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March 31, 2023 
 

The Honorable Kimberly D. Bose 
Secretary 
Federal Energy Regulatory Commission 

888 First Street, NE 
Washington, D.C. 20246 
 

Re: California Independent System Operator Corporation 
 
Energy Storage Enhancements Tariff Amendment  

 
Request for Waiver of Notice Requirement 
 

Docket No. ER23-____-000 
 

Dear Secretary Bose: 

 
The California Independent System Operator Corporation (“CAISO”) submits 

this tariff amendment to implement the first phase of the CAISO’s energy storage 

enhancements stakeholder initiative.1  This tariff amendment consists of four distinct  
sets of tariff revisions: (1) providing storage resources with opportunity costs when they 
receive an exceptional dispatch to hold a state of charge; (2) enhancing storage 

resources’ day-ahead default energy bids to include opportunity costs; (3) requiring 
storage resources to submit real-time energy bids to cover day-ahead ancillary service 
awards; and (4) clarifying that the CAISO will consider the impact regulation awards 

have on energy storage resources’ state of charge.2  Together, these enhancements 
will help improve the performance of storage and ensure reliability in the CAISO.   
 

These tariff amendments require substantial software enhancements for the 
CAISO.  The CAISO respectfully requests the Commission issue an order by June 1, 

                                              
1  The CAISO submits this filing pursuant to section 205 of the Federal Power Act (“FPA”), 16 
U.S.C. § 824d.  Capitalized terms not otherwise defined herein have the meanings set forth in the 
CAISO tariff, and references to specific sections, articles, and appendices are references to sections, 
articles, and appendices in the current CAISO tariff and as revised or proposed in this filing, unless 
otherwise indicated. 

See CAISO Final Proposal on Energy Storage Enhancements, available at 
http://www.caiso.com/InitiativeDocuments/FinalProposal-EnergyStorageEnhancements.pdf.  

2  Each set of tariff revisions is severable.  The CAISO has filed them together for administrative 
efficiency and because they resulted from the ESDER initiative. 

http://www.caiso.com/InitiativeDocuments/FinalProposal-EnergyStorageEnhancements.pdf
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2023, accepting the proposed tariff revisions to be effective no later than November 1, 

2023.  This will provide the CAISO and market participants sufficient time to prepare for 
implementing these changes.  The CAISO requests authorization to notify the 
Commission of the effective date of the tariff changes within five days of 

implementation.3  The CAISO requests that the Commission grant any and all waivers 
that might be necessary to approve the CAISO’s proposed tariff revisions effective as 
proposed herein, including any necessary waivers of Rules 35.3 and 35.11 of the 

Commission’s Rules and Regulations.4  Such waivers are appropriate in the event the 
actual effective date for the proposed tariff provisions turns out to be more than 120 
days after the date of this filing.   

 
I. Opportunity Costs to Hold State of Charge 
 

 A. Background 
 
 Energy storage resources can receive an exceptional dispatch unique to 

storage: hold state of charge.  The CAISO may instruct storage resources to hold their 
state of charge to ensure storage resources have sufficient charge later in the day and 
during peak demand.  Although the CAISO day-ahead and real-time markets send 

accurate pricing signals and schedules to ensure storage resources discharge during 
peak demand, storage is a new technology that the CAISO nonetheless already relies 
on to meet peak demand.5  At times, the CAISO may need to issue exceptional 

dispatches when concerned that real-time price signals may inadvertently drain storage 
resources and make them less available when the CAISO system needs them most. 
 

 The CAISO recognizes that its current settlement rules for exceptional 
dispatches do not account for storage resources’ holding a particular state of charge.  
Compensation for traditional exceptional dispatch is based on a “bid or better” 

paradigm where resources receive compensation for energy delivered in response to 
exceptional dispatch instructions at the higher of bid prices or prevailing market prices.6  
This ensures resources receive compensation at least as great as their marginal costs 

to provide energy.  But an exceptional dispatch to hold state of charge essentially is a 
dispatch of 0 MWh, and the product of 0 and any price is $0.  The storage resource 

                                              
3  The CAISO has included an effective date of 12/31/9998 as part of the tariff records submitted in 
this filing. The CAISO will notify the Commission of the actual effective date of these tariff records within 
five business days of implementation in an eTariff submittal using Type of Filing code 150 – Report. See 
California Independent System Operator Corp., 172 FERC ¶ 61,263 (2020). 

4  18 C.F.R. §§ 35.3 and 35.11.  

5  The CAISO included a detailed explanation and supporting data of how operators dispatch 
storage resources in California Independent System Operator Corp., Tariff Revisions to Extend Minimum 
State of Charge Requirement, pp. 3-6, Docket No. ER23-1485-000 (March 28, 2023).  

6  See Section 11.5.6 of the CAISO tariff. 
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misses the opportunity to participate in the real-time markets and it does not receive 

compensation for the exceptional dispatch.   
  
 B. Proposed Tariff Revisions 

 
 The CAISO proposes to implement a new settlement calculation tailored to 
storage resources’ receiving exceptional dispatches to hold a state of charge.7  This 

compensation will be based on an opportunity cost methodology that accounts for the 
revenues the resource would have received had it participated optimally in the market.  
The CAISO will provide this opportunity cost during the exceptional dispatch and for 

the rest of the operating day to account for altering the resource’s ability to participate 
in the real-time markets.   
 

 For each exceptional dispatch issued to a storage resource to hold state of 
charge, the market will compute two counterfactual values.8  The first will be the 
revenue maximizing energy dispatch the resource would have received if there was no 

exceptional dispatch in place, and the second is the revenue maximizing energy 
dispatch the resource would have received if the exceptional dispatch remains in place.  
The CAISO will then compare the counterfactual values.  If the resource could have 

made additional revenue if the exceptional dispatch was not in place, then the resource 
would receive the difference between the two as an additional uplift payment for the 
day.  If it would not have received additional revenue, then it would receive no 

additional uplift.  The CAISO has included examples of this calculation in Attachment 
D.9 
 

The CAISO’s tariff revisions also include clarifications to storage resources’ bid 
cost recovery calculation to account for these new exceptional dispatch settlement 
rules.  The purpose of bid cost recovery is to ensure resources recover their costs 

when the markets do not provide sufficient revenues.10  Bid cost recovery is a daily 
calculation accounting for each resource’s total costs and total market revenues.  The 
CAISO nets day-ahead bid costs and revenues separately from real-time bid costs and 

                                              
7  Proposed Section 11.5.6.1.2 of the CAISO tariff.  Moving to a particular state of charge (alone, 
or before holding that state of charge) will still be compensated under current exceptional dispatch rules 
because the resource has a MWh amount the CAISO can multiply against the bid or price, thereby 
compensating the resource.   

8  Counterfactuals in the real-time market will be based on imbalances from day-ahead schedules, 
similar to typical real-time settlement practices.  The CAISO will calculate the resource’s opportunity 
costs based on its master file characteristics, bids, state of charge, day-ahead schedules, and the 
applicable locational marginal prices. 

9  Pages 18-20. 

10  See Section 11.8 of the CAISO tariff.  Bid cost recovery is a complex calculation.  The CAISO 
has simplified the instant explanations because it is not changing its bid cost recovery policies except to 
account for this new type of exceptional dispatch compensation. 
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revenues.  For example, a resource could receive an award to provide energy at a 

price below its bid cost to provide that energy.  The resource would receive (1) its 
market revenues based on the product of the energy provided and the locational 
marginal price and (2) an uplift payment for bid cost recovery to account for the 

difference between the resource’s market revenues and bid costs.   
 
Bid cost recovery calculations exclude exceptional dispatch energy revenues 

because they are not market revenues11 and because the “bid or better” paradigm 
ensures the resource recovered its costs in those intervals.12  But both of these 
premises do not apply to the CAISO’s proposed opportunity cost payment for storage 

resources’ holding a state of charge.13  That calculation accounts for what would have 
been the resource’s market revenues.  As such, the CAISO proposes to include those 
revenues in its bid cost recovery calculation.14  Without accounting for those revenues, 

storage resources may receive excessive uplift payments through bid cost recovery. 
   
The Commission should approve these tariff revisions as just and reasonable.  

They account for the unique nature of storage resources and compensate storage 
resources fairly when they receive an exceptional dispatch to hold their state of charge.  
Although the CAISO aspires to reduce the use of exceptional dispatches, resources 

should receive adequate compensation when they respond to them.  The CAISO’s 
proposal accomplishes this for storage resources. 
 

II. Default Energy Bid Enhancements 
 
 A. Background 

 
 Over the last two years, the CAISO has included energy storage resources in 
the market power mitigation process.15  When this process detects a storage resource 

may exercise market power, it replaces the resource’s energy bid with a default energy 
bid representing the resource’s marginal energy costs.  Because storage resources 
have unique cost components, the CAISO allows them to use a default energy bid 

calculation tailored to storage resources.16  

                                              
11  In other words, they did not receive their schedules from the market optimization, but manually 
from CAISO operators. 

12  See Section 11.8.4.2.1 of the CAISO tariff. 

13  Again, moving to a particular state of charge would be treated like a conventional exceptional 
dispatch, and the revenues will continue to be excluded from the bid cost recovery calculation. 

14  See proposed Section 11.8.4.2.1 of the CAISO tariff. 

15  See California Independent System Operator Corp., 177 FERC ¶ 61,051 at PP 10 et seq. 
(2021).  

16  They can also use other calculations if they believe those calculations will better represent their 
costs.  Id. at P 10 n. 16.  See also Section 39.7.1 of the CAISO tariff. 
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 The storage default energy bid consists of two components in the mitigation 
process in the day-ahead market: (1) energy costs and (2) variable operations costs.  
In the mitigation process in the real-time market, the CAISO also considers a third 

component: (3) opportunity costs.17  The CAISO then sums the first two components 
and takes the higher of that sum or the third component.18  It then includes the 
standard ten percent adder19 to represent the storage resource’s marginal energy 

costs—absent the exercise of market power—thus comprising a just and reasonable 
generated bid.   
 

This filing addresses only the opportunity cost component of the calculation.  
The CAISO only calculates this component in the real-time market.  The real-time 
opportunity cost calculation includes the value to the storage resource from not running 

during a particular interval and saving stored energy until a later time when prices are 
higher.  The CAISO uses the lowest price of energy during the highest priced period 
over which the resource could have discharged, based upon the price from the day-

ahead market at the relevant price node on the trading day.  This represents the price 
the resource would have received when it began to discharge during the highest priced 
period of the day.  

 
In 2021, the CAISO believed the opportunity cost component was appropriate 

for the real-time market only:  Due to the shorter optimization horizon in the real-time 

market, a storage resource could be dispatched to discharge during lower-priced 
intervals instead of the highest priced-intervals (when it would want to discharge the 
most).  The CAISO did not believe this would occur in the day-ahead market because 

the day-ahead market considers all 24 hours simultaneously.  The day-ahead market 
should thus dispatch storage resources in the hours when prices are highest. 

 

Since then, however, the CAISO has observed cases where scheduling 
coordinators submit day-ahead bids at a consistent price throughout the day, but the 
resources nonetheless receive day-ahead schedules to discharge during the late 

afternoon hours and not during the highest priced hours in the evening.  This occurred 
because bids were higher than the default energy bids and market power mitigation 
triggered during the earlier hours of the day and not the later hours of the day.  The 

                                              
17  Section 39.7.1.8 of the CAISO tariff.   

18  This “higher of” portion of the calculation effectively switches the DEB calculus from a 
conventional marginal cost determination—cost of energy and operation—to the unique aspect of 
storage in real-time—the opportunity cost of being held out of the market for the four highest priced 
hours, which the energy/operation cost alone would not consider and may not fully cover.  This portion of 
the calculation ensures the storage resource recovers its true marginal costs if mitigated in real-time.     

19  See, e.g., California Independent System Operator Corp., 142 FERC ¶ 61,191 at P 29 (2013) 
(“the Commission has previously recognized that a resource's default energy bid, which is by 
definition 10 percent higher than the generated bid, presents market participants with a reasonable 
opportunity to recover their costs”).  
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market optimization scheduled the resources for discharge energy when the resource 

appeared less expensive because of the mitigated bids.  This resulted from a unique 
aspect for the storage default energy bid: the CAISO calculates it using outputs of the 
market power mitigation pass of the day-ahead market, which are unknown to 

scheduling coordinators when they submit bids.   
 
Although the CAISO has observed this result rarely, the CAISO and 

stakeholders agree it is not an optimal result.  Day-ahead schedules should reflect 
market prices regardless of whether the optimization uses the resource’s bid or default 
energy bid.  The CAISO has not observed these unintended results in the real-time 

markets.   
 
B. Proposed Tariff Revisions 

 
The CAISO proposes to fix the day-ahead default energy bid by including an 

opportunity cost component, just like the CAISO uses to calculate the real-time default 

energy bid.20  The calculation will be the same, except the CAISO will use the advisory 
prices from the day-ahead market power mitigation process rather than the locational 
marginal prices from the day-ahead market (which would not be available because 

they have not been produced yet).21  The advisory prices essentially are the first prices 
available for day-ahead default energy bids, and will serve the same function in the 
day-ahead default energy bids as the day-ahead prices serve in the real-time default 

energy bids.  This simple change should ensure the CAISO’s day-ahead market will 
dispatch storage resources during the highest priced hours.  Using the opportunity cost 
component has worked well in the real-time market, and will function similarly in the 

day-ahead market.  The CAISO will continue to monitor the market power mitigation 
process as the CAISO and scheduling coordinators gain experience with energy 
storage resources. 

 
III. Bidding Requirements for Ancillary Services 
 

 A. Background 
 
 Ancillary services are critical for reliability.  Regulation awards help the grid 

maintain its frequency at 60 Hz, and reserves allow the CAISO to maintain nominal 
conditions in the event of a significant contingency on the grid.  Without ancillary 

                                              
20  To effect this change, the CAISO’s tariff revisions simply remove the qualifications that limit the 
component to the real-time market, thereby putting the component into the day-ahead calculation as 
well.  Proposed Section 39.7.1.8 of the CAISO tariff. 

21  Id. 
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services, the CAISO would risk violating mandatory reliability standards and face a 

higher risk of large-scale blackouts with long restoration times.22  
 
 Ancillary service awards are for capacity.  Where resources receive ancillary 

service awards, they must have the capability to “convert” that capacity into energy if 
the CAISO issues a real-time energy instruction to meet the ancillary service award.23  
Generally, this means supply resources hold some capability back to meet a reserve or 

regulation up requirement because those awards may require the resource to provide 
additional energy.  Similarly, a resource with a regulation down award must have the 
capability to reduce its energy output.24 

 
 The CAISO does not require resources to obtain certifications to provide 
ancillary services.  Doing so is an election scheduling coordinators make voluntarily  

based on a variety of factors.  However, where resources elect to supply ancillary 
services and then receive ancillary service awards, they must provide energy when 
dispatched by the market.  Resources also must meet continuous energy requirements 

to provide ancillary services under the CAISO’s tariff.  To ensure storage resources 
have sufficient state of charge to meet continuous energy requirements for their 
ancillary service awards, storage resources must have a state of charge equal to one 

hour for ancillary service awards in the day-ahead market and 30 minutes in the real-
time market.25  For example, a storage resource with a 10 MW award for regulation up, 
must have at least 10 MWh of state of charge in the day-ahead market during the hour 

with the award.  In the real-time market, the same resource must carry at least 5 MWh 
of state of charge during each 15-minute when it has a regulation up award.   
 

 The CAISO tariff also states that where a storage resource will not have 
sufficient state of charge to meet its ancillary service award, the CAISO will dispatch 
the resource to have sufficient state of charge.26  However, this is not always 

possible.27  Although the real-time market will rescind an ancillary service award a 
storage resource cannot meet, the real-time market must then procure the ancillary 

                                              
22  For example, a significant drop in frequency or voltage would cause system protections to open 
breakers across the grid to protect equipment.  Many of these breakers must be closed manually and 
incrementally as the grid ramps back up to typical load levels. 

23  See Section 8.4.3 of the CAISO tariff. 

24  I.e., it cannot operate at its PMin because it cannot go “down” from there. 

25  For regulation: Section 8.4.1.1(g) of the CAISO tariff and Section A 1.1.4 of Appendix K to the 
CAISO tariff). For spinning and non-spinning reserve (Section 8.4.3 of the CAISO tariff and Sections B 
1.4 and C 1.2 of Appendix K to the CAISO tariff). 

26  Id.  This could result in dispatches to charge or discharge depending on which ancillary service 
award the resource has received.   

27  For example, the state of charge could be too far from the required state of charge for the 
optimization to move the resource in time to meet its ancillary service award.   
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services from other resources, which can be overly expensive or completely 

unavailable, jeopardizing reliability.   
 
 The CAISO’s bidding rules for meeting ancillary service awards pre-date the 

proliferation of energy storage.  Because conventional supply resources cannot run out 
of “charge” like storage resources can, the CAISO does not require them to submit 
energy bids to cover their ancillary service awards.  For example, if a gas-fired 

resource receives a day-ahead award to provide regulation up, and then the CAISO 
dispatches the resource to provide the regulation up in real-time, the gas-fired resource 
simply generates more to help balance the grid and meets its ancillary service 

obligation.  However, energy storage resources electing to provide ancillary services 
must manage their state of charge across the day to meet ancillary service awards, 
and they often struggle to do so.28   

 
 For example, as the CAISO explained in its 2022 filing to address excessive bid 
cost recovery payments related to this issue, storage resources can receive multiple 

consecutive hours of regulation down awards, which result in charging the storage 
resources.29  Over the real-time market intervals the storage resources provides 
regulation down, the state of charge for each such storage resource increases and 

eventually hits the 30-minute real-time requirement.  The CAISO’s ancillary service 
state of charge constraint enforces headroom on the storage resource to allow it to 
continue to meet the 30-minute requirement in the tariff.  Once this threshold is 

reached in real-time, the CAISO market optimization software will dispatch the storage 
resources to discharge energy to meet the lower maximum state of charge constraint in 
future intervals. 

 
 Although storage is proliferating rapidly, it is still a very new grid technology.  
The CAISO has refined and will continue to refine its optimization software to better 

predict storage behavior in the day-ahead market.  However, storage resources cannot 
continually bid to provide ancillary services and then be unable to provide the energy 
required to meet those awards.  Doing so causes buy-backs of the ancillary services, 

re-procurement in a short real-time market timeframe, and increased reliability risks. 
 
 B. Proposed Tariff Revisions  

 
 The CAISO proposes to require scheduling coordinators for storage resources, 
to submit accompanying energy bids in the real-time market that cover at least half of 

any capacity awarded for ancillary services from the day-ahead market.30  These 
                                              
28  See California Independent System Operator Corp., 181 FERC ¶ 61,146 (2022).   

29  Id. 

30  Proposed Section 30.5.2.7 of the CAISO tariff.  The CAISO also has included a clarification for 
conventional resources in its existing tariff language that an ancillary service bid or submission to self-
provide an ancillary service submitted to the day-ahead market when submitted to the day-ahead market 
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“covering” energy bids must be the opposite direction of the ancillary service award:  

Bids to charge must accompany capacity awarded for regulation up, spinning reserve, 
and non-spinning reserve; and bids to discharge must accompany capacity awarded 
for regulation down.31  This real-time energy bid requirement will ensure that if a 

resource deviates from the state of charge anticipated by the day-ahead market, the 
resource will still be able to charge or discharge if it is in danger of being unable to 
meet its ancillary service award.  This rule is necessary because without it a storage 

resource could be in a situation where the CAISO is relying on it to provide an ancillary 
service, but the storage resource may not physically be able to provide that service 
because it has no state of charge.  By requiring a real-time energy bid, the market can 

ensure a storage resource will have state of charge even if it is deviating from day-
ahead schedules and in danger of not meeting requirements for providing ancillary 
services.   

 
 At the recommendation of stakeholders, the CAISO only proposes to require 
real-time energy bids covering half of a day-ahead ancillary service award.  The CAISO 

and stakeholders believe half will be sufficient to cover the typical scenarios where 
storage provides ancillary services based on the data the CAISO has examined.  The 
CAISO has included supporting analysis in Attachment D.32  The CAISO based the fifty 

percent requirement on hourly records from three months of data for specific storage 
resources in the fleet from March 1, 2022 to May 31, 2022.  The data included 35,000 
records where storage received either regulation up or regulation down awards.  The 

CAISO paired the data with observed real-time information on changes in state of 
charge between the beginning of the award to the end of the award.  The impact of 
regulations awards on state charge generally varied depending on the time of day.  

Nevertheless, the data demonstrates that the 50 percent energy requirement will cover 
most cases where there is heavy demand on energy from storage resources providing 
ancillary services, and a 100 percent energy requirement is unnecessary. 

 
 The Commission should approve this enhancement as just and reasonable.  
This requirement is necessary based on actual, persistent, and often significant 

situations where the CAISO has observed storage resources’ failing to meet their 
ancillary service requirements.  The CAISO believes this bidding requirement is 
essential to address an immediate reliability issue.  The CAISO worked diligently with 

stakeholders to develop this requirement, and will continue to work diligently with 
stakeholders to refine its optimization’s ability to predict how storage resources 
manages their state of charge.   

                                              
may be, but is not required to be, accompanied by an energy bid that covers the capacity offered for the 
ancillary service.  This is not a change in policy but merely a clarification that the reference to “bid” does 
not exclude submissions to self-provide. 

31  Id. 

32  See Appendix to Energy Storage Enhancements Final Proposal, pp. 29-30, included as 
Attachment D to this filing. 
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IV. Regulation Clarifications 

 
 The CAISO, scheduling coordinators, and storage resource owners have 
observed repeated instances where storage resources’ state of charge constraints 

make them unable to provide regulation energy in real-time.  This can result from 
several causes working independently or together: providing energy in response to 
real-time prices, receiving persistent regulation awards in the same direction across 

multiple intervals, unplanned outages, and physical factors that affect the resource’s 
state of charge or efficiency, to name a few.  Ultimately the issue is endemic to two-day 
markets, and enhancements to the CAISO’s predictive software will help mitigate the 

issue with the enhancements proposed in Section III.  
 
 The CAISO tariff speaks to what storage resources must do to meet regulation 

requirements.  The tariff also identifies what the CAISO will do when storage resources 
fail to comply with those requirements.  But the tariff does not speak generally to the 
CAISO’s responsibility to provide storage resources with achievable regulation awards 

given their constraints.  As such, the CAISO proposes to include tariff language to 
clarify that it will use all reasonable efforts to commit, schedule, and dispatch Non-
Generator Resources offering regulation while recognizing the impact of those awards 

on their state of charge.33  This will clarify the CAISO’s responsibility to refine its 
optimization software continually based on storage resources’ inputs and operational 
experience in providing regulation.  The Commission required similar provisions in 

Order No. 841.34   
 
 Additionally, the CAISO proposes to include a requirement that it will provide 

examples in its business practice manual detailing how the day-ahead and real-time 
optimizations will account for regulation awards in determining the state of charge in 
subsequent intervals.35  Although these operational details do not constitute a rate, 

term, or condition of service under the Federal Power Act and the Commission’s rule of 
reason,36 the CAISO nonetheless wants to ensure these details are transparent to 
market participants.  Examples in the business practice manual will enable market 

participants to make better regulation submissions and work with the CAISO to refine 
the CAISO’s optimization. 
 

                                              
33  Proposed Section 8.4.1.1(g) of the CAISO tariff. 

34  See, e.g., Electric Storage Participation in Markets Operated by Regional Transmission 
Organizations and Independent System Operators, Order No. 841, 162 FERC ¶ 61,127 at PP 162, 190 
(2018) (“Order No. 841”), order on reh’g, Order No. 841-A, 167 FERC ¶ 61,154 (2019) (“Order No. 841-
A”).   

35  Id. 

36  See, e.g., California Independent System Operator Corp., 119 FERC ¶ 61,053 (2007); California 
Independent System Operator Corp., 119 FERC ¶ 61,081 at P 118 (2007); California Independent 
System Operator Corp., 95 FERC ¶ 61,195 (2001).  
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 The Commission should approve these tariff revisions as just and reasonable.  

They commit the CAISO to work with market participants to continue improving how 
the optimization issues regulation awards to storage resources.  Storage resources 
frequently elect to bid to provide regulation, but the CAISO and storage resources have 

struggled too frequently for storage resources to actually meet their awards.  The 
CAISO plans to implement software enhancements this year, but must work with 
market participants to continue to refine the optimization.  

   
 

V. Effective Date 

 
These tariff amendments result in substantial software enhancements for the 

CAISO.  The CAISO respectfully requests the Commission issue an order by June 1, 

2023, accepting the proposed tariff revisions to be effective no later than November 1, 
2023.37  This will provide the CAISO and market participants sufficient time and 
certainty to finalize, test, and implement these changes.  The CAISO requests 

authorization to notify the Commission of the effective date of the tariff changes within 
five days of implementation.38 

 

The CAISO requests that the Commission grant any and all waivers that might 
be necessary to approve the CAISO’s proposed tariff revisions effective as proposed 
herein, including any necessary waivers of Rules 35.3 and 35.11 of the Commission’s 

Rules and Regulations.39  Such waivers are appropriate in the event the actual 
effective date for the proposed tariff provisions turns out to be more than 120 days after 
the date of this filing.  As indicated above, the effective date of the tariff revisions 

depends on finalizing, testing, and implement the software necessary to effect the tariff 
revisions.  

 

                                              
37  The CAISO tentatively plans on implementing the proposed enhancements on November 1, 
2021, but desires flexibility regarding the implementation date if there is some delay 

38  The CAISO has included an effective date of 12/31/9998 as part of the tariff records submitted in 
this filing. The CAISO will notify the Commission of the actual effective date of these tariff records within 
five business days of implementation in an eTariff submittal using Type of Filing code 150 – Report. See 
California Independent System Operator Corp., 172 FERC ¶ 61,263 (2020). 

39  18 C.F.R. §§ 35.3 and 35.11.  
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VI. Communications 

 
Please address communications regarding this filing to these individuals, whose 

names the CAISO requests the Commission place on the official service list 

established regarding this submittal: 
 

  William H. Weaver* 

  Assistant General Counsel 
Andrew Ulmer* 
  Assistant General Counsel 

Marissa Nava*  
  Counsel 
California Independent System 

Operator Corporation 
250 Outcropping Way 
Folsom, CA 95630 

Tel: (916) 608-1225 
Fax: (916) 608-7222 
bweaver@caiso.com 

aulmer@caiso.com 
mnava@caiso.com  

 

 

*Individuals designated for service under Rule 203(b)(3).40 
 
VII. Service 

 
The CAISO has served copies of this transmittal letter, and all attachments, on 

the California Public Utilities Commission, the California Energy Commission, and 

parties with effective scheduling coordinator service agreements under the CAISO 
tariff.  In addition, the CAISO is posting this transmittal letter and all attachments on the 
CAISO Web site. 

 
VIII. Materials Provided In This Filing 

 

These documents, besides this transmittal letter, support this filing: 
 
 

Attachment A Clean tariff sheets incorporating the revisions described in 
this filing 

 

                                              
40  18 C.F.R. § 385.203(b)(3). 
 

mailto:bweaver@caiso.com
mailto:aulmer@caiso.com
mailto:mnava@caiso.com
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Attachment B Redline sheets showing the changes to the currently 

effective tariff described in this filing  
 
Attachment C:  Memorandum to CAISO Board of Governors  

 
Attachment D:  Final proposal  
 

 
IX. Conclusion  

 

For the reasons described above, the CAISO respectfully requests that the 
Commission accept the CAISO’s proposed tariff revisions. 
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* * * * * 

 
8.4.1.1 Regulation  

A resource offering Regulation must have the following operating characteristics and technical 

capabilities: 

(a) it must be capable of being controlled and monitored by the CAISO EMS by means of the 

installation and use of a standard CAISO direct communication and direct control system, 

a description of which and criteria for any temporary exemption from which, the CAISO 

shall publish on the CAISO Website; 

(b) it must be capable of achieving at least the Ramp Rates (increase and decrease in 

MW/minute) stated in its Bid for the full amount of Regulation capacity offered; 

(c) the Regulation capacity offered must not exceed the maximum Ramp Rate (MW/minute) 

of that resource times ten (10) minutes; 

(d) the resource to CAISO Control Center telemetry must, in a manner meeting CAISO 

standards, include indications of whether the resource is on or off CAISO EMS control at 

the resource terminal equipment; 

(e) the resource must be capable of the full range of movement within the amount of 

Regulation capability offered without manual resource operator intervention of any kind; 

(f) each Ancillary Service Provider must ensure that its CAISO EMS control and related 

SCADA equipment for its resource are operational throughout the time period during 

which Regulation is required to be provided; 

(g) Regulation capacity offered must be dispatchable on a continuous basis for at least sixty 

(60) minutes in the Day-Ahead Market and at least thirty (30) minutes in the Real-Time 

Market after issuance of the Dispatch Instruction.  The CAISO will measure continuous 

Energy from the time a resource reaches its award capacity.  In the Real-Time Market, 

where a storage resource using the Non-Generator Resource model will not have 

sufficient State of Charge to meet its Ancillary Services Schedule, the CAISO will 

dispatch the storage resource to have sufficient State of Charge to meet its Ancillary 

Services Schedule.  Scheduling Coordinators for Non-Generator Resources located 



 

 

within the CAISO Balancing Authority Area that require Energy from the Real-Time 

Market to offer their full capacity as Regulation may request the use of Regulation Energy 

Management as described in Section 8.4.1.2.  Consistent with the requirements of this 

Section, the CAISO will use all reasonable efforts to commit, schedule, and dispatch 

Non-Generator Resources offering Regulation while recognizing the impact of Regulation 

awards on their State of Charge in the Day-Ahead and Real-Time Markets.  The CAISO 

will include examples in the Business Practice Manual detailing how the Day-Ahead and 

Real-Time optimizations will account for Regulation awards in determining the State of 

Charge in subsequent intervals; and 

(h) Regulation capacity offered must meet or exceed the minimum performance threshold of 

twenty-five (25) percent measured accuracy as specified in Section 8.2.3.1.1. 

 
* * * * * 

 
 
11.5.6 Settlement Amounts for RTD Instructed Imbalance Energy from Exceptional 

Dispatch  

 
* * * * * 

 
 
11.5.6.1 Settlement for FMM Instructed Imbalance Energy or RTD Instructed Imbalance 

Energy from Exceptional Dispatches used for System Emergency Conditions, for a 

Market Disruption, to Mitigate Overgeneration or to Prevent or Relieve Imminent 

System Emergencies  

 
* * * * * 

 
 
11.5.6.1.2 Settlement for Instructed Imbalance Energy from Exceptional Dispatches to 

Storage Resources to Hold State of Charge   

The CAISO will settle storage resources that receive an Exceptional Dispatch to hold a State of Charge 

pursuant to Sections 11.5.6 and 11.5.6.1 for any FMM Instructed Imbalance Energy or RTD Instructed 

Imbalance Energy to move to the targeted State of Charge plus the resource’s opportunity cost for 



 

 

holding the State of Charge.  The CAISO will calculate this opportunity cost starting from the first 

Operating Interval when the resource met and followed the Exceptional Dispatch through the end of the 

Operating Day.  The CAISO will calculate the difference between the resource’s maximum potential RTM 

Energy revenues without the Exceptional Dispatch to hold the State of Charge and the resource’s 

maximum potential RTM Energy revenues with the Exceptional Dispatch to hold State of Charge.  If the 

resource’s maximum potential RTM Energy revenues without the Exceptional Dispatch to hold State of 

Charge are higher than the resource’s maximum potential RTM Energy revenues with the Exceptional 

Dispatch to hold State of Charge, then the resource will receive the positive difference between these two 

values, which is its opportunity cost. The CAISO will calculate the resource’s opportunity costs based on 

its Master File characteristics, Bids, State of Charge, Day-Ahead Schedules, and the applicable 

Locational Marginal Prices.   

 
* * * * * 

 
 
11.8.4 RTM Bid Cost Recovery Amount  

 
* * * * * 

 
 
11.8.4.2 RTM Market Revenue Calculations  

11.8.4.2.1 For each Settlement Interval in a CAISO Real-Time Market Commitment Period, the RTM 

Market Revenue for a Bid Cost Recovery Eligible Resource is the algebraic sum of the elements listed 

below in this Section.  For Multi-Stage Generating Resources the RTM Market Revenue calculations will 

be made at the Generating Unit level. 

(a) The sum of the products of the FMM or RTD Instructed Imbalance Energy (including 

Minimum Load Energy of the Bid Cost Recovery Eligible Resource committed in RUC 

and where for Pumped-Storage Hydro Units and Participating Load operating in the 

pumping mode or serving Load, the MWh is negative), except Standard Ramping Energy, 

Residual Imbalance Energy, Exceptional Dispatch Energy, Derate Energy, MSS Load 

following Energy, Ramping Energy Deviation and Regulation Energy, with the relevant 

FMM and RTD LMP, for each Dispatch Interval in the Settlement Interval.  These 



 

 

amounts are subject to the Real-Time Performance Metric and the Persistent Deviation 

Metric as described in Sections 11.8.4.4 and 11.17, respectively.  For storage resources 

that receive an Exceptional Dispatch to hold a State of Charge, the RTM Market Revenue 

will include revenues from the opportunity cost to hold the State of Charge but not the 

Exceptional Dispatch Energy to reach the State of Charge. 

(b) The product of the Real-Time Market AS Award from each accepted Real-Time Market 

AS Bid in the Settlement Interval with the relevant ASMP, divided by the number of fifteen 

(15)-minute Commitment Intervals in a Trading Hour (4), and prorated to the duration of 

the Settlement Interval. 

(c) The relevant tier-1 No Pay charges for that Bid Cost Recovery Eligible Resource in that 

Settlement Interval. 

(d) The Forecasted Movement and Uncertainty Awards Settlement Amounts as calculated 

pursuant to Section 11.25 are included in the RTM Market Revenues calculation, not 

including: 

(1) the amounts rescinded pursuant to Section 11.25.3; 

(2) Forecasted Movement revenue when there are changes in Self-Schedules 

across consecutive Trading Hours; and  

(3) Forecasted Movement revenue when there are changes in EIM Base Schedules 

across consecutive Trading Hours without Economic Bids.  

  
* * * * * 

 
 

30.5.2.7 Ancillary Service Bids 

There are four distinct Ancillary Services: Regulation Up, Regulation Down, Spinning Reserve and Non-

Spinning Reserve.  A resource shall be eligible to provide Ancillary Service if it has complied with the 

CAISO’s certification and testing requirements as contained in Appendix K and the CAISO’s Operating 

Procedures.  Scheduling Coordinators may use Dynamic System Resources to Self-Provide Ancillary 

Services as specified in Section 8.  All System Resources, including Dynamic System Resources and 

Non-Dynamic System Resources, will be charged the Shadow Price as prescribed in Section 11.10, for 



 

 

any awarded Ancillary Services.  A Scheduling Coordinator may submit Ancillary Services Bids for 

Regulation Up, Regulation Down, Spinning Reserve, and Non-Spinning Reserve for the same capacity by 

providing a separate price in $/MW per hour as desired for each Ancillary Service.  The Bid for each 

Ancillary Services is a single Bid segment.  Only resources certified by the CAISO as capable of providing 

Ancillary Services are eligible to provide Ancillary Services and submit Ancillary Services Bids.  In 

addition to the common elements listed in Section 30.5.2.1, all Ancillary Services Bid components of a 

Supply Bid must contain the following: (1) the type of Ancillary Service for which a Bid is being submitted; 

(2) Ramp Rate (Operating Reserve Ramp Rate and Regulation Ramp Rate, if applicable); and (3) 

Distribution Curve for Physical Scheduling Plant or System Unit.  A Scheduling Coordinator may only 

submit an Ancillary Services Bid or Submission to Self-Provide an Ancillary Service for Multi-Stage 

Generating Resources for the Ancillary Service for which the specific MSG Configurations are certified.  

For any such certified MSG Configurations the Scheduling Coordinator may submit only one Operating 

Reserve Ramp Rate and Regulation Ramp Rate.  An Ancillary Services Bid or Submission to Self-Provide 

an Ancillary Service submitted to the Day-Ahead Market when submitted to the Day-Ahead Market may 

be, but is not required to be, accompanied by an Energy Bid that covers the capacity offered for the 

Ancillary Service.  Notwithstanding any other provision, Scheduling Coordinators for storage resources 

participating as Non-Generator Resources must submit accompanying Energy Bids in the Real-Time 

Market that cover at least half the capacity awarded for Ancillary Services from the Day-Ahead Market. 

Such covering Energy Bids must be the opposite direction of the Ancillary Service; namely, Bids to 

charge must accompany capacity awarded for Regulation Up, Spinning Reserve, and Non-Spinning 

Reserve; and Bids to discharge must accompany capacity awarded for Regulation Down..  If a 

Scheduling Coordinator’s Submission to Self-Provide an Ancillary Service is qualified as specified in 

Section 8.6, the Scheduling Coordinator must submit an Energy Bid that covers the self-provided capacity 

prior to the close of the Real-Time Market for the day immediately following the Day-Ahead Market in 

which the Ancillary Service Bid was submitted.  Except as provided below, the Self-Schedule for Energy 

need not include a Self-Schedule for Energy from the resource that will be self-providing the Ancillary 

Service.  If a Scheduling Coordinator is self-providing an Ancillary Service from a Short Start Unit, no Self-

Schedule for Energy for that resource is required.  If a Scheduling Coordinator proposes to self-provide 



 

 

Spinning Reserve, the Scheduling Coordinator is obligated to submit a Self-Schedule for Energy for that 

particular resource, unless as discussed above the particular resource is a Short Start Unit.  When 

submitting Ancillary Service Bids in the Real-Time Market, Scheduling Coordinators for resources that 

either have been awarded or self-provide Spinning Reserve or Non-Spinning Reserve capacity in the 

Day-Ahead Market must submit an Energy Bid for at least the awarded or self-provided Spinning Reserve 

or Non-Spinning Reserve capacity, otherwise the CAISO will apply the Bid validation rules described in 

Section 30.7.6.1. 

As provided in Section 30.5.2.6.4, a Submission to Self-Provide an Ancillary Service shall contain all of 

the requirements of a Bid for Ancillary Services with the exception of Ancillary Service Bid price 

information.  In addition, Scheduling Coordinators must comply with the Ancillary Services requirements 

of Section 8.  Scheduling Coordinators submitting Self-Schedule Hourly Blocks for Ancillary Services Bids 

for the Real-Time Market must also submit an Energy Bid for the associated Ancillary Services Bid under 

the same Resource ID, otherwise the bid validation rules in Section 30.7.6.1 will apply to cover any 

portion of the Ancillary Services Bid not accompanied by an Energy Bid.  As described in Section 34.2.3, 

if the resource submits a Self-Scheduled Hourly Block, the CAISO will only use the Ancillary Services Bid 

in the RTM optimization and will not use the associated Energy Bid for the same Resource ID to schedule 

Energy from the Non-Dynamic System Resource in the RTM.  Scheduling Coordinators must also comply 

with the bidding rules associated with the must offer requirements for Ancillary Services specified in 

Section 40.6. 

 
* * * * * 

 
39.7.1.8 Storage Resource Option 

For storage resources participating as Non-Generator Resources, the storage resource option will 

calculate the Default Energy Bid by selecting the maximum of (1) the sum of the expected energy cost 

and the variable storage operation cost and, (2) the storage opportunity cost.  The calculation is 

completed by adding ten percent (10%) to the value.  To calculate the Default Energy Bid, the CAISO will 

use the PMin, PMax, Run Times, and other charging and discharging parameters registered in the Master 

File. 

The expected energy cost represents the average cost to procure the amount of energy needed to charge 



 

 

the resource during the lowest-priced continuous block of time such that the resource can discharge 

completely, accounting for the resource’s charging duration and round-trip efficiency, and excluding 

losses.  To calculate this component in the Day-Ahead Market, the CAISO will use the average price of 

Energy during the lowest priced hours based upon the final Energy Supply Bids from the MPM process at 

the relevant PNode, not to be below $0/MWh.  To calculate this component in the Real-Time Market, the 

CAISO will use the average price of Energy during the lowest priced hours based upon the LMP from the 

IFM at the relevant PNode on the Trading Day, not to be below $0/MWh.  

The variable storage operation cost represents the variable costs of operating a storage resource beyond 

its designed daily cycling range, submitted by the Scheduling Coordinator in $/MWh.  The CAISO will 

validate the storage operation cost based on manufacturer warranty, available data, and supporting 

documentation submitted by the Scheduling Coordinator. The storage opportunity cost represents the 

opportunity cost of being dispatched during lower-priced intervals, equal to the cost of Energy the 

resource could discharge during the highest-priced continuous block, accounting for the resource’s 

discharge duration.  To calculate this component in the Day-Ahead Market, the CAISO will use the lowest 

price of Energy during the highest priced period over which the resource could have discharged, based 

upon advisory prices from the Market Power Mitigation process at the relevant PNode.  To calculate this 

component in the Real-Time Market, the CAISO will use the lowest price of Energy during the highest 

priced period over which the resource could have discharged, based upon the LMP from the IFM at the 

relevant PNode on the Trading Day.   

 
* * * * * 
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* * * * * 

 
8.4.1.1 Regulation  

A resource offering Regulation must have the following operating characteristics and technical 

capabilities: 

(a) it must be capable of being controlled and monitored by the CAISO EMS by means of the 

installation and use of a standard CAISO direct communication and direct control system, 

a description of which and criteria for any temporary exemption from which, the CAISO 

shall publish on the CAISO Website; 

(b) it must be capable of achieving at least the Ramp Rates (increase and decrease in 

MW/minute) stated in its Bid for the full amount of Regulation capacity offered; 

(c) the Regulation capacity offered must not exceed the maximum Ramp Rate (MW/minute) 

of that resource times ten (10) minutes; 

(d) the resource to CAISO Control Center telemetry must, in a manner meeting CAISO 

standards, include indications of whether the resource is on or off CAISO EMS control at 

the resource terminal equipment; 

(e) the resource must be capable of the full range of movement within the amount of 

Regulation capability offered without manual resource operator intervention of any kind; 

(f) each Ancillary Service Provider must ensure that its CAISO EMS control and related 

SCADA equipment for its resource are operational throughout the time period during 

which Regulation is required to be provided; 

(g) Regulation capacity offered must be dispatchable on a continuous basis for at least sixty 

(60) minutes in the Day-Ahead Market and at least thirty (30) minutes in the Real-Time 

Market after issuance of the Dispatch Instruction.  The CAISO will measure continuous 

Energy from the time a resource reaches its award capacity.  In the Real-Time Market, 

where a storage resource using the Non-Generator Resource model will not have 

sufficient State of Charge to meet its Ancillary Services Schedule, the CAISO will 

dispatch the storage resource to have sufficient State of Charge to meet its Ancillary 

Services Schedule.  Scheduling Coordinators for Non-Generator Resources located 



 

 

within the CAISO Balancing Authority Area that require Energy from the Real-Time 

Market to offer their full capacity as Regulation may request the use of Regulation Energy 

Management as described in Section 8.4.1.2.  Consistent with the requirements of this 

Section, the CAISO will use all reasonable efforts to commit, schedule, and dispatch 

Non-Generator Resources offering Regulation while recognizing the impact of Regulation 

awards on their State of Charge in the Day-Ahead and Real-Time Markets.  The CAISO 

will include examples in the Business Practice Manual detailing how the Day-Ahead and 

Real-Time optimizations will account for Regulation awards in determining the State of 

Charge in subsequent intervals; and 

(h) Regulation capacity offered must meet or exceed the minimum performance threshold of 

twenty-five (25) percent measured accuracy as specified in Section 8.2.3.1.1. 

 
* * * * * 

 
 
11.5.6 Settlement Amounts for RTD Instructed Imbalance Energy from Exceptional 

Dispatch  

 
* * * * * 

 
 
11.5.6.1 Settlement for FMM Instructed Imbalance Energy or RTD Instructed Imbalance 

Energy from Exceptional Dispatches used for System Emergency Conditions, for a 

Market Disruption, to Mitigate Overgeneration or to Prevent or Relieve Imminent 

System Emergencies  

 
* * * * * 

 
 
11.5.6.1.2 Settlement for Instructed Imbalance Energy from Exceptional Dispatches to 

Storage Resources to Hold State of Charge   

The CAISO will settle storage resources that receive an Exceptional Dispatch to hold a State of Charge 

pursuant to Sections 11.5.6 and 11.5.6.1 for any FMM Instructed Imbalance Energy or RTD Instructed 

Imbalance Energy to move to the targeted State of Charge plus the resource’s opportunity cost for 



 

 

holding the State of Charge.  The CAISO will calculate this opportunity cost starting from the first 

Operating Interval when the resource met and followed the Exceptional Dispatch through the end of the 

Operating Day.  The CAISO will calculate the difference between the resource’s maximum potential RTM 

Energy revenues without the Exceptional Dispatch to hold the State of Charge and the resource’s 

maximum potential RTM Energy revenues with the Exceptional Dispatch to hold State of Charge.  If the 

resource’s maximum potential RTM Energy revenues without the Exceptional Dispatch to hold State of 

Charge are higher than the resource’s maximum potential RTM Energy revenues with the Exceptional 

Dispatch to hold State of Charge, then the resource will receive the positive difference between these two 

values, which is its opportunity cost. The CAISO will calculate the resource’s opportunity costs based on 

its Master File characteristics, Bids, State of Charge, Day-Ahead Schedules, and the applicable 

Locational Marginal Prices.   

 
* * * * * 

 
 
11.8.4 RTM Bid Cost Recovery Amount  

 
* * * * * 

 
 
11.8.4.2 RTM Market Revenue Calculations  

11.8.4.2.1 For each Settlement Interval in a CAISO Real-Time Market Commitment Period, the RTM 

Market Revenue for a Bid Cost Recovery Eligible Resource is the algebraic sum of the elements listed 

below in this Section.  For Multi-Stage Generating Resources the RTM Market Revenue calculations will 

be made at the Generating Unit level. 

(a) The sum of the products of the FMM or RTD Instructed Imbalance Energy (including 

Minimum Load Energy of the Bid Cost Recovery Eligible Resource committed in RUC 

and where for Pumped-Storage Hydro Units and Participating Load operating in the 

pumping mode or serving Load, the MWh is negative), except Standard Ramping Energy, 

Residual Imbalance Energy, Exceptional Dispatch Energy, Derate Energy, MSS Load 

following Energy, Ramping Energy Deviation and Regulation Energy, with the relevant 

FMM and RTD LMP, for each Dispatch Interval in the Settlement Interval.  These 



 

 

amounts are subject to the Real-Time Performance Metric and the Persistent Deviation 

Metric as described in Sections 11.8.4.4 and 11.17, respectively.  For storage resources 

that receive an Exceptional Dispatch to hold a State of Charge, the RTM Market Revenue 

will include revenues from the opportunity cost to hold the State of Charge but not the 

Exceptional Dispatch Energy to reach the State of Charge. 

(b) The product of the Real-Time Market AS Award from each accepted Real-Time Market 

AS Bid in the Settlement Interval with the relevant ASMP, divided by the number of fifteen 

(15)-minute Commitment Intervals in a Trading Hour (4), and prorated to the duration of 

the Settlement Interval. 

(c) The relevant tier-1 No Pay charges for that Bid Cost Recovery Eligible Resource in that 

Settlement Interval. 

(d) The Forecasted Movement and Uncertainty Awards Settlement Amounts as calculated 

pursuant to Section 11.25 are included in the RTM Market Revenues calculation, not 

including: 

(1) the amounts rescinded pursuant to Section 11.25.3; 

(2) Forecasted Movement revenue when there are changes in Self-Schedules 

across consecutive Trading Hours; and  

(3) Forecasted Movement revenue when there are changes in EIM Base Schedules 

across consecutive Trading Hours without Economic Bids.  

  
* * * * * 

 
 

30.5.2.7 Ancillary Service Bids 

There are four distinct Ancillary Services: Regulation Up, Regulation Down, Spinning Reserve and Non-

Spinning Reserve.  A resource shall be eligible to provide Ancillary Service if it has complied with the 

CAISO’s certification and testing requirements as contained in Appendix K and the CAISO’s Operating 

Procedures.  Scheduling Coordinators may use Dynamic System Resources to Self-Provide Ancillary 

Services as specified in Section 8.  All System Resources, including Dynamic System Resources and 

Non-Dynamic System Resources, will be charged the Shadow Price as prescribed in Section 11.10, for 



 

 

any awarded Ancillary Services.  A Scheduling Coordinator may submit Ancillary Services Bids for 

Regulation Up, Regulation Down, Spinning Reserve, and Non-Spinning Reserve for the same capacity by 

providing a separate price in $/MW per hour as desired for each Ancillary Service.  The Bid for each 

Ancillary Services is a single Bid segment.  Only resources certified by the CAISO as capable of providing 

Ancillary Services are eligible to provide Ancillary Services and submit Ancillary Services Bids.  In 

addition to the common elements listed in Section 30.5.2.1, all Ancillary Services Bid components of a 

Supply Bid must contain the following: (1) the type of Ancillary Service for which a Bid is being submitted; 

(2) Ramp Rate (Operating Reserve Ramp Rate and Regulation Ramp Rate, if applicable); and (3) 

Distribution Curve for Physical Scheduling Plant or System Unit.  A Scheduling Coordinator may only 

submit an Ancillary Services Bid or Submission to Self-Provide an Ancillary Service for Multi-Stage 

Generating Resources for the Ancillary Service for which the specific MSG Configurations are certified.  

For any such certified MSG Configurations the Scheduling Coordinator may submit only one Operating 

Reserve Ramp Rate and Regulation Ramp Rate.  An Ancillary Services Bid or Submission to Self-Provide 

an Ancillary Service submitted to the Day-Ahead Market when submitted to the Day-Ahead Market may 

be, but is not required to be, accompanied by an Energy Bid that covers the capacity offered for the 

Ancillary Service.  Notwithstanding any other provision, Scheduling Coordinators for storage resources 

participating as Non-Generator Resources must submit accompanying Energy Bids in the Real-Time 

Market that cover at least half the capacity awarded for Ancillary Services from the Day-Ahead Market. 

Such covering Energy Bids must be the opposite direction of the Ancillary Service; namely, Bids to 

charge must accompany capacity awarded for Regulation Up, Spinning Reserve, and Non-Spinning 

Reserve; and Bids to discharge must accompany capacity awarded for Regulation Down.Submissions to 

Self-Provide an Ancillary Services submitted to the Day-Ahead Market when submitted to the Day-Ahead 

Market may be, but are not required to be, accompanied by an Energy Bid that covers the capacity to be 

self-provided.  If a Scheduling Coordinator’s Submission to Self-Provide an Ancillary Service is qualified 

as specified in Section 8.6, the Scheduling Coordinator must submit an Energy Bid that covers the self-

provided capacity prior to the close of the Real-Time Market for the day immediately following the Day-

Ahead Market in which the Ancillary Service Bid was submitted.  Except as provided below, the Self-

Schedule for Energy need not include a Self-Schedule for Energy from the resource that will be self-



 

 

providing the Ancillary Service.  If a Scheduling Coordinator is self-providing an Ancillary Service from a 

Short Start Unit, no Self-Schedule for Energy for that resource is required.  If a Scheduling Coordinator 

proposes to self-provide Spinning Reserve, the Scheduling Coordinator is obligated to submit a Self-

Schedule for Energy for that particular resource, unless as discussed above the particular resource is a 

Short Start Unit.  When submitting Ancillary Service Bids in the Real-Time Market, Scheduling 

Coordinators for resources that either have been awarded or self-provide Spinning Reserve or Non-

Spinning Reserve capacity in the Day-Ahead Market must submit an Energy Bid for at least the awarded 

or self-provided Spinning Reserve or Non-Spinning Reserve capacity, otherwise the CAISO will apply the 

Bid validation rules described in Section 30.7.6.1. 

As provided in Section 30.5.2.6.4, a Submission to Self-Provide an Ancillary Service shall contain all of 

the requirements of a Bid for Ancillary Services with the exception of Ancillary Service Bid price 

information.  In addition, Scheduling Coordinators must comply with the Ancillary Services requirements 

of Section 8.  Scheduling Coordinators submitting Self-Schedule Hourly Blocks for Ancillary Services Bids 

for the Real-Time Market must also submit an Energy Bid for the associated Ancillary Services Bid under 

the same Resource ID, otherwise the bid validation rules in Section 30.7.6.1 will apply to cover any 

portion of the Ancillary Services Bid not accompanied by an Energy Bid.  As described in Section 34.2.3, 

if the resource submits a Self-Scheduled Hourly Block, the CAISO will only use the Ancillary Services Bid 

in the RTM optimization and will not use the associated Energy Bid for the same Resource ID to schedule 

Energy from the Non-Dynamic System Resource in the RTM.  Scheduling Coordinators must also comply 

with the bidding rules associated with the must offer requirements for Ancillary Services specified in 

Section 40.6. 

 
* * * * * 

 
39.7.1.8 Storage Resource Option 

For storage resources participating as Non-Generator Resources, the storage resource option will 

calculate the Default Energy Bid by selecting the maximum of (1) the sum of the expected energy cost 

and the variable storage operation cost and, in the RTM, (2) the storage opportunity cost.  The calculation 

is completed by adding ten percent (10%) to the value.  To calculate the Default Energy Bid, the CAISO 

will use the PMin, PMax, Run Times, and other charging and discharging parameters registered in the 



 

 

Master File. 

The expected energy cost represents the average cost to procure the amount of energy needed to charge 

the resource during the lowest-priced continuous block of time such that the resource can discharge 

completely, accounting for the resource’s charging duration and round-trip efficiency, and excluding 

losses.  To calculate this component in the Day-Ahead Market, the CAISO will use the average price of 

Energy during the lowest priced hours based upon the final Energy Supply Bids from the MPM process at 

the relevant PNode, not to be below $0/MWh.  To calculate this component in the Real-Time Market, the 

CAISO will use the average price of Energy during the lowest priced hours based upon the LMP from the 

IFM at the relevant PNode on the Trading Day, not to be below $0/MWh.  

The variable storage operation cost represents the variable costs of operating a storage resource beyond 

its designed daily cycling range, submitted by the Scheduling Coordinator in $/MWh.  The CAISO will 

validate the storage operation cost based on manufacturer warranty, available data, and supporting 

documentation submitted by the Scheduling Coordinator. The storage opportunity cost represents the 

opportunity cost of being dispatched during lower-priced RTM intervals, equal to the cost of Energy the 

resource could discharge during the highest-priced continuous RTM block, accounting for the resource’s 

discharge duration.  To calculate this component in the Day-Ahead Market, the CAISO will use the lowest 

price of Energy during the highest priced period over which the resource could have discharged, based 

upon advisory prices from the Market Power Mitigation process at the relevant PNode.  To calculate this 

component in the Real-Time Market, the CAISO will use the lowest price of Energy during the highest 

priced period over which the resource could have discharged, based upon the LMP from the IFM at the 

relevant PNode on the Trading Day.   

 
* * * * * 
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Attachment D – Final Proposal  

Tariff Amendment – Energy Storage Enhancements 

California Independent System Operator Corporation 

March 31, 2023 
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����������	
��																																		 	 
�
	�	�����	��������	

�����������	������ !	 	 �� "	#$	

"%"� &	'()*��+!	�!��	�!"	�"),��+"	-,�.'	!�/"	�"+"(/"'	(0	�!"	"1+"*�(,%�.	'()*��+!	-�)	)�(..	(%	*.�+"�2	3)	%,�"'	�4,/"5	�!"	*�,*,)�.	�"+, %(6")	�!��	)�,�� "	�"),��+")	�!��	��"	())�"'	"1+"*�(,%�.	'()*��+!	(%)���+�(,%)	�,	!,.'	)���"	,0	+!�� "	+�%	(7*�+�	*�(+")5	*���(+�.��.&	(%	.,+�.	��"�)	-!"�"	�!"�"	()	.(��."	,�!"�	 "%"���(,%	�!��	+�%	)"�/"	.,�'�		8,-"/"�5	�!"	*�,*,)�.	()	�%�4."	�,	�*'��"	�!")"	/�.�")	�%'	-(..	�)"	�"�.(6"'	.,+��(,%�.	7�� (%�.	*�(+")	�,	+,7*."�"	�!()	�%�.&)()�	9!"	�(7"	!,�(6,%	0,�	�!")"	+,�%�"�0�+���.)	-(..	)����	0�,7	�!"	0(�)�	(%�"�/�.	-!"�"	�!"	"1+"*�(,%�.	'()*��+!	�,	!,.'	)���"	,0	+!�� "	()	(%	*.�+"�		9!"	�(7"	!,�(6,%	-(..	(%+.�'"	�!"	"%�(�"	!,�(6,%	,0	�!"	"1+"*�(,%�.	'()*��+!	�%'	-(..	(%+.�'"	�''(�(,%�.	*"�(,')	�!�,� !	�!"	"%'	,0	�!"	,*"���(% 	'�&�		:,�	"1�7*."5	(0	�!"	"1+"*�(,%�.	'()*��+!	4" �%	��	#$;<=	�%'	-�)	(%	*.�+"	0,�	#�>	!,��)	?	�!�,� !	$*7	@	�!"%	4,�!	+,�%�"�0�+���.)	-,�.'	(%+.�'"	(%�"�/�.)	4"�-""%	#$;<=	�!�,� !	7('%( !��	30�"�	+�.+�.��(,%	,0	4,�!	+,�%�"�0�+���.	/�.�")5	�!"	7��A"�	-(..	+,7*��"	�!"7�		�0	�!"	�"),��+"	-,�.'	!�/"	4""%	�4."	�,	7�A"	�''(�(,%�.	�"/"%�"	(0	�!"	"1+"*�(,%�.	'()*��+!	-�)	%,�	(%	*.�+"5	�!"%	�!"	�"),��+"	-,�.'	4"	�-��'"'	�!"	'(00"�"%+"	4"�-""%	�!"	+,�%�"�0�+���.	�"/"%�"	"��%"'	-(�!,��	�!"	"1+"*�(,%�.	'()*��+!	(%	*.�+"	�%'	-(�!	�!"	"1+"*�(,%�.	'()*��+!	(%	*.�+"5	�)	�%	�''(�(,%�.	�*.(0�	*�&7"%�	0,�	�!"	'�&�		B,�%�"�0�+���.)	(%	�!"	�"�.@�(7"	7��A"�	-(..	4"	4�)"'	,%	(74�.�%+")	0�,7	'�&@�!"�'	)+!"'�.")5	)(7(.��	�,	�&*(+�.	�"�.@�(7"	)"��."7"%�	*��+�(+")�		CDEFGHI	9!()	!( !.&	)(7*.(0("'	"1�7*."	(..�)����")	!,-	�!()	+�.+�.��(,%	+,�.'	4"	+,7*."�"'�		��	�)")	�!"	)�7"	!&*,�!"�(+�.	�"),��+"	'()+�))"'	�4,/"	-(�!	�	@J>	�K	.,-"�	,*"���(% 	.(7(�5	LJ>	�K	�**"�	,*"���(% 	.(7(�5	=	�K!	7(%(7�7	)���"	,0	+!�� "5	�%'	�	#==	�K!	7�1(7�7	)���"	,0	+!�� "�		3�	#$;<=	�!"	�"),��+"	()	())�"'	�	'()*��+!	(%)���+�(,%	�,	!,.'	)���"	,0	+!�� "	��	,�	�4,/"	2>	�K!	�%'	�!()	"1+"*�(,%�.	'()*��+!	()	(%	*.�+"	�!�,� !	J=;==�		:���!"�5	0,�	)(7*.(+(�&5	-"	�))�7"	�!��	�!"	�"),��+"	',")	%,�	!�/"	�%&	+&+.(% 	+,)�)	�)),+(��"'	-(�!	,*"���(% �		9!")"	/�.�")	-(..	4"	(%+.�'"'	(%	�!"	�"/"%�"	+�.+�.��(,%)5	-!"%	*�,/('"'�	:,�	)(7*.(+(�&5	�!()	"1�7*."	',")	%,�	(%+.�'"	>@7(%��"	*�(+")5	4��	(%)�"�'	(%+.�'")	*�(+")	'��(% 	!�.0	!,��	4.,+A)�		9!")"	��"	7"�%�	�,	�"*�")"%�	)" 7"%�)	,0	M	>@7(%��"	*�(+")�		:,�	�!()	"1�7*."5	-"	�))�7"	�!��	"�+!	,0	�!"	>@7(%��"																																															N		9!()	7"�!,',., &	-(..	,%.&	(%+.�'"	+,�%�"�0�+���.	)+!"'�.")	0,�	"%"� &	-!"%	)�,�� "	�"),��+")	!�/"	4(')	�!��	"+,%,7(+�	



����������	
��																																		 	 
�
	�	�����	��������	

�����������	������ !	 	 �� "	#$	

%�&'"(	)&�!&*	�!"	&++�(����",	&*�"�-�+	�"(�+�(	&*	�*	&,"*�&'�+	%�&'".	(%"'&/&",	&*	0�1+"	#�	 23456	78	9:;6<=>?@35	A>B<3=;C	D?E<6@B3=>?@		 	 F?	9:;6<=>?@35	A>B<3=;C	 	 	 9:;6<=>?@35	A>B<3=;C	
	0!"	/&�(�	'G+�H*	G/	�!&(	(!""�	�"%�"("*�(	�!"	�&H"(	)&�!	(%"'&/&'	&*�"�-�+(.	&*	!�+/	!G��	&*'�"H"*�(�		0!"	("'G*,	'G+�H*	�"%�"("*�(	�'���+	�"�+&I",	+G'��&G*�+	H�� &*�+	%�&'"(�		JG�	(&H%+&'&�K.	)"	�((�H"	�!��	�!"	(�G�� "	�"(G��'"	1&,(	�G	,&('!�� "	�*K�&H"	%�&'"(	��"	 �"��"�	�!�*	LMN��O!�		PG+�H*(	QRS	�*,	'G+�H*(	TR#N	�"%�"("*�	�!"	'G�*�"�/�'���+	&,"�+	,&(%��'!	&*(���'�&G*(	/G�	%�G/&�	H�U&H&I��&G*	&/	*G	"U'"%�&G*�+	,&(%��'!	&(	&*	%+�'"	�*,	�!"	&,"�+	,&(%��'!	&*(���'�&G*(	)&�!	�!"	"U'"%�&G*�+	,&(%��'!	&*	%+�'".	�"(%"'�&-"+K�		�%"'&/&'�++K.	�!"("	("�(	G/	'G+�H*(	&*'+�,"	&*/G�H��&G*	G*	'���"*�	(���"	G/	'!�� ".	'G�*�"�/�'���+	"*"� K	,&(%��'!	&*(���'�&G*.	(���"	G/	'!�� "	�"(�+�&* 	/�GH	�!"	,&(%��'!	&*(���'�&G*	�*,	�!"	�G��+	�"-"*�"	�"�+&I",	/�GH	�!"	,&(%��'!	&*(���'�&G*�	J&�(�.	*G�"	�!��	�!"	�&H"	/��H"	&*'+�,",	&*	�!&(	"U�H%+"	&*'+�,"(	M�M	!G��(	G/	,����		0!&(	'G��"(%G*,(	�G	�!"	&*&�&�+	"U'"%�&G*�+	,&(%��'!.	1"�)""*	#VWQN	�*,	XNWNN.	/G++G)",	1K	Y	�,,&�&G*�+	!G��(	G/	,���	�!�G� !	H&,*& !��		�"'G*,.	%�&'"(	1"�)""*	#$WNN	�*,	#$WQN	�'���++K	H��"�&�+&I",	��	LQNN��O!�		0!&�,.	/G�	�!&(	�*�+K(&(	�!"	H��Z"�	,G"(	*G�	 "*"���"	'G�*�"�/�'���+	%�&'"(	/G�	&*�"�-�+(	�/�"�	�!"	"U'"%�&G*�+	,&(%��'!	&(	&*	%+�'"�	PG+�H*(	QRS	�"%�"("*�	�!"	�"-"*�"	H�U&H&I&* .	G�	&,"�+.	,&(%��'!	/G�	�!"	�"(G��'"	!�,	�!"�"	1""*	*G	"U'"%�&G*�+	,&(%��'!.	)&�!	'G��"(%G*,&* 	(���"	G/	'!�� "	-�+�"(	�*,	�"-"*�"(�		�*	�!&(	('"*��&G.	�!"	�"(G��'"	)G�+,	!�-"	,&('!�� ",	"*"� K	,��&* 	�!"	!& !	%�&'",	%"�&G,(	)!"*	�!"	"U'"%�&G*�+	,&(%��'!	)�(	&*	%+�'"	[!G��(	#VWQN	�!�G� !	XNWNN\.	�!"*	�"'!�� ",	/G�	G*"	!�+/	!G��	[!G��	XNWNN	�!�G� !	XNWQN\.	�!"*	,&('!�� ",	/G�	HG(�	G/	�!"	�"H�&*,"�	G/	�!"	%"�&G,.	



����������	
��																																		 	 
�
	�	�����	��������	

�����������	������ !	 	 �� "	#$	
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