Clean Energy

Investor Group
50 Camberwell Road Hawthorn East VIC 3123

10 November 2022

Michael Gatt

Executive General Manager Operations
Australian Energy Market Operator

By email: Michael.Gatt@aemo.com.au

Dear Mr Gatt,

Market Ancillary Service Specification - final Determination

The Clean Energy Investor Group (CEIG) would like to provide feedback on the Australian
Energy Market Operator (AEMO)’'s Market Ancillary Service Specification - final
Determination (the MASS final Determination) published in October 2022.

CEIG represents domestic and global renewable energy developers and investors, with
more than 11GW of installed renewable energy capacity across more than 70 power
stations and a combined portfolio value of around $24 billion. CEIG members’ project
pipeline is estimated to be more than 18GW. CEIG strongly advocates for an efficient
transition to a clean energy system from the perspective of the stakeholders who will
provide the low-cost capital needed to achieve it.

KEY POINTS

CEIG is concerned about the decision to cap registered capacity based on peak

active power and remove the '2 x average time response’ calculation

e CEIG disagrees with AEMO on the impacts of the ‘multiplier effect’ problem raised
by AEMO in its May-22 MASS Issues Paper.

e The inherently fast-responding nature of BESS operators in the Very Fast FCAS
markets provides additional value to the network when they address frequency
deviations within the same enablement period.

o Other market operators (e.g. PJM in USA) account for this additional benefit by
incorporating a ‘Benefits Factor’ within their clearing process;

o CEIG believes this is currently represented in the value calculation '2 x average
time response'.
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e BESS operators have to assess the opportunity cost of operating in one FCAS
market versus another because the amount of energy available to a BESS is limited
during a 60s period (unlike a conventional generator).

o Other market operators (e.g. PUM in USA) account for this through a Lost
Opportunity Cost;

o The value calculation ‘2 x average time response' partly accounts for this in the
absence of a Lost opportunity cost compensation in Australia.

e Even if a BESS may be able to be registered for amounts higher than the FCAS
Contingency Capacity, it is physically impossible for ‘double dipping’ to take place.

Capping the compensation that can be received by FCAS providers could
negatively impact the energy transition
e AEMO’s decision could limit the FCAS revenues that new and existing BESS
investments can receive by up to ~50% (vs. existing eligibility).
o As NEM rules have not kept up with BESS technologies, FCAS revenues are
currently critical to deliver economic returns that support the business case for
BESS investment.

e Under those degraded economic settings, BESS investment could slow down
materially.
o AEMO'’s decision could create a major hurdle for the significant storage
investment task outlined in the ISP (46GW/ 640GWh by 2050) and the
decarbonisation of the electricity system.

e The State governments’ ability to achieve their generation and storage targets (and
their timelines) could be hindered and it could make auction/ grant programs more
expensive because of the degraded BESS business case, with this higher cost being
borne by energy consumers.

e AEMO’s decision could also make the energy transition more risky, more volatile
and more uncertain since there will be less storage devices in operation in the NEM
ahead of thermal plant retirements.

CEIG’s alternative solution: use of multiplier factor
e CEIG’s preferred option includes:

o AEMO to remove the requirement to cap registered capacity based on peak
active power;

o AEMO to add a multiplier factor to DUID-specific attributes of FCAS providers
(similar to MLF) that would describe the ratio of ‘reactive power/ registered
[contingency / regulation] power’ to give AEMO a more reliable view into actual
active power available.

o AEMO to retain the compensation for FCAS services at ‘2x average time
response’; and

o reform to be implemented in time for an October 2023 start.
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CEIG welcomes the creation of the Very Fast FCAS markets

In addition to being core to dispatchable renewables in a net zero world, Battery Energy
Storage Systems (BESS) are ideally placed to deliver Very Fast Frequency Control
Ancillary Services (FCAS) and CEIG welcomes the creation of the Very Fast FCAS
markets. CEIG thanks the AEMO for its work to-date to implement the AEMC’s rule
change by amending the MASS specification.

CONCERN AROUND CAPPING OF REGISTERED CAPACITY

Description of FCAS ‘multiplier effect’

In its Issues Paper', AEMO describes the FCAS ‘multiplier effect”
AEMO has previously identified emerging issues with the legacy FCAS measurement
approach based solely on a time average of energy. With the appearance of highly
responsive Ancillary Service Facilities, this measurement approach raises the possibility
that measured FCAS volumes (in both registration and verification following delivery)
can exceed the actual capacity provided to the power system. As a simple example,
consider a 30 MW switched load Ancillary Service Facility operating at full capability (i.e.
switches from 30 MW to O MW) at one second from FDT. The existing Fast FCAS
methodology will value this as 2 x AVG (0,30,30,30,30,30) = 50 MW. The Ancillary
Service Facility, therefore, is permitted to be registered at 167% of its capacity as FCAS.
AEMO refers to this as the FCAS ‘multiplier effect.

It is imperative that the replacement capacity (i.e. the FCAS quantity injected) equals the
lost capacity (i.e. the lost generation or load). While accelerated FCAS responses are
useful, and the total injected energy is important (and especially energy injected prior to
the frequency nadir), it does not avoid the fact that the power system must be balanced
for frequency to be arrested. If a significant portion of the FCAS procured is not actual
capacity but comes from this ‘multiplier effect’, this can adversely impact power system
security.

While this problem exists for all Contingency FCAS, Very Fast FCAS makes it even more
important to address the issue. In the conditions where Very Fast FCAS is needed, the
power system will be under higher stress and any deficit in actual FCAS delivery is
emphasised.

AEMO s, therefore, proposing to modify the FCAS assessment and registration process
as follows:

« A cap will be applied to the maximum registered ancillary service capacity for all FCAS
markets based on the actual peak active power change. (...)

Concern around capping of registered capacity and removing the '2 x average time
response’ value calculation

CEIG is concerned about AEMO’s decision published in the draft and final MASS
Determinations to cap the maximum registered ancillary service capacity for all FCAS
markets based on peak active power.

TAEMO, MASS Issues Paper (May-22) pp.46-47
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CEIG disagrees with AEMO on the impacts of the ‘multiplier effect’ problem raised by
AEMO in its May-22 MASS Issues Paper:

The current registration methodology adequately accounts for the performance of a
BESS as per the current registration requirements. A BESS’ capacity to deliver the
regulation services at a rate that is sufficient to address the frequency deviation
quickly provides additional value to the network, which is represented in the current
value calculation. Other market operators such as PJM in the United States, account
for this additional benefit by incorporating a ‘Benefits Factor’ within their clearing
process — akin to the ‘2 x average time response’ mechanism;

It is appropriate for a BESS to be compensated for participation in FCAS markets at
levels that are higher than 100% of their capacity: a BESS will supply the necessary
volumes to address the regulation event and in doing so increase its ‘Lost Opportunity
Cost’; and

Unlike a conventional generator, the amount of energy available to a BESS is limited
during a 60 second period. As a BESS can respond faster than a conventional
generator in the O to 6s timeframe, BESS operators currently have to assess the
opportunity cost of operating in one FCAS market versus another and decide which
market to participate in (see Charts 1- 2). For example, if a BESS ramps up quickly to
participate in the 6s market, this comes at an opportunity cost of being less able to
participate in the 60s market. The same issue will be true when the Very Fast FCAS
comes in.

Chart 1: Response time to frequency disturbances - comparison of BESS and
conventional generator

Battery
responds 15 .
faster than AN
a generator ‘

Source: Canadian Solar
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Chart 2: Ability to provide FCAS in 60s period - comparison of BESS and conventional
generator
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Source: Canadian Solar

Therefore, whilst a BESS may in fact be able to be registered for amounts higher than the
FCAS Contingency Capacity, it is physically impossible for ‘double dipping’ to take place.

It may therefore be argued that the ‘2 x average time response’ compensation afforded
to BESS’s is in fact a ‘make whole’ payment for partially or entirely foregoing participation
in 60s markets or other markets.

This view is further supported by the overseas ancillary service market design experience
(see Figure 3). Leveraging the Regulation market as an example, PJM ensures
compensation is available to Regulation providers for the foregone revenue or increase in
costs relative to the energy market.
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Figure 3: ‘Lost Opportunity Cost’ compensation available to Regulation Services providers

Lost Opportunity Cost (RegLOC)

e ReglOC —is the foregone revenue or increase in costs relative to the

energy market for providing regulation.

— Uses min (price schedule, max(available cost schedules))

— Calculated only for resources providing energy along with regulation service

— Calculated only for pool scheduled regulation resources

— Is SO for DR, and self-schedule and Non-Energy Regulation resources

— Can only be positive, else zero

— Calculated only within Eco limit range
* Economic Minimum to Economic Maximum range

— ReglLOC is a component of the Regulation Market Clearing Price

PIM©2017 12

Source: PUM Independent System Operator

05/24/2017

This is also applicable to BESS operators in Australia: as illustrated by the Hornsdale
Power Reserve BESS on the 29" of April 2022, BESS technologies are required to
(partially) cycle (i.e., charge / discharge) during suboptimal trading intervals relative to the
underlying energy spot price (see Figure 4).

Figure 4: Hornsdale Power Reserve — Regulation services
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Specifically, the correlation between Raise Regulation MWs delivered and the underlying
energy spot price is approximately 18%, whilst the correlation between Lower Regulation
MWs delivered and underlying energy spot prices is approximately 23.5%, implying

opportunity costs are also being faced by BESS operators locally.
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Extending this reasoning to Contingency FCAS, to be enabled for a Contingency Market,
a BESS must have enough (active power) capacity available for a given enablement
window (i.e., 2, 6, 60 seconds), therefore requiring BESS operators to charge/ discharge
- often uneconomically - in order to ensure Contingency FCAS enablement. This is further
supported by PJM’s inclusion of opportunity cost payments available for synchronous
reserve providers, therefore also ensuring compensation for lost opportunity cost for
Contingency services.

CEIG therefore argues that, in the absence of Lost Opportunity Cost Compensation in
place, as is the experience elsewhere in the world, the ‘2 x average time response’
capacity registration not only adequately provides market incentives/ signals to BESS
operators (and investors), but it also serves as a proxy Lost Opportunity Cost
Compensation to BESS owners, ensuring the secure operating state of electricity
markets.

CEIG also notes that it is common practice in overseas markets for FCAS remuneration
to be based on ‘2 x average time response’; this is in recognition of deadband being two
sided which means that the inherently-fast responding nature of Very Fast FCAS
providers does indeed provide added value in the instance of frequency signal oscillations
within the same enablement period (see Figure 5)

Figure 5: PJM - Assigned Regulation and Regulation Range requirements
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Exhibit 7: Assigned Regulation and Regulation Range requirements

Source: PUM Manual 12 - Balancing Operations (effective date 1/10/2022), Exhibit 7

In the context of a regulation set point, PUM effectively ensures two-sided Assigned
Regulation, effectively providing a ‘buffer’ as it relates to variability relative to any set
points, adding additional system security.

Summary of problem assessment

Considering the ‘multiplier effect’ is effectively ‘static’ and known to AEMO at the time of
registration, CEIG finds that the decision to cap registered capacity based on peak active
power is heavy-handed and will disproportionately impact BESS revenue.
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Similar to Marginal Loss Factor (MLF) ‘standing data attributes’ available to NEMDE in
optimizing generator offers, CEIG considers that a ‘multiplier factor’ may instead be added
to the already-existing Dispatchable Unit Identifiers (DUID)-specific attributes of
regulation/ contingency FCAS providers, more elegantly linking ‘active power’ to
‘registration capacity’ within each applicable FCAS market.

Compensation that can be received by FCAS providers could decrease by 50%

The NEM’s market design, rules and regulations have not kept up with BESS technologies’
ability to provide a wider range of services than conventional generators. Markets that
remunerate those services in the NEM do not exist yet and their implementation remains
years away based on the status of the Post 2025 Electricity Market Design project. BESS
technologies cannot yet rely on additional revenue streams (and may not for many years
to come).

Future business models for BESS are also unclear due to the slow progress around other
critical reforms such as Transmission access and Capacity mechanism reforms.

As a result, BESS currently heavily rely on FCAS revenues to deliver economic returns
that support the business case for the private sector to invest in those technologies.

Modelling conducted for Canadian Solar shows that the decision to cap the maximum
registered ancillary service capacity for all FCAS markets based on the peak active power
could have significant adverse impacts on BESS economics, with FCAS revenues
reducing by up to ~50% (vs. existing eligibility). See attachment 1 for more information on
the modelling.

Consequence 1: under those degraded economic settings, BESS investment could
slow down materially

AEMQO’s decision to cap the registered capacity based on peak active power will limit the
FCAS revenues that new and existing BESS investments can receive compared to what
they would be eligible for under the existing requirements.

This significant negative impact on BESS economics could act as a disincentive to BESS
investment due to the current strong reliance on FCAS revenues and the lack of any other
major revenue source, at least in the short to medium term. BESS investment could show
down materially, placing the energy transition at risk.

In its 2022 ISP, AEMO has quantified the scale of energy storage required between now
and 2050 as “46 GW / 640 GWh of dispatchable storage, in all its forms”. AEMO’s
decision could create a major hurdle for this significant storage investment task. It could
make the decarbonisation of the electricity system more challenging to achieve and could
add to the existing labour and supply chain pressures.

To support the fast and efficient decarbonisation of the NEM, the implementation of all
rule changes and State programs should push the NEM in the same direction and should
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foster investment in new BESS, at pace. This amended MASS specification would
significantly detract from this important effort.

Consequence 2: the State Governments’ ability to achieve their targets could be
hindered

The 3 largest NEM States have all put in place storage targets and/ or financial support
through auction or grant programs to encourage investment in grid-scale storage
systems. This investment is critical to ensure that there is sufficient supply in the grid
ahead of thermal plant planned retirements, and to guard against any
earlier-than-expected retirements.

In addition, the Commonwealth Government has set a renewable energy target of 82% by
2030 which will require large investment in grid-scale generation, storage devices and
other firming technologies.

AEMQO’s decision to cap the registered capacity based on peak active power could have

negative consequences:

o the State and Commonwealth Governments may not be able to meet their storage and
renewable energy targets respectively, and theirs stated timelines for doing so;

o the degraded business case for BESS investment could make auction programs more
expensive as BESS proponents would seek a higher subsidy, with this higher cost
being borne by energy consumers; and

e having less storage devices in operation in the NEM ahead of thermal plant retirements
could make the energy transition more risky, more volatile and more uncertain.

CEIG’S ALTERNATIVE SOLUTION: MULTIPLIER FACTOR

CEIG’s alternative solution to capping registered capacity based on peak active power
CEIG believes that there are more flexible ways to amend the rules to address the
‘multiplier effect’.

CEIG’s preferred option includes:
¢ AEMO to remove the requirement to cap registered capacity based on peak active
power;

e AEMO to add a multiplier factor to DUID-specific attributes of FCAS providers (similar
to Marginal Loss Factor (MLF)) that would describe the ratio of ‘reactive power/
registered [contingency / regulation] power’;

o The NEM Dispatch Engine (NEMDE) already includes Dispatchable Unit
Identifiers (DUID)-specific attributes for each asset (e.g. individual MLF). CEIG
believes that, for each FCAS provider, AEMO could investigate using a unique
multiplier factor for each relevant asset (instead of capping registered capacity
based on peak active power).

o Using the multiplier factor would give AEMO a more reliable view into actual active
power available.
= Explanatory example: The proposed multiplier factor for a 100MWac BESS

which is registered for 57MWs of contingency but only has 41IMWs of active
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power change would be calculated as: 57/41 = 1.390. NEMDE would
warehouse this standing data attribute (calculated for that particular DUID -
one for Load & one for Generation) and when using it, would know that the
relationship between registered MWs and active power change MWs can be
brided by 1.390.

e AEMO to retain the compensation for FCAS services at ‘2x average time response’.
o This is in recognition of the services provided by BESS’ and in the absence of
compensation for those services (‘benefits factor’ and ‘lost opportunity cost’);
CEIG notes that the current compensation methodology is aligned to overseas
markets.

CEIG agrees that system security is important and should not unnecessarily be
compromised; however, this alternative solution could help to soften the broader
economic implications of the more blunt decision to cap registered capacity based on
peak active power. This is particularly true in the context of BESS participants already
having to weigh the opportunity cost of participating in an FCAS market as demonstrated
above.

Finally, the achievement of the energy transition over the next decade relies on fast and
efficient registration processes. It will be important for AEMO to ensure that it has
sufficient and adequate resources to support the proposed changes to the MASS
specification (e.g. registration of new assets and re-registration of existing assets). This
was initially mentioned by Akaysha Energy in its submission, and it is supported by CEIG.

Next steps and timing

Option 1 (preferred): individual multiplier factor implemented by Oct-23

CEIG’s preference is for AEMO to consider removing the requirement to cap registered
capacity based on peak active power and implementing CEIG’s alternative solution
instead: use of an individual ‘reactive/ registered power’ ratio.

The amended MASS specification would be published as soon as practicable and be
implemented by October 2023.

This would minimise any negative impacts on BESS economics at a crucial time and any
risk of a downtime in BESS investment in 2022-23. To avoid impacting investor
confidence, AEMO would also communicate its decision on this issue promptly.

CEIG is aware that the MASS final Determination has just recently been issued, and that
the Very Fast FCAS market is scheduled to be in operation in October 2023 which places
pressure on the timing of any solution that seeks to re-prosecute the MASS specification.
However, we think it would be worth considering whether there are any practicable ways
to genuinely consider CEIG’s alternative solution.

Option 2: individual multiplier factor implemented at a later date
If it is not possible to amend the MASS specification in time for an Oct-23 implementation,
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AEMO could consider committing to implementing CEIG’s alternative solution within one
year of implementation (i.e. by Oct-24 or similar date). It would be important to keep this
date as close to Oct-23 as possible to minimise any negative impacts on BESS
investment.

CEIG looks forward to engaging with AEMO on those issues. Our Policy Director Ms.
Marilyne Crestias can be contacted at marilyne.crestias@ceig.org.au if you would like to
further discuss any elements of this submission.

Yours sincerely,
5 MM .

Simon Corbell

Chief Executive Officer and Chairperson
Clean Energy Investor Group Ltd

W: WwWWw.ceig.org.au

cc: MASS.consultation@aemo.com.au
Akeelesh.Kusrutsing@aemo.com.au
paul.johnson2@aemo.com.au
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ATTACHMENT 1- OVERVIEW OF REVENUE MODELLING
A bankable-third party forecaster undertook the revenue modelling of a sample
70MW/140MWh BESS in NSW for FY2024-2044 inclusive.

Key assumptions include:

e 1cycle per day (maximum 2 cycles per day) subject to a cumulative cycle limit of 7,300

cycles over the BESS’ useful life;

e ‘Central’ assumptions for forward energy, regulation, and contingency prices
scenarios. Actionable grid augmentations as per 2022 final ISP;

e Round-trip efficiency — 85%;

e Degradation (State of Health)- first 3 years at 4% p.a.; then 1.5% p.a;
e Regulation Raise / Lower: 100% of faceplate capacity for generation DUID; 94% of

faceplate capacity for Load DUID;
e Contingency Raise / Lower (6 sec) — 76%;
e Contingency Raise / Lower (60 sec) — 57%;
e Contingency Raise / Lower (5 min) - 57%
e TuOS-$%$0

Based on the assumptions outlined above, detailed revenue modelling was undertaken,

as depicted below:
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5min Raise Revenue
mmmm 60sec Lower Revenue
mmmm AEMO Costs
Energy Costs
Additional Energy Revenue from 5-min trading
Upside FCAS Contingency events (average)
e $/MWh Installed (profit annual basis)

Source: Confidential bankable third-party market advisor

Raise Regulation Revenue
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mmm Certificate Costs
mmmm Network Cost (not incl demand charges and site fixed charges)
mmmm | reg Energy Cost
mmmm Upside Energy Contingency Events (average)
Energy Costs Benefit from 5-min trading
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Based on the independent modelling summarised, FCAS revenues constitute
approximately ~82% of all revenues available to this example BESS.

Based on the currently application calculation methodology for FCAS Capacity (shown
below), and assuming a 70MW BESS with a droop of 1.7% and a deadband of 0.25Hz, the
following is observed:

3.2. Calculation of the FCAS capacity

As per clauses 7.1, 7.2, 8.1, 8.2, 9.1 and 9.2 of the MASS, and using the principles and settings
described in Section 3.1, the maximum ancillary service capacity is calculated using the formula

below:
i i 1 (min (FB,FR)-D)
Contingency FCAS capacity = 100 * ;———x {min (FB. PR~ = «C
2100 # L (MIN@0S-015)
1.7 50

= 20.6 Mw
Where

FR is the absolute value of the difference between 50 Hz and the raise or lower reference
frequency.

The calculated maximum FCAS capacity is rounded down to the closest integer and is therefore
equal to 20 MW.

Source: AEMO

| A B & | D E F G H | J
1| Battery
2 Capacity 70 MW
3 Droop p 7/ %
41 Deadband 0.25 Hz
| *Time Average calculated from deadband controller activation (last zero measurement) + 6s
6 -CAS Contingency Capacity 20.6 2xTime Average 2xTime Average FCAS Revenue Loss
7 20.6 33.0 160%
8 | FCAS Time Linear Time  Frequency (RHS) Linear Ramp (LHS) Battery (LHS)
98| -1.2 0 50.000 0.0 0.0
10 | -1 0.1 49.988 0.0 0.0
1 -1 0.2 49.975 0.0 0.0
12 -0.9 0.3 49.963 0.0 0.0
13 -0.8 0.4 49.950 0.0 0.0
14 -0.7 0.5 49.938 0.0 0.0
15 -0.6 0.6 49.925 0.0 0.0 )
16 | -0.5 0.7 49.913 0.0 0.0
17 | -0.4 0.8 49.900 0.0 0.0
18 | -0.3 0.9 49.888 0.0 0.0
19 | -0.2 1 49.875 0.0 0.0
20 -0.1 11 49.863 0.0 0.0
21 0 132 49.850 0.0 0.0
22 0.1 13 49.838 0.0 0.0
23 0.2 1.4 49.825 0.0 0.0
24 | 0.3 1.5 49.813 0.0 0.0
25 | 0.4 1.6 49.800 0.0 0.0
26 | 0.5 1.7 49.788 0.0 0.0
27 | 0.6 1.8 49.775 0.0 0.0
28 | 0.7 19 49.762 0.0 0.0
29 | 0.8 2 49.750 0.0 0.0
30 0.9 21 49.737 0.4 1.0

31 4 2.2 49.725 0.8 2.1

Based on a 60% loss in Contingency Capacity and assuming ~82% of revenues are
FCAS-sourced; then 82% * 60% = ~50% aggregated revenue loss can be expected in this
example.
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