STEM Price. The draft report must also include details
of how the Economic Regulation Authority determined the appropriate values
to apply for the factors described in clauses 6.20.7(b)(i) to 6.20.7(b)(v). The
Economic Regulation Authority must publish the draft report on the WEM
Website and advertise the report in newspapers widely published in Western
Australia and request submissions from all sectors of the Western Australia
energy industry, including end-users, within six weeks of the date of
publication

6.20.10. The Economic Regulation Authority must consider in-time submissions on the
draft report described in clause 6.20.9, and any in-time submissions received
under clause 6.20.9A, and may consider any late submissions, and after
considering the submissions must propose a final revised value for one or
both of the Maximum STEM Price and Alternative Maximum STEM Price.

The ERA published its draft determination on 23 November 2021 and sought feedback from
stakeholders by 31 December 2021.1% The ERA also published a notice on its website and in
The West Australian newspaper inviting feedback on the draft report.1”

15 Wholesale Electricity Market Rules, 1 January 2022, clause 6.20.9, (online).
16 ERA, 2021, Energy price limits review 2021, Draft report, (online).

17 ERA. 2021, Energy price limits review 2021 — Notice, (online).
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On 8 December 2021, the ERA Secretariat hosted a virtual workshop with market participants
to explain its methods and findings in the draft report and invite feedback. Representatives
from a range of market participants attended the workshop, such as Alinta Energy, Synergy,
Bluewaters Power, Collgar, Shell, the Australian Energy Council and Energy Policy WA. The
ERA Secretariat did not receive any feedback or comments at the workshop.

The ERA Secretariat also informed the ERA’s Consumer Consultative Committee of the draft
report with an offer to brief its members but did not receive feedback. 18

During the consultation period, the ERA received two submissions from Synergy and Alinta
Energy.?®

Synergy submitted that the method used to derive the undelivered gas price for Goldfields
Power’s Parkeston units was inconsistent with the method used to derive the gas price for
Synergy’s Pinjar units.

The ERA considers that it has used a consistent method to determine both units’ undelivered
gas price as an input to the energy price limits determination. The determination of the energy
price limits requires aforecast of the opportunity cost of using gas for each individual unit. The
WEM Rules do not require the gas price be an efficientcost estimate based on a hypothetica
efficientgeneratorthat could apply to both units. The ERA collected and compared information
from various sources to aid in its determination. This included information from Synergy and
Goldfields Power on their expected gas costs, as well as a gas price forecast determined by
the ERA’s consultant, Jacobs. As asset owners, Synergy and Goldfields Power would be best
placed to advise on their generators’ operating profiles, contractual pricing arrangements,
expected commercial activity and future generating patterns. The gas price point estimates for
each unit were then modelled to generate a distribution of forecast gas prices used in the
calculation of energy price limits. Modelling a range of gas prices recognises the uncertainty
inherentin forecasting and is consistent with the approach to modelling other inputs of the
energy price limits determination. This approach also considered if the determined energy
price limits allow both Pinjar and Parkeston units to recover their costs under extremely high-
cost conditions, despite differences in the gas prices used in estimating their supply costs.
This approach is further discussedin Appendix 3.

Synergy disputed the ERA’s assertion in its draft report that Synergy failed to provide certan
historical maintenance information requested by the ERA. Synergy provided information on
the inspection that was most recently conducted for each Pinjar unit but did not provide
information on when each major inspection — the Combustion Inspection (Type A), Hot Gas
Path Inspection (Type B), and Major Overhaul (Type C) — had most recently taken place. The
ERA requested this information on historical maintenance to determine the timing of future
maintenance costs for the Pinjar units, which affects VOM costs.20 This is further explained in
Appendix 2.

Synergy also considered that the ERA’s rationale for explaining the change in the Pinjar units’
mean VOM costs compared to last year was incorrect. The ERA’s estimate of the Pinjar units’
VOM cost in the 2021 review is $40/MWh, compared to $110/MWh estimated by AEMO in the
2020 review. The ERA’s draft report explained that the decrease in Pinjar’s assessed VOM
cost was due to receiving information on the “significantly lower maintenance and overhaul

18 The ERA Consumer Consultative Committee includes representatives fromarange of consumer and
industry organisations inWA. A listof members and terms ofappointmentare available online.

The submissions are published on the ERA’s website (online).

20 AEMO’s consultants had requested similarinformation on generator’s maintenance status in previous
reviews. See Jacobs, 2018, Energy Price Limits forthe Wholesale Electricity Marketin Western Australia —
Final Report, p. 30, (online).

19

Energy price limits review 2021 — Final determination 6


https://www.erawa.com.au/about-us/consumer-consultative-committee
https://www.erawa.com.au/electricity/wholesale-electricity-market/annual-price-setting/energy-price-limits
https://www.erawa.com.au/cproot/19216/2/2018%20Energy%20Price%20Limits%20-%20Consultation%20report%20from%20Jacobs.PDF

Economic Regulation Authority

costs as provided by the asset owner, resulting in a lower variable cost per start.” Synergy
accepted that it provided the ERA with its estimate of VOM costs but noted that the ERA did
not use Synergy’s point estimate of start-up costs as “the ERA considers that Synergy did not
use a reasonable method to estimate its VOM costs, which resulted in Synergy over-
estimating its cost per start.”

While the ERA did not use Synergy’s point estimate of start-up costs in the draft determination,
it used Synergy’s estimates of underlying maintenance costs as an input to the ERA’s method
to determine an estimate of Pinjar’s cost per start. This point is addressed further in Appendix
6.

Synergy also noted the ERA’'s comments in the draft report on its reasons for not adopting
Synergy’s method to estimate VOM costs. Synergy stated that it “notes these comments raise
similar issues those before the ERB [Electricity Review Board] and Synergy will await the
ERB’s decision before providing further commentary”.2! At the time of publishing this paper,
the ERB had not made its decision, the timing of which is not known.

Alinta Energy expressed its concern that the gas price forecast of $5.04/GJ (undelivered) may
understate fuel prices over the next 12 months. Alinta noted that the 2021 WA Gas Statement
of Opportunities (GSOOQO) considers the domestic gas market is expected to be finely balanced,
which may leave availability and prices prone to supply side shocks such as unplanned
outages.??. Alinta was also concerned that the Wheatstone domestic gas plant’s planned
outage in April 2022 may have a significant impact on gas supply. In its submission, Alinta did
not provide an alternative gas price forecast for the ERA to consider.

Under its Base scenario, the WA GSOO stated that there is sufficient potential gas supply to
meet gas demand until 2024. Even under the GSOO’s ‘Low’ scenario assumption —where no
new gas supply is assumed to be commissioned — the WA GSOO does not anticipate a
potential supply gap until 2024. Additionally, gas storage at the Tubridgi and Mondarra
facilities can deliver gas up to an equivalent of 210 TJ/day for four months, compared to the
Wheatstone facility’s nameplate capacity of 205 TJ/day. The gas supplied by the Mondarra or
Tubridgi facilities would likely be supplied at a cost near to the prevailing spot market price.

The gas price input into the energy price limits calculation uses a distribution of gas prices —
not just a static average of $5.04/GJ — to model a range of possible maximum STEM price
outcomes. Using a distribution of gas prices as well as the inclusion of arisk margin isintended
to account for uncertainty in the input.

The ERA can also review the energy price limits prior to the next annual review if there is
evidence that any significant fluctuations in the prevailing spot gas price over the upcoming
12-month period will prevent generators from recovering their costs.

For these reasons, the ERA considers the existing $5.04/GJ gas price forecast remains
appropriate for the 12-month period relevant for this review.

21 |n 2019, the ERA made an application to the Electricity Review Board (ERB) that it considered Synergyhad
contravened clause 7A.2.17 ofthe WEM Rules followingits investigationinto Synergy’s pricing behaviour.
The ERB reserved its decisionand adjourned the ERA’s application to adate to be fixed. At the time of
drafting this paper, the ERB had notpresented its decision. Furtherinformation aboutthe ERA’s application
to the ERB is available online.

2 AEMO, 2021, 2021 Western Australian Gas Statement of Opportunities. Market outlook to December 2031
— A report for the natural gas industry in Western Australia, (online). AEMO defines ‘potential gas supply as
supply that could be economically offered to the domestic gas market, given forecast prices, production
costs and domestic market obligations, subjectto the availability of processing capacityand gas reserves.
AEMO'’s model does notprojecthow much gas will be produced, buthow much could be produced ifthere
was demand at the forecastprice.
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1.3 Changes since the draft report

Since the publication of the ERA’s draft report, the ERA has not made any changes to the
modelling of energy price limits with the exception of the sample distillate price, which has
been updated with more recent data. As a result, the sample distillate price has marginally
declined to $24.0/GJ from $24.3/GJ in the draft report. This is presented in section 2.3.3.

The resulting alternative maximum STEM price for the Parkeston units based on the updated
sample distillate price has marginally declined to $645/MWh compared to $652/MWh in the
draft report. This is higher than the alternative maximum STEM price derived using the
indexation formula approved last year. This is presented in section 3.2.
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2. The ERA’s process of determining energy price
limits

The WEM Rules require the ERA to determine the price limits based on the supply cost of the

highest cost 40 MW open cycle gas turbine generator in the SWIS. The method outlined in

clause 6.20.7(b) of the WEM Rules makes explicit allowance for the fact that there is

uncertainty in estimating such costs. There is no single supply costfor all operating conditions,
so the price limits are set after considering arange of possible values.

Price limits are reviewed annually and are set to strike the balance between being:

e Lowenough to limit the ability of generators with market power to charge prices above
their reasonable expectation of the shortrun marginal cost of the electricity supplied.23
This protects market customers from high pricesthat could result from generators
exercising market power in the energy markets; and

e High enough so that the high-cost generators in the SWIS can recover their costs of
electricity supply in the presence of highly variable market conditions. Supply costs can
change due to changes in input costs and operating conditions. The maximum STEM
price is to be high enough so that short-term gas price variations do not force facilities
with dual fuel capability to regularly switch from using gas to using liquid fuel to recover
their supply costs.

There is uncertainty in estimating the inputs to the calculation of the price limits. The price
limits — or the indexation formula for the alternative maximum STEM price — are set based on
a forecast of input costs and operating conditions generally over the coming year, which is
referred to as the planning year in this report. The determination of the price limits uses a
possible range of variable input values over the planning year based on the best information
available at the time, such as a range of possible values for a generator’s mean heat rate at
minimum capacity. This calculation method provides arange of possible values for the supply
cost of the highest cost generator in the SWIS over the coming year. From this, the ERA
generates a probability distribution for the generator’s supply cost.

The price limits are set at a level higher than the average value of the probability distribution
— generally the 80t percentile in previous reviews — to account for the uncertainty in the
underlying input cost calculations. The WEM Rules recognise this through the inclusion of a
risk margin. The risk margin is the difference between the mean and 80t percentile of the
supply cost probability distribution, with the 80™ percentile the effective value of the price cap.
This approach is consistent with the practice to determine risk margins in previous reviews of
the price limits.

When information is limited, or the ERA cannot infer a reasonable range for an input variable,
the ERA will consider using the input value, among the range of possible values, that would
provide a higher price cap. The ERA may also consider assigning higher weights to the highly
uncertain input values that yield higher price limits. Taking this approach is important for two
reasons.

23 The WEM Rules requirethe ERA to review the method for setting the energy price limits every five years.
The ERA considers theintention ofthe price limits is to mitigate the exercise of market power by participants
as the WEM Rules require the ERA to consider “the level of market power being exercised and the potential
forthe exercise of market power” and “the effectiveness ofthe methodology in curbing the use of market
power” as partof its review ofthe method to determine energy price limits. Wholesale Electricity Market
Rules, 1 October 2021, clause 6.26.3, (online).
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Firstly, setting the price limits based on the higher of possible values allows generators to
recover their costs. Setting the price limits too high can reduce the effectiveness of the price
limits in limiting the exercise of market power. However, the WEM Rules contain other market
power mitigation mechanisms to mitigate thisrisk.24 Setting the price limits too low risks under-
recovery of costs for generators, which can deter the entry of generatorsto the SWIS or force
the exit of incumbent generators. This can weaken competition in the market and raise the
long-term supply cost of electricity to consumers. This outcome would be inconsistent with the
objectives of the WEM Rules.

Secondly, adopting a conservative approach by using the input value that would provide a
higher price cap mitigates the risk that the risk margin may not sufficiently account for the
uncertainty in the input variables. The formula in the WEM Rules for determining the price
limits includes the risk margin as an input; however, in practice the risk margin has been
estimated as an output of the calculations based on the range of input variables.2° If the ERA
cannot infer a reasonable range for an input that is highly uncertain, there is a risk that the
calculated risk margin will not sufficiently account for the high level of uncertainty, and
consequently the price limit would not be high enough to sufficiently compensate high -cost
generators under high-cost supply conditions.

2.1 Selecting the highest cost generating works

The WEM Rules require the energy price limits determination to be based on the short run
marginal cost of the highestcost40 MW open cycle gas turbine inthe SWIS. Previous reviews
have identified the industrial gas turbines at Pinjar Power Station (Pinjar units GT1,GT2,GT3,
GT4, GT5 and GT7) and the aeroderivative gas turbines at Parkeston Power Station
(Parkeston units 1 to 3) as machines that fulfil the criteria of the WEM Rules. Since the energy
price limits were first determined, the Pinjar units have consistently had the highest cost of
supply for short dispatch periods, followed by the Parkeston units.

The Pinjar units are owned and operated by Synergy and are used to provide peaking power
in the SWIS. The Parkeston units are owned and operated by Goldfields Power, which s jointy
owned by Newmont AP Power and TransAlta Corporation. Both Pinjar and Parkeston gas
turbine units are manufactured by General Electric (GE).2¢

2 Underthe WEM Rules, generators cannot offer bids in the STEM or balancing market beyond their
reasonable expectation of supply costs. The ERA monitors generators’ offers to the market and can request
information from generatorsto assess ifthe offers were reasonable given the information available to
generators and their inputcosts atthe time of offering to the markets. As part ofthe Energy Transformation
Strategy, Energy Policy WA has proposed arange of mechanisms to mitigate the exercise of market p ower.
See EPWA, 2021, Improvements to Market Power Mitigation Mechanism — Information Paper, (online).

% The formulain the WEM Rules requires the ERA to estimate a generator's VOM cost, fuel costand heat rate
at minimum capacity. The rules do notdefine minimum capacity and in previous years AEMO'’s consultants
have interpreted this as minimum observed capacity rather than as the ERA has interpreted the term as at
oraround minimum stable generation. Given there are uncertainties associated with these variables and a
range of possible values are likely, the ERA assigns adistribution to each oftheseinputvariables. The
entire distribution oftheinputvariables, notjustthe average ofthe distribution, is used to run Monte Carlo
simulations and generate a probability distribution of the output, which is the generator’s average variable
cost. Thepricelimitis chosen as the 80" percentile ofthe outputdistribution. This is reasonable and
consistentwith pastpractice.

% In GE nomenclature, the Pinjar units are Frame 6B heavy duty gas turbines and the Parkeston units are
LM6000A aeroderivative gas turbines.
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Since the last review, no new 40 MW generators have been commissionedin the SWIS. As a
result, the ERA has considered the 40 MW Pinjar turbines and the Parkeston turbines as the
two machines for this review.?”

The ERA’s analysis in this review concludes that the Parkeston units are currently the highest
cost generators in the SWIS and will set the energy price limits. Recent reviews of the price
limits considered the Pinjar units as the highest cost generators in the SWIS. This change is
driven by the following factors:

e The improved method for estimating the average heat rate at minimum capacity better
reflects the requirements of the WEM Rules. The estimate of average heat rate at
minimum capacity for Parkeston is substantially higher than that used in previous reviews
of the price limits. This is explained in detail in section 2.4.

e Information received from Synergy suggest the VOM costs for the Pinjar units are
substantially lower than those estimated by AEMO’s consultant in previous reviews of the
price limits. As a result, the ERA’s estimate of the Pinjar units’ VOM cost is lower than the
estimate in previous reviews. This is explained in detail in Appendix 2.

2.2 Variable operating and maintenance cost

The WEM Rules do not specify a method for determining VOM costs, which include start-up
costs.

The VOM cost component includes any costs incurred in operating a generator (other than
fuel cost) and conducting periodic maintenance work required to maintain the generating unit
in an efficientand reliable condition. These costs mainly comprise maintenance service, parts
and labour expenses. VOM costs include those maintenance expenditures that depend only
on the use of the machine. For clarity, VOM costs do not cover the cost of any maintenance
that is run regardless of whether the unit operates or not. This is consistent with the approach
adopted in previous reviews of the price limits.

In recent reviews of the price limits, the mean VOM cost estimated for the Pinjar units, and
thus included in price limits, varied between $70/MWh to $130/MWh. 28 This accounted for
28 per cent to 44 per cent of the determined price limits.

Variable maintenance expenditures are the main component of the VOM costs. Variations in
the estimate of VOM costs across years were related to changes in the:
e Estimate of variable maintenance expenditures for the Pinjar units.2°

e Method used to spread those expenditures over each start of the units, and then
subsequently over each unit of energy generated.

27 Unless otherwise stated, any reference to the Pinjar units in this reportrefers to the Pinjar units 1 to 5 and 7.
The larger Pinjar units (units 9-11) have a nameplate capacity of approximately 120 MW and are therefore
excluded fromthis analysis.

2 In the 2020 review, the Pinjar units’mean VOM costwas estimated as $110/MWh. Historical annual reviews
of theenergy pricelimits are available on the ERA’s website, (online).

2 In recentyears, the Pinjar units have been considered the highest costgeneratingworks and its supply cost
has underpinned the determination of price limits. The ERA’s analysis this year concluded thatthe
Parkeston units are the highestcostgeneratingworks in the SWIS.
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In recent reviews of the price limits, the estimate of mean VOM costs for the Parkeston units
has varied significantly between reviews.2° The Parkeston units did not previously set the price
limits despite the substantial increase in its estimate of VOM costs. This was because,
historically, the increase in VOM costs did not offsetthe lower cost related to fuel for Parkeston
when compared to Pinjar.

To estimate VOM costs, the ERA considered several sources of information from the asset
owners, the equipment manufacturer GE and previous reviews of the price limits. The ERA
received both asset owners’ estimates of VOM costs for the Pinjar and Parkeston units.

The ERA has estimated the average VOM cost for the Parkeston units as $30.1/MWh, which
was based on information provided by Goldfields Power and generally comparable to the
original equipment manufacturer’s estimates for similar gas turbines. 3132

The estimated VOM cost for the Parkeston units is substantially lower than the estimate that
AEMO’s consultants calculated over the past two years. This is because:

e The method used last year relied on public sources of information on variable
maintenance expenditures.

e The ERA has revised the method used previously by AEMO to estimate VOM costs for
the Parkeston units to ensure it is consistent with the approach taken by the asset
owner and the equipment manufacturer.33

Section 2.2.1 explains the process of estimating the Parkeston units’ VOM costs. A similar
explanation for the Pinjar units’ VOM costs is provided in Appendix 2.

2.2.1 Estimation of VOM costs for Parkeston

The ERA received Goldfields Power's estimate of its VOM costs for the Parkeston units. This
comprised of the following costs:

e Start-up costs estimated as [l per start, which includes start-up fuel consumption.

30 AEMO’s consultants estimated the mean VOM costfor the Parkeston units as $8.49/MWh, $89.70/MWh and
$50.55/MWh in 2018, 2019 and 2020 respectively. See:
Jacobs, 2018, Energy Price Limits for the Wholesale Electricity Market in Western Australia — Final Report,
p. 65, (online).
Marsden Jacobs, 2019, 2019-20 Energy Price Limits Review — Final Report (Public) — A report for the
Australian Energy Market Operator, p. 39, (online).
Marsden Jacobs, 2020, 2020-21 Energy Price Limits Review — Final Report (Public) — A report for the
Australian Energy Market Operator, p. 47, (online).

81 This estimate for average VOM costincludes the costrelated to start-up fuel, which on average accounts for

. In comparison, previous reviews ofthe price limitsincluded the

start-up fuel costin the fuel costcomponentofthe pricecap.

32 The ERA received advice from GE that a major overhaul for a LM60000PA turbineis due after |JJJJll hours
of operation and costs approximately |l resulting in an approximate costper operating hour of il
which is comparableto the costof |l per operating hour provided by Goldfields Power. For
comparison, in 2020 WSP estimated VOM costs for a similar LM6000 gas turbinein New Zealand (Huntley
unit6) at approximately NZD$10/MWh (as of October 2021, one Australian dollaris 1.06 New Zealand
dollar). This estimate is also relianton escalation of historic available data. Refer to WSP, 2020 thermal
generation stack update report, prepared for the Ministry of Business, Innovationand Employment, p. 14,
(anline).

% Information received from GE shows that maintenance expenditures for the Parkeston units are driven by

hours of operation. Previous reviews ofthe price limits until 2018 also considered that maintenance works
forthe Parkeston units are driven by hours of operation. See: Jacobs, 2018, Energy price limits for the
Wholesale Electricity Market in Western Australia, p. 62, (anline).
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e Cost per operating hour of |l which coverslong-term major variable maintenance
and overhaul costs.

e Other VOM costs of [l per MWh, which covers incidentals such as oil and water.

The VOM cost component of the price limits calculation must be expressed as a cost per unit
of energy generated ($/MWh). The firsttwo costitems above are converted to a cost per MWh
of electricity generated based on the possible duration of short dispatch cycles.3* The choice
of short dispatch cycles for this conversion ensures the estimated cost per start is spread over
a short period of time, and hence, the estimated cost per unit energy generated reflects very
high-cost operating conditions of the units. This conversion approach is consistent with those
used in the previous reviews of the price limits and is explained in section 2.2.2.

2.2.2 Conversionof variable operating and maintenance costs to
per unit of energy generated

Determining the VOM cost input of the price limits calculation requires all VOM cost inputs to
be provided on a $/MWh basis. An estimate of the energy generated each time the machine
is started is required to convert estimates of VOM costs expressed in dollars per start or dollar
per operating hour to costs/MWh. This cost conversion is dependent on the duration of
operation and load when the machine is dispatched, which can vary significantly for each
dispatch of the machine.

Consistent with the approach in previous reviews, a dispatch cycle is used to capture such
variations in the form of adispatch cycle duration and output distributions. 3% This is explained
in detail in Appendix 4.

The analysis uses historical dispatch data to characterise the dispatch cycle distribution of
Parkeston units through the following sampled variables:

e runtime for a short dispatch cycle (between 0.5 and 6 hours), expressed in hours

o dispatch cycle capacity factor as a function of run time, expressed as a percentage

e maximum capacity, expressed in MW.

The product of these three variables yields the MWh of electricity generated per start of the

machine. The estimation of parameters used for the conversion of costs are explained in detail
in Appendix 4.

The conversion of the VOM costitems for the Parkeston units is set out below and summarised
in Table 1:

e The start-up cost (as indicated in the previous section) is divided by the product of
sampled run time, capacity factor, and maximum capacity to estimate start-up costs on
a per MWh basis.

e The cost per operating hour is divided by the product of capacity factor (subject to
sampled dispatch cycle duration) and maximum capacity to express them on a per MWh
basis.

3 Adispatch cycleis the process of starting agenerator, synchronising itto the electricity system, loadingit up
to minimum load as quickly as possible, and operating the unit between the minimum and maximum loading
and running itdownto zero outputlevel for shutdown.

35 capacity factor over a dispatch cycle (expressed in percentage) is the amountofenergy generated over the
dispatch cycle (expressed in MWh) divided by the product of maximum capacity and dispatch cycle duration.
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Table 1. Estimate of VOM costs for Parkeston units

ltem | Unit | Value | Notes

Cost per operating hour $/hour - Contracted fee to cover long-term major
maintenance and overhaul costs.

Start-up cost $/start Il | Includes start-up fuel consumption.

Incidentals $/MWh Il | Covers incidentals such as oil and water.

Average duration of dispatch | Hours 32 Duration of short dispatch is sampled from a

per start (short dispatch) ' distribution. See details in Appendix 4.

Mean energy generated per | MWh/start Energy generated over a short dispatch is

start (short dispatch) 67.4 | sampled from a distribution. See details in
Appendix 4.

Average capacity factoras a | % Capacity factor is estimated based on sampled

function of runtime (short 49.7 | short dispatch duration. See details in

dispatch) Appendix 4.

Mean VOM cost $/MWh 30.1 | Average of the distribution of VOM costs.

Source: ERA analysis of Parkeston data as provided by Goldfields Power.

2.3 Fuel cost

The WEM Rules require the maximum STEM price to be determined using gas as the fuel
source and the alternative maximum STEM price using distillate. In recent years, the cost of
fuel —the product of heat rate and fuel price — has accounted for 40 per cent to 50 per cent of
the maximum STEM price, and 60 per centto 70 per cent of the alternative maximum STEM
price. Price limits are highly sensitive to fuel prices. A$1/GJincrease inthe fuel priceincreases
the price limits by approximately $25/MWh.

The trade of natural gas in Western Australia is largely through bilateral contracts between
suppliers and consumers of gas. Recent reviews of the price limits used forecasts of gas price
based on information available on maximum price cleared monthly in the gasTrading platform
— a trading platform through which sellers and buyers generally trade gas on a month -ahead
basis. In the 2020 review, AEMO used the weighted average gas price reported by the
Department of Mines, Industry Regulation and Safety (DMIRS), following feedback from
stakeholders that the higher level of prices observed through DMIRS data better reflected the
market price of gas.36 37

To estimate the fuel costcomponent of the energy price limits calculation, the ERA considered
both Goldfields Power’s and Synergy’s expected cost of sourcinggas over the next 12 months,
public sources of data and a forecast of gas spot prices as developed by the ERA’s
independent consultant, Jacobs (Appendix 9). Each source of information is considered in
determining the forecast gas price used in determining energy price limits, as discussed in
section 2.3.1.

In estimating fuel supply costs included in the energy price limits calculation, the ERA has
considered that the fuel supply costs are intended to reflect the fuel consumption cost under

%  Marsden Jacobs, 2020, 2020-21 Energy Price Limits Review — Final Report (Public) — A report for the
Australian Energy Market Operator, p. 37, (online).

37 DMIRS, 2020, Latest statistics release — 2020 Major commodities resources data, (online).
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extremely high-cost operating conditions, such as for short periods of operation at or around
minimum stable level of generation.

To estimate the fuel supply cost of the Parkeston units, the ERA used Jacobs’ forecast gas
price of $5.04/GJ (undelivered) over the next 12 months and a gas transportation cost of
$4.564/GJ, based on tariffs applicable for the uncovered capacity on the Goldfields Gas
Pipeline (GGP). The tariff for the uncovered capacity on the pipeline is substantially higher
than the tariff applicable for the covered capacity of the pipeline.3839 Qverall, this yields a
delivered gas cost of $9.60/GJ, before the application of a daily load factor as explained in
section 2.3.1.1.

After considering all available sources of information, the ERA has assessed Jacobs $5.04/GJ
forecast gas price as the preferred indicator of the cost of acquiring gas in the market over the
forward period. Jacobs’ forecast also provided a distribution of gas costs, which enabled the
ERA to consider possible variations in the cost of acquiring gas for Goldfields Power when
modelling energy price limits. This is explained in more detail in section 2.3.1.

The transportation capacity on the covered capacity on the GGP is expected to be fuly
contracted over the coming year. When transport service capacity is fully contracted, the
opportunity cost varies depending on on-selling negotiations between parties with existing
access to gas and transport service. The ERA assessed available capacity and supply and
demand conditions on the GGP in selecting the gas transportation cost of $4.564/GJin its
estimate of energy price limits. This is detailed in section 2.3.2.

2.3.1 Forecastof gas price

The sourcing of gas in Western Australia is mainly based on bilateral trading agreements
between gas suppliers and generators. Some generators purchase gas through long -term
(typically 5 years to 20 years) forward contracts to limit their exposure to the risk of variable
fuel prices. Others might source all or part of their gas through short-term (between amonth
to a day ahead) trading platforms. Apart from the gasTrading platform, prices and trade
guantities for other trading arrangements or bilateral contracts are not published. 40

The ERA considered two sources of information on the price of natural gas in Western
Australia to forecast the opportunity cost of using gas for electricity generation for the
candidate machines over the planning horizon:4:

e Forecast of natural gas price produced by the ERA’s independent consultant, Jacobs. 42
This forecast relies on observed pricesin the gasTrading platform to project prices over

%8 Gas transportation tariffs for reference services on the covered capacity ofthe pipeline are based on
regulated tariffs determined by the ERA. However, some ofthe assets forming partofthe pipelinearea
non-scheme pipeline for whichtheregulator does not setregulated tariffs. The transportationtariffon the
uncovered capacity ofthe pipelineis published by the pipeline operator.

% The ERA sets reference tariffs for the covered capacity on the GGP. Parties negotiate transportation tariffs
forindividual contracts. Jacobs forecasts transmission costbased on the covered tariffs on the GGP with an
average of $1.388/GJ.

40 Currently, the ERA is aware oftwo other short-termtrading platforms in Western Australiafor trading natural
gas: (1) the Inlet Trading marketoperated by DBNGP (WA) Transmission Pty Ltd at the pipelineinlet, which
enables pipeline shippers to trade imbalances, (2) the platform operated by Energy Access Services that
has nine unknown foundation members. Membership ofthe platformis open to all buyers and sellers ofgas
in Western Australia.

4 The opportunity costofusing gas for electricity generationis the value of the best alternative use of gas. For
example, a generator mightsell its acquired gas instead ofusing itfor generating electricity ifitearns a
highervaluefromthe sale ofgas.

4 Jacobs’reportis available in Appendix9.
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the coming year. 43 Jacobs also considered the volume weighted average price of gas
as published by DMIRS but recommended the use of maximum monthly spot prices
fromthe gasTrading platform forthe ERA’s review.

e Information received from the asset owners, Synergy and Goldfields Power, on their
contract price for gas and possible sourcing opportunities and transportation charges.

Each of the above sources have limitations in explaining the opportunity cost of using gas for
electricity generation. For example, the gas price data from gasTrading that forms the basis
of Jacobs’ forecast is based on spot trading of gas. Prices observed on the platform can be
sensitive to small increases in demand and/or supply on the platform and may not reflect the
opportunity cost of sourcinglarger volumes of gas on afirmaccess basis. The ERA considered
these possible limitations when estimating the fuel cost component of the price limits.

The ERA engaged Jacobs to prepare a forecast of gas prices as a possible input to the fuel
cost parameter of the energy price limits determination. Jacobs considered the generd
conditionsin the gas supply and demand in Western Australia and used atime series analysis
to forecast gas prices over the coming year. The general approach for the analysis this year
is similar to that conducted in previous reviews of the price limits. Jacobs considered two
sources of data:

e maximum monthly spot price from the gasTading platform

e average quarterly WA natural gas price supplied by DMIRS.

The gasTrading platform acts as an agent for the sellers of gas and operates a spot market.
Each successful bidder receives gas based on its bid price and so the market does not clear
at a single price. Each month the platform provides an indication of the quantity of gas
available for sale over the next month and invites buyers to bid for the quantity of gas they
require for each day over the next month. The platform then accepts the highest bid prices
until all available volume of gas is allocated.

The platform publishes maximum, average and minimum prices for the successful bids for
each month. Figure 3 shows the historical prices for the gasTrading spot market.

4 Gas Trading Australia Pty Ltd, 2021, Historical Prices and Volumes, (online).
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Figure 3. Historical gas price for trades in the gasTrading spot market
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Source: gasTrading Australia (online).

Between November 2020 and November 2021, each month the platform has traded between
305 TJ and 613 TJ through the spot market.*4

The platform facilitates other trades than the spot market, for which the price information is
not publicly available:

o “Off market” trade quantities are reported for transactions that are not part of the spot
trades. Itis not clear why these trades occur outside the spot market. Over the past
12 months the monthly quantity of gas traded off market varied between 470 TJ
(observed in November 2021) and 1126 TJ.

e “Backup gas” trades that cover sales to unsuccessful bids in the spot market at a higher
price than bid by those buyers. In correspondence to the ERA, gasTrading explained
that prior to 2016/17 the backup gas mechanism was not needed because sellers had
access to gas they had to pay for but could not use.

e “Firmgas” that facilitates contracts with firm access to gas.*> However, no datais
published on the volumes or prices of firm access gas traded.

Based on information available on gasTrading, the traded gas on this spot market is

interruptible, with supply curtailments applying to the lowest price purchases first. 46 Given the
order of access to gas through the platform, the highest bid price can be considered as a

reasonable proxy for the price of firm access to gas. Jacobs used the historical monthly

gasTrading Australia, 2021, December 2021 — Invitation, (online).

AEMO explains firm supply of fuel as fuel supply ortransportationthatis underpinned by contractual rights
to specified volumes (which may be flexible or subject to the Market Participant’s nomination) and the
conditions onthose volumes (e.g. take or pay). For supply to be firm, the obligationto supply mustbe
bindingon the supplier and mustnotbe interruptible (after allowing for planned and unplanned outages) or
sold on an as-available (spot) basis. AEMO, 2020, Market procedure: certification of reserve capacity,
version 9.0 , p. 5, (online).

gasTrading Australia, 2021, Spot market — How it works, (online).

45
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maximum spot prices to produce a forecast of future gas prices. AEMQO’s consultants
previously used this approach to forecast gas prices to determine the price limits.

Minimum or average monthly prices might reflect the opportunity cost of acquiring gas from
the market, however, it is doubtful that supply arrangements around the spot market at
average or minimum spot prices is reliable or comparable to a firm supply of gas.
Nevertheless, over the past year the difference between the maximum and minimum spot
price has between relatively low (average $0.16/GJ). Information on back up gas price is not
publicly available. During periods when a backup supply of gas has been provided, the backup
price could be considered as the opportunity cost of gas because it could reflect the cost of
supplying additional gas to meet demand.

The gasTrading spot market may not be a liquid market, and thus, a small increase or
decrease in supply or demand may sharply influence cleared prices. Information is not
available to assess the sensitivity of prices on the platformto small changes in demand and
supply. Forexample, information is not available on the volume and prices for backup gas and
firmgas products. One indication of possible illiquidity of the platformis the volume of trades.#’
The volumes traded on the platform have been a small proportion of the gas use for electricity
generation in the SWIS and overall gas use in Western Australia. As shown in Figure 4, the
monthly quantity of gas traded in the gas trading spot market has never exceeded 750 TJ.

Figure 4. Historical quantity of gas traded in the gasTrading spot market
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Source: gasTrading, Spot Market — Monthly Volume History, November 2021, (online), accessed 22 November
2021.

For comparison, over the past 10 years:

4 No single measure can sufficiently explain the level of liquidity in amarket. Volume oftrades is an indicator

of liquidity and cannot provide areliable measure ofliquidity. An assessmentofliquidity ty picallyinvolves
the study of measures such as number oftrades, open interest, volume of trades, price volatility, and market
impact measures. For example, refer to Sarr and Lybek, 2002, Measuring liquidity in financial markets,
International Monetary Fund, (online).
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e The monthly average consumption of gas in Western Australia has been between
41,250 TJand 55,750 TJ.48

e The monthly average consumption of gas for electricity generation in the SWIS has
been between 5,800 TJ and 6,700 TJ.4°

It is not clear to what extent current spot prices could change if demand for or supply of gas
in the gasTrading spot market increased. For example, an increase in demand for firm access
to gas might increase prices in the market as bidders seeking firm access increase their bid
price to minimise the likelihood of supply interruption. Therefore, historical spot prices and
forecasts produced based on the observed spot market prices have limitations in reflecting
the market price of gas.

In the 2020/21 review of the energy price limits, Synergy, Alinta Energy and the Australian
Energy Council raised concerns that gasTrading spot prices were not representative of the
true fuel costs faced by generators, given the possibility for interruption of supply and illiquidity
of the market.%® This was particularly a concern because, at the time, gasTrading monthly
maximum spot prices were substantially below the average prices published by DMIRS. The
historical weighted average gas price published by DMIRS and monthly maximum spot prices
in the gasTrading are depicted in Figure 5.

Figure 5. Historical volume weighted average gas price published by DMIRS and monthly
maximum spot prices in gasTrading
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Source: DMIRS (online) and gasTrading (online).

DMIRS’ quarterly price series represents the volume weighted average of gas prices by

producers and is heavily weighted by bilateral contract prices, some of which expected to be
forfirmgas supply.5t After receiving feedback fromstakeholders, AEMO used the DMIRS time

4 AEMO, 2020, 2020 Western Australia gas statement of opportunities, December 2020, p. 17, (online).
4 ACIL Allen, 2020, Gas Demand Review, Revised Final Plan Attachment, p.8, (online).
%0 ERA, 2020, 2020 Energy price limits decision, pp.27-28, (online).

51 The domestic gas price published by DMIRS is an average derived fromthe actual total value of domestic
gas sales divided by the actual total volume of domestic gas sales reported to DMIRS for the calculation and
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series as the basis for calculating the fuel cost component of the energy price limits
determination in 2020.

In its decision to approve AEMO’s proposed revised values for the price limits in 2020, the
ERA noted that:

e DMIRS price data had limitations because it lagged prevailing market conditions and did
not include any information on bilateral sales between non-producers. The DMIRS price
data also excluded any domestic gas sales that were not subject to the State royalty
regime, such as domestic gas projects in Commonwealth waters and certain LNG
facilities.

e Spot sales were likely to better reflect prevailing market conditions.

Despite the shortcomings of the DMIRS data, the ERA approved AEMO’s proposed price limits
for 2020 on the basis that it was the best available information available to AEMO. The ERA
consideredthatthere may be several appropriate and accepted ways to determine a particular
inputvalue. The ERA’s role was to assess whether AEMO’s proposal reasonably reflected the
application of the method and guiding principles described in the WEM Rules.

For the gas price forecast, Jacobs considered the risk of using DMIRS data to project future
price of gas given the current and expected conditions in the gas market. Jacobs explained
that in 2021 spot gas prices have risen above DMIRS average prices, as shown in Figure 5.
Given the expected lag in DMIRS price in reflecting prevailing market conditions, Jacobs
considered the use of DMIRS data could result in under-forecasting gas prices over the next
12 months.

Jacobs concluded that the use of spot gas prices for forecasting is more appropriate because:

e If the spot market was illiquid, then observed prices reflected the lower boundary for the
opportunity cost of gas.

e  Spot prices better reflected current market conditions.

e  Spot price volatility was larger than that for DMIRS historical prices, contributing to a
larger prediction band in projecting future gas prices. This could better address the risk

of underestimating price limits.

Accordingly, Jacobs forecast the range of gas prices as of July 2021 with an expected value
of $5.04/GJ and standard deviation of $0.63/GJ. Jacobs’ forecast of gas price is de picted in
Figure 6. The confidence intervals in Figure 6 are at 95 per cent level of confidence.

paymentof royalties under the State royalty regime. The published prices donotinclude any transport costs,
other downstream costs, or any mark-up paid by customers to wholesalers.
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Figure 6. Gas price forecast
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Source: Jacobs, 2021, Gas price forecast, (Appendix 9 of this report).
23.1.1 Daily gas load factor

Thereisarisk that gas turbine generatorsover-estimate their consumptionof gas for electricity
generation when procuring gas and consequently pay for gas that they do not use. Previous
reviews of the price limits accounted for this uncertainty by applying a gas load factor
distribution to the gas price distribution. The method divides the gas cost by the loading factor
(of average 0.8991).52 This increases the gas cost by 11 per cent on average.

Consistent with the practice in previous reviews of the price limits, Jacobs suggested applying
a probability distribution to represent the uncertainty of the daily gas supply load factor as
shown in Figure 7. The mean of the composite daily load factor distributionis 89.91 per cent.
This approach had been used in the price cap reviews from 2013 to 2018. The calculation of

gas costs for Parkeston use the gas supply load factor distribution as recommended by
Jacobs.

Further details about the application of the load factor are available in Jacobs’ report in
Appendix 9.

52 Theloadingfactor of0.8991 is the average of the probability distribution modelled between 60 per centand

100 per cent ofthe daily gas supply.
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Figure 7. Capped distribution for modelling uncertainty in spot gas daily load factor
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Source: Jacobs, 2021, Gas price forecast, (Appendix 9 of this report).

2.3.2 Delivered gas price estimated for Parkeston units

e Gas is delivered to the Parkeston units on the Goldfields Gas Pipeline (GGP) via the
Parkeston lateral.>® Some of the assets on the GGP are covered under the access
regulatory regime of the National Gas (Western Australia) Act 2009.54 Gas transportation
tariffs for reference services on the covered capacity of the pipeline are based on
regulated tariffs determined by the ERA.

e However, some of the assets forming part of the pipeline are considered to be a non-
scheme pipeline for which the regulator does not set regulated tariffs. The pipeline
operator has published its own tariffs and terms for a set of standard non-reference
services.%

The cost of transporting gas depends on the availability of covered and uncovered capacity in
the pipeline and transportation service characteristics — for example, whether the service is
interruptible or firm. Customised services such as variations to the reference service, and
services on uncovered capacity, may be available on the GGP by negotiating with the pipeline
operator subject to available capacity.

When the pipeline capacity is fully contracted between the pipeline operator and gas
consumers, the opportunity cost of transporting gas on the pipeline depends on the availability

5 The Parkeston lateral is a non-scheme pipeline butis exempt from providing pricing information.

5 APA, 2021, Goldfields Gas Pipeline reference tariffs, (online).
5 APA, 2021, Website: tariffs and terms, accessed 11 November 2021, (online)
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of any excess capacity available fromthose parties with existing contracts and the level of
additional demand for transportation service on the pipeline.

Jacobs estimated possible gas transport costs to Parkeston based on reference service on
the covered part of the pipeline and uncovered standard transport services, which are
summarised in Table 2.5

Table 2. Estimated delivered gas priceto Parkeston units, covered and uncovered tariffs

Measure Covered tariff Uncovered tariff

(used in the calculation
of the price limits)

Undelivered gas price forecast | Average 5.04
($/GJ)
Standard deviation 0.63
Transmission cost ($/GJ) Average 1.39 4.56
Standard deviation 0.15 0.15
Delivered gas price ($/GJ) Average 6.59 10.15

Source: Jacobs, 2021, Gas price forecast, (Appendix 9 of this paper).5”

Note: The estimate of gas price also uses a loading factor as explained in section 2.3.1.1.

In estimating a delivered price of gas for Parkeston units as part of determining the price limits,
the ERA considered upper and lower boundaries for the opportunity cost of gas.

The lower bound of the opportunity cost of gas is based on the assumption that there is large
unused gas and transport capacity available fromthose parties with existing transportation
contracts and limited demand for additional gas transport. For sellers, their cost of procuring
transport capacity and gas is sunk, and so the opportunity cost of delivering gas is close to
zero.

The ERA is aware that there is currently limited to no uncontracted capacity available in the

covered oruncovered pipeline, IS

|
I > |t is possible that some capacity becomes available over the next year if
parties terminate their existing contracts. However, the availability of any capacity released
from these contracts and service prices would be subjectto possible auctions for transport

%  Toaccountforthe uncertainty in transmission costs, the ERA’s consultantassumed the minimum spotprice
forthe uncovered capacity on the GGPis normally distributed with a mean value of $4.564/GJ and a
standard deviation of $0.15/GJ (refer to Appendix 8).

57 Jacobs concludedits review for the ERA in September 2021. At thetime ofdrafting this paper (October
2021), the ERA was also reviewing an application from Goldfields Gas Transmission to approve an annual
reference tariff variation for the GGP. The ERA’s final determination ofthe energy price limits will consider
any approved reference tariff variations.

-
|
I N its reportto the ERA, Jacobs explained thatthe covered portion ofthe GGP was
understoodto be at capacity, and thereforeitwas unlikely thataspotservice could presently be negotiated.
Information available on the GGP’s operator website also shows thatuncovered capacity is unavailable for
contractinguntil the end 0f2022. See Appendix 8 for Jacobs’reportand APA, 2021, Goldfields Gas
Pipeline, service availability information, 36-month uncontracted capacity outlook, (online). In the previous
review ofthe price limits in 2020, Alinta Energy provided feedback to AEMO that there was no spot

transportation capacity available on the GGP and Parkeston units were likely to pay for uncovered tariffs for
transportation. See: Alinta, 2020, Submission to AEMO’s 2020 energy price limits review, p.2, (online).
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capacity or negotiations between gas consumers, like Goldfields Power, and the pipeline
operator. Therefore, the lower bound of the opportunity cost of sourcing gas for Goldfields
Power in the current market is likely to be higher than zero.

The upper bound of the opportunity cost of gas is set by the cost of alternative fuel — distillate.
If the availability of pipeline capacity is so limited that the price of available capacity increases
the overall cost of gas beyond the cost of distillate, then buyers like Goldfields Power would
opt out of the gas market and instead purchase distillate to generate electricity.

The lower and upper boundaries create a range of possible gas opportunity costs and the
ERA has determined an opportunity cost of gas for Goldfields Power within this range after
taking all relevant considerations into account, as explained below and in section 2.3.1. The
determination allows for full costrecovery forsellers with excess gas or transportation capacity
that pay prevailing gas commodity prices and the standard service uncovered transportation
charge.

In practice, the price in a gas delivery contract can vary between the seller’s and buyer’s
reservation price — which is the minimum price sellers are willing to accept, and the maximum
price buyers are willing to pay. The level of price varies depending on the buyer’s and seller’s
negotiation power. For the Parkeston units, Goldfields Power would not be willing to buy gas
at a price more than the cost of liquid fuel. It is therefore possible that Goldfields Power’s fuel
cost varies in the coming year depending on the availability of sellers with excess gas and the

number of consumers seeking access to transportation capacity. || GGG

Determining the supply cost of the Parkeston units — and thus the price limits — based on
covered transportation tariffs can result in regular switching of dual fuel capable Parkeston

units to liquid fue | |IE—— S
-

If the price cap is set low — that is, based on the lower covered transportation cost — it is
possible that Goldfields Power may not be able to recover its supply cost when offering to the
balancing market. This is because its delivered gas cost could exceed that used in the

determination of the price caps. I
]

Setting the price caps too low can increase the supply cost of energy, risk greater inefficiencies
in the market and is not consistent with the objectives of the WEM Rules. Gas prices including
uncovered transport tariffs are significantly lower than liquid fuel cost, which is currently
estimated as approximately $23/GJ (section 2.3.3).

To determine the price limits, the ERA used the delivered gas price based on the uncovered
transport charge on the GGP. Using the uncovered tariff instead of the covered tariff will result
in a higher fuel costinputinto the price limits calculation, resulting in a higher maximum STEM
price being calculated. For the estimation of the price limits, this report uses the gas price and
transportation cost figures for Parkeston units as shown in the ‘uncovered tariff’ column of
Table 2.

Setting the price cap based on a very high delivered gas price — for example as high as the
cost of distillate (which is currently estimated as $23/GJ) —is not reasonable because setting
the price limits based on a gas price very close to distillate price would result in the maximum
STEM price and the alternative maximum STEM price being very similar. This can reduce the
effectiveness of the maximum STEM price in mitigating the exercise of market power in the
WEM.
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In landing on a gas transportation cost to include in the energy price limits calculation, the
ERA considered the available capacity and supply and demand conditions on the pipeline.
The ERA determined that a gas transportation forecast of $4.564/GJ was reasonable as it
allows for the bilaterally negotiated price for delivering gas to Parkeston up to full costrecovery
for sellerswith excess gas or transportation capacity that pay prevailing gas commodity prices
and the standard service uncovered transportation charge.

In the coming year, if evidence emerges that the delivered gas costs to the Parkeston units is
larger than that considered in the determination of the maximum STEM price, and as a result

Goldfields Power cannotrecover its costs when using gas, the ERA can revise the price limits
accordingly.

The resulting distribution of delivered gas price is shown in Figure 8, which also includes the
application of the gas load factor distribution explained in section 2.3.1.1.

Figure 8. Distribution of delivered gas price, Parkeston units
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Source: ERA analysis of data from Jacobs and Goldfields Power, 2021.

The equivalent gas price input to determine the Pinjar units’ supply cost is presented in
Appendix 3.

2.3.3 Distillate price

The WEM Rules provide for amonthly re-calculation of the alternative maximum STEM price
based on assessment of changes in the Singapore gas oil price (0.5 per cent sulphur) or
another suitable published price as determined by the ERA. Historically, AEMO used the Perth
diesel terminal gate price (TGP) (net of goods and services tax and excise) for this purpose,
as the Singapore gas oil price (0.5 per centsulphur) isnolongerwidely used. The Perth diesel
TGP includes shipping costs and therefore considers variations in these costs due to factors
such as exchange rate changes.

The ERA has based its estimate of distillate using the Perth diesel TGP, consistent with the
approach taken in previous reviews. Therefore, in this analysis a reference distillate price
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based upon the Perth diesel TGP is assessed to define a benchmark alternative maximum
STEM price component that depends on the underlying distillate price.

For the purpose of the ERA’s review of the price limits, the uncertainty in the distillate price is
not important because the alternative maximum STEM price is indexed to the distillate price
and updated monthly. However, in modelling the gas price for the maximum STEM price, the
uncertainty and level of the distillate price is relevant to the extent that it is used to cap the
extreme gas prices at the level where the dispatch cycle cost would be equal for gas and for
distillate firing for the nominated gas turbine technology and location. This cost parity is

considered to create a cap for the distribution of gas price used to estimate the maximum
STEM price.

The average Perth diesel TGP declined significantly in early 2020, largely due to the
uncertainty resulting from the COVID-19 pandemic and the decline in global oil prices. The
prices have recovered over the last 12 months as shown in Figure 9.

The September 2021 edition of the United States Energy Information Administration’s (EIA)
Short-Term Energy Outlook highlighted the heightened levels of uncertainty related to the
ongoing recovery from the pandemic. > The EIA outlined that Brent crude oil pricesrose over
the past year as result of steady draws on global oil inventories. The EIA considered that Brent
prices would remain near current levels for the remainder of 2021.

Figure 9. Perth diesel daily average terminal gate price
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Source: Australian Institute of Petroleum, 2022, (online).

Note: ACPL is Australian cents per litre.

The ERA undertook the following approach to derive the reference distillate price:
1. Take the latest Perth TGP (as at 7 January 2022).

2. Remove the GST and diesel excise that would not be paid by local generators.
3. Convertthe cost of distillate from Australian cents per litre (ACPL) to $/GJ.

4. The outputs are shown in Table 3 below.

%9 US Energy Information Administration, September 2021, Short-Term Energy Outlook, (online).
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Table 3. Reference distillate price for Parkeston and Pinjar units
Item | ACPL $/GJ (b)
Ex terminal price (as at 7 January 2022) 2P 147.70 38.26
Ex terminal price less excise °© 103.07 26.70
GST 10.31 2.67
Ex terminal price less GST and excise 92.76 24.03

(a) Australian Institute of Petroleum, 2022, (online).
(b) 1 Litre of diesel fuel is equivalent to 38.6 MJ, (online).
(c) Diesel excise is $0.433/litre from 2 August 2021, (online).

The price of distillate will vary due to fluctuations in world oil prices and refining margins. Over
the coming year AEMO will use prevailing delivered distillate price to Parkeston to reset the
alternative maximum STEM price using the formula determined in this paper (referto section
3.2).

2.4 Heat rate at minimum capacity

Heat rate is a measure of the efficiency of a generator in converting fuel into electricity. The
heat rate is the amount of energy (GJ) used by generator to generate one megawatt hour of
electricity. A lower heat rate implies the generator is more efficient at generating electricity.
For gas turbines the average heat rate decreases as the output level rises.

The WEM Rules require the heat rate to be determined at minimum capacity but do not define
any method for determining this variable. Previous reviews of the price limits until2018 inferred
a distribution for minimum capacity based on observed dispatch of candidate units. The mean
heat rate at minimum capacity estimated in this paper is larger than that estimated for Pinjar
and Parkeston in recent reviews of the price limits.

In 2019 and 2020, AEMO'’s consultant Marsden Jacobs calculated the mean heat rate for the
Pinjar and Parkeston units as functions of average generation output observed in the past. 60
Marsden Jacobs reported a mean heat rate of 20.62 GJ/MWh and 19.19 GJ/MWh for the
Pinjar units in 2019 and 2020 respectively, which were reasonably close to the average heat
rate of these machines at minimum stable generation limit. This result is expected because
the Pinjar units have often dispatched close to their minimum stable generation over the last
few years. Previous reviews of the price limits reported similar heat rates for Pinjar to those
used by Marsden Jacobs. This is explained in Appendix 4.

Marsden Jacobs previously reported average heat rates at minimum capacity of 13.85
GJ/MWh and 15.31 GJ/MWh in 2019 and 2020 respectively for the Parkeston units. However,
these heat rates are | I th < average heat rate for these machines at their
minimum stable generation level of |l Thisresultis expected because the Parkeston units
have often dispatched at output levels that are higher than their minimum stable generation
level and the previous reviews based their estimate of heat rates on observed historica
dispatch. Determining an average heat rate based on observed historical dispatch resulted in
estimates of fuel costs substantially below that expected at the minimum stable generation
level of these units.

60 Marsden Jacobs, 2020, 2020-21 Energy price limits review, Final report, p. 46, (online).
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Setting the price limits based on a heat rate that is substantially higher than minimum stable
generation can result in generators not being able to recover their costs when they are
required to run close to minimum stable generation. When using historical dispatch
information, it is important to consider the calculation uses a reasonable minimum capacity
distribution that is in line with the intention of the price limits.

The ERA drew on methods used in previous reviews of the price limits and made
improvements to the calculation to ensure that the mean heat rate used in the calculation
better reflects the high-cost conditions of the machines typically expected to happen around
the minimum stable generation of plants. AEMO’s consultant previously estimated the
minimum capacity of the generating units based on the lower half of the range of observed
output of these units. To determine the minimum capacity, the ERA has instead considered
observed output levels closer to the Parkeston units’ minimum stable generation level.

The ERA received two heat rates curves from Synergy — for Pinjar A (units 1 and 2) and Pinjar
B (units 3, 4, 5 and 7). The ERA also received an average heat rate curve for the Parkeston

units.
The ERA’s method to determine heat rate at minimum capacity can be summarised as follows:

e Review the historical output level of the candidate machines to infer adistribution for the
minimum capacity of the units. This is generally consistent with the approach adopted in
previous reviews of the price limits and is further explained Appendix 4. However, the
ERA amended the approach to ensure the calculated range for minimum capacity
distribution better reflects the minimum stable generation of units.

e Forthe Parkeston units:

— Assume the minimum capacity is normally distributed with amean of 8.13 MW and
a standard deviation of 3.33 MW. The average of the distribution is comparable to
the units’ minimum stable generation level of |

— Use the distribution of minimum capacity as an inputinto the heat rate curve
provided by Goldfields Power to derive a distribution of heat rates at minimum

capacity.
— The mean of the distribution of the heat rate at minimum capacity is 24.0 GJ/MWh.

This is substantially higher than the mean heat rate at minimum capacity for
Parkeston estimated in previous reviews (15.31 GJ/MWhin the 2020 review).

e Forthe Pinjar units:

— Assume the minimum capacity for Pinjar is normally distributed with amean of 10.1
MW and a standard deviation of 0.6 MW. The average of the distribution is
comparable to the units’ minimum stable generation level of IR

— Use the distribution of minimum capacity as an input into the heat rate curves
provided by Synergy to derive a distribution of heat rates at minimum capacity.

— Choose the higher of the two heat rate distributions provided by Synergy (for Pinjar
A and Pinjar B machines) as this would result in a higher resulting energy price limit
determination. This is consistent with the ERA’s approach as outlined in section 2 to
consider using an input value, among the range of possible values, that would
provide a higher price cap to ensure that generators can sufficiently recover their
costs.

— The mean of the distribution of the heat rate at minimum capacity is 21.5 GJ/MWh.
This is slightly higher than the mean heat rate at minimum capacity for Pinjar
estimated in previous reviews (19.19 GJ/MWhin the 2020 review).
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Thisincrease in average heat rate at minimum capacity for the Parkeston units has contributed
in the Parkeston units becoming the highest cost generator for setting the price limits.

2.5 Loss factor

The loss factor is calculated as the average marginal loss for power injected by a generator
into the transmission network relative to a reference node. The SWIS currently has one
reference node, the Muja 330 kilovolt bus-bar.6*

A loss factor greater than one implies that more electricity is delivered to the reference node
than what was injected into the transmission network. In general, loss factors increase with
demand at a node and decrease with increasing generation at anode. An increase in the loss
factor will reduce the price limits and vice versa (holding all other variables constant).

The WEM Rules require Western Power to annually calculate the loss factor for each
connection point in its network and provide these values to AEMO.%2 Western Power
determined the following loss factorsto apply from 1 July 2021

Table 4. 2021/22 loss factors, Pinjar and Parkeston units
Facility | Loss factor
Parkeston 1.1322
Pinjar 1.0229

Source: Western Power, 2021, 2021/22 Loss Factor Report, (online).

2.6 Risk margin

The risk margin is a measure of uncertainty in the assessment of the mean short run average
cost of a 40 MW generator. The WEM Rules do not specify a method for calculating the risk
margin.

The WEM Rules specify that for the purposes of the formulain clause 6.20.7(b), the mean
VOM cost, mean fuel cost and mean heat rate at minimum capacity are used to determine the
mean average variable cost. As these variables are uncertain, the risk margin is used to
account for their uncertainty.

In previous reviews of the energy price limits, AEMO’s consultant generated distributions of
the variable parameters in the calculation and determine a distribution for the short run
average variable cost to calculate:

e The 80th percentile of the shortrun average variable cost distribution as the price limit.

e The difference between the mean and the 80th percentile of the distribution as the risk
margin.

61 The referencenodeis defined as the Muja 330 kV bus-bar until the new WEM commencementday (which is
currently proposed as 1 October 2023) and the Southern Terminal 330 kV bus-bar after the new WEM
commencementday. Wholesale Electricity Market Rules, 1 October 2021, Chapter 11, “Reference Node”,
(online).

62 Wholesale Electricity Market Rules, 1 October 2021, clause 2.27, (online).
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e The ERA has followed the same approach as previous years in calculating the risk
margin.
It is important to note that the value of risk margin applied changes depending on the spread

of the distribution calculated for the short run average variable cost. This is because the
difference between the mean and the 80" percentile of the distribution can vary depending on

the distribution spread.
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3. Results

There is considerable uncertainty in the variables — such as the heat rate, fuel cost and VOM
cost — that make up the formulato calculate the energy price limits. The ERA has generated
probability distributions for each of the key input variables that are uncertain: fuel cost, heat
rate and VOM costs. This is achieved by conducting Monte Carlo simulations to derive a
probability distribution forthe shortrun average variable cost of the candidate machines based
on the inferred distribution for the uncertain variables. 63

Monte Carlo simulation performs risk analysis by building models of possible results by
substituting a range of values — a probability distribution — for any factor that has inherent
uncertainty. It then calculates results in numerous sampled iterations, each time using a
different set of randomly sampled values fromthe input probability distributions. The ERA used
10,000 simulation iterations in this review.

3.1 Maximum STEM price

Table 5shows the estimates of the inputfactors and the revised maximum STEM price. Figure
10 showsthe estimated distribution of the average variable cost for the Parkeston units, which
this year is assessed as the highest cost generating works in the SWIS.

The revised maximum STEM price is $290/MWh.

Figure 10.  Average variable cost distribution, Parkeston units
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Note: The two vertical markers indicate the mean and 80™ percentile respectively of the distribution.

63 Monte Carlo simulation is a statistical technique that allows for risk in quantitative analysis and decision
making. During a Monte Carlo simulation, values are sampled at random fromthe input probability
distributions. Each setof samples is called an iteration, and the resulting outcome fromthat sample is
recorded. Monte Carlo simulation does thousands oftimes (iterations), and theresultis a probability
distribution of possible outcomes. In this way, Monte Carlo simulation provides amuch more comprehensive
view of what may happen. It explains notonly whatcould happen, buthow likely itis to happen.
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Table 5. Calculation of the maximum STEM price, Parkeston units

Component ‘ Unit ‘ Determined value— | Determined value —
2021 2020

Mean variable O&M cost $/MWh 30.1 110.5

Mean heat rate at minimum capacity | GJ/MWh 24.0 19.2

Mean fuel cost $/GJ 10.1 7.0

Loss factor - 1.1322 1.0274

(l;/:;ar?bﬂ:igr\]e average variable cost $/MWh 241.6 238.9

" . .

ggstpdeigt:r?tr)]ﬂtlii r?f the average variable &/MWh 289.7 267 1

Risk margin % 19.5 11.8

Maximum STEM price $/MWh 290 267

Note:  The values determined in 2020 and 2021 are not directly comparable as the 2020 values are based on
the Pinjar units whereas the 2021 values are based on the Parkeston units.

Note:  Revised values of the calculation components may not result in the maximum STEM price calculated
above due to rounding.

The following differences are observed when comparing the price limits proposed this year to
the price limits determined last year:

e The Parkeston units have replaced the Pinjar units as the highest cost generator for
setting the price limits. This shift is largely driven by two factors:

— The substantial increase in the estimate of heat rate at minimum capacity for
Parkeston (from an average of 15.3 GJ/MWh in 2020 to 24.0 GJ/MWh in 2021).

— The substantial decrease in the estimate of VOM cost for Pinjar (from $110/MWhin
2020 to $40/MWh in 2021).

e The estimated mean VOM cost for the Parkeston units ($30/MWh) is substantially lower
than that estimated for Pinjar last year ($110/MWh). The ERA’s estimate of VOM costs
this year is informed by information received from asset owners. In comparison, AEMO’s
estimate of VOM costs was reliant on information voluntarily provided by asset owners
or available publicly.

e The estimated mean fuel cost component of the calculation is larger than the 2020
estimate. This is mainly due to variance in both the base gas price and gas
transportation cost:

— The fuel cost for Parkeston contains alarger transportation cost ($4.564/GJ) when
compared to fuel transport cost estimated for Pinjar last year ($1.557/GJ).

— The average price of gas used this year ($5.04/GJ) is also larger than that used last
year ($4.09/GJ). The fuel cost input in last year’s review was based on average gas
prices from DMIRS whereas the ERA’s review this year used spot prices from
gasTrading.
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e Theloss factor for Parkeston is generally larger than that for Pinjar. The analysis uses
the loss factor provided by Western Power. The larger the loss factor, the lower the
assessed price cap.

e The average of the distribution of average variable cost for Parkeston this year is slightly
larger than that for Pinjar estimated last year.

e The distribution of average variable cost for Parkeston has a larger range when
compared to that for Pinjar last year. The 80" percentile of the distribution for Parkeston
is 20 per cent larger than the average of the distribution. The risk margin included in the
price cap is larger than that derived last year.

3.2 Alternative maximum STEM price

As per the requirements of the WEM Rules each month AEMO resets the alternative maximum
STEM price according to changes in the price of distillate. This requires an indexation formula
as below:

alternative maximum STEM price = non—fuel component + (fuel-component X
net ex—terminal distillate price)

A linear equation is derived to determine the alternative maximum STEM price as a function
of the net ex-terminal distillate price. To derive the linear equation several values for the
alternative maximum STEM price are determined based on variation in the distillate price. The
calculation of the alternative maximum STEM price uses the same model as that used for the
estimation of maximum STEM price. A linear regression is then applied using the sampled
distillate price as independent variable and sampled alternative maximum STEM price as
dependent variable. This method is summarised as below:

1. Use the same model developed for the estimation of maximum STEM price.
2. Use a range of distillate price as fuel cost input to the model.

3. Determine alternative maximum price as the 80t percentile of the estimated distribution
for the average variable cost of the highest cost generator.

4. Run a linear regression on the range of distillate price used as independent variable and
estimated alternative maximum STEM price as dependent variable to determine fuel and
non-fuel components

5. The slope of the regression line reflects the fuel coefficient of the indexation formula. The
intercept reflects the non-fuel coefficient of the indexation formula.

For clarity, the road freight cost of distillate is not included in the fuel component as it is
considered that this price is largely independent of the price of distillate. The road freight
component is therefore reflected in the non-fuel coefficient.

The revised indexation formula for the alternative maximum STEM price is as below:

alternative maximum STEM price
= 33.627 + 25.426 X net ex—terminal distillate price ($/GJ])

The estimated regression function is shown in Figure 8.
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At the current distillate price of $24.0/GJ, the ERA’s revised indexation formula yields a higher
value for the alternative maximum STEM price of $645/MWh, when compared to $621/MWh
based on the formula determined last year.

Figure11. Proposed alternative maximum STEM price based on range of distillate prices,
Parkeston units
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Appendix 1 The ERA’s obligations under the WEM Rules

The following excerpts from the WEM Rules outline the ERA’s obligations to determine the

energy price limits.

6.20.

6.20.1.

6.20.2.

6.20.3.

Energy Price Limits

The Energy Price Limits are:

(a)
(b)
(c)

the Maximum STEM Price;

the Alternative Maximum STEM Price; and

the Minimum STEM Price.

The Maximum STEM Price is the value published on the WEM Website and
revised in accordance with clauses 6.20.6 and 6.20.11.

Subject to clause 6.20.11, the Alternative Maximum STEM Price is to equal:

(a)
(b)

from 8 AM on September 1, 2006, $480/MWh; and

from 8 AM on the first day of each subsequent month the sum of:

$440/MWh multiplied by the amount determined as follows:

1.

the average of the Singapore Gas Oil (0.5% sulphur) price,
expressed in Australian dollars, for the three months
ending immediately before the preceding month as
published by the International Energy Agency in its
monthly Oil Market Report, or the average of another
suitable published price as determined by AEMO, divided

by;

the average of the Singapore Gas Qil (0.5% sulphur) price,
expressed in Australian dollars, for May, June and July
2006 or, if a revised Alternative Maximum STEM Price
takes effect in accordance with clause 6.20.11, for the
three months ending immediately before the month
preceding the month in which the revised Alternative
Maximum STEM Price takes effect, as published by the
International Energy Agency in its monthly Oil Market
Report, or the average of another suitable published price
as determined by AEMO; and

from 8 AM on September 1, 2006, to 8 AM on 1 September,
2007, $40/MWh, and for each subsequent 12-month period
$40/MWh multiplied by the CPI for the June quarter of the
relevant 12-month period divided by CPI for the 2006 June
guarter or, if arevised Alternative Maximum STEM Price takes
effectin accordance with clause 6.20.11, the June quarter of
the year in which the revised Alternative Maximum STEM Price
takes effect, where CPI is the weighted average of the
Consumer Price Index All Groups value of the eight Australian
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State and Territory capital cities as determined by the
Australian Bureau of Statistics;

rounded to the nearest whole dollar, where a half dollar is rounded up,
with the exception that from the date and time that a revised Alternative
Maximum STEM Price takes effect in accordance with clause 6.20.11,
therevised values supersede the valuesin 6.20.3(b)(i) and 6.20.3(b)(i),
and are to be the values used in calculating the Alternative Maximum
STEM Price for each month subsequent to the month in which the
revised Alternative Maximum STEM Price takes effect.

[Blank]

[Blank]

The Economic Regulation Authority must annually review the appropriateness
of the value of the Maximum STEM Price and Alternative Maximum STEM

Price.

In conducting the review required by clause 6.20.6 the Economic Regulation
Authority:

(@)

(b)

may propose revised values for the following:

i the Maximum STEM Price, where this is to be based on the
Economic Regulation Authority's estimate of the short run
marginal cost of the highest cost generating works in the SWIS
fuelled by natural gas and is to be calculated using the formula
in paragraph (b); and

il. the Alternative Maximum STEM Price, where this is to be based
on the Economic Regulation Authority’s estimate of the short run
marginal cost of the highest cost generating works in the SWIS
fuelled by distillate and is to be calculated using the formulain
paragraph (b);

must calculate the Maximum STEM Price or Alternative Maximum
STEM Price using the following formula:

Variable 0&M Cost + (Heat Rate X Fuel Cost)
Loss Factor

(1+ Risk Margin) X

Where

i. Risk Marginis a measure of uncertainty in the assessment of
the mean short run average cost for a40 MW open cycle gas
turbine generating station, expressed as a fraction;

ii. Variable 0&Mis the mean variable operating and maintenance
cost for a40 MW open cycle gas turbine generating station,
expressed in $/MWh, and includes, but is not limited to, start-up
related costs;

iil. Heat Rateis the mean heat rate at minimum capacity for a40
MW open cycle gas turbine generating station, expressed in
GJ/MWh;
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iv. Fuel Costis the mean unit fixed and variable fuel cost for a40
MW open cycle gas turbine generating station, expressed in
$/GJ; and

V. Loss Factoris the marginal loss factor for a40 MW open cycle

gas turbine generating station relative to the Reference Node.

Where the Economic Regulation Authority must determine appropriate
values for the factors described in paragraphs (i) to (v) as applicable to
the Maximum STEM Price and Alternative Maximum STEM Price.

[Blank]

In conducting the review required by clause 6.20.6 the Economic Regulation
Authority must prepare a draft report describing how it has arrived at a
proposed revised value of one or both of the Maximum STEM Price and
Alternative Maximum STEM Price. The draft report must also include details of
how the Economic Regulation Authority determined the appropriate values to
apply for the factors described in clauses 6.20.7(b)(i) to 6.20.7(b)(v). The
Economic Regulation Authority must publish the draft report on the WEM
Website and advertise the report in newspapers widely published in Western
Australia and request submissions from all sectors of the Western Australia
energyindustry, including end-users, within six weeks of the date of publication.

Prior to proposing afinal revised value for one or both of the Maximum STEM
Price and Alternative Maximum STEM Price in accordance with clause 6.20.10,
the Economic Regulation Authority may publish a request for further
submissions on the WEM Website. Where the Economic Regulation Authority
publishes a request for further submissions in accordance with this clause, it
must request submissions from all sectors of the Western Australia energy
industry, including end-users.

The Economic Regulation Authority must consider in-time submissions on the
draft report described in clause 6.20.9, and any in-time submissions received
under clause 6.20.9A, and may consider any late submissions, and after
considering the submissions must propose afinal revised value for one or both
of the Maximum STEM Price and Alternative Maximum STEM Price.

A proposed revised value for the Maximum STEM Price and the Alternative
Maximum STEM Price replaces the previous value after AEMO has posted a
notice on the WEM Website of the new value of the applicable Energy Price
Limit, with effect from the time specified in AEMQO’s notice.
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Appendix 2 Variable operating and maintenance cost for
the Pinjar units

The ERAreceived Synergy’s estimate of VOM costs for Pinjar, expressed per start of the units.
Synergy also provided the maintenance expenditure costs that underpinned its estimate of
VOM.

In previous reviews of the price limits, AEMO’s consultants developed methods to account for
VOM costs, having consideration for the maintenance planning methods provided by the
original equipment manufacturer of the gas turbines. Generally, the method calculates a
‘levelised’ cost for turbine maintenance expenditures across the operating life of the unit. A
unit operator would be able to recover its maintenance expenditure by including the levelised
cost in its offers to the energy market.

The ERA did not use Synergy’s estimate of VOM costs for the Pinjar units. The reasons for
this are explained further below.

The ERA has used asimilar approach to those used in the previous reviews of the price limits
to estimate VOM costs for the Pinjar units. This approach uses Synergy’s estimate of
maintenance expenditures for Pinjar. This was conducted in two steps:

1. The timing of expected future maintenance expenditures is identified based on the
expected number of starts.

2. Thepresentvalue of maintenance expendituresis calculated and is divided by the present
value of the number of starts.

The above steps provide a ‘levelised’ cost per start. This estimation method is explained
further below.

The discounted cost per start is converted to a discounted cost per MWh of electricity
generated based on the possible duration of short dispatch cycles. The choice of short
dispatch cycles for this conversion ensures the estimated cost per start is spread over a
shorter period of time, and hence, the estimated cost per unit energy generated reflects very
high-cost operating conditions of the units. This conversion approachisthe same as that used
for Parkeston as explained in section 2.2.2. For Pinjar, the conversion method uses
parameters based on the observed operation of Pinjar over the past five years. The derivation
of these parameters is explained in detail in Appendix 2.

Review of underlying maintenance costs

Similar to the approach adopted in previous reviews of the price limits, this paper considers
the following costs as material and includes them in the calculations of VOM costs:

e Variable maintenance costs, which are the cost of conducting periodic maintenance
work required to maintain the generating unitin an efficient and reliable condition. These
costs mainly comprise maintenance service, parts and labour expenses.

e Consumable and waste related costs that include raw water cost, waste and wastewater
disposal expenses, chemical, catalysts and gases, lubricants, and consumable
materials and supplies costs.

According to GE, the turbine manufacturer of both Pinjar and Parkeston gas turbines, there
are many factors —such as dispatch cycle runtime, power setting, fuel, and site environmental

Energy price limits review 2021 — Final determination 38



Economic Regulation Authority

conditions — that influence equipment life.6* GE has developed a maintenance planning
method that accounts for these factors and specifies maintenance schedules based on the
number of ‘factored’ starts (or factored hours, as applicable).6>

Each actual start of the unit contributes to the number of factored starts depending on
operating conditions, as specified by GE. Some dispatch conditions put more mechanical
stress and wear on turbines than other dispatch conditions and bring forward maintenance
works. Others might put less stress on the turbine than a baseline operating condition. Future
maintenance work that is required can be planned having consideration for historical operating
data. This is explained in more detail in Appendix 2.

According to GE’s maintenance planning method, different maintenance works become due
after the specified number of factored starts (or factored hours, as applicable). A full
maintenance cycle is as below:®¢

e combustion inspection (type A) at 600 factored starts

e hotgas path inspection (type B) at 1,200 factored starts
e combustion inspection (type A) at 1,800 factored starts
e major overhaul (type C) at 2,400 factored starts.

The VOM costs for the Pinjar units are driven by the number of starts. This is because the
Pinjar units typically run for short periods of time when started. This is explained in detail in
Appendix 2.57

As shown in Table 6, the ERA received information from GE and Synergy for estimates of
maintenance costs. The ERA compared these costs:

e The cost estimates provided by GE were typical estimates for Frame 6B turbines like
Pinjar and were larger than those provided by Synergy.

e AEMO'’s estimate of maintenance expenditures in recent reviews of the price limits were
larger than those provided by Synergy to the ERA. Jacobs, AEMO’s consultant, last
reviewed maintenance expenditures in detail in 2015 based on information from the
equipment manufacturer.58 After 2015, reviews of the price limits escalated those
estimates based on consumer price index and exchange rate changes.

The calculation of the price limits in this review uses Synergy’s estimate of variable
maintenance expenditures as the basis of the determination of VOM costs. The ERA
considered that Synergy’s estimate as the asset owner better reflect the specific costs for the
Pinjar units.

64 General Electric, 2021, Heavy-Duty Gas Turbine Operating and Maintenance Considerations, GER-3620P
(01/21), (online), pp. 35-36.

6  This planningmethod is based on expected operation of turbines and can be reviewed and adjusted as
specific operating and mechanical status data becomes available.

GE’s manual also advises areplacementofrotor after 5,000 factored starts. Given the expected number
starts for Pinjar, rotor replacementis expected to happen very far into the future in a maintenance cycle. The
presentvalue of costrelated to rotor replacementis negligible and therefore calculations in this paper
exclude this costitem. Recent reviews ofthe pricelimits did notinclude rotor replacement costs.

67 For Parkeston units, hours of operation are the main driver of maintenance costs because these units are
designed to startand stop regularly.

8 Jacobs, 2015, Energy price limits for the Wholesale Electricity Market in Western Australia, p. 33, (online).

66
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Table 6. Comparison of estimates of maintenance and overhaul costs, Pinjar units
| Synergy | €] | AEMO
Source Asset operator | Original equipment manufacturer for Previously conducted
typical Frame 6B turbines the review
Dollar values 2021 2021 2015
as of
Type A [ Not provided 1,348,773
TypeB [ Approximately 350,000 for Frame 6B 4,517,420
turbines
TypeC [ Approximately 850,000 for Frame 6B 4,138,774
turbines
Capital parts | | | For Type B: Approximately $350,000 Overhaul costs above
] for repair of parts or $3 million for new include capital parts
I parts. costs. They assume 75
BN | For Type C: Approximately 480,000 for | Percent of parts are
repair of parts or $3.8 million for new | repaired and 25 per cent
parts. of parts are replaced.

Note: The values provided by Synergy exclude:

(a) expenditure items the ERA considers as fixed maintenance expenditures

(b) rotor replacement, that Synergy estimated to cost |l Given the expected number starts for the
Pinjar units, rotor replacement is expected to happen very far into the future in a maintenance cycle. The
present value of cost related to rotor replacement is negligible and therefore calculations in this paper
exclude this costitem.

Estimation of discounted cost per start

Maintenance stages occur after a specific number of ‘factored’ starts or running hours,
whichever comes first. Therefore, the cost for each start of the machine is accrued in a future
period (i.e. when a maintenance stage actually occurs). When offering to the energy market,
the operator accounts for these expected costs in the future. The operator plans for recovery
of these costs before a maintenance event is due by spreading those expected costs over its
offersto the energy market.

The ERA considered a reasonable way to spread those maintenance costs is to ‘levelise’
those costs per each start of the machine. A levelised cost is a constant cost that the operator
includes in its offers to the energy market to fully recover its VOM costs before those
expenditures are due. Thisis the present value of expe cted future maintenance costs divided
by the present value of the expected number of starts (or number of hours, as applicable)
before amaintenance is due. AEMO adopted this approach to estimate VOM costs in previous
reviews of the energy price limits.

Ideally, the present value of future maintenance expenditures is estimated based on:

e adiscountrate
e the current status of the asset in terms of the last maintenance performed
o the average number of starts per year.

This estimation yields an average discounted cost of starts during the remaining life of the
asset. This method is explained briefly viaa numerical example in the explanation box below.
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Stylised example for the calculation of VOM cost per start

This example calculates levelised variable maintenance costs for Pinjar based on data
available froma previous review of the price limits in 2015.%° For clarity, the calculation
of the price limits in this review uses Synergy’s estimate of maintenance expenditures,
which differsfrom the values used in this stylised example.

The Pinjar units have a maintenance schedule as listed in the table below. The
overhaul cost for each maintenance type is also listed in the table as estimated by
AEMO’s consultantin 2015.

Table 7. Estimated maintenance schedule, Pinjar units, 2015

Overhaul type | Number of starts to trigger overhaul

Cost per overhaul (2015 Dollars)

A 600 1,348,773
B 1200 4,517,420
A 1800 1,348,773
C 2400 4,138,774
Total 11,353,739

Depending on the number of factored starts per year, ns,, the above maintenance
expenditures occur in future periods. Assuming that the machine has just recently
been under maintenance type C and a number of starts per annum, ng, equal to 65,
the cash flow profile of future maintenance expenditures is shown in Table 8.7° For
this example, each start of the machine is on average expected to contribute to 1.07
factored starts for maintenance type A (MF, = 1.07) and 0.68 factored starts for
maintenance type Band C (MFg,; = 0.68).

For simplicity, this example shows a full maintenance cycle schedule that ends with
the maintenance type C.

Table 8. Cash flow profile of future maintenance expenditure

| Year

Maintenance | Maintenance | Factored | 1 9 26 28 44 55
type factor, MF starts

per year,

Mg
A 1.07 70 Ay A, A,
B 0.68 44 B
C 0.68 44 C

An increase in the frequency of starts can increase the number of required
maintenance events during the remaining life of the machine and bring those
expenditures closer in time. That is, an increase in the frequency of starts increases
the present value of future maintenance expenditures. The presentvalue of the cash
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flow profile shown in Table 8is estimated based on a real discount rate of 5 per cent
per annum:

_ $1348773

Present value for expenditure A,:PV, = (14005)° — $869,431

Present value for 65 actual starts per year for 9 years: PVys -9 = 462 starts

The present value of future maintenance expenditures A, is then divided by the
discounted number of starts over the remaining life of the assetto estimate a levelised
cost per start.

PV 4,

Levelised cost for expenditure A;: LC,, = = $1,882 per start

PVgs,t=9

If the generator recovers $1,882 each time it starts the machine it would be able to
recover its maintenance expenditure A, by the time it becomes due onyear nine. This
is because the generator expects to recover 65 x $1,728per year over nine years, for
which the present value is equal to $869,431.

The total levelised maintenance cost, LCy,4;, in this example is the sum of levelised
costs for all expected maintenance expenditures:

LCtotal = LCA1 + LCAZ + LCA3 + LCB + LCC

The calculation of VOM cost is to account for the expected remaining life of the plant
and exclude expenditures that are not likely to occur before the expected end of life
of the generator. The calculation is also to accounts for uncertainty in the number of
future starts.

A Monte Carlo simulation can be developed to accountfor uncertainties in the number
of starts per annum (or any other variable factor), and to derive a distribution for total
levelised maintenance costs per start.

In response to the ERA’s request forinformation, Synergy provided its estimate of VOM costs,
expressed per start of units. The ERA considers that Synergy did not use areasonable method
to estimate its VOM costs, which resulted in Synergy over-estimating its cost per start. The
reasons for the ERA’s determination are as follows:

Synergy did not consider that maintenance expenditures occur in future periods and
instead assumed all maintenance expenditures happenall at once in present time.

Synergy also did not consider that some maintenance works happen more than once in
a maintenance cycle.

Synergy’s estimate did not exclude some maintenance expenditures that are unrelated
to the number of starts or the generation output of the plant. The ERA considers that
maintenance expenditure that do not vary with the generation of the machine must be
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Jacobs, 2015, Energy price limits for the Wholesale Electricity Market in Western Australia — Final report,
Table 3-4, (online).
The original equipment manufacturer applies afactored starts to estimate thetiming of maintenance as

opposedto actual starts ofthe machine. General Electric, 2021, Heavy-Duty Gas Turbine Operating and
Maintenance Considerations, GER-3620P (01/21), (online), pp. 35-36.
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excluded from the calculation of the price limits.”! Previous reviews of the price limits
also did not include fixed operating and maintenance expenditures in the estimation of
price limits.

The ERA estimated VOM costs for the Pinjar units, expressed in dollars per start, using
Synergy’s estimate of variable maintenance expenditures and a variant of the method for
spreading maintenance expenditures over each start of units, as explained above. The method
used did not include any assumption for the expected end of life for Pinjar units. This is
because:

Using an end-of-life assumption may result in Synergy not being able to recover its VOM
costs incurred in prior years, because Synergy did not use an estimation method
consistent with that presented above. The ERA’s analysis showed VOM costs for the
Pinjar units would be negligible if an end-of-life assumption is considered because
hardly any variable maintenance expenditure is likely to occur before the expected
retirement of the units in .
e
|

The ERA does not have any information on the current maintenance status of Pinjar

units. Despite the ERA’s request, Synergy did not provide any information when the last
major maintenance works (types A, B and C) were conducted.

The calculation of VOM costs in this review used:

The method explained above assuming a full maintenance cycle with a duration
determined by the expected number of factored starts per year. 2 This approach is
similar to the approaches adopted by AEMO’s consultant, Jacobs, in previous reviews of
the price limits.”3

A real pre-tax weighted average cost of capital (WACC) of 3.46 per cent per year, to
estimate the present value of expected variable maintenance expenditure. T his is based
on a nominal pre-tax WACC of 5.45 per cent calculated by the ERA.747> The analysis
assumes variable maintenance expenditures remain constant in real terms over future
periods.

A normal distribution for modelling the number of starts with amean of 53.1 starts per
year. The maintenance factor used are 1.07 for maintenance type A and 0.68 for
maintenance type B and C. These are explained in detail in Appendix 2.
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The Reserve Capacity Mechanismin the SWIS allows forincluding fixed O&M costs in the pricing of
capacity credits. ERA, 2020, Market procedure, benchmark reserve capacity price, version 7, paragraph 2.5,
(online).

Forexample, based on an expected 53.1 starts per year the maintenancetype C occursin year % =
67. A simulation iteration with 53.1 starts per year estimates VOM costs assuming a67-year remaining life.

For example, in the 2017 review of the price limits Jacobs assumed Pinjar units were at an average pointin
time across maintenance cycle and spread all future maintenance over a remaining 20year life. In the 2018
review, Jacobs assumed a full maintenance cycle (of 44 years) for Pinjar when estimating VOM costs, as
determined by the expected number of starts. Refer to Jacobs, 2017, Energy price limits for the Wholesale
Electricity Market in Western Australia, p. 30, (online) and ERA, 2018, 2018 Energy price limits decision, pp.
10-11, (online).

The calculation ofreal WACC considered an average inflationforecastof 1.92 per cent per annum using the
Reserve Bank of Australia’s estimated inflation rate. RBA, 5 October 2021, Average annual inflation rate
implied by the difference between 10-year nominal bond yield and 10-year inflation indexed bond vyield,
series ID GBONYLD, (online).

ERA, 2021, Benchmark reserve capacity price for the 2024-25 capacity year — Draft determination,(online).
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Results

For the Pinjar units the estimated average VOM cost expressed as a cost per startis [} In
comparison, Synergy’s estimated VOM cost for Pinjar is |l per start. This revised value

is also lower than the point estimate of maintenance costs of | GG
provided by Synergy to AEMO for the 2020 review of energy price limits. 76

In previous reviews, fuel start-up costs have been factored into the generator's heat rates. In
this review, the ERA has considered the start-up fuel cost as part of the VOM cost.””

Synergy provided that the Pinjar units require |l of gas to start up. Based on a gas price
of | and transmission cost of | (distribution) as explained in Appendix 2, the
ERA estimated an average of | (distribution) of start-up fuel consumption.

The estimated VOM costs per start are converted to dollar per MWh or energy generated
using the method explained in section 2.2.2.

For the review this year, the mean VOM cost for Pinjar is $40/MWh, which is consider ably
lower than the estimate of $110/MWh in last year’s review. The estimation method and main
factors used are summarised in Table 9.

Table 9. Estimate of VOM cost, Pinjar units

Item | Unit Costinput | Notes

Maintenance costs $/start [ As explained above in this section.

Start-up fuel consumption $/start [ ] As explained above in this section.

Estimate of variable inputs such | $/MWh [ | Consistent with estimates in

as water, labour and lubricants previous reviews escalated for
inflation.

Average duration of dispatch per | Hours [ Duration of short dispatch is

start (short dispatch) sampled from a distribution. See
details in Appendix 4.

Mean energy generated per start | MwWh/start | Il Energy generated over a short

(short dispatch) dispatch is sampled from a
distribution. See details in Appendix
4,

Average capacity factor as a % [ ] Capacity factor is estimated based

function of runtime (short on sampled short dispatch duration.

dispatch) See details in Appendix 4.

Mean VOM cost $/MWh 40.2

Source: ERA analysis of Synergy data, 2021.

76 Marsden Jacob, 2020, 2020-21 Energy Price Limits Review — Final Report, p.28, (online).

7 The start-up fuel costcan be factored in either the heat rate, fuel costor VOM costcomponentofthe energy
pricelimitcalculation. The ERA hasincluded itas partof the VOM costas it has considered the start-up fuel
costas a costper start. This is consistentwith the approach adopted indeterminingthe VOM costfor the
Parkeston units in section 2.2.1. Any comparison between the VOM costdetermined this year and historical
VOM costs should consider that previous reviews did notinclude start-up fuel costin the VOM cost.
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The WEM Rules require the ERA to review the method for setting the price limits at least once
every five years.”®7° Energy Policy WA is developing the detailed design for a new market
power mitigation mechanism for the WEM, which covers the price limits. The new mechanism
proposes the ERA to provide offer construction guidelines aiming to provide clarity on the
types of costs that could be included in offers to the energy market.8 Energy Policy WA’s
review and the ERA’s guidelines can provide clarity on the calculation of costs to be included
in the calculation of the price limits and offersto the market.

8 Wholesale Electricity Market Rules, 1 October 2021, clause 2.26, (online).

™ The ERA had commenced this method reviewin 2020 but suspended itdue to its overlap with the State
Government’s Energy Transformation program. ERA, 2020, Review of the methods used to calculate the
benchmark reserve capacity price and energy price limits — Suspension of the method reviews, (online).

EPWA, 2020, Proposal for changes to market power mitigation mechanisms, consultation paper, p. 10,
(online).
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Appendix 3 Energy price limits based on the Pinjar units

This appendix presents the results of analysis for the Pinjar units and compares it to the base
calculations for Parkeston units presentedin section 3.

Delivered gas pricefor the Pinjar units

The ERA determined adistribution for deliveredgas prices for the Pinjar units after considering
Synergy’s expected contract gas price of | I 2d Jacobs’ forecast
based on spot prices from the gasTrading platform, estimated at an average of $5.04/GJ
(undelivered). The ERA also considered Jacobs’ forecast of a distribution of gas transmission
costs to the Pinjar units, which had an average of $1.574/GJ.

The resulting average of the distribution of the delivered gas price for the Pinjar units is
$7.55/GJ, which is higher than the mean fuel cost of $7.03/GJ estimated in the 2020 review.

The ERA considered Synergy’s expected gas contract cost of || I \/hich
was provided confidentially to the ERA. Synergy’s contract gas price | EEENEEIEIEGgGgEE
expected price forecast by Jacobs. To minimise the risk of under-recovery of cost for
generators, the ERA has assigned a higher weight to the gas price source that yields the
highest price limits. This approach is consistent with the ERA’s decision-making principles
explained in section 2.

Gas is delivered to the Pinjar units onthe Dampier to Bunbury Natural Gas Pipeline (DBNGP).
The tariff for delivery on the pipeline is determined by negotiation between the pipeline
operators and gas shippers.8! To account for the uncertainty in transmission costs, the ERA’s
consultant assumed the minimum spot price for full haul on the DBNGP is nhormally distributed
with a mean value of $1.574/GJ and a standard deviation of $0.15/GJ (referto Appendix 9).

Maximum STEM price

Figure 12 shows the estimated distribution of the average variable cost for Pinjar. The Pinjar
units are not the price setter in this year’s review as the assessed maximum STEM price for
Pinjar units is $213/MWh compared to $290/MWh assessed for the Parkeston units.

Table 10 outlines the changes in the underlying parameters of the energy price limits
calculation as based on the Pinjar units.

81 The ERA sets referencetariffs to assistin the negotiation process for reference services, which are the firm

haulage services on the DBNGP and the Goldfields Gas Pipeline. The ERA recently revised the access
arrangementforthe DBNGP for the 2021-2025 period, (online).
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Figure 12.  Average variable cost distribution, Pinjar units
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Note: The two vertical markers respectively indicate the mean and 80™ percentile of the distribution.
Table 10. Calculation of the maximum STEM price, Pinjar units

Component [ Unit Assessed 2020 Variance | Reason for variance

value - 2021 | getermination

Mean $/MWh | 40.2 110.5 (70.3) Significantly lower
variable maintenance and overhaul
O&M cost costs as provided by asset

owner, resulting in a lower
estimate by the ERA of
Pinjar’s variable cost per start.

Mean heat | GJ/MWh| 21.5 19.2 2.4 Amended method for

rate at determining the distribution of

minimum minimum capacity results in

capacity the increase in the mean heat
rate.

Mean fuel | $/GJ 7.6 7.0 0.6 Higher base gas price using a

cost confidential weighted price

based on forecast contract
price as provided by asset
owner and forecast spot price.

Loss factor | - 1.0229 1.0274 (0.005) | Determined by Western
Power.

Mean of the | $/MWh | 198 239 (40) Risk margin varies with

average changes in the range of

variable estimated distribution for

cost average variable cost. The

distribution estimated distribution of
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Component | Unit Assessed 2020 Variance | Reason for variance
value —2021 | determination

average variable cost this year
has a narrower range.

8o™ $/MWh | 213 267 (54)

percentile of

the average

variable

cost

distribution

Risk margin | % 7 12 5) Difference between the mean
and 80" percentile value
changes with changes in the
range of possible values
estimated.

Maximum | $/MWh | 213 267 (56) Resulting change in the

STEM price underlying variables.

Note:  Calculated values may differ due to rounding.

Alternative maximum STEM price

Based on the Pinjar units, the indexation formulafor the alternative maximum STEM price is:

alternative maximum STEM price
= 21.219 4+ (50.589 X net ex—terminal distillate price ($/G)))

The method for deriving the above formulais explained in section 3.2.

Assuming a distillate price of $24.0/GJ, the alternative maximum STEM price is $56 0/MWh
(Figure 13).
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Figure 13.  Proposed alternative maximum STEM price based on a sample of distillate
prices, Pinjar units
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Appendix 4 Operational characteristics of the Pinjar and
Parkeston units

The calculation of VOM costs requires a forecast of dispatch cycle characteristics for the
candidate machines over the planning period — generally the next 12 months.

Similar to the approach developed in previous determination of the price limits, the
characteristics of dispatch cycles over the planning period are forecastbased on the observed
dispatch of candidate machines in recent years. The ERA also considered information
provided by Synergy and Goldfields Power to inform the modelling.

Dispatch cycles are modelled through the following variables:

e The sampled number of starts per year, n;
e The sampled run time between 0.5 and 6 hours, d;, expressed in hours.

e The sampled dispatch cycle capacity factor as a function of run time, cf;(d;), expressed
in percentage.

e Maximum capacity, q,qx, €Xpressedin MW.

where index i indicates a sampled dispatch cycle. The analysis samples a total of I = 10,000
dispatch cycle costs through aMonte Carlo simulation.

Capacity factor is defined as (Equation A4.1):

9
Qmax X d

cf =
The product of sampled maximum capacity, dispatch cycle duration and capacity factor yields
a sample for the energy generated, g;, (expressed in MWh per dispatch cycle) during the
sampled dispatch cycle i. This product is then used to convert the start-up cost expressed in
dollar per start, SCpey s¢are» t0 @ start-up costdenominated in dollar per MWh energy generated,

S Cper mwh *

It is important the Monte Carlo simulation draws samples for the above variables from
distributions that reasonably reflect the future operation characteristics of the candidate
machines during the planning period.

Determination of operating parameters —Pinjar units

The analysis of dispatch cycle characteristics considered the observed dispatch of Pinjar units
between 1 January 2016 and 31 December 2020. The following analysis is conducted to
identify if the use of the whole 5-year observed dispatch datais appropriate for forecasting the
future operation of the candidate machines.

The daily profile for the average output of Pinjar units is depicted in Figure 14. The chart shows
an increase in the average output of these units during early morning hours in 2019 and 2020
when compared to those hours in prior years. After adecreasing trend since 2016, the output
of the units has gradually increased during evening peak demand hours. In previous reviews
of the energy price limits, AEMO’s consultant (Jacobs) found that the average output of the
Pinjar units generally declined after the commencement of the operation of High Efficiency
Gas Turbines in September 2012.
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Figure 14 shows the daily profile of the number of starts across Pinjar units. The units most
frequently start during the evening peak demand hours. In 2020, the number of starts during
peak demand hours increased above that observed in the prior three years. As shown in
Figure 15, the number of starts during peak demand hours was more comparable to that
occurred in 2016. For this reason, the ERA considered the entire five -year sample of number
of starts to forecast the future dispatch cycle characteristics for these units. This accounts for
the possibility of observing the same level of variation in start-up count and energy generation
profile over the future years as that observed in the past five years.

Figure 14.  Average generation per hour of day, Pinjar units, 2016 to 2020
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Source: ERA’s analysis using SCADA data published by AEMO.

Note: shaded areas show the 95 per cent confidence interval for the average output.
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Figure 15.  Start-up count per hour of day, Pinjar units, 2016 to 2020
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Source: ERA’s analysis using SCADA data published by AEMO
The analysis of the Pinjar units’ dispatch cycles since 2016 show that:

e The average duration of dispatch cycles is approximately 5.6 hours.
e The average generation per dispatch cycle is approximately 84 MWh.

About 79 per cent of all dispatch cycles observed are dispatch cycles with aduration equal to
or less than six hours — which in this report are referred to as short dispatch cycles. The
observed dispatch contained dispatch cycles as short as 0.5 hours. The average duration of
short dispatch cycles is approximately 2.9 hours. The average amount of energy generated
per a short dispatch cycle is approximately 37 MWh.

The share of short dispatch cycles from all dispatch cycles is comparable to that observed
between 2013 and 2016 (81 per cent).

For clarity, the entire distribution of the annual number of dispatch cycles (including cycles
lasting more than six hours) is used when determining the discounted VOM costs. This is
because the maintenance intervals are driven by all starts of the machine, rather than short
dispatch cycles only. As explained in the below section, an adjustment is made to the
distribution of actual starts to accountfor the ratio of each actual start that counts as a factored
start. This adjustment converts the sampled annual number of actual starts to a sampled
factored start. The sampled factored starts are then used to determine the timing of future
maintenance cash flows, as explained in Appendix 2.
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Number of starts per year

The ERA’s modelling fits a normal distribution to the number of starts per year, ng, using the
above information. Based on the range of observed annual number of starts, the lower and
upper bound of the distribution are setto 21 and 147 starts per year, respectively.

Figure 16 shows the number of starts per year for each Pinjar unit. Over the study period, the
Pinjar units started between 21 and 147 times a year individually. Over the study period:

e onaverage they started 53.1 times per year.

o the standard deviation of number of starts per year was 31.8.

The ERA’s modelling fits a normal distribution to the number of starts per year, n,, using the
above information. Based on the range of observed annual number of starts, the lower and
upper bound of the distribution are setto 21 and 147 starts per year, respectively.

Figure 16.  Annual number of starts, Pinjar units, 2016 to 2020
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Source: ERA’s analysis using SCADA data published by AEMO

In the 2019 and 2020 review of the price limits, AEMO’s consultant (Marsden Jacobs)
considered average 58 and 54 starts per year, respectively. For its simulation Marsden Jacobs
fitted gamma distributions to the observed number of starts per year for these units. 82 In 2017
and 2018 review of the price limits, AEMQO’s consultant (Jacobs) considered an average of
68.5 and 64.9 starts per year, respectively. Jacobs assumed normal distributions formodelling
the frequency of starts per year.

82 Marsden Jacobs, 2020, 2020-21 Energy price limits review — final report (public), p. 30, (online).
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Number of factored starts

The maintenance cycle described in Appendix 2 is driven by the number of factored starts,
ngs. Each start of the machine contributes to the maintenance cost to a different level
depending on operational conditions during that start. Each actual start of the machine is to
be converted to number of factored starts using a ratio that considers the operationa
characteristics of actual starts. GE refers to the ratio of factored starts to actual starts as a
maintenance factor.

For example, a start and trip from base load would count as eight factored starts (one cycle
for start to base load, plus 8-1=7 cycles for trip from base load) for the maintenance type B.
Therefore, an increase in the frequency of trips from base load operation shortens the
maintenance intervals and thus increases variable maintenance costs related to maintenance
type B. Secondly, part load starts up to 60 per cent of the maximum output of the unit only
count as 0.5 factored starts for the maintenance type B. Part load operation of the unit
therefore extends the maintenance interval for the type B maintenance. The factors driving
the number of factored starts differ between maintenance types.

In previous reviews of the price limits until 2018, AEMO’s consultant (Jacobs) considered a
20 per cent upliftin the number of actual starts (i.e. a maintenance factor of 1.2) to account
for the contribution of actual starts in peaking mode to the number of factored starts. Jacobs
used this 20 per cent uplift to forecast future maintenance cash flows regardless of the
maintenance type.

In 2018, Jacobs reconsidered this calculation of factored starts after receiving feedback from
Perth Energy. Jacobs considered that for the Pinjar units, trips, fail-to-start restarts and low-
load starts — starts with output less than 60 per cent of the maximum capacity — were the main
factors influencing the ratio of factored starts to actual starts. In the absence of information
from asset owners, Jacobs used a maintenance factor of 0.84, which was based on data
available from comparable units in other power systems. 83

The ERA received information from Synergy on its calculation of factored starts for the
combustion inspection maintenance (maintenance type A).

The ERA found that the original equipment manufacturer (GE) recommends a different
calculation method for the number of factored starts for combustion inspection, hot gas path
(type B maintenance) and major overhaul (type C maintenance).8 For example, GE
recommends that a low-load start (less than 60 per cent loading) contributes to 0.5 factored
starts for planning maintenance type B and C. However, low load starts are not a contributing
factor to determining the number of factored starts for maintenance type A.

Over the past five years, 79 per cent of Pinjar starts were low-load starts. This is comparable
to what Jacobs concluded for the period between 2013 to 2017. Given that a substantial
number of Pinjar starts are low-load starts, it is expected the maintenance factor for types B
and C to be smaller than one.

Based on information received from Synergy, the ERA calculated the maintenance factors for
maintenance types A, B and C, as below:

8  Jacobs, 2018, Energy price limits for the Wholesale Electricity Market in Western Australia, p. 29, (online).

Jacobs assumed each actual start of the machine counts as 0.84 factored starts, which is the average of 0.5
ratio applicable to low-load starts and 1.2 ratio applicableto trips and fail-to-start restarts.

GE Power, 2021, Heavy-Duty Gas Turbine Operating and Maintenance Considerations, GER-3620P
(01/21), (online), pp. 35, 36.
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e Maintenance factor for type A maintenance MF, = 1.07
e Maintenance factor for type B or C maintenance MFg,. = 0.680

The simulation converts each sampled actual number of startsto the number of factored starts
using the maintenance factors above:

ngsi(type A) = ng; X MF,
ngs i (type Bor C) =ng; X MFg,c

This provides for identifying the timing of future maintenance expenditures based on the
number of factored starts per year in each simulation iteration i.

Dispatch cycle run time

The annual average dispatch cycle duration for the Pinjar units was between 2.7 and 15.0
hours, as shown in Figure 17. The average duration of dispatch cycles across 2016 to 2020
was approximately 6.1 hours. The relatively short dispatch cycle durations for these machines
result in the number of starts to set the trigger points for running maintenance works. 85

Figure 17.  Annual average dispatch cycle duration, Pinjar units, 2016 to 2020
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Source: ERA’s analysis based on SCADA data published by AEMO

8  As discussed in Appendix 2, the Pinjar turbines are due for maintenance every 600 factored starts or 12,000
factored hours operation, whichever becomes due first. When the average dispatch cycle duration is below
20 factored hours, the number of factored starts sets the trigger pointfor maintenance.
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For the conversion of discounted variable O&M cost expressed in dollar per start to variable
O&M cost expressed in dollar per MWh, the model samples from the distribution of short
dispatch cycles between 0.5 and 6 hours. This ensures the estimated start-related variable
O&M cost is amortised over relatively short dispatch run times and estimated short run
marginal cost reflects high operating cost condition of the machines, as intended by the WEM
Rules.

The model samples from the empirical distribution of short dispatch cycle duration, smoothed
by a kernel-density estimate.8 The empirical short dispatch cycle duration for Pinjar units is

presented in Figure 18.

Figure 18. Empirical cumulative distribution of dispatch cycle duration for short dispatch
cycles, Pinjar units, 2016 to 2020
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Note: the teal step curve shows the empirical cumulative distribution of dispatch cycle duration. The grey line
shows the cumulative kernel-density estimate of the empirical distribution.

The average of short dispatch cycle duration is 2.9 hours. The lower and upper bound for this
distribution are setto 0.5 and 6.0 hours.

8  Kernel density estimation allows for estimating the probabilities associated with each dispatch cycle duration
by smoothingthe observed empirical distribution.
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For comparison, in the 2019 and 2020 review of the price limits, Marsden Jacobs reported an
average of 2.75 and 3.6 hours of operation for each Pinjar shortdispatch event, respectively.8’

Maximum capacity

The maximum capacity of gas turbines varies with air temperature and humidity. An estimate
of maximum capacity for candidate machines is needed to calculate the capacity factor of the
units as per equation A4.1. In previous determination of the price limits, AEMO’s consultant
(Jacobs) derived the maximum capacity of the units fromhistorical dispatch data having regard
for the seasonal time of year. This was to account for variation in the maximum output of units
when running the uncertainty analysis.

This paper uses a constant maximum capacity in the calculations. This is because accounting
for seasonal variation in maximum capacity creates additional computational steps with no
benefit. As explained in section 2.2.2, the sampling of dispatch duration is from the empirical
distribution of dispatch duration and capacity factor. Any variation in maximum capacity is
already captured in the empirical distributions used.

The model sets the maximum capacity of the units to the maximum value observed over the
past five years.

Minimum capacity

The WEM Rules specify that the heat rate is to be determined at minimum capacity. Typically,
the heat rate of gas turbines increases with an increasing rate as the output level of these
machines decreases, making the operation of the plants less efficient. The calculation of heat
rate at the minimum capacity level ensures the calculated price cap covers for extremely high
cost conditions of the machines.

The WEM Rules do not specify how to determine the minimum capacity of the candidate
machines. Gas turbines can operate at very small output levels for short periods of time.
However, inefficiency and mechanical stress during low output periods makes the low output
operation infeasible for long durations. For stable operation, these units must meet at least a
minimum output level. In previous determinations of the price limits, AEMO’s consultant
reviewed the historical output level of the candidate machines to infer a distribution for the
minimum capacity of the units as observed in practice.® The ERA adopted a similar approach
to that conducted in the previous reviews, as explained below, and makes amendments to
improve it.

The ERA’s analysis considered the observedoutputlevel of Pinjar during short dispatch cycles
as a percentage of the maximum capacity of the units. Figure 19 shows the cumulative
empirical distribution of the output level of Pinjar units observed between 2016 and 2020.

The dataused in the analysis is recorded in half -hourly format. This makes the estimate of the
output level of the machines during the first and last trading interval in each dispatch cycle
unreliable. This is because it is not known over what period of time the recorded energy was
generated. To address this issue, previous analyses of the minimum capacity of these
machines assumed a uniformdistribution for the actual duration of the first and last trading

8  Marsden Jacobs, 2019, 2019-20 Energy Price Limits Review — Final Report (public), p. 30, (online) and
Marsden Jacobs, 2020, 2020-21 Energy Price Limits Review — Final Report (public), p. 30, (anline).

8  Jacobs, 2018, Energy Price Limits for the Wholesale Electricity Market in Western Australia — Final Report,
(online).

8 Ibid, p.16.
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intervals having consideration for the ramp up and ramp down rates for these units. 0 The ERA
did not adopt the same approach in its modelling as it would not provide any additional
computation benefit. The ERA’s analysis instead excluded the first and last trading intervals
in each dispatch cycle when determining the output percentage of the units. This ensured the
analysis of the observed minimum output of units would not be distorted by unreliable numbers
estimated for the first and last trading intervals for each dispatch cycle.®!

Figure 19. Empirical cumulative distribution of output level (capacity factor) reached during
short dispatch cycles, Pinjar units, 2016 to 2020
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Source: ERA’s analysis using SCADA data published by AEMO

Note: The grey line shows the cumulative kernel-density estimate of the empirical distribution.

As shown in Figure 19, the minimum capacity of the units observed is approximately 18 per
cent of the maximum capacity. The probability of observing output levels below 18 per cent is
negligible. Half of the observed dispatch levels are below 33 per cent loading.

Previous reviews of the price limits by Jacobs, AEMO’s consultant, fitted a normal distribution
to the lower half of this empirical distribution to infer a distribution for minimum capacity. The
lower half of the above distribution has a mean of 28.1 per cent and standard deviation of 2.6

% Thiswas provided in aconfidential appendix to the ERA as part ofthe review ofthe pricelimits in previous
years.

9L The analysis also excluded any trading interval with less than one MWh output. This was to minimise the
likelihood ofrecording errorto distortresults.
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per cent. The mean of this distribution yields an expected minimum capacity that is close to
the minimum stable generation limit of Pinjar.

Previous reviews of the price limits used the same approach above to infer a distribution for
minimum capacity for Parkeston. However, as explained in the next section, the inferred
distribution mean was substantially larger than the minimum stable generation limit for
Parkeston. This resulted in estimating a lower fuel cost for Parkeston than expected cost
during operation around minimum stable generation for these units. To address this matter,
the ERA’s analysis used the first 10 percentiles of the empirical distribution of output levels for
the candidate units.

Based on the first 10 percentiles of the empirical distribution of output level for Pinjar, the
minimum output level is modelled as a normal distribution with mean of 24.7 per cent of
maximum capacity and standard deviation of 1.39 per cent of maximum capacity. The lower
and upper bounds of the distribution are setto 18.0 and 27.2 per cent of maximum capacity.

For comparison, in 2018, AEMO’s consultant used a normal distribution for the minimum
capacity of Pinjar with a mean of [l per cent and a standard deviation of [ per cent.?2 At
the time, Jacobs found half of Pinjar outputs during dispatch cycles were below JJij per cent of
its maximum capacity. Jacobs also found the minimum output of the plant was around i} per
cent of the maximum capacity of the units.

The average of the resulting distribution of the Pinjar units’ minimum capacity is 10.1 MW,
which is comparable to the minimum stable generation level of | R

Relation between capacity factor and run time

The model accounts for the relation between the expected energy generated from different
levels of dispatch cycle duration. This relation is captured by analysing the historical short
dispatch cycles for Pinjar. Figure 20 depicts the expected capacity factor over a dispatch cycle
as a function of dispatch cycle duration, derived from the historical dispatch of the units.

The model uses the linear line fitted to the historical data to determine the expected capacity
factor subject to the sampled run time. The model then randomly samples from the residuals
of the fitted line, subject to run time, and adds the residual sampled to the expected capacity
factor determined based on the regressionline.

9 Thiswas provided in aconfidential appendix to the ERA as part ofthe review ofthe price limits in previous
years.
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Figure 20. Relationship between dispatch cycle duration and capacity factor, Pinjar units,
2016 to 2020
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Source: ERA’s analysis using SCADA data published by AEMO.

Determination of operating parameters —Parkeston units

This paper used the estimate of VOM costs for the Parkeston units as provided by the asset
operator. Therefore, abottom-up calculation of VOM costs was not needed for the Parkeston
units. Nevertheless, a review of operating characteristics for Parkeston is needed to convert
VOM costs that were provided as cost per start figures to cost per unit of energy generated.
The conversion method isidentical to that used for Pinjar, as explained in the previous section.

The analysis of dispatch cycle characteristics considered the observed dispatch of Parkston
units between 1 January 2018 and 30 July 2020 and information received from the operator
of these units. This choice of historical data was based on information received from the asset
operator that considered the past three years better reflect the future operation of these units.

The following analysis is conducted to identify if the use of the whole available observed
dispatch data is appropriate for forecasting the future operation of the machines.

The daily profile for the average output of Parkston units is depicted in Figure 21. The chart
shows I he average output of these units across all hoursin 2020 and the first
half of 2021 when compared to those in prior years. One of the Parkeston units generally is in
operation to serve an embedded mining load.

Energy price limits review 2021 — Final determination 60



Economic Regulation Authority

Figure21. Average generation per hour of day, Parkeston units, 2018 to June 2021

As shown in Figure 21, the units most frequently start during early hours in the morning
followed by evening peak demand hours. In 2020, the number of starts during early hours in
the morning | that observed in the prior two years.?® The number of starts
during peak demand hours, however, is comparable across observed years.

All three units frequently stop operating during low demand periods in the SWIS when the

balancing price is typically low.
.

Any excess energy
generated is exported to the SWIS. Given the existence of the embedded load, the operation
profile of individual Parkeston units can substantially differ from each other. This is discussed
in more detail in the following sections.

% The 2021 sampledoes notcover acomplete year and henceis nota reliable indicator of the number of

starts for a wholeyear.
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Figure22.  Start-up count per hour of day, Parkeston units, 2018 to June 2021

Source: ERA’s analysis based on SCADA data provided by Goldfields Power.

The ERA’s analysis considered the entire sample of observed dispatch since 2018 to forecast
the future dispatch cycle characteristics. This accounts for the possibility of observing the
same level of variation in start-up count and energy generation profile over the future years as
that observed since 2018. This decision was also informed by information provided by
Goldfields Power.

A possible decrease in the utilisation of the units can decrease the estimate of VOM costs for
these units.

The analysis of Parkeston dispatch cycles since 2018 shows that:

The average duration of dispatch cycles is approximately | . T7his is GG
Il the corresponding value for Pinjar.

The average generation per dispatch cycle is approximately | . 7his is I
I e corresponding value for Pinjar.
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e About I of all dispatch cycles observed are short dispatch cycles. This is
I the corresponding ratio for Pinjar units. The observed dispatch
contained dispatch cycles as short as 0.5 hours. The average duration of short dispatch
cycles is approximately |l The average amount of energy generated per ashort

dispatch cycle is approximately | I

Frequency of starts per year

Figure 23 shows the number of starts per year, n,, for each Parkeston unit. Overall, units GO1
and G03 had more comparable operating profile to each other. Unit GO2 had substantially
fewer starts over the study period.

Over the study period, units GO1 and GO03 started between I times a year
individually:

e Onaverage they started |l times per year.

e The standard deviation of number of starts per year was [JJji}-**

e Unit GO2 started between | times over the study period. The uniton average
started il times a year with a standard deviation of il times per year. | N

Figure 23.  Number of starts per year, Parkeston 2018 to June 2021

Source: ERA’s analysis based on SCADA data provided by Goldfields Power.

Note: data for 2021 only covers the first six-month period of the year.

%  Theseestimates excludethe 2021 period because data for this period only covers the first six months ofthe
year.
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Dispatch cycle run time

The annual average dispatch cycle duration for Parkeston units GO1 and G03 was between
I hours.®° Figure 24 shows the changes in the annual average dispatch cycle
duration over the study period. Table 11 summarises the mean and standard deviation of
annual average dispatch cycle duration and energy generated for each unit separately.

In 2019, unit GO2 started JJj times only, for which the dispatch cycle average duration was

I (han other dispatch cycles across other units and other years.

This contributes to the large variation in the dispatch cycle energy generated for this unit.

Figure24. Annual average dispatch cycle duration (all dispatch cycles), Parkeston units,
2018 to June 2021

Source: ERA’s analysis based on SCADA data provided by Goldfields Power.

Table 11. Annual average dispatch cycle duration and energy generated for the entire
dispatch cycles observed, Parkeston units

Measure o1 |02 |co3
]

#

% As discussed in Appendix 2, the Pinjar units are due for maintenance every 600 factored starts or 12,000
factored operation hours, whichever becomes due first. When the average dispatch cycle duration ofthe
units is below 20 hours, the number of factored starts sets the trigger point for maintenance.

Annual dispatch cycle
duration

Hours Average

Standard deviation
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Unit Measure | Go1 ‘ GO2 | GO03

Annual dispatch cycle MWh Average

energy generated
Standard deviation #

Annual average dispatch % Average
cycle capacity factor

Source: ERA analysis based on SCADA data provided by Goldfields Power.

Despite substantial differences between the operation profile of the units, their average
capacity factors during dispatch cycles were comparable — varying between | G

For the conversion of VOM costs expressed in dollar per start to VOM costs expressed in
dollar per MWh, the model samples from the distribution of duration for short dispatch cycles
between 0.5 and 6 hours. This ensures the estimated start-related VOM cost is spread over
relatively shortdispatch runtimes and the estimated cost reflects high cost operating condition
of the machines.

The model samples from the empirical distribution of short dispatch cycle duration, smoothed
by a kernel-density estimate.®¢ The empirical short dispatch cycle duration for Parkeston units
is presented in Figure 25.

Figure 25. Empirical cumulative distribution of short dispatch cycle duration, Parkeston
2018 to June 2021

Source: ERA’s analysis based on SCADA data provided by Goldfields Power.

Note: the teal step curve shows the empirical cumulative distribution of dispatch cycle duration. The grey line
shows the cumulative kernel-density estimate of the empirical distribution.

%  Kernel density estimation allows for estimating the probabilities associated with each dispatch cycle duration

by smoothingthe observed empirical distribution.
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The average of short dispatch cycle duration is 3.2 hours. The lower and upper bound for this
distribution are setto 0.5 and 6.0 hours.

Maximum capacity

Consistent with the approach adopted for the analysis of the Pinjar units, this review uses a
constant maximum capacity in the calculations for the Parkeston units. This is because
accounting for seasonal variation in maximum capacity creates additional computational steps
with no benefit. As explainedin the previous section, the sampling of dispatch duration is from
the empirical distribution of dispatch duration and capacity factor. Any variation in maximum
capacity is already captured in the empirical distributions used.

The model sets the maximum capacity of the units to the maximum value observed over the
study period.

Minimum capacity

The analysis conducted to determine the distribution of minimum capacity of the Parkeston
unitsis identical to the approach used for the Pinjar units, as explainedin the previous section.
The analysis considered the observed output level of Parkeston during short dispatch cycles
as a percentage of the maximum capacity of the units. Figure 26 shows the cumulative
empirical distribution of the output level of Parkeston units observed between 2018 and 2021.

Figure 26. Empirical cumulative distribution for output level (capacity factor) reached
during short dispatch cycles, Parkeston 2018 to June 2021

Source: ERA’s analysis based on SCADA data provided by Goldfields Power.
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As shown in Figure 26, the minimum capacity of the units observed is approximately [ per
cent of the maximum capacity. The probability of observing output levels below | per centis
negligible. Half of the observed dispatch levels are below i per cent.

The lower half of this empirical distribution has a mean of il per cent of maximum capacity
(approximately | and standard deviation of [Jill per cent of maximum capacity. The
ERA’s analysis initially considered following the practice in previous reviews of the price limits
and use these figures to infer a distribution for minimum capacity. However, the mean of the
minimum distribution inferred is substantially larger than minimum stable generation limit for
Parkeston units. Use of heat rate at such level of capacity under-estimates the fuel cost for
Parkeston when it operates close to minimum stable generation limit.

All of the heat rates used in recent reviews of the price limits used smaller heat rates for
Parkeston units than their heat rate at minimum generation level for these units, which is at |
Il For clarity, use of lower heat rate results in lower estimates for fuel cost.

For comparison, in 2018, AEMO’s consultant assumed a normal distribution for the minimum
capacity of Parkeston with amean of il per cent of maximum capacity (approximately il
Il and a standard deviation of il per cent of maximum capacity. For the 2017 review,
Jacobs used a normal distribution with a mean of il per cent of maximum capacity
(approximately |l and standard deviation of il per cent of maximum capacity.%’ In
the 2019 and 2020 review of the price limits Marsden Jacobs reported the average heat rate
at minimum capacity for Parkeston. The reported heat rates are associated with heat rate at
I o tput levels for these plants, which both are substantially larger than
the minimum stable generation output for these units.

This paper uses the first 10 percentiles of the empirical distribution for the Parkeston units’
outputlevel. Using the first 10 percentiles of the distribution provides adistribution for minimum
capacity for which the mean is reasonably close to the minimum stable generation limit for
Parkeston.

The fitted normal distribution for minimum capacity has a mean of 21.01 per cent of maximum
capacity and standard deviation of 8.61 per cent of maximum capacity. The lower and upper
bound for this distribution is setto 2.71 and 47.8 per cent of maximum capacity, respectively.

Relation between capacity factor and run time

The model accounts for the relation between the expected energy generated from different
levels of dispatch cycle duration. This relation is captured by analysing the historical short
dispatch cycles for Parkeston. Figure 27 depicts the expected capacity factor over a dispatch
cycle as a function of dispatch cycle duration, derived from the historical dispatch of the units.

Consistent with the approach adopted for the Pinjar units, the model uses the linear line fitted
to the historical data to determine the expected capacity factor subject to the sampled runtime
for the Parkeston units. The model then randomly samples from the residuals of the fitted line,
subject to run time, and adds the residual sampled to the expected capacity factor determined
based on the regression line.

97 This was provided in aconfidential appendix to the ERA as part ofthe review ofthe price limits in previous
years until 2018.
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Figure 27. Relation between dispatch cycle duration and capacity factor, Parkeston 2018 to
June 2021

Source: ERA’s analysis based on SCADA data provided by Goldfields Power.
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Appendix 5 Historical price limits and market prices

This appendix presents historical energy price limits.

Figure 28 and Figure 29 depict the historical maximum STEM price and alternative maximum
STEM price since the market commenced.

Figure 28.  Historical maximum STEM price
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Source: ERA’s analysis using AEMO’s published data.

Note: Dates show the month in which the price cap took effect.
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Figure29. Historical alternative maximum STEM price
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Source: ERA’s analysis using AEMO’s published data.
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In recent years the STEM has seldom cleared at the alternative maximum STEM price. Figure
30 shows the number of times the STEM has cleared at the maximum STEM price since the
inception of the marketin 2006. STEM prices cleared at the alternative maximum STEM price
only 10 times during the early months after the commencement of the market.

Figure 30:  Number of times the STEM cleared at the maximum STEM price
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Source: ERA’s analysis using AEMQO'’s published data.

Note: the count shown for 2021 is based on information available as of October 2021.
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Appendix 6 Summary of stakeholder feedback

The WEM Rules require the ERA to publish a draft determination of energy price limits and request submissions from all sectors of WA’s energy
industry within six weeks of publication.’® The ERA published its draft determination on 23 November 2021 and sought feedback from

stakeholders by 31 December 2021.

The ERA received two submissions from Synergy and Alinta Energy.®° Their feedback and the ERA’s response are summarised in Table 12.

Table 12: Summary of stakeholder feedback

Stakeholder | Stakeholder feedback

Synergy Synergy raised the following concerns with the ERA’s draft
determination:

1. Synergy considered that the method used to derive the
undelivered gas price for the Parkeston units is
inconsistent with the method used to derive the Pinjar
units’ gas price. Synergy considers that the underlying
method to determine the undelivered gas price forecast
should be consistent, irrespective of the reference unit.

2. Synergy considered that the ERA’s rationale for
explaining the change in the Pinjar units’ mean VOM
costs compared to last year is incorrect. The ERA’s draft
report explained that the reason for the decrease in
Pinjar's assessed VOM cost since the 2020 review is
due to the ERA receiving “significantly lower
maintenance and overhaul costs as provided by the
asset owner, resulting in a lower variable cost per start”.
Synergy accepted that it provided the ERA with its
estimate of VOM costs, but noted that the ERA did not
use Synergy’s estimate as “the ERA considers that
Synergy did not use a reasonable method to estimate its

‘ The ERA’s response

In response to the points raised by Synergy, the ERA notes the following:

1. In this review, the ERA has adopted the same approach to determine
the opportunity cost of using gas for both Pinjar and Parkeston units.
The ERA considered the best available information to determine the
opportunity cost of gas for each unit. It compared information provided
by Synergy and Goldfields Power on their expected gas costs, as well as
a gas price forecast prepared by the ERA’s independent consultant,
Jacobs. The gas price point estimates for each unit were then modelled
to generate a range of forecast gas prices used to calculate the energy
price limits. This approach recognises the uncertainty inherent in
forecasting and minimises the risk of either of the Pinjar or Parkeston
units under-recovering their supply costs under extremely high-cost
conditions over the upcoming year

2. As explained in Appendix 2, the ERA received a point estimate of cost
per start from Synergy as well as its underlying cost components, such
as maintenance and overhaul costs. These maintenance and overhaul
costs were significantly lower than the costs estimated by AEMO’s
consultants in previous reviews. Consequently, the ERA considers that
the Pinjar units’ variable cost per start was over-inflated in previous

% Wholesale Electricity Market Rules, 1 January 2022, clause 6.20.9, (online).
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VOM costs, which resulted in Synergy over-estimating its
cost per start”.

Synergy suggested that the rationale for the variance in
VOM costs be explained as the ERA’'s assumed VOM
costs being lower in comparison to the prior year.
Synergy also noted the ERA’'s comments in the draft
report on its reasons for not adopting Synergy’s method
to estimate VOM costs. Synergy provided it “notes these
comments raise similar issues to those before the ERB
[Electricity Review Board] and Synergy will await the
ERB’s decision before providing further commentary.”*®

With reference to the following statement in the ERA’s
draft report:

...despite the ERA’s request, Synergy
did not provide any information when
the last major maintenance works
(types A, B and C) were conducted...

Synergy noted that it has reviewed its correspondence
with the ERA relating to the Section 51 information
request dated 2 August 2021 and could not identify
where the ERA has sought historical major maintenance
information from Synergy. Synergy disputed the ERA’s
assertion in its draft report that it failed to provide certain
historical maintenance information requested by the
ERA.
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Stakeholder | Stakeholder feedback ‘ The ERA’s response

reviews.

While the ERA did not use Synergy’s point estimate of start-up costs, it
used Synergy’s estimates of underlying maintenance costs as an input
to the ERA’s method to determine an estimate of Pinjar's cost per start.
The drafting in Appendix 3 of this report has been further clarified to
make this distinction.

The ERA notes Synergy’s comment regarding the pending ERB
decision.

The ERA notes that ltem 15.b. of the section 51 notice requested
Synergy to identify what point in the maintenance plan each Pinjar unit
was, and to provide details of the last inspection conducted, including
the type of inspection, reason it was conducted and timing.

Synergy provided information on the inspection that was most recently
conducted for each Pinjar unit but did not provide information on when
each major inspection — the Combustion Inspection (Type A), Hot Gas
Path Inspection (Type B), and Major Overhaul (Type C) —had most
recently taken place.

100 n 2019, the ERA made an application to the Electricity Review Board (ERB) that it considered Synergy had contravened clause 7A.2.17 ofthe WEM Rules followingits

investigation into Synergy’s pricing behaviour. The ERB reserved its decision and adjourned the ERA’s applicationto adate to be fixed. At the time of drafting this paper,
the ERB had notpresented its decision. Furtherinformation aboutthe ERA’s applicationto the ERB is available online.
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Stakeholder | Stakeholder feedback ‘ The ERA’s response

Alinta
Energy

Alinta Energy expressed concern that the fuel price forecast
of $5.04/GJ (undelivered) in the ERA’s draft determination
may understate fuel prices over the next 12 months because:
1. The 2021 WA Gas Statement of Opportunities (GSOO)
noted that the WA domestic gas market is expected to
be finely balanced, which may leave availability and
prices prone to supply side shocks such as unplanned
outages.'™
2. The Wheatstone facility — with a nameplate capacity of
205 TJ/day — will be on a planned outage during April
2022, which can have a significantimpact on gas supply.
Alinta Energy recommended that the ERA further consider
whether the gas price forecast in the draft determination is
sufficiently high enough to allow generators to recover their
costs. Alinta did not provide an alternative gas price forecast.

The ERA notes that the 2021 WA GSOO considers the potential gas supply
is sufficient to meet gas demand until 2024.2 Even under the ‘Low” scenario
assumption, where no new gas supply is assumed to commissioned, there is
no potential supply gap until 2024. Additionally, gas storage at the Tubridgi
and Mondarra facilities can deliver gas up to an equivalent of 210 TJ/day for
four months. The gas supplied by the Mondarra or Tubridgi facilities would
likely be supplied at a cost near to the prevailing spot market price.

The WEM Rules requires the ERA to review the energy price limits annually.
For the 12-month period relevant for this review, the ERA considers that the
gas price forecast in the draft determination — as determined by the ERA’s
independent consultant — is appropriate.

Secondly, the gas price input into the energy price limits calculation uses a
distribution of gas prices — not just a static average of $5.04/GJ —to model a
range of possible maximum STEM price outcomes.

Thirdly, the inclusion of the risk margin in the energy price limits calculation is
intended to account for the uncertainty in the underlying inputs, such as the
gas price.

Fourthly, the ERA can review the energy price limits prior to the next annual
review if there is evidence that any significant fluctuations in the prevailing
spot gas price over the upcoming 12-month period will prevent generators
from recovering their costs.

101

102

AEMO, 2021, 2021 Western Australian Gas Statement of Opportunities. Market outlook to December 2031 — A report for the natural gas industry in Western Australia,
(online).

AEMO, 2021, 2021 Western Australian Gas Statement of Opportunities. Market outlook to December 2031 — A report for the natural gas industry in Western Australia,

(online). AEMO defines ‘potential gas supply as supply that could be economically offered to the domestic gas market, given forecast p rices, production costs and
domestic market obligations, subjectto the availability of processing capacity and gas reserves. AEMO’s model does notprojecthow much gas will be produced, buthow
much could be produced ifthere was demand at the forecast price.
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Important note about your report

The sole purpose of this report and the associated services performed by Jacobs is for forecasting gas prices for
the Economic Regulation Authority (the Client) suitable to be used in the next Energy Price Limits review in
accordance with the scope of services and terms and conditions set out in the contract between Jacobs and the
Client.

In preparing this report, Jacobs has relied upon, and presumed accurate, information (or confirmation of the
absence thereof) provided by the Client and/or from other sources. Except as otherwise stated in the report,
Jacobs has not attempted to verify the accuracy or completeness of any such information. If the information is
subsequently determined to be false, inaccurate or incomplete then it is possible that our observations and
conclusions as expressed in this report may change.

Jacobs derived the data in this report from information sourced from the Client and/or available in the public
domain at the time or times outlined in this report. The passage of time, manifestation of latent conditions or
impacts of future events may require further examination of the project and subsequent data analysis, and re-
evaluation of the data, findings, observations and conclusions expressed in this report. Jacobs has prepared this
report in accordance with the usual care and thoroughness of the consulting profession, for the sole purpose
described above and by reference to applicable standards, guidelines, procedures and practices at the date of
issue of this report. For the reasons outlined above, however, no other warranty or guarantee, whether expressed
or implied, is made as to the data, observations and findings expressed in this report, to the extent permitted by
law.

This report should be read in full and no excerpts are to be taken as representative of the findings. No
responsibility is accepted by Jacobs for use of any part of this report in any other context.

This report has been prepared on behalf of, and for the exclusive use of, Jacobs’ Client, and is subject to, and
issued in accordance with, the provisions of the contract between Jacobs and the Client. Jacobs accepts no
liability or responsibility whatsoever for, or in respect of, any use of, or reliance upon, this report by any third party.
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1. Introduction

1.1 Overview

From 1 July 2021, the Economic Regulation Authority (ERA) is required to determine the Energy Price Limits
(EPLs) that will apply to the Wholesale Electricity Market (WEM). The EPLs comprise:

e Maximum STEM price — applied in all trading intervals except when distillate-fired generation is required.
e Alternative maximum STEM price — applied in trading intervals when distillate-fired generation is required.

The EPL values are based on the ERA’s estimate of the short-run marginal cost of the highest cost generation
facility in the South West Interconnected System (SWIS) according to the formula:

Equation 1: Dispatch cost formula to determine Energy Price Limits for the WEM

Variable O&M + (Heat Rate » Fuel Cost)
Loss Factor

Dispatch Cost = (1 + Risk Margin) x

The ERA requires a consultant to provide a gas price forecast that will inform the ERA's estimate of the “Fuel
Cost” component of the above formula.

1.2 Scope of work
Economic Regulation Authority have engaged Jacobs to provide a gas price forecast that will inform the ERA on
its estimate of the “Fuel cost” input in Equation 1, which is used to determine the Energy Price Limits in Western

Australia's WEM. Fuel cost in Equation 1 is understood to be the average unit fixed and variable fuel cost for a 40
MW open cycle gas turbine generating station, expressed in $/GJ.

The ERA notes that two methodologies have been used in the past to determine the “Fuel cost” input:

e Projecting the monthly maximum spot prices from the gasTrading Australia website using a standard ARIMA"
time series model.

e Projecting the average quarterly natural gas price in Western Australia available from Department of Mines,
Industry, Regulation and Safety (DMIRS) using a standard ARIMA time series model.

The ERA notes that both methodologies have advantages and disadvantages with respect to their use in the gas
price forecast in the context of the EPL review. Jacobs was engaged by ERA to provide its own forecast of gas
prices.

We were also asked to provide:

e The price at the gas producer's plant gate.

e The cost of transmission from the plant gate to the delivery points at Pinjar and Parkeston Power Stations.
Parkeston transmission costs are to use both covered and uncovered capacity tariffs.

' Auto Regressive Integrated Moving Average
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We were also requested to consider the effects of factors that can alter future gas prices. Examples include new
projects, change in operation of gas storage plants, economic and operational impact of the COVID pandemic,
and changes in domestic gas policy.

1.3 Conventions

Unless otherwise stated, all prices in this report are stated in real June 2021 dollars.
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2. Gas Market Review

Jacobs has conducted a high-level review of Western Australia’s (WA's) gas market as part of the backdrop for its
gas price projection. The main source of the review was the Australian Energy Market Operator's (AEMQ's) 2020
Western Australia Gas Statement of Opportunities (WA GSOO) document. The WA GSOO focuses on the
supply/demand balance in WA's domestic gas market over the coming decade. In contrast, our price projection is
focused over the coming 12-month period and the review was conducted accordingly.

The items covered in the review include:

e Overview of WA gas market.

Impact of COVID.

Supply side developments.

Demand side developments and expectations.

e (as storage.
2.1 Overview

The WA gas market is characterized by large gas fields that are mostly offshore, and primarily supply the global
LNG market. There are a relatively small number of producer/suppliers and large consumers. WA's domestic gas
market is expected to account for 9.8% of the state's total gas use. However, it is the largest gas market relative
to the other Australian States and Territories with power generation, mining and mineral processing accounting
for most of the gas usage (about 96% in total). In contrast only 2% of WA's gas usage is for residential and
commercial customers.

The gas market has traditionally been dominated by confidential longer-term bilateral contracts, with 84% of
gas consumed by large users. Short-term contracting and spot sales are small in volume but expected to increase
as more consumers seek shorter term supply arrangements. The market has a small number of pipelines with
limited spare pipeline capacity and it has also expanded its storage capacity to 78 PJ, via the 60 PJ Tubridgi
storage facility, which was commissioned in late 2017. Total storage withdraw capability is 210 TJ/day, which
represents about 20% of WA's average daily consumption, and the 78 PJ of storage capacity represents 20% of
projected domestic gas consumption for 2021.

The mechanics of market trading are as follows: buyers nominate daily quantities to be injected into pipelines on
their behalf (up to the maximum limit) based on what they intend to withdraw and imbalances are managed by
adjusting subsequent nominations up or down. If cumulative imbalances exceed a threshold, the pipeline may
charge a penalty — on the major WA pipeline, the Dampier to Bunbury Natural Gas Pipeline (DBNGP), the
thresholds are relatively generous.

Shorter-term trades arise when parties want to vary their offtake volumes above maxima or below minima or
avoid penalty payments. This can be done through over-the-counter trades or through exchanges, of which there
are currently three third party exchanges?:

e TheInlet Trading market operated by DBNGP at the inlet to the pipeline, which enables pipeline shippers to
trade equal quantities of imbalances.

2 There are also a number of privately run exchanges for which data is not available.
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e  The gasTrading platform, which enables prospective buyers and sellers to make offers to purchase and bids
to sell gas on a month-ahead basis at any gas injection point. The platform matches offers and bids and the
gas is then scheduled, with subsequent daily adjustments. The market does not settle at a single daily price
but a range of prices reflecting a series of bilateral transactions.

The gasTrading website contains a time series of historical monthly prices and volumes. In past EPL reviews
this has been used as a source for WA gas pricing with the acknowledgement that traded volumes only
represented about 2% of the WA market.

e  The gas trading platform operated by Energy Access Services since 2010. Energy Access has nine
foundational members but usage of the platform is unknown.

The reasons parties may choose to participate in the above alternatives may include preferences to deal directly
with counterparties, their scale of trading, preferred periods of trades (e.g. daily, monthly). There is anecdotal
evidence that the bulk of spot trading is completed bilaterally via master spot agreements, but there is no
publicly available data available to confirm this.

In its 2020 WA GSOO, AEMO acknowledges that the WA gas market is opaque, noting that information about
uncontracted volume on both the supply and demand side is not available, and similarly contract pricing is also
not generally known, other than in the aggregate. This is somewhat in contrast to the gas market on the east
coast where gas is traded more actively and in greater volumes through short-term trading hubs.

2.2 Factors influencing the market outlook
2.2.1 Overview

In its 2020 WA GSOO, AEMO has found that the domestic gas market is expected to be well-supplied until 2026,
under its Base scenario assumptions. Even under the Low scenario, where no new gas supply is assumed to be
commissioned, there is still ample supply until 2025. In addition, gas storage in WA was filled to 85% capacity in
November 2020 according to AEMO. Actual flows from the Mondarra and Tubridgi storage facilities since
November imply current levels are at 57 PJ, which represents 73% of total storage capacity. We would expect
spot gas prices to have low levels of volatility with the storage facilities being relatively full. There may also be an
impact on contract prices with one to two years' duration given the size of storage relative to the domestic
market.

2.2.2 COVID impacts
The main impacts of the COVID-19 pandemic have been assessed by the WA GSOO as follows:

e It has led to an increase in demand for commodities produced by WA such as gold (driven by investor
demand). This in turn is expected to result in an increase in gas demand driven by increased mining activity
that is projected to remain at elevated levels until 2022.

e Gas demand for iron ore mining is also expected to increase over the next five years due to mine closures in
other parts of the world resulting from various issues, including COVID-19 impacts.

e It has resulted in delays of large LNG projects because the pandemic has reduced global LNG demand in an
already oversupplied market putting downward pressure on prices. Projects are assumed to have been
deferred from 2024 into 2027, and from 2026 to beyond 2030.

Effects of COVID-19 on consumption patterns were also investigated, including increased residential demand as
more people work from home. However, the impact on gas demand was found to be negligible.
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In summary, COVID-19 has moderately bolstered gas demand over the short term, which should provide price
support for both contracted and spot gas over the next 12 months.

2.23 Supply side

We have noted above the expected delays to large LNG projects due to the oversupplied global market and
accompanying weak oil and LNG prices. In contrast, a number of domestic-only projects have progressed in their
development, with West Erregulla expected to be available from 2022 with increased production capacity and
Beharra Springs Deep also expected to come online in 2021. These projects are not expected to increase overall
domestic gas capacity but will maintain gas supply from existing projects, which tend to lose production efficacy
over time.

Overall, potential gas supply in the short term is adequate relative to demand. AEMO has assessed potential gas
supply for the domestic market in 2021 at 1,334 TJ/day and this increases to 1,418 TJ/day in 2022 for the Base
scenario.

2.2.4 Demand

Domestic gas demand faces headwinds in some sectors and tailwinds in others. COVID-19 has had an overall
positive impact on domestic gas demand with increasing demand for commaodities such as gold, iron ore, nickel
and mineral sands, at least in the short term. In the gas for power generation sector, gas demand is set to decline
slightly in the short term as gas-fired generation in the WEM is displaced by new large-scale renewable
generation capacity.

Overall gas demand in 2021 reduces from about 1,100 TJ/day in 2020 to 1,068 TJ/day under the Base scenario
and is then expected to increase to 1,080 TJ/day.

23 Evaluation

Our high-level review suggests that for the 12-month outlook period that is relevant for our purpose there do not
appear to be any apparent price shocks, or significant changes in market fundamentals, that may impact spot or
contract gas pricing over this time. The COVID-19 pandemic, which may have contained in it the potential for
such an impact, is expected to have a relatively mild influence on pricing. Its net impact appears to be that of
price support as it has caused an increase in demand for WA's commodities.

The bigger picture is that the WA domestic gas market is expected to be well-supplied until 2026 with potential
for supply shortfall in 2029. There have been some changes to the outlook relative to the 2019 WA GSOQO, in that
enough supply was previously forecast to be available to meet demand until 2029. However, in our view these
changes do not have any particular bearing on the 12-month outlook. Our conclusion is that time-series
modelling for gas pricing over the next 12 months does not need to take into account any exogenous factors
that have the potential to influence gas market pricing outcomes.
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3. Gas Price Forecast

In more recent EPL reviews time series analysis has been used to forecast gas prices over the 12-month period in
which the new EPLs would apply. Two sources of data have been used as the basis of the time series forecasting:

¢ Maximum monthly spot gas prices from the gasTrading website services.

e Average quarterly natural gas price supplied by the Department of Mines, Industry, Regulation and Safety
(DMIRS).

Both time series are presented in Figure 1 from the beginning of 2013 until the latest available data, which is Q4
2020 for the DMIRS data and July 2021 for the gasTrading data. There is more variability in the gasTrading time
series, which represents maximum monthly spot prices. The curious feature of the chart is that the maximum
monthly spot price from gasTrading drops below the DMIRS average contract price from January 2018 and never
exceeds it again, at least until Q4 2020.

Figure 1: DMIRS average quarterly and gasTrading maximum monthly time series
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In the 2020-21 EPL review the feedback from some stakeholders was that spot prices were not representative of
the true fuel costs faced by generators. Supply arrangements under the gasTrading exchange are understood to
be predominately interruptible in nature, whereas the DMIRS price series represents the volume weighted
average of gas sales by producers and is understood to be largely influenced by bilateral contracts, at least some
of which would be for firm gas supply. As a result, the DMIRS time series was used as the basis of the previous
EPL. However, in its final decision the ERA noted that the Market Rules do not require generators to hold firm gas
contracts. By implication, firmness of gas supply is not the determining factor in deciding which time series is the
most appropriate for gas price forecasting for the purpose of setting EPLs.

3 http://www.gastrading.com.au/spot-market/historical-prices-and-volume
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DMIRS time series

Prices under the DMIRS time series are predominantly based on bilateral contracts, some of which are with gas
generators under firm supply arrangements. However, there are some drawbacks in the use of this time series for
the purpose of determining EPLs:

e The bilateral contracts are forward looking in nature and have a built-in premium reflecting expectations of
future gas pricing over the term of the contract. The terms of the contracts can be relatively short in duration,
which would typically be 12 months, or they can span longer stretches of time covering multiple years.

e These price expectations do not necessarily reflect the prevailing opportunity cost of gas for the EPL period
for two reasons:

o The term of most bilateral contracts would not be fully aligned with the EPL period. Most would probably
have some overlap, but the longer duration contracts would have relatively small overlap.

o Price expectations for future periods may not account for price shocks or unforeseen changes in market
fundamentals.

e The DMIRS time series is only released biannually and is already lagging by one quarter at the time of
release. There are a few issues with this:

o Changes in the opportunity cost of gas will not be reflected in a timely manner, with the first price
response in the time series being at best case nine months after a price changing event.

o The magnitude of the price response will be muted as contracts factoring in a recent event would likely
represent a small share of the weighted average of contract prices.

The lagging nature of the DMIRS time series is not so much a risk when gas prices are trending down as the
projected gas price will likely be overstated and will not be a barrier to peaking generators offering capacity into
the market under tight supply conditions for fear of not recovering their fuel costs. The risk manifests itself when
gas prices are trending up and the lagging time series, which may not include the inflection point when prices
start trending higher, significantly underestimates future gas prices.

We are currently at a point in time when the latter risk may materialise for the next EPL review. This can be seen
in Figure 1, where the spot gas price series has trended strongly upwards over the last year and now exceeds the
last recorded price in the DMIRS price series. If the movement in the spot gas price is representative of future
2021 DMIRS price movements, then a time series forecast relying on DMIRS pricing which is truncated in Q4
2020 is likely to underestimate the future price.

Including a risk margin in the EPL analysis somewhat mitigates the risk of understating forecast gas prices.
Another mitigant is making appropriate use of the confidence intervals supplied by the time series forecast by
ensuring these are reflected in the standard deviation of the gas price distribution used in the Monte Carlo
sampling.

gasTrading time series
The alternative to using the DMIRS time series for projecting gas prices applicable in the WEM is the gasTrading
time series. This time series mainly represents spot trades between participants that are interruptible in nature,

although recently the platform has also been facilitating firm gas supply arrangements.

There are a number of issues with this time series:
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e Only about 2% of gas in WA is traded through this platform.

e The depth of the market is unknown, which means that it may or may not be a liquid market. It is also
possible that the liquidity of the market changes over time.

o If this market is liquid, then it would reflect the true opportunity cost of gas and it would be appropriate
to use.

o Ifitisilliquid, then the following behaviour may be expected:
=  Wide spreads between the offer price and the bid price with relatively infrequent trading.
= Attimes of oversupply prices would tend to be depressed relative to a more liquid market.
= Attimes of high demand prices would tend to be elevated relative to a more liquid market.
Jacobs' view is this is the more appropriate time series for the following reasons:
e If the market is liquid then it already reflects the opportunity cost of gas.
o If the market is illiquid then its prices at worst case show the lower boundary of the opportunity cost of gas.

e Itis updated frequently and reflects the range of prices traded in each month, including the maximum price
which is most relevant for the EPL.

e Itis a monthly time series with essentially no lag as trades for the current month are also disclosed.
e Itis responsive to events influencing the opportunity cost of gas.

e Historically the time series has more volatility than the DMIRS series. This means a wider band of uncertainty
in projected gas prices, which mitigates against the risk of underestimating an appropriate gas price as the
80 percentile is ultimately used to determine the EPL.

3.1 Gas price forecast for 2021-22 EPL review

We recommend the use of the maximum monthly price as published on the gasTrading platform for the reasons
mentioned. Our method in forecasting gas prices has been to use a standard time series approach, also making
use of dummy variables to handle historical outliers. We also trialed the inclusion of seasonality in the model, but
this did not produce a good fit to the historical data.

Figure 2 shows the projected gas price based on the maximum monthly price from the gasTrading time series.
The projected price is constant at $5.04/GJ, which is the last price of the time series. We trialed the inclusion of
an exogenous outlier dummy variable, as well as the inclusion of a COVID-19 dummy variable and combinations
of these. The best model fit was achieved by classifying July 2014, June 2015 and November 2015 prices as
outliers and dropping the use of a COVID dummy variable. All of the outlier points represent the largest monthly
downward price movement in the time series, and all are greater than $1/GJ. The best ARIMA model fitting the
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time series was one level of differencing and no auto-regressive or moving average lagged error terms* and using
the dummy outlier as an exogenous variable.

We assume that the projected price is normally distributed, and the confidence intervals in Figure 2 are at 95%
level of confidence. Assuming the EPL projection period is August 2021 until July 2022 yields the following
annual gas price distribution: mean of $5.04/GJ and standard deviation of $0.63/GJ.

Figure 2: Forecast gas price using maximum monthly price from gasTrading time series
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4 The best model fit was assessed using the Akaike Information Criterion (AIC) metric, which combines goodness of fit with the rule of parsimony into

one metric. One level of differencing was used to produce a stationary time series, and then the (p, 1, q) combination with the lowest AIC metric was
chosen as the best fitting model.
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4., Gas transmission costs

4.1 Transmission tariffs

Transmission costs on the two pipelines that will be considered in the EPL review are set by negotiation between
the pipeline operators and gas shipperss. A review of both pipelines led to new prices being established in 2020
and 2021.

411 Dampier to Bunbury Natural Gas Pipeline

The DBNGP is a Covered (regulated) pipeline and tariffs were recently set by the ERA in 2021 to cover the base
tariff. The standard full haul (T1) tariff is applicable to delivery into the Perth region downstream of compressor
station CS9 and the part haul tariff (P1) is for deliveries to the north of CS9s. The P1 tariff also provides rules for
spot trading.

The T1 and P1 tariffs are comprised of two components, a reservation component charged on capacity reserved
and set at 94% of the aggregate, and a commodity component charged on volumes shipped, set at 6% of the
aggregate. The P1 tariff is set according to distance, which is the distance between the inlet point and outlet
point where the shipper has contracted capacity. If there is more than one inlet and/or outlet points, then the
distance is calculated as the weighted average of distance between inlet and outlet points, where the weighting is
determined by the contracted capacity at each point.

Spot capacity is defined as gas transmission capacity on a gas day that is available for purchase. A shipper has to
bid for spot capacity by 15.00 hours the day before and will be notified by 16.00 hours whether the bid has been
accepted. Capacity is allocated to the highest bid, then the next highest until the capacity is sold or all bids are
satisfied.

The shipper must pay the daily spot bid price bid by it for that spot capacity whether or not it uses the spot
capacity.

The operator may set a minimum bid price for daily bids and is not obliged to schedule spot capacity to any
shipper bidding a daily spot bid price which is less than the minimum bid price. The minimum bid price for daily
bids cannot be greater than 115% of the base T1 tariff applying on the relevant gas day.

There is potential for an increased tariff of 200% of the T1 tariff for gas that falls outside the outer imbalance
limit of 20% of the shipper's capacity and outside the accumulated imbalance limit of 8% that has not been
rectified as per the request of the operator. In addition, charges for the overrun of gas is similar to the cost of
spot gas, but unavailable overrun charges are the greater of 250% of the T1 tariff or the highest price bid for spot
capacity. It is expected that a prudent shipper will not pay for any of these increased tariffs.

Based on this, we assume that the T1 tariff will have a value of $1.574/GJ over the 2021/2022 financial year,
which is based on the tariff applicable from 1 July 2021.

4.1.2 Goldfields Gas Pipeline

Capacity on the GGP is partly covered and partly uncovered. Covered capacity amounts to 109 TJ/d with the
current delivery configuration. Uncovered capacity, which relates to pipeline expansions, is estimated to be
approximately 91 TJ/d following an expansion in 2013.

5 The ERA does set reference tariffs (not actual tariffs) for the covered firm haulage services described below.
6 P1 can also occur downstream of CS9 if production and consumption is south of CS9.
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Covered capacity

The covered portion of GGP is understood to be at capacity, and therefore it is unlikely that a spot service could
presently be negotiated.

The regulated tariffs for the covered capacity are shown in Table 1 for the base year together with the total
charge in Kalgoorlie (distance 1378km). The capacity reservation capacity relates to the maximum daily capacity
(MDQ).

Inflation is applied annually according to the following formula (which assumes an X factor of zero).
pt= pe1* (14Y)/(1+Z) * (Sep_CPl-1 / Sep_CPl:-2)
Where:

ptis the relevant charge in the year t in which the adjustment occurs.

pt-1s the charge for the year prior to t-1.

Y is a number no greater than 2%

Zis 0.0114 (1.14% being the forecast annual percentage inflation rate used in the final decision).

Sep_CPI +1is the CPI all groups, weighted average of eight capital cities for the September quarter one
year prior to year t.

Sep_CPl:-2 is the CPI for the September quarter two years prior to year t.

Applying this formula, and assuming a CPl increase of 0.496% per quarter (2.0% pa) and 2.0% for the Y variable
gives an average cost in 2022 of gas transmission to Kalgoorlie of $1.399/GJ in June 2021 dollars.

Table 1: GGP covered tariffs (June 2021 dollars)

Toll Tariff Capacity Throughput Cost at 100%
$/GJ Reservation Tariff $/GJ km load factor in

Tariff $/GJ Kalgoorlie
MDC km (1378 km)
$/GJ

Covered capacity,

2021 tariff 0.118465 0.000718 0.000195 1.376579

Covered capacity, Projected 2022 tariff 0.120345 0.000730 0.000198 1.398887

Average 2021/22 covered tariff 1.387733
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Uncovered capacity

Stakeholder feedback from the last EPL review was to include the Parkeston calculation using the uncovered
tariff, which is more costly than the covered tariff. Table 2 shows the uncovered tariff as reported on the APA
website, and includes a projection into 2022 based on the CPI adjustment formula presented above and then
converted into June 2021 dollars.

Table 2: GGP uncovered tariffs (June 2021 dollars)

Toll Tariff $/GJ Capacity Reservation Cost at 100% load
Tariff $/GJ MDC km factor in Kalgoorlie
(1378 km) $/GJ

Uncovered capacity, 0.39390 0.003000 452790
2021 tariff ’ ’ ’
LIERERE] CE PR, 0.40015 0.003048 459975
Projected 2022 tariff ’ ’ ’
Average 2021./22 4563825
uncovered tariff

41.3 Transmission costs

Based on the practice in the last EPL review for dealing with uncertainty in transmission costs the final
distributions are as follows:

e For DBNGP full haul, the estimated minimum spot price ($1.574/GJ) converted into a range by adding a
normal distribution with a standard deviation of $0.15/GJ.

o For the covered capacity of GGP the estimate at 100% load factor is $1.388/GJ, which is converted into a
range by adding a normal distribution with a standard deviation of $0.15/GJ.

e  Forthe uncovered capacity of GGP the estimate at 100% load factor is $4.564/GJ, which is converted into a
range by adding a normal distribution with a standard deviation of $0.15/GJ.

4.2 Daily gas load factor

There is uncertainty associated with the daily load factor applicable to gas turbines, and in our view this is best
modelled as a distribution rather than being represented as a static number.

Our suggested probability distribution used to represent the uncertainty of the daily gas supply load factor is
shown in Figure 3. The mode of the continuous distribution is at 95% with an 80% confidence range between
80% and 98%. There is a 0.005% probability of a value at 60%. The mean of the composite daily load factor
distribution is 89.91%. This approach had been used in reviews from 2013 to 2018.

In the past, assessed changes to this distribution have been quite small. When the Balancing market was
introduced in 2013 this distribution did not change materially and ACIL Tasman (who carried out this assessment
for the 2013 review) noted that the re-bidding process introduced by the Balancing Market did not eliminate the
risk of a peaking generator over-estimating its spot gas requirement for the next day. In light of this, Jacobs
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recommends that the daily load factor distribution be locked in for future reviews unless there is a change in spot
gas arrangements relating to peaking generators in the WEM.

Figure 3: Capped lognormal distribution for modelling spot gas daily load factor uncertainty
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