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1 Background

The ISO introduced policy changes to the way that storage resources are
modeled in the market during the energy storage enhancements stakeholder
initiative. Most of the policy developed for storage resources was done at a time
when there was very little storage participation in the market, and it was done in
anticipation of a large influx of storage resources. Today, there are more than
5,000 MW of storage resources participating on the grid and changes are needed
to the legacy models in place to adapt to the needs of the stakeholders using the
existing models and discovering where improvements can be made.

One aspect of the energy storage enhancements stakeholder policy included
changes to how the state of charge was modeled in both the day-ahead and real-
time markets for regulation. The proposal was an attempt to better reconcile the
modeled state of charge with the reality of how state of charge changes for
storage resources that receive energy and regulation awards. The policy also
sought to address an operational concern where storage resources were
becoming unable to respond to automatic generator control instructions when
receiving ancillary service awards for multiple consecutive hours.

This solution was originally intended to be implemented with the spring 2023
software release. However, when changes to the state of charge equation were
made in the testing environment negative prices for regulation down were
detected, which is not supported by rules specified in the tariff. In response to
these findings the ISO chose not to release this aspect of the software changes
during the spring 2023 release.

The ISO plans to host a workshop to review different alternatives that could be
implemented in the future. These changes may be implemented as soon as Fall
2023.

2 Policy Alternatives

As a quick reference this provides very high level implementation alternatives:

e (ESE Proposal) Model impact from regulation on state of charge
o Introduces an intertemporal connection between energy and
regulation services
o Canresult in negative regulation prices
e (Envelope Equations) Use envelope equations to limit regulation awards
o Concept developed in the DAME initiative
o Expand into the real-time market
o May be more restrictive than the status quo model
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o Need a process to develop multipliers
o May need to consider application in real-time
¢ (No Change) Do not update current/planned constraints on storage
o May not meet address initial concerns from policy
o Could allow additional time to develop more robust solutions

3 Modeling State of Charge

The energy storage enhancements initiative proposed to update the state of
charge equation from the definition currently used, described in equation 1, to a
new equation, described in equation 2. The current equation only includes
impacts from energy schedules, and — when charging — considers resource
specific round-trip efficiencies. The proposed updates to the equation retains the
existing parameters, but also introduces additional parameters that incorporate a
fractional impact from regulation awards on state of charge.

Today, state of charge for a storage resource is governed by the following
formula:

S0C;, = S0C;,—y — (P + 1R (1)
Where
SOC; ¢ State of charge for resource i at time t
Pl(t) Discharging (+) or charging (-) instruction for resource i at time t
n; Round trip efficiency for resource i

This equation states that state of charge changes as the resource receives
dispatch instructions. For example, if the resource receives an award to
discharge 60 MW during a specific hour in the day-ahead market, the state of
charge for that resource will be 60 MWh less at the end of the hour compared to
the start of the hour. Further, if the storage resource is awarded a charging
schedule for 60 MW during a specific hour, that resource will have 60 MWh * n;
of additional state of charge at the end of the hour compared to the start of the
hour. A typical round trip efficiency might be around 85%, making the increase in
state of charge 51 MWh, or 60 MWh * .85.

This equation does not consider ancillary service awards. For example, if a
resource is awarded 60 MW of regulation up for a specific hour without an energy
award, this equation assumes that the resource will have the same state of
charge at the beginning and end of the hour. In practice this will not be true. In
the real-time market, resources that receive regulation awards receive 4-second
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automatic generator control (AGC) instructions from the market. In aggregate in
real-time, the resource will certainly have less state of charge than at the start of
the hour. However, the exact amount of state of charge is uncertain and will
depend on real-time system conditions.

The proposal will also help to ensure that charging or discharging schedules do
not exceed physical limits of the storage resource while determining the state of
charge during any particular interval.> The proposal is to update the model
governing state of charge in the day-ahead and real-time markets to the following
formula:

SO0Ciy = S0C; ¢4 — (Pl(:) + TIiPi,(t_) + W RU; e — #szDi,t) (2)
Where
RU; Regulation up awarded to resource i at time t
RD; Regulation down awarded to resource i at time t
U Multiplier, applicable for a specific hour

This formula denotes energy awards as P, where this value can be positive,
representing discharge awards, or negative, representing charge awards.

Discharge awards only impact the formula in the Pi,(t” term, and the values for
this term are positive and reduce the state of charge. Charge awards only
impact the formula in the Pi,(t_) term, and the values for this term are negative and

increase the state of charge. Values for both regulation up and regulation down
awards are positive.

This formula illustrates that state of charge, in any interval, is a function of the
state of charge in the previous interval, the energy dispatch instructions during
the previous interval and a fraction of the regulation awards in the previous
interval. The proposal notes that only the fraction u of the full amount of
regulation will factor into the state of charge for the next interval in the real-time
or day-ahead market. This multiplier will be specified in a business practice
manual and may be updated as analysis drives updates of actual regulation
awards and impacts to state of charge. This multiplier may be different for each
hour for regulation up and regulation down.

1 Business Practice Manual for Market Operations, p 353:
https://bpmcm.caiso.com/Pages/BPMDetails.aspx?BPM=Market%200perations.
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3.1 Original ESE Proposal

Implementing the changes that were developed in the energy storage
enhancements policy would include updating the state of charge equation from
what is outlined in equation 1 above to the definition of what is included in
equation 2. Equation 2 links the state of charge for a storage resource with
awards for regulation up and regulation down. This has a potential consequence
of negative market prices for regulation because of the implications on state of
charge.

With the changes applied to the state of charge equation, the model understands
that a storage resource bidding $0/MW for regulation down also gets an
additional benefit of increased state of charge. The model then understands that
state of charge can be sold later in the energy market. This can result in
negative market clearing prices, just incentivizing the marginal storage resource
to provide these regulation services and sell energy at prices that materialize
later in the day. These mechanics for setting prices for regulation down are not
as straightforward as typical negative marginal energy prices observed on the
grid today because of the intertemporal nature of the relationship between
regulation prices at one time and energy prices later.

Because regulation down awards increase state of charge, it is unlikely that the
original proposal from energy storage enhancements would result in frequent
negative prices for regulation up. In fact, regulation up prices could be higher
than without the change because the market would now consider that regulation
up awards would reduce state of charge and therefore would reduce the amount
fo energy that a storage resource could sell later in the day. Negative regulation
down prices would be most likely to materialize in the peak solar hours, when
energy prices were also lowest, and negative regulation down prices would be
unlikely during peak load hours of the day, because there would be no
opportunity to sell the additional energy charged at sufficiently high prices.

In order to implement the original proposal from the energy storage
enhancements policy, the ISO may need to either allow for negative regulation
prices or limit regulation prices to be zero. The latter could make price
verification difficult.

3.2 Envelope Equations

In the day-ahead market enhancements initiative, the ISO developed guardrails
for state of charge via the envelope equations applied in the day-ahead market,
to account for resource awards for imbalance reserves. Envelope equations
estimate a reasonable upper bound and a reasonable lower bound for what state
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of charge could be if a resource was awarded imbalance reserves during a
specific hour. The imbalance reserves would impact the upper and lower limits,
as would energy awards, but would not impact the state of charge equation for
storage resources. Imbalance reserves are a product developed to anticipate
potential differences in demand between the day-ahead forecasts and real-time.
Imbalance reserves ‘earmark’ potential energy in the day-ahead timeframe to
accommodate for these differences.

The envelope equation outlined in the day-ahead market enhancements proposal
is outlined in Equation Set 3. These equations estimate a hypothetical upper
bound for storage resources and a hypothetical lower bound for storage
resources, and tracks these values over time. These values create an envelope,
or boundary, for state of charge. Once the hypothetical state of charge reaches
the lower or upper limit of the resource, then the market will schedule the
resource to charge or discharge prior to scheduling any additional imbalance
reserves that could potentially cause the hypothetical value to exceed the limit.?2

soc® =soc®, — ENS —n, EN; +n; AIRD, IRD;; < 50C,,

,t—1

3)
o _ Q) ) ) (
soc;, =Soc;,_, — EN;” —n; EN;,” — AIRU, IRU;; = SOC;,

Where:

SOCi(?) Upper envelope for state of charge for resource i at time t

AIRD, Adjustable multiplier applied to downward imbalance reserves to
calculate the upper envelope for state of charge at time t

IRD; ¢ Downward imbalance reserve award for resource i at time t

S0C;, Upper limit for state of charge for resource i at time t

AIRU, Adjustable multiplier applied to upward imbalance reserves to
calculate the lower envelope for state of charge at time t

IRU; ¢ Upward imbalance reserve award for resource i at time t

SOC; ¢ Lower limit for state of charge for resource i at time t

The envelope equations ensure that the upper envelope is always at or above
the modeled state of charge and that the lower envelope is always at or below
the modeled state of charge. This implies that if the state of charge is at a
resource’s maximum, then the upper envelope will also be at the maximum. The
same is true for the lower limit and the minimum. When the values for the upper

2 The initial values for both the upper and lower state of charge would be the actual initial state of charge
in the day-ahead market.
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and lower envelopes are both at limits, the state of charge of the resource is
uncertain and will prevent further use of the resource.

Several examples of how the envelope equations function can be found in the
day-ahead market enhancements paper.®

This paper suggests that a possible alternative to previously proposed changes
to the state of charge equation could be an expansion of the envelope equations
to include regulation up and regulation down. Prior to development of the day-
ahead market enhancements policy these envelope equations could simply
accommodate regulation up and regulation down awards, as outlined in Equation
4.

SOC}}‘) = sociflt‘ll - ENl-(; ) _ ENif; )+ n; ARD, RD;, < SOC;,

_ 4)
soct? =soc - ENSY —n, ENS — ARU, RU > SOC;

Where:

ARD; Adjustable multiplier applied to regulation down to calculate the
upper envelope for state of charge for resource i at time t

RD; Regulation down award for resource i at time t

ARU; Adjustable multiplier applied to regulation up to calculate the lower
envelope for state of charge for resource i at time t

RU; ¢ Regulation up award for resource i at time t

It is necessary to determine what the multipliers would be set to prior to
implementing these envelope equations. Because the purpose of these
functions is to estimate a hypothetical upper and lower bound, the ISO suggests
that a 90" or 95™ percentile of the amount of an ancillary service award that gets
converted to energy could be considered for a starting point. This would provide
bounds for state of charge that would capture actual state of charge almost all of
the time, and it would exclude very significant outliers.

Implementing the envelope equations in the day-ahead and residual unit
commitment markets would take the place of revising the optimization’s state of
charge equation. Further, there may not be a need to develop real-time
envelope equations because ancillary service procurement is rare in real-time.
Although, this should also be discussed further.

3 Day-ahead market enhancements: http://www.caiso.com/InitiativeDocuments/RevisedFinalProposal-
Day-AheadMarketEnhancements.pdf.
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4 Next Steps

The ISO will host an in person workshop and teleconference on August 3. The
ISO is seeking feedback on direction for future development for the storage
model for resources receiving regulation up and down awards. There will be an
opportunity to provide written feedback in comments to the ISO after the
workshop.
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