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Attachment A

MARKET INTERFACES
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A. Market Interfaces

This Market Interfaces attachment presents the data exchange between Market applications.
Refer to Section 3.3, Market Interfaces, which shows the inter-relationships of these
applications.

A.l Scheduling Infrastructure & Business Rules (SIBR)
System

The SIBR system performs the following tasks:

A\

Provides an SC interface to submit Bids and Inter-SC Trades
» Applies business rules to validate and process submitted Bids and Inter-SC Trades
Applies business rules to generate DAM Bids for Generating Units under the must offer
obligation (Generating Unit adequacy requirement) and Real-Time Market Bids for
Generating Units with Day-Ahead AS or RUC Awards, if these Generating Units do not
have valid Bids

» Provides SCs with information about their Bid and trade validation and processing

» Forwards the final (clean) Bids and trades to the relevant Market applications and to the

SC

» Stores information for auditing purposes

Y

A.2 Automated Demand Forecasting System (ALFS)

The elements of ALFS are described in this section.

A.2.1 Integrated Forward Market (Full Network Model)

Requires Day-Ahead and two Days-Ahead Demand Forecasts, in increments of one hour for the
following:

» Metered Subsystems (MSSs) — Load forecasts for Load-following MSSs are required. In
addition, if the other MSSs do not provide their own Load forecasts, CAISO provides one.

» Calculated Forecasts — Presently some 10U forecasts include the MSSs. Once the MSS
forecasts become available, the IOU Load forecasts without the MSSs in their area are
used. This is accomplished within ALFS, using software from Itron.
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» Other Control Areas — Load forecasts for some control areas are necessary because their
detailed networks are included in the Full Network Model. In order to provide the most
accurate forecast, the non-conforming Pumping Load is forecasted separately from the
temperature-sensitive conforming Load.

» Load forecast for CFE is desirable, since it is part of the California-Mexico Reliability
Coordination Area. IID has recently joined the WECC Desert Reliability Coordination Area
and thus is not a likely candidate for Load forecasting.

» Congestion Zones — In IFM, Congestion zones are not needed except for financial trades.
However, for Ancillary Services, an additional Load forecast is required.

A.2.2 RMR Preschedule

Requires Day-Ahead forecasts, in increments of one hour for the following:

» Local Control Areas (LCAs) — In order to make the RMR preschedules consistent with the
IFM, it is desirable to have the RMR preschedules use the same Load forecasts as IFM.
Therefore, forecasts are needed for existing LRAs defined by Operations Engineering. One
area Load forecast is currently provided by ALFS. Forecasts for the LRAs may also be used
to improve the application of LDFs, since LDFs can be applied to smaller areas.

A.2.3 LMP Load Zones
Requires Day-Ahead forecasts, in increments of one hour for the following:
» LMP Load Zones — At this time, CAISO is not considering LMP for Load forecasting.

A.2.4 ALFS Loss of Data Interfaces

ALFS updates Load forecasts every 15 minutes. In the event of failure to update data, RTM
continues to use the un-updated data. If data does not exist for a particular interval, RTM uses
data from the last available interval or from a CAISO Operator enterable data entry point.

RTM alerts the user when ALFS data has not been updated for 30 minutes (configurable
parameter). RTM also alerts the user when data does not exist for a particular interval.

A.3 Master File

The Master File is a general repository of quasi-static data needed to operate and support the
CAISO Markets. The Master File contains data that remain unchanged for relatively long
periods of time. Relevant Master File data includes:
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» SC registration and associated attributes
Resource registration, characteristics, Market and product certifications, and associated
attributes such as location, SC association, must offer, or RMR status
» Network node and branch registration and associated attributes
» Node aggregation definitions (LAPs, Trading Hubs, AS Regions, RUC zones, designated
Congestion areas)
» Transmission interface definitions
» TOR and ETC registration
» Market parameters such as Bid caps and MPM thresholds

v

Although SCs do not interface directly with the Master File, they are obligated to provide
accurate data for populating and updating the Master File with their applicable Generating Unit
characteristics, such as minimum and maximum capacity, Forbidden Operating Regions, Ramp
Rates, Minimum Run and Down Times, average heat rates or average production costs. This
requirement is based on Section 4.1.2 of the Pro Forma Participating Generator Agreement
(Appendix B.2 of the CAISO Tariff).

Additional information on the Master File is available on the CAISO web site at:

http://www.caiso.com/docs/2005/10/27/2005102715043129899.html

A.4 Open Access Same Time Information System (OASIS)

The OASIS provides a Web interface for Market Participants to retrieve public Market
information, including:

Demand forecast

AS requirements

Aggregate Schedules

Transmission interface limits and flows
Locational Marginal Prices

» Regional Ancillary Services Market Prices

YV V VY

This is described in more detail in Section 13 of the BPM for Market Instruments.

A.5 Settlements & Market Clearing System (SaMC)

SaMC receives Market results from the CAISO Markets and meter data from SCs to perform
Settlement according to specific business rules and charge types. Refer to the BPM for
Settlements & Billing for further information.
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A.6 Energy Management System (EMS)

EMS sends control data to units on regulation. It matches electricity Supply and Demand on a
four second basis. EMS has an associated database called PI to store the data.

As part of this functionality, EMS gets telemetry and data from the State Estimator, data from
most units in the CAISO Control Area, and all of the transmission lines interfacing with other
control areas. EMS/PI is the source of this data for the Real-Time processes. EMS is also the
source of the base Full Network Model.

EMS receives preferred operating point data, representing the economic Dispatch Instruction,
from RTED via the ramp tool. EMS sends this data to units on regulation as a neutral set point.
EMS also receives information on dispatched Ancillary Services, which is used to calculate
Energy reserves for the power system

A.6.1 EMS Loss of Data Interfaces

EMS updates data every 30 seconds. In the event of failure to update data for five minutes,
RTM considers the data obsolete and alerts the user. RTM performs the following actions in the
event of either obsolete or bad quality EMS data (note that data manually replaced in EMS is
not considered to be obsolete or of bad quality):

» Marks affected data with a flag on applicable screens

» Does not use affected regulating limits from EMS for Ancillary Services and Supplemental
Energy allocation. Instead, uses the limits from the Master File according to the “next hour’s”
allocation.

» Does not use affected telemetry for the imbalance MW calculations. Instead, assumes that
the Generating Unit attempts to comply with the DOT starting at the last good telemetry
point using the Generating Unit’s physical Ramp Rate.

A.6.2 State Estimator Failure

A State Estimator and a full AC power flow are run in the EMS in order to create the system
state that is transferred to the RTM system. This information is transferred from the EMS to the
RTM system every 5 minutes and on events that trigger the State Estimator. This data is used
to initialize the network model in the RTM system with the current power system state.

The RTM uses the state of the power system and switch status (switch status received in both
full and incremental modes) to solve the base case power flow.
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The RTM uses the most recent SE solution. RTM uses the old solution if a new SE solution
(for a user specified number of intervals) has not been received by the RTM system.

A DC power flow solution is used in case the full AC power flow does not solve in the RTM
system.

A.7 Automated Dispatch System (ADS)

ADS is an application developed by CAISO to communicate Real-Time Dispatch Instructions to
SCs. As a user of ADS, you are able to:

» Receive and generally respond to in-hour Dispatch Instructions in Real-Time
» Receive confirmation of accepted pre-Dispatch Instructions
» Retain a local record of the transaction

» Query a database for historical instructions

SCs are able to accept or decline inter-tie dispatches, or may be able to communicate their
ability to respond to the dispatches. SCs can also use ADS to record control area approval of
intertie dispatches and to push accepted intertie instructions to CAS.

The public Internet is the method of transmitting the instruction and response information
between CAISO and the SC. ADS uses 128-bit domestic encryption and Secure Sockets Layer
(SSL) communications technology, combined with medium assurance digital certificates and
smart cards, to create a secure environment. Detailed logs are maintained by CAISO to assist in
dispute resolution.

A7.1 ADS Loss of Data Interfaces

In the event of loss of connectivity to ADS, or particular ADS tables, or incorrect flags in
interface tables, RTM alerts the user of a problem, indicates what RTM detects as the problem,
and allows the user to retry connecting to ADS.

If the user cannot restore the connection before any subsequent dispatches, then a means is
provided to continually display the requested Dispatch so that CAISO Operators may manually
Dispatch the resources, or remove resources from the list. When CAISO Operators are finished,
they indicate such to RTM and then RTM writes the results to the Dispatch log. RTM also
records the event in SIBR so that Expected Energy can be recalculated later.




CAISO Business Practice Manual BPM for Market Operations

A.8 Control Area Scheduler (CAS)

A detailed description of the interchange transactions and associated tagging is given in Section
6.3.2 for DAM and Section 7.2.2 for RTM.

A.8.1 CAS Loss of Data Interfaces

The CAS updates Schedules every 5 minutes. In the event of loss of data updates, RTM
continues to use the un-updated data. If data does not exist for a particular hour, RTM uses
data from the last available hour as proxy for following hours.

RTM alerts the user when CAS data has not been updated for 10 minutes (configurable
parameter). RTM also alerts the user when no data exists for a particular hour.

A.9 CAISO Market Results Interface (CMRI)

The CAISO Market Results Interface or CMRI is the reporting interface that contains private
market information resulting from the CAISO Market Processes: MPM, IFM, RUC, and RTM.
This includes schedules and awards, resource specific prices, default and mitigated bids, unit
commitments and instructions.

In addition to those mentioned above, post-market or after-the-fact information such as
Expected Energy (energy accounting results) and the Conformed Dispatch Notice (commonly
known as the “CDN”) can be accessed from the CMRI.

Detailed description of these reports can be found under the BPM Market Instruments Section
11.

A.10  Operational Meter Analysis & Reporting (OMAR) System

The OMAR system performs automated validation of meter readings and pushes Settlement
Quality Meter Data (SQMD) to Settlements. The OMAR system notifies the CAISO Operator if
human attention is required, and provides a user interface display where manual observation,
intervention, and meter data modification can be performed.

A1l Electronic Tagging System

The electric tagging system provides the means by which SCs can enter/change the e-Tag
information that is required for the interchange of Power transactions between the CAISO
Control Area and other Control Areas. See Section 6.3.2 for e-Tags in the Day-Ahead Market
and Section 7.2.2 for e-Tags in the Real-Time Market.
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A.12 Participating Intermittent Resource Program (PIRP) and Eligible
Intermittent Resources (EIRS)

This section is based on CAISO Tariff Sections 4.6.1.1, 4.8, 9.3.10, Appendix F (Rate
Schedules) and Appendix Q (Eligible Intermittent Resources Protocol (EIRP)). All Eligible
Intermittent Resources (EIRs) with a Participating Generator Agreement, Net Scheduled PGA,
Dynamic Scheduling Agreement for Scheduling Coordinators, or Pseudo-Tie Participating
Generator Agreement that, among other things, binds the Eligible Intermittent Resource to
comply with the CAISO Tariff; must comply with the EIRP. The EIRP also sets forth additional
requirements for those EIRs that voluntarily elect to become Participating Intermittent
Resources (PIRs) under the CAISO'’s Participating Intermittent Resource program (PIRP). EIRs
are not required to participate in PIRP. PIRs participating in PIRP as of May 1, 2014 and
meeting certain additional requirements, including making an election by June 1, 2014, may
gualify for PIRP Protective Measures. A resource that holds QF status may also elect to receive
PIRP Protective Measures, if qualified to receive such measures, by June 1, 2014. The QF will
be eligible to receive PIRP Protective Measures upon expiration of QF status. Irrespective of
when a specific resource begins receiving PIRP Protective Measures, PIRP Protective
Measures will expire on the sooner of: (a) April 1, 2017; or (b) expiration of the condition that
gualified the resource for receiving PIRP protective measures initially (i.e., the execution of a
new or amended contract for services that addresses the Imbalance Energy settlement or the
addition of equipment that makes the resource physically able to respond to CAISO Dispatch
Instructions).

A.12.1 EIR Self-Schedules, Economic Bids, and Dispatch

Scheduling Coordinators for EIRs must either submit a forecast of output with five-minute
granularity that is updated every five minutes, or else use the forecast provided by CAISO’s
forecast service provider which is also produced at a five-minute granularity and updated every
five minutes.

The Scheduling Coordinator may choose to either self-schedule or submit economic bids for an
EIR. If an EIR is self-scheduled, the self-schedule for each 15-minute interval in the FMM and
for each 5-minute interval in RTD is derived from the forecast values. If economic bids are
submitted for an EIR, the economic upper limit will be based on the forecast values.

After each market run, the Scheduling Coordinator for an EIR receives a Dispatch Instruction for
the EIR as defined in section 7.2.3.4 of BPM Market Operation. All EIR Dispatch Instructions
will be at or below the EIR’s forecasted output. If the EIR Dispatch Operating Target (DOT) is
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equal to the forecasted output then the EIR can produce as it is capable, as provided in Section
34.13.1 of the Tariff. This condition is indicated by a non-negative SUPP component of the
Dispatch Instruction.

If the market issues an EIR a Dispatch Operating Target below its forecasted value, the SUPP
component of the Dispatch Instruction will be a negative. Consistent with Section 34.13.1 of the
Tariff, the EIR must not exceed its Dispatch Operating Target when the SUPP component of the
Dispatch Instruction is negative. Scheduling Coordinators that repeatedly and intentionally
deviate from their Dispatch Operating Target may be investigated and referred to FERC for
violations of the CAISO tariff. See section 7.8.3.1.3 of the Market Operations BPM for more
information about SUPP component of the DOT.

The CAISO may issue an Operating Instruction directing an Eligible Intermittent Resource not to
exceed its Dispatch Operating Target if necessary to maintain system reliability consistent with
Section 7.6 or 7.7 of the CAISO tariff. Operating Instructions are communicated pursuant to
NERC Standard COM-002-4. The CAISO will issue written or verbal communications to
relevant Scheduling Coordinators when an Operating Instruction directs EIRs not to exceed
Dispatch Operating Targets. Failure to follow an Operating Instruction is a violation of the
CAISO Rules of Conduct (CAISO Tariff Section 37).

A.12.2 Scheduling Coordinator Self Certification to Provide a Power
Forecast

A Scheduling Coordinator that wishes to submit its own forecast for an EIR resource must
be able to certify that it will provide a state of the art forecast using one of, or a combination
of, an internal meteorological department, an energy forecast service provider, or a defined
alternative forecasting method/system.

A.13 Wind Generator Forecasting and Communication Equipment
Requirements

The requirements set forth in this Section apply to EIRs powered by wind with a PGA or NS
PGA, except as otherwise specified below and whether or not the EIR is certified or seeking
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certification as a PIR. The detailed requirements for forecasting and communication equipment
for wind generators are set forth in Appendix Q of the CAISO Tariff.

A.13.3.1 Physical Site Data

As part of an EIRs obligation to provide data relevant to forecasting Energy from the EIR, each
applicable wind EIR or its Scheduling Coordinator (SC) must provide the CAISO with accurate
information regarding the physical site location of the EIR as outlined in Appendix Q of the
CAISO Tariff.. Meteorological and Production Data

Each wind EIR must install and maintain equipment required by the CAISO to support accurate
power generation forecasting and the communication of such forecasts, meteorological data,
and other needed data to the CAISO. The requirements for communication of such data to the
CAISO are set forth in Appendix Q of the CAISO Tariff.

The objective of this requirement is to ensure a dataset that adequately represents the
variability in wind velocity within the plant. Where individual EIRs have circumstances that
prohibit them from reasonably satisfying this requirement, the CAISO, the forecast service
provider, and the wind-plant owner will formulate a cost-effective distribution of Designated
Turbines by mutual agreement that approximates this requirement and adequately measures
the variability of the wind velocity within the EIR. EIRs seeking a variance from this requirement
should do so in the development of their interconnection agreement or, for those EIRs that have
already finalized an interconnection agreement, as part of entering into a Meter Service
Agreement.

Wind data collected at the nacelle will not represent the true wind value at a plant site, but
instead will represent the apparent wind, which can be correlated to the co-located turbines.
This requirement will help ensure: (a) multiple data streams for anemometer information; and (b)
accurate representation of the data points to calculate wind energy production at the park.

Wind EIRs with a PGA or NS PGA that are operating or have final regulatory approvals to
construct as of the effective date of this section that have wind turbines without nacelle
anemometers need not comply with the requirements of this section for Designated Turbines.

An EIR that does not provide the meteorological data required in Appendix Q of the CAISO
Tariff will be informed in writing of its failure to provide such required data. Failure to begin
providing the required information in the time specified in the written notice will result in the
resource participating in the market as a non-EIR resource.
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A.13.3.2 Training of Neural Network

High quality! production and meteorological data must be collected for a minimum of thirty (30)
consecutive days before the ISO can produce a forecast. This data must be collected in
advance in order to train the forecast models (e.g., artificial neural networks) responsible for
producing the power production (MW) forecast for each site.

A.13.3.3 Maintenance & Calibration

Meteorological equipment should be tested and, if appropriate, calibrated: (1) in accordance
with the manufacturer's recommendations; (2) when there are indications that the data are
inaccurate; or (3) when maintenance has been performed that may have interrupted or
otherwise adversely impacted the accuracy of the data. The ISO will report in writing to the
relevant SC those sites that are sending poor quality meteorological or real time production
data. Failure to begin providing adequate data in the time specified in the written notice will
result in the resource participating in the market as a non-EIR resource.

A.12.4 Solar Generator Forecasting and Communication Equipment
Requirements

The requirements set forth in this Section apply to solar thermal and solar photovoltaic EIRs
with a PGA or NS PGA, except as otherwise specified below and whether or not the EIR is
certified or seeking certification as a PIR. The detailed requirements for forecasting and
communication equipment for solar thermal and solar photovoltaic generators are set forth
in Appendix Q of the CAISO Tariff.

A.12.4.1 Physical Site Data

As part of an EIR’s obligation to provide data relevant to forecasting Energy from the EIR, solar
thermal and solar photovoltaic EIRs or their Scheduling Coordinators (SCs) must provide the
CAISO with an accurate description of the physical site of the EIR as outlined in Appendix Q of
the CAISO Tariff..

1 Data quality must be adequate to produce a state of the art forecast as determined by a forecast service provider.
For example temperatures and wind speeds far exceeding local norms or real time MW production with no wind
speed or irradiance would be an example of poor data quality.
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A.12.4.2 Meteorological and Production Data

Each solar thermal and solar photovoltaic EIR must install and maintain equipment required by
the CAISO to support accurate power generation forecasting and the communication of such
forecasts, meteorological data, and other needed data to the CAISO. An EIR that does not
provide the meteorological data required in Appendix Q of the CAISO Tariff will be informed in
writing of its failure to provide such required data. Failure to begin providing the required
information in the time specified in the written notice will result in the resource participating in
the market as a non-EIR resource.

A.12.4.3 Training of Neural Network

High quality? production and meteorological data must be collected for a minimum of thirty (30)
consecutive days before the ISO can produce a forecast. This data must be collected in
advance in order to train the forecast models (e.g., artificial neural networks) responsible for
producing the power production (MW) forecast for each site.

A.12.4.4 Maintenance & Calibration

Meteorological equipment should be tested and, if appropriate, calibrated: (1) in accordance
with the manufacturer’'s recommendations; (2) when there are indications that the data are
inaccurate; or (3) when maintenance has been performed that may have interrupted or
otherwise adversely impacted the accuracy of the data. The ISO will report in writing to the
relevant SC those sites that are sending poor quality meteorological or real time production
data. Failure to begin providing adequate data in the time specified in the written notice will
result in the resource participating in the market as a non-EIR resource.

A.12.45 Forced Outage Reporting

The additional Forced Outage reporting requirements imposed on EIRs under CAISO Tariff
Sections 9.3.10.3 and 9.3.10.3.1 are intended to enhance the CAISO’s ability to produce
accurate forecasts of the EIR output.

2 Data quality must be adequate to produce a state of the art forecast as determined by a forecast service provider.
For example temperatures and wind speeds far exceeding local norms or real time MW production with no wind
speed or irradiance would be an example of poor data quality.
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A.12.5 Participating Intermittent Resource Export Fee Exemption
Certification Process

The provisions governing the Participating Intermittent Resource Export Fee are found at
CAISO Tariff, Appendix Q, EIRP Section 5.3 and Appendix F, Schedule 4. In accordance with
these provisions, the Participating Intermittent Resource Export Fee applies only to Participating
Intermittent Resources that have elected PIRP Protective Measures and does not apply to
resources that have not elected for such measures.

The owner of a PIR, as of November 1, 2006, utilizes the Energy generated from the
Participating Intermittent Resource to meet its own Native Load outside the CAISO Balancing
Authority Area.

The PIR has an export contract with a starting term prior to November 1, 2006.

The PIR has a contract to sell Energy to a Load Serving Entity with Native Load in the CAISO
Balancing Authority Area.

The purpose of this Section is to describe the steps necessary to submit the certifications
described in EIRP Sections 2.2.5 and 5.3 required to determine the PIR Export Percentage for
applicable PIRs.

A.13.5.1 Participating Intermittent Resource Export Fee Exemption Certification
Required Documentation

To complete the requirements set forth in EIRP Sections 2.2.5 for a certification for exemption
from the Participating Intermittent Resource Export Fee, the following items must be included:
1) Certification Form (see Section 0 below) must include:
a. Name and address of the Participating Intermittent Resource
b. The amount, in MW, for each exemption category
c. Calculation of PIR Export Percentage
d. Signature of officer for the Participating Intermittent Resource

2) Copies of all executed contracts, including changes, supporting the exemptions listed in
the certification form. Price information may be redacted from the contracts provided,
however, that the CAISO must be able to determine from the contract the identity of the
purchaser, quantity purchased, and the length of term of the contract for the PIR.




CAISO Business Practice Manual BPM for Market Operations

Submittal Address

Send a signed hard copy of the certification form and copies of all relevant contracts to the
following address:

California 1ISO

Attn: Julia Payton
250 Outcropping Way
Folsom, CA 95630

A.13.5.2 CAISO Feedback

Within 30 days of receipt of the completed certification form and submitted contracts, the CAISO
will provide written confirmation that the Participating Intermittent Resource has satisfied the
requirements under EIRP Section 2.2.5. The CAISO will provide the Participating Intermittent
Resource with its PIR Export Percentage and the applicable exemption period ending date that
has been validated based on the contracts submitted.

The PIR Export Percentage will remain valid until the exemption period ending date unless the
Participating Intermittent Resource alters the composition of the resource, changes the PMax of
the resource, or changes the purchaser, quantity purchased, or length of the term of the
contracts for the PIR.

A.13.5.3 Resubmission of Certification

The Participating Intermittent Resource Export Fee exemption certification must be updated by
resubmission to the CAISO:

1) Upon a request to modify the composition of the Participating Intermittent Resource
under EIRP Section 2.4.2, or

2) Within ten (10) calendar days of the final execution of a new contract or any change in
counterparty, start and end dates, delivery point(s), quantity in MW, or other temporal
terms for any prior certified contract. All other contractual changes will not trigger the
obligation for recertification.

A.13.5.4 Example of PIR Export Percentage Calculation

A PIR with a 100 MW PMax has 2 contracts: (1) a contract executed on January 1, 2005 to
export 55 MW to a Balancing Authority Area outside the CAISO Balancing Authority Area; (2) a
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contract executed on January 1, 2007 to sell 20 MW to a load serving entity in the CAISO
Balancing Authority Area. Such facility would fill the table in the certification form as follows:

Table 4
Portion of
Participating _
Intermittent Exemption Category

Resource
Capacity (in MW)

EIRP Section 5.3.1 (a): The owner of a Participating Intermittent Resource, as of
0 November 1, 2006, utilizes the Energy generated from the Participating Intermittent
Resource to meet its own Native Load outside the CAISO Balancing Authority Area.

EIRP Section 5.3.1 (b): The Participating Intermittent Resource demonstrates ... an

55 export contract with a starting term prior to November 1, 2006.

EIRP Section 5.3.1 (c): The Participating Intermittent Resource demonstrates ... a
20 contract to sell Energy to a load serving entity with Native Load within the CAISO
Balancing Authority Area.

75 Total MW eligible for Participating Intermittent Resource Export Fee exemption

The PIR Export Percentage would be calculated as follows:

PIR Export Percentage_= (PMax of PIR — Total MW eligible for Participating Intermittent
Resource Export Fee exemption) / PMax of PIR

For example, if PMax of PIR = 100 MW, Total MW eligible for Participating Intermittent
Resource Export Fee exemption = 75 MW then PIR Export Percentage = (100-75)/100
= 25%
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A.13.5.5 Annual Certification

EIRP Section 5.3.6 provides that by December 31 of each calendar year, each Participating
Intermittent Resource shall confirm on the form set forth in a BPM, signed by an officer of the
Participating Intermittent Resource, that the operations of the Participating Intermittent
Resource are consistent with any certification(s) provided to the CAISO under EIRP Section
2.2.5. The certification form to be submitted to meet this requirement is set forth in Section 0.

A.13.5.6 Certification Form for the Participating Intermittent Resource Export Fee
Exemption

Company letterhead
Date

Participating Intermittent Resource Name:
CAISO Resource ID:

Address of principal place of business
Street:

City:

State: Zip Code:

In accordance with Section 2.2.5 [and/or 5.3] of the California 1SO’s Eligible Intermittent
Resources Protocol (“EIRP”), this letter provides certification that PIR NAME is eligible for the
following Participating Intermittent Resource Export Fee exemptions:

Table 5

Portion of

Participating Exemption Category
Intermittent Resource

Capacity (in MW)
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EIRP Section 5.3.1 (a): The owner of a Participating
Intermittent Resource, as of November 1, 2006, utilizes
[0] the Energy generated from the Participating Intermittent
Resource to meet its own Native Load outside the CAISO
Balancing Authority Area.

EIRP Section 5.3.1 (b): The Participating Intermittent
[0] Resource demonstrates ... an export contract with a
starting term prior to November 1, 2006.

EIRP Section 5.3.1 (c): The Participating Intermittent
[0] Resource demonstrates ... a contract to sell Energy to a

load serving entity with Native Load within the CAISO
Balancing Authority Area.

Total MW eligible for Participating Intermittent
Resource Export Fee exemption

[0]

According to the table above and based on the Participating Intermittent Resource PMax, the
estimated PIR Export Percentage is calculated as:

(PMax of PIR — Total MW eligible for Participating Intermittent Resource Export Fee exemption)
[PMaxof PIR=__ %

This certification must be updated by resubmission to the CAISO (1) upon a request to modify
the composition of the Participating Intermittent Resource under EIRP Section 2.4.2 or (2) within
ten (10) calendar days of the final execution of a new contract or any change in counterparty,
start and end dates, delivery point(s), quantity in MW, or other temporal terms for any prior
certified contract. All other contractual changes will not trigger the obligation for recertification.

| hereby acknowledge that | am an officer of the Participating Intermittent Resource who has
sufficient authority to execute this document on behalf of PIR NAME.
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Authorized Signature:

Name:

Title:

A.12.6 Forecast Fee

Beginning on the date first operational, a EIR with a PGA or QF PGA must pay the Forecast
Fee for all metered Energy generated. Notwithstanding the foregoing, the following exemption
from the Forecast Fee applies:

» EIRs meeting all of the following criteria: (a) has a Master File PMax of
less than 10 MW, (b) it sold Energy under the terms of a PURPA power
purchase agreement before operating pursuant to a PGA or NS PGA, and
(c) itis not a PIR.

The amount of the Forecast Fee shall be determined so as to recover the projected annual
costs related to developing Energy forecasting systems, generating forecasts, validating
forecasts, and monitoring forecast performance, which are incurred by the CAISO as a direct
result of participation by EIRs in CAISO Markets, divided by the projected annual Energy
production by all EIRs.

The current rate for the Forecast Fee is $ 0.10 per MWh.
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A.12.7
>

A.12.8

Wind and Solar EIR Short Term Forecasting

The ISO Automatic Load Forecasting System (ALFS) is configured to provide a day
ahead (twenty four hourly forecasts) and short-term (5 minute) forecasts of wind
generation and solar plant generation by resource. Two separate forecasts can be
provided for each resource. The two forecasts are:

> External Forecast (EXFC). This is an externally sourced forecast that is
provided to the ISO. The forecast time resolution is hourly for the day
ahead at the 5 minute level. The forecast will be for seven rolling hours,
rolling updated every five minutes. This forecast will be provided for every
EIR.

> Scheduling Coordinator Forecast (SCFC). This is the forecast provided to
the 1SO by the certified SC. The SC must provide at a minimum a three-
hour rolling forecast with fifteen- (15) minute granularity, updated every
fifteen minutes, and may provide in the alternative a three-hour rolling
forecast at five- (5) minute granularity, updated every five minutes. If a
Scheduling Coordinator for an Eligible Intermittent Resource in the CAISO
Balancing Authority Area opts to provide the forecast at a five-minute
granularity, the CAISO will use the average of the projected Energy output
for the relevant three five (5)-minute forecasts to determine the Variable
Energy Resource Self-Schedule for the Fifteen Minute Market. A
Scheduling Coordinator forecast may not be available for every wind or
solar resource.

Should either forecast appear to interfere with reliable grid operations, in the

judgment of 1ISO operation, the forecasts may be overridden. See Market Operations
for BPM for details

Missing Scheduling Coordinator Forecasts

The external forecast will replace the Scheduling Coordinator forecast for
consumption of the downstream systems in the following cases:

Should the Scheduling Coordinator forecast not be delivered.
The Scheduling Coordinator opts not to provide a forecast.

For periods beyond those submitted by the Scheduling Coordinator up to the
forecast will be provided from the external forecaster,
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Attachment B

COMPETITIVE PATH ASSESSMENT
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B. Competitive Path Assessment

The Dynamic Competitive Path Assessment used for Local Market Power Mitigation is
described in section B.1 below. In cases where the Dynamic Competitive Path Assessment is
unable to function, and when evaluating mitigation for exceptional dispatches in real-time, a
default Competitive Path Assessment list is used instead for mitigation. The process for
compiling this list is described in section B.2 below.

B.1 Dynamic Competitive Path Assessment (DCPA)

B.1.1 Accounting For Resource Control

The purpose of a pivotal supplier test is to determine whether one or more suppliers defined on
a portfolio basis can influence market prices through withholding. In the Day-Ahead Market,
combining physical and net virtual supply that correspond to a single supplier is necessary to
accurately account for the extent of withholding and resulting market impact. By comparison, in
the HASP and RTUC, the extent of withholding and resulting market impact is determined
based solely on the physical supply, because there is no virtual supply in those markets. The
aggregation of related resources is referred to as a portfolio for purposes of conducting the
pivotal supplier test - the potential that one or more suppliers' portfolios may be withheld and

have an impact on the market.

Resources will be assigned to a supplier's portfolio based on the Scheduling Coordinator who
owns the SCID assigned to the resource unless a different Scheduling Coordinator, or an
Affiliate of a different Scheduling Coordinator, controls the resource. Then the resource will be
excluded from the portfolio of the Scheduling Coordinator who owns the SCID assigned to the
resource. The resource will be added to the supplier portfolio of the Scheduling Coordinator

who controls the resource or whose Affiliate controls the resource.

Furthermore, Scheduling Coordinators who are registered with the ISO as distinct legal entities

(or companies) may be or have Affiliates. The supplier portfolios of affiliated Scheduling
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Coordinators will be combined in order to accurately account for the extent of possible

withholding and resulting market impact.

Please refer to the BPM for Scheduling Coordinator Certification and Termination information on
Scheduling Coordinator obligations to report Affiliates and resource control agreements.

> Resources and Suppliers Considered

1. Resources
a. Day-Ahead Market
All resources that are available will be considered, whether committed or not.
b. HASP

Only resources which are either on-line or offline and have a startup time of 60

minutes or less will be considered.
c. RTUC

Only resources which are either on-line or offline and have a startup time of 15

minutes or less will be considered.
2. Net Sellers as Potentially Pivotal Suppliers:
For determination of the top three potentially pivotal suppliers:
e The supplier portfolios of net sellers of electricity will be considered.

e Net buyers of electricity do not have an incentive to exercise local market power and

increase spot wholesale prices.

¢ Identification of net buyers to exclude from the set of potentially pivotal suppliers will
be determined quarterly. It will be determined by subtracting metered supply from

the metered demand of each supplier portfolio over the most recent 12 month period.

e SCs without physical resources, for example purely financial SCs, cannot be deemed
net buyers per the definition of net buyer in CAISO Tariff section 39.7.2.2 and

therefore will always be categorized as net sellers.
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3. Cleared Convergence Bids included (not applicable for real-time)

Cleared virtual supply bids are included in the demand for counterflow and effective
supply calculations for fringe competitive suppliers.

B.1.2 Process Flow for the Dynamic Competitive Path Assessment (DCPA)
In the Day Ahead and Real Time Market:

The DCPA will determine which constraints are competitive and which constraints are

non-competitive for each interval of the IFM, HASP, and RTUC. The DCPA will be
assessed as part of the MPM process prior to each market.

DCPA formula for Generating Resources:

On Regulation IFM RTM
-min(0,SF)*(min(DOT(t-
) 1)+RRU(DOT(t-
. o 1),T),min(UOL,URL)-RU-SR-
_ _ min(0,SF)*(min(min(UOL,URL)- N)R aEL—S(R—NR ED13/IAX—
Withheld capacity RU—SR—NR,UEL)_ 6*(’RU+SR+NR3)—
RD,ESS)) max(max(LOL,LRL)- max(DOT(t-1)+RRD(DOT(t-
’ 1),T),max(LOL,LRL)-RD,ESS,EDMIN-
3+*RD))
-min(0,SF)*max(DOT (t-
Supply counter flow | - 1)+R(RD(D)OT(t—( (
from potential [ min(0,SF)+*max(max(LOL,LRL)-
inOt&' Supplier RD,ESS) ;ig%;)rnaX(LOL,LRL)_RD,ESS,EDMIN_
-min(0,SF)*min(DOT ((t-
Supply counter flow | - 1)+RRU(DOT(t-
from fringe | min(0,SF)*min(min(UOL,URL)- | 1),T),min(UOL,URL)-RU-SR-
competitive supplier | RU-SR-NR,UEL) NR,UEL-SR-NR,EDMAX-
3+*(RU+SR+NR))
pemand for COunter | _, .. ,SF)«EN ~min(0,SF)*DOT(t)
Off Regulation IFM RTM
-min(0,SF)*(min(DOT(t-
. . 1)+RRU(DOT(t-
-min(0,SF)*(min(UOL-SR- . cn. ~
Withheld capacity | NR,UEL)- ;ikTS)P'{TEg)O_L'UEL) SR-NR,EDMAX
n*max(LOLESS)) max(DOT(t-1)+RRD(DOT(t-
1),T),LOL,ESS,EDMIN))
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Supply counter flow -min(0,SF)*max(DOT(t-

from potential [ -min(0,SF)#*n*max(LOL,ESS) 1)+RRD(DOT(t-

pivotal supplier 1),T),LOL,ESS,EDMIN)
-min(0,SF)*min(DOT (t-

Supply counter flow

T fringe -min(0,SF)*min(UOL-SR- 1)+RRU(DOT(t-

competitive supplier | NRUEL) 1),T),min(UOL,UEL)-SR-NR EDMAX-~
5*(SR+NR))

Demand for counter | _ . o spy+gN “min(0,SF)*DOT(t)

flow

DCPA formula for Non-Generating Resources (NGR):

On Regulation IFM RTM

-min(0,SF)*(min(DOT(t-

1)+RRU(DOT(t-

-min(0,SF)*(min(min(UOL,URL)- | 1),T),min(UOL,URL)-RU-SR~

RU-SR-NR,UEL,LSS)- NR,UEL-SR-NR,LSS,EDMAX-
max(max(LOL,LRL)- [ 83(RU+SR+NR))-

RD,LEL,GSS)) max(DOT(t-1)+RRD(DOT(t-

1),T),max(LOL,LRL)-

RD,LEL,GSS EDMIN-8+RD))

Withheld capacity

-min(0,SF)*[max(DOT(t-
-min(0,SF)*[max(max(LOL,LRL)- | 1)+RRD(DOT(t-
RD,LEL,GSS)-LOL] 1),T),max(LOL,LRL)-
RD,LEL,GSS,EDMIN-8+RD)-LOL]

Supply counter flow
from potential
pivotal supplier

-min(0,SF)*[min(DOT (t-
1)+RRU(DOT(t-
1),T),min(UOL,URL)-RU-SR-
NR,UEL-SR-NR,LSS,EDMAX-
d*(RU+SR+NR))-LOL]

Supply counter flow
from fringe
competitive supplier

-min(0,SF)*[min(min(UOL,URL)-
RU-SR-NR,UEL,LSS)-LOL]

Demand for counter

flow -min(0,SF)*(EN-LOL) ~min(0,SF)*(DOT(t)-LOL)

Off Regulation IFM RTM
-min(0,SF)*(min(DOT(t-
1)+RRU(DOT (t-

-min(0,SF)*(min(UOL-SR-
Withheld capacity | NR,UEL,LSS)-
max(LOL,LEL,GSS))

1),T),min(UOL,UEL)-SR-
NR,LSS,EDMAX-5*(SR+NR))-
max(DOT(t-1)+RRD(DOT (t-
1),T),LOL,LEL,GSS,EDMIN))
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Supply counter flow . -min(0,SF)*[max(DOT(t-

o, potential Lr(;lir]l(O,SF)*[maX(LOL,LEL,GSS)- 1)+RRD(DOT (t-

pivotal supplier 1),T),LOL,LEL,GSS,EDMIN)-LOL]
-min(0,SF)*[min(DOT (t-

f’r‘é‘r’ﬁ'y Coumerf r‘;Logg ~min(0,SF)*[min(UOL-SR- 1)+RRU(DOT(t-

competitive supplier NR,UEL,LSS)-LOL] 1),T),min(UOL,UEL)-SR-
NR,LSS,EDMAX-5*(SR+NR))-LOL]

ﬁgvrca”d for counter | _ 1 (0,SF)*(EN-LOL) ~min(0,SF)*(DOT(t)-LOL)

Where

ESS | is the Energy Self-Schedule

n | is a binary variable that is set if the resource is must-run because of ESS or
spin self-provision

UOL is the Upper Operating Limit

URL is the Upper Regulating Limit

UEL is the Upper Economic Limit

LOL is the Lower Operating Limit

LRL is the Lower Regulating Limit

LEL is the Lower Economic Limit

GSS is the Generating Self-Schedule

LSS is the Load Self-Schedule

RU is the Regulation Up self-schedule
RD is the Regulation Down self-schedule
SR is the Spinning Reserve self-schedule
NR is the Non-Spinning Reserve self-schedule
DOT(t) Is the optimal dispatch at interval t

RRU(DOT(t),T)

is the upward ramp capability from DOT(t) for interval
duration T

RRD(DOT(1),T)

is the downward ramp capability from DOT(t) for interval
duration T

EDMAX is the MAXGOTO ED/MD
EDMIN is the MINGOTO ED/MD
) is the binary option to adjust ED/MD for AS
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B.2 Default Competitive Path Assessment list

The default competitive path assessment (default CPA) list will be used in order to determine
whether exceptional dispatches are related to a non-competitive Transmission Constraint for
purposes of mitigation of the exceptional dispatches in real-time.

In addition, the default CPA list will be used as a back-up measure in the event that a failure of
the CAISO’s market software prevents the software from performing the DCPA portion of the
LMPM process. The default CPA list will be used in lieu of the dynamically produced list.

Methodology:
The default CPA will be calculated based on following methodology:

Subject to the exceptions discussed below, a Transmission Constraint that passes the following
two thresholds will be deemed competitive for purposes of (1) mitigating exceptional dispatches
in real-time and (2) determining whether the Transmission Constraint is competitive in the event
of a failure of the CAISO’s market software. Otherwise, the Transmission Constraint will be
deemed non-competitive.

e Congestion Threshold: Congested in 10 or more hours in the run where the dynamic
competitive path assessment is calculated, and

e Competitive Threshold: Deemed competitive in 75 percent or more of the instances
where the constraint was binding when tested.

Input data will reflect the most recent 60 days of trade dates available at the time of testing.

An exception to the thresholds described above will apply to Path 15 and Path 26. Each of
these two paths will be considered competitive unless the Transmission Constraint was
congested in 10 or more hours in the test period and was deemed competitive less than 75
percent of the time. This exception allows these major inter-zonal interfaces to remain
competitive even when they have not been binding in the past 60 days.

The CAISO will create separate lists of competitive Transmission Constraints for the Day-Ahead
and Real-Time processes, based on data relevant to each market. For the Real-Time Market, if
the Transmission Constraint was binding during any 15-minute interval during an hour, then the
Transmission Constraint will be deemed to be binding for the entire hour. If the Transmission
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Constraint was determined to be non-competitive during any 15-minute interval during an hour,
then the Transmission Constraint will be deemed to be non-competitive for the entire hour.

This set of designations will be updated not less frequently than every seven days to reflect
changes in system and market conditions.
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Attachment C

EXPECTED ENERGY CALCULATION
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C. Expected Energy Calculation

C.1 Expected Energy Definition

Expected Energy is the total Energy that is expected to be generated or consumed by a
resource, based on the Dispatch of that resource, as calculated by the Real-Time Market
(RTM), and as finally modified by any applicable DOP corrections. Expected Energy includes
the Energy scheduled in the Integrated Forward Market and it is calculated “after-the-fact,” i.e,
after the Operating Day. Expected Energy is calculated for Generating Units, System
Resources, Resource-Specific System Resources, Non-Generator Resources, and Participating
Loads (e.g, pumps). The calculation is based on the Day-Ahead Schedule and the Dispatch
Operating Point (DOP) trajectory for the three-hour period around the target Trading Hour
(including the previous and following hours), the applicable Real-Time LMP for each Dispatch
Interval of the target Trading Hour, and any Exceptional Dispatch Instructions. All Dispatch

Intervals are five minutes in duration.

For energy categories Real-Time Minimum Load Energy, Real-Time Pumping Energy, Derate
Energy, Exceptional Dispatch Energy, and Optimal Energy, separate expected energy
calculations are made for the Fifteen-Minute Market (FMM) dispatch and Real-Time Dispatch
(RTD). These are denoted with a subscript, i.e. OE1s denotes Optimal Energy from the FMM
dispatch and OEs denotes Optimal Energy from the RTD.
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The following is a list of Expected Energy types and their general descriptions. How each are calculated is described in Section

D.3, Expected Energy Calculation.

Expected
Energy
Category

Definition

Published

Enumeration

Day-Ahead
Scheduled
Energy (DASE)

Hourly Energy that corresponds to the flat hourly Day-Ahead Schedule (DAS).
It is composed of Day-Ahead Minimum Load Energy, Day-Ahead Self-
Scheduled Energy, and Day-Ahead Bid Awarded Energy. It does not include
the DA Energy that corresponds to the flat schedule when resource is
committed in DA pumping mode. Expected energy in DA pumping mode is
accounted for as DA pumping energy. Day-Ahead Scheduled Energy includes
the DA Energy that corresponds to the negative schedule when the non-
generator resource is dispatched to consume energy (i.e. charging). Day-
Ahead Scheduled Energy is settled at the IFM LMP as specified in Section
11.2.1.1. of the CAISO Tariff.

DASE

Day-Ahead
Minimum  Load
Energy (DAMLE)
[This only
includes IFM Min
load Energy]

DASE below the Minimum Load (as registered in the Master File, or if the
Minimum Load is re-rated per section 9.3.3. of the ISO tariff, the Minimum
Load amount here will be as re-rated); it applies to Generating Units with non-
zero Minimum Load. DAMLE will be zero for non-generator resources in the
initial base model. DAMLE is paid the Day-Ahead LMP as reflected in Section
11.2.1.1 of the CAISO Tariff and it is included in Bid Cost Recovery (BCR) at
the relevant DA Minimum Load Cost (MLC) as reflected in Section 11.8.2.1.2
of the CAISO Tariff.

DMLE

Day-Ahead Self
Scheduled
Energy (DASSE)

DASE above the higher of the Minimum Load (as registered in the Master File,
or if the Minimum Load is re-rated per section 9.3.3. of the ISO tariff, the
Minimum Load amount here will be as re-rated) and below the lower of the
Day-Ahead Total Self-Schedule (DATSS) or the DAS. The DATSS is the sum
of all Day-Ahead Self-Schedules (except Pumping Self-Schedules) in the
relevant Clean Bid. DASSE is paid the Day-Ahead LMP as reflected in Section
11.2.1.1 of the CAISO Tariff and as indicated in Section 11.8.2.1.5 of the
CAISO Tariff. Itis not included in BCR.

DSSE
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Expected Definition Published
Energy Enumeration
Category
Day-Ahead Bid | DASE above the DATSS and below the DAS. DABAE is also indexed against | DABE
Awarded Energy | the relevant DA Energy Bid and sliced by Energy Bid price. The DABAE slices
(DABAE) are paid the Day-Ahead LMP as reflected in Section 11.2.1.1 of the CAISO

Tariff and they are included in BCR at the cost of the relevant DA Energy Bid

prices as shown in Section 11.8.2.1.5 of the CAISO Tariff.
Day-Ahead Negative DASE consumed by Pumped-Storage Hydro (PSH) and Pump | DAPE
Pumping Energy | Resources Scheduled in pumping mode in DA. When DAPE is present, there
(DAPE) are no other DASE subtypes present. DAPE is charged the Day-Ahead LMP

as reflected in Section 11.2.1.3 of the CAISO Tariff and it is included in BCR at

the relevant DA Pumping Cost as demonstrated in Section 11.8.2.1.4 of the

CAISO Tariff.
Standard IIE produced or consumed in the first two and the last two Dispatch Intervals | SRE
Ramping Energy | due to hourly schedule changes. SRE is a schedule deviation along a linear
(SRE) symmetric 20-min ramp (“standard ramp”) across hourly boundaries. SRE is

always present when there is an hourly schedule change, including resource

Start-Ups and Shut-Downs. SRE does not apply to Non-Dynamic System

Resources (including Resource-Specific System Resources. SRE is not

subject to settlement as shown in Section 11.5.1 of the CAISO Tariff.
Ramping Energy | IIE produced or consumed due to deviation from the standard ramp because | RED

Deviation (RED)

of ramp constraints, Start-Up, or Shut-Down. RED may overlap with SRE, and
both SRE and RED may overlap with DASE, but with no other IIE subtype.
RED may be composed of two parts: a) the part that overlaps with SRE
whenever the DOP crosses the SRE region; and b) the part that does not
overlap with SRE. The latter part of RED consists only of extra-marginal IIE
contained within the hourly schedule change band and not attributed to
Exceptional Dispatch or derates. RED does not apply to Non-Dynamic System
Resources (including Resource-Specific System Resources). RED is
paid/charged the Real-Time LMP as reflected in Section 11.5.1 of the CAISO
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Expected
Energy
Category

Definition

Published

Enumeration

Tariff and it is included in BCR only for market revenue calculations as
reflected in Section 11.8.1.4.5 of the CAISO Tariff.

Residual
Imbalance
Energy (RIE)

Extra-marginal IIE produced or consumed at the start or end of a Trading Hour
outside the hourly schedule-change band and not attributed to Exceptional
Dispatch. RIE is due to a Dispatch Instruction in the Trading Hour before the
current Trading Hour or a Dispatch Instruction in the Trading Hour after the
current Trading Hour. RIE may overlap only with DASE. RIE does not apply to
Non-Dynamic System Resources (including Resource-Specific System
Resources.) RIE is settled as bid, based on the RT Energy Bid of the
reference hour, or at the Real-Time LMP if there is no Bid as reflected in
Section 11.5.1 of the CAISO Tariff, and it is not included in BCR as reflected in
Section 11.8.4 of the CAISO Tariff. The reference hour is 1) the Trading Hour
before the current trading hour that causes the residual energy, if RIE occurs
at the start of a Trading Hour, or 2) the Trading Hour after the current trading
hour that causes the residual energy, if RIE occurs at the end of a Trading
Hour. Note, for Eligible Intermediate Resources RIE is settled at the RTD LMP
for all RIE energy above the resource’s forecasted output for the applicable
settlement interval, as reflected in Section 11.5.5.2 of the CAISO Tariff.

RE

MSS Load
Following Energy
(MSS LFE)

IIE, exclusive of SRE, RED, and RIE, produced or consumed due to Load
Following by an MSS. LFE is the IlIE that corresponds to the algebraic
Quialified Load Following Instruction (QLFI) relative to the DAS. LFE does not
overlap with SRE, RED, or RIE, but it may overlap with DASE, Derate Energy,
Exceptional Dispatch Energy, Real-Time Self-Scheduled Energy, and Optimal
Energy. MSS LFE is paid/charged the Real-Time LMP as reflected in Section
11.5.1 of the CAISO Tariff and it is not included in BCR as reflected in Section
11.8.4 of the CAISO Tariff.

MSSLFE

Real-Time
Pumping Energy
(RTPE)

IIE from PSH or Pump Resources, exclusive of SRE, RED, consumed below
the DAS when Dispatched in pumping mode, or produced from pumping
operation due to Pumping Level reduction in real time, including pump shut-
down. RTPE does not overlap with any other Expected Energy type. RTPE is

RTPE
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Expected
Energy
Category

Definition

Published

Enumeration

calculated separately based on the FMS or the DOP and charged or paid the
FMM or RTD LMP as reflected in Section 11.5.1 of the CAISO Tariff and it is
included in BCR at the relevant pumping Cost as reflected in Section
11.8.4.1.4 of the CAISO Tariff.

Real-Time
Minimum

Load

Energy (RTMLE)

IIE, exclusive of SRE, RED, and RIE, produced due to the Minimum Load of a
Generating Unit that is committed in the RUC or the RTM (i.e., without a Day-
Ahead Schedule) or a Constrained Output Generator (COG) that is committed
in the IFM with a DAS below the registered Minimum Load (because COGs
are modeled as flexible in the IFM). If the resource is committed in RTM for
Load Following, RTMLE is accounted as MSSLFE instead. RTMLE is IIE
above the Day-Ahead Schedule (or zero if there is no DAS) and below the
Minimum Load (as registered in the Master File, or as re-rated per section
9.3.3. of the ISO tariff). RTMLE does not overlap with any other Expected
Energy type. RTMLE will be zero in the initial base model. RTMLE is
calculated separately based on the FMS or the DOP and paid the FMM and
RTD LMP as reflected in Section 11.5.1 of the CAISO Tariff and it is included
in BCR at the relevant minimum load cost as reflected in Section 11.8.4.1.2 of
the CAISO Tariff. IIE that is consumed when a resource that is scheduled in
the DAM is shut down in the RTM is accounted as Optimal Energy and not as
RTMLE.

MLE

Derate
(DRE)

Energy

Extra-marginal IIE, exclusive of SRE, RED, RIE, LFE, and RTMLE, produced
or consumed due to Minimum Load overrates or Maximum Capacity de-rates.
DRE is produced above the higher of the DAS or the registered Minimum
Load, and below the lower of the overrated Minimum Load and the DOP, or
consumed below the lower of the DAS and above the higher of the de-rated
Maximum Capacity or the DOP. There could be two DRE slices, one for the
Minimum Load overrate, and one for the Maximum Capacity de-rate. DRE
does not overlap with SRE, RED, RIE, RTMLE, Exceptional Dispatch Energy,
or Optimal Energy, but it may overlap with DASE and LFE. DRE is calculated
separately based on the FMS or the DOP and paid/charged the FMM or RTD

SE
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Expected
Energy
Category

Definition

Published

Enumeration

LMP as reflected in Section 11.5.1 of the CAISO Tariff and it is not included in
BCR as reflected in Section 11.8.4 of the CAISO Tariff.

Ramping energy in the intervals before or after the minimum load re-rate can
be classified as de-rate energy if the ramping is incurred due to the de-rate.

Exceptional
Dispatch Energy
(EDE)

Extra-marginal IIE, exclusive of SRE, RED, RIE, LFE, RTMLE, and DRE,
produced or consumed due to manual (non-economic) Exceptional Dispatch
Instructions that are binding in the relevant Dispatch Interval. Without MSS
Load Following, EDE is produced above the LMP index and below the lower of
the DOP or the Exceptional Dispatch instruction, or consumed below the LMP
index and above the higher of the DOP or the Exceptional Dispatch
Instruction. The LMP index is the capacity in the relevant Energy Bid that
corresponds to a bid price equal to the relevant LMP. EDE does not overlap
with SRE, RED, RIE, RTMLE, DRE, or Optimal Energy, but it may overlap with
DASE and LFE. Exceptional Dispatch Energy is calculated separately based
on the FMS or the DOP and paid/charged at a price that is specific to its type,
either as-Bid or at the FMM or RTD LMP if there is no Bid as reflected in
Section 11.5.6 of the CAISO Tariff, and it is not included in BCR as reflected in
Section 11.8.4 of the CAISO Tariff..

Ramping energy in the intervals before or after the Exceptional Dispatch
Instruction can be classified as Exceptional Dispatch Energy if the ramping is
due to the Exceptional Dispatch.

EDE

Optimal  Energy
(OE) also
referred to as In-
Sequence or
Optimal Energy

Any remaining IIE after accounting for all other IIE subtypes constitutes OE.
OE does not overlap with SRE, RED, RIE, RTMLE, DRE, and EDE, but it may
overlap with DASE and LFE. OE is indexed against the relevant Energy Bid
and sliced by service type, depending on the AS capacity allocation on the
Energy Bid. OE is also divided into two parts: a) the part of OE that overlaps
with MSS LFE (“Overlapping OE”), which is paid/charged the Real-Time LMP
as reflected in Section 11.5.1, and it is not included in BCR since it is
effectively cancelled by MSS LFE as reflected in Section 11.8.4 of the CAISO

OE
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Expected
Energy
Category

Definition

Published

Enumeration

Tariff, and b) the remaining part (“Non-overlapping OE”), which is indexed
against the relevant Energy Bid and sliced by Energy Bid price. The OE is
calculated separately based on the FMS or the DOP. Non-overlapping OE
slices are paid/charged the FMM or RTD LMP as reflected in Section 11.5.1 of
the CAISO Tariff and they are included in BCR at the cost of the relevant
Energy Bid prices as reflected in Section 11.8.4 of the CAISO Tariff. Any OE
slice below or above the Energy Bid has no associated Energy Bid price and
is settled as reflected in Section 11 of the CAISO Tariff and it is not included in
BCR as reflected in Section 11of the CAISO Tariff.

RMR
(RMRE)

Energy

Total Expected Energy under RMR Dispatch. This energy is calculated
irrelevant to other Expected Energy type and it may overlap with any other
Expected Energy type. It is used for RMR contract based settlement as
provided in Section 11 of the CAISO Tariff.

RMRE
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C.2

Expected Energy Calculation

The following section is meant to specify the formulas to calculate various Expected Energy amounts in a deterministic fashion.

All the following calculations take place for each Dispatch Interval (5-minute) in the target hour on resource level base.

Note: The following algorithm includes a generic set of formulas to calculate expected energy for non-generator resources

(NGR). This set of formulas reflects the ISO’s intent to implement future revisions to the base NGR model. The ISO is

publishing these formulas as part of the initial release of the base NGR model for administrative convenience and to provide

stakeholders with greater transparency regarding the 1ISO’s planned NGR model revisions. These formulas will allow the ISO

to reflect a non-zero value for an NGR’s minimum generation level and minimum load level. For purposes of the initial release

of the NGR base model, the minimum generation level and minimum load level will both equal zero. When interpreting the

algorithm for the NGR base model, the following conversion can be used for data mapping purpose,

SNGR

Gmin

Gwmax

Lmin

Lmax

GRTLOL

GRTUOL

Set of Non-Generating Resources; These are the Resources that market participants explicitly register to 1SO’s
Master File as NGR resources.

Registered Minimum Load at Generating Side of NGR resources. This is a zero or positive number. For the NGR
base model, it is always zero and market participants can not register this value.

Registered Maximum Capacity at Generating Side of NGR resources. This is a positive number. For the NGR base
model, market participants register this value to ISO’s Master File as Pmax of the NGR resource.

Registered Minimum Load at Load Side of NGR resources. This is a zero or negative number. For the NGR base
model, it is always zero and market participants can not register this value.

Registered Maximum Capacity at Load Side of NGR resources. This is a negative number. For the NGR base
model, market participants register this value to ISO’s Master File as Pmin of the NGR resource.

Real-Time Lower Operating Limit at Gen Side; it reflects Minimum Load overrates at Gen Side. This function does
not exist in the NGR base model. It is always zero in the NGR base model.

Real-Time Upper Operating Limit at Gen Side; it reflects Maximum Capacity derates at Gen Side. In the NGR base
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model, this value reflects the capacity impact to the Pmax when market participant submits an outage/de-rate to
ISO’s OMS application.

LRTLOL Real-Time Lower Operating Limit at Load Side; it reflects Minimum Load overrates at Load Side. This function does
not exist in the NGR base model. It is always zero in the NGR base model.

LRTUOL Real-Time Upper Operating Limit at Load Side; it reflects Maximum Capacity de-rates at Load Side. In the NGR
base model, this value reflects the capacity impact to the Pmin when market participant submits a re-rate to ISO’s
OMS application.

C.2.1 Top-level Algorithm

The following notation is used in the algorithm:
For...
If...

i Resource index.

Trading Hour index in the target Trading Day.
Number of Trading Hours in the target Trading Day.

RTD Dispatch 5-minute interval index from the start of the Trading Hour.

- x zZ =

FMM Dispatch 15-minute interval index from the start of a Trading Hour.

Exceptional Dispatch Instruction index.

[—

I DOT sequence index from consecutive RTD, RTCD, or RTDD runs, as applicable.
P Resource power output.
t Time.
T Time limit.
Market Type (DA, FMM, or RTD)
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T

To
Tn
TFLoL

TBLoL

TFeLoL

TBeLoL

TFLol

TBLioL

TFep
TBep
TFret
TBret
NULL
Scen
Stie
Sive

DOT timestamp for DOT sequence |. This is the mid-interval points (2.5 minutes middle point for 5-minute dispatch;
7.5 minutes middle point for 15-minute dispatch; or 5 minute middle point for 10-minute RTCD dispatch.

End time of Dispatch Interval k in Trading Hour h; Ty is the start of Trading Hour h.
Shorthand notation for T1,0: the start of the target Trading Day.
Shorthand notation for Ty 12: the end of the target Trading Day.

Forward overrated lower operating limit extension time limit for Generating Resources. This applies to market type
m = RTD, FMM.

Backward overrated lower operating limit extension time limit for Generating Resources. This applies to market
type m = RTD, FMM.

Forward overrated lower generating operating limit extension time limit for NGR. This applies to market type m =
RTD, FMM.

Backward overrated lower generating operating limit extension time limit for NGR. This applies to market type m =
RTD, FMM.

Forward overrated lower load operating limit extension time limit for NGR. This applies to market type m = RTD,
FMM.

Backward overrated lower load operating limit extension time limit for NGR. This applies to market type m = RTD,
FMM.

Forward Exceptional Dispatch instruction extension time limit. This applies to market type m = RTD, FMM.
Backward Exceptional Dispatch instruction extension time limit. This applies to market type m = RTD, FMM.
Forward RIE terminating reference time.

Backward RIE terminating reference time.

No value.

Set of Generating Units.

Set of Resource-Specific System Resources.

Set of Import System Resources; S, < Sye.




CAISO Business Practice Manual BPM for Market Operations

Sexp
Shrp
SrMR
SpsH
Spump
Swss

Ste

SNeR
Sem

Semp

SEIMNPR

Gmin

Gwmax

Lmin

Lmax
Pumin

Pumax

PL

Set of Export System Resources; Si,p < Sy

Set of Non-Dynamic System Resources; S, pp < Sgey Y Sy -

Set of RMR Resources; Sgyr < Sgen

Set of Pumped-Storage Hydro (PSH) Resources; Spq; < Sgen

Set of Pump (Participating Load) Resources; Spjye < Sgen

Set of MSS Load Following Resources; S,ss < Seen Y Sivps (Swss M Seen) M Shpp = 9.

Set of Resource-Specific System Resources; S;5 < Sggy -

Set of Non-Generating Resources; (Resources that are characterized by explicit identification of NGR resource)

Set of all EIM resources. These are resources which are located within an EIM Entity. Sg,,, < Sgen Y Sye

Set of EIM Participating Resources. Sg,,» < Sgy
Set of EIM non-participating resources. These resources do not participate in the Real-Time Market.
Semner S Sem

Registered Minimum Load at Generating Side of NGR resources. This is a zero or positive number. It is assumed 0
for the NGR base model.

Registered Maximum Capacity at Generating Side of NGR resources. This is a positive number. It is assumed
constant.

Registered Minimum Load at Load Side of NGR resources. This is a zero or negative number. It is assumed 0 for
the NGR base model.

Registered Maximum Capacity at Load Side of NGR resources. This is a negative number. It is assumed constant.
Registered Minimum Load; it is assumed constant.
Registered Maximum Capacity; it is assumed constant.

Pumping Level for Pumped-Storage Hydro and Pump Resources. (5-minute for market type m = RTD or 15-minute
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DALEL
DAUEL
DALOL

RTLOL

RTUOL

GRTLOL

GRTUOL

LRTLOL

LRTUOL
RTLEL

RTUEL
RTCS

RTBP(p)

for market type m = FMM).
Day-Ahead Lower Economic Limit; the bottom of the Day-Ahead mitigated Energy Bid.
Day-Ahead Upper Economic Limit; the top of the Day-Ahead mitigated Energy Bid.

Day-Ahead Lower Operating Limit; it reflects Minimum Load overrates. Vi & S,qq

Real-Time Lower Operating Limit; it reflects Minimum Load overrates. Vi ¢ Sz, This applies to market type m =
RTD, FMM.

Real-Time Upper Operating Limit; it reflects Maximum Capacity derates. Vi & S, This applies to market type m
= RTD, FMM.

Real-Time Lower Operating Limit at Gen Side; it reflects Gmin Load overrates at Gen Side. This applies to NGR
resources only, and it is assumed O for the NGR base model. Vi € S,z This applies to market type m = RTD,
FMM.

Real-Time Upper Operating Limit at Gen Side; it reflects Gmax derates at Gen Side. This applies to NGR resources
only. VieS,s; This applies to market type m = RTD, FMM.

Real-Time Lower Operating Limit at Load Side; it reflects Lmin Overrates at Load Side. This applies to NGR
resources only, and it is assumed O for the NGR base model. Vi € S,;; This applies to market type m = RTD,
FMM.

Real-Time Upper Operating Limit at Load Side; it reflects Lmax derates at Load Slde. This applies to NGR
resources only. Vi€ S,s; This applies to market type m = RTD, FMM.

Real-Time Lower Economic Limit; the bottom of the mitigated Real-Time Energy Bid.

Real-Time Upper Economic Limit; the top of the mitigated Real-Time Energy Bid.

Real-Time Commitment Status (5-minute for market type m = RTD or 15-minute for market type m = FMM) (O:
offline; 1: generating; —1: pumping; for Generating Units; 1: online for non-generator resources in both gen side or
load side; 1 for all others).

Real-Time mitigated Energy Bid function; bid price versus power output.
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DAS
DASE
DAMLE
DAMLGE
DAMLLE
DASSE
DABAE
DAPE
BASE
FMS
RFMS(t)

RTBS

RTBD

BSEIM

DOT
DOP(t)
S(t)

SR(t)

RTLMP

Day-Ahead Schedule.

Day-Ahead Scheduled Energy.

Day-Ahead Minimum Load Energy.

Day Ahead Minimum Load - Generation Energy; the Day-Ahead Energy attributed to Gmin for NGR
Day Ahead Minimum Load - Load Energy; the Day-Ahead Energy attributed to Lnin for NGR
Day-Ahead Self-Scheduled Energy.

Day-Ahead Bid Awarded Energy.

Day-Ahead Pumping Energy.

Energy calculated for submitted Base Schedules. Applies to EIM resources.

15-minute Schedule of FMM market.

Ramping Fifteen Minute Schedule (RFMS) is the continuous piecewise linear curve connecting consecutive FMS’s
using their mid-interval points, from FMM runs.

Real-Time Base Schedule for ECA/ACA Resources. (5-minute for market type m = RTD or 15-minute for market
type m = FMM). RTBS is assumed to be zero for all resources.

Real-Time Base Deviation. (5-minute for market type m = RTD or 15-minute for market type m = FMM). RTBD is
assumed to be zero for all resources.

Real-Time Base Schedule for EIM resources. Hourly value, submitted by resources within the EIM balancing
authority area..

Dispatch Operating Target.
Dispatch Operating Point function; expected resource power output versus time.

DOP Slope Direction function versus time for RTD market, or RFMS Slope Direction function versus time for FMM
market.

Standard Ramp function; expected resource scheduled power output, including the 20-min linear ramp across
hourly boundaries, if applicable, versus time.

Real-Time Locational Marginal Price (5-minute for market type m = RTD or 15-minute for market type m = FMM).
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RTTGSS Real-Time Total Generating Self-Schedule for NGR
RTTLSS Real-Time Total Self-Schedule for NGR

RTLED Real-Time Lower unconstrained Economic Dispatch based on the LMP and the Energy Bid. The LMP corresponds
to 5-minute RTD LMP or 15-minute FMM LMP depending on market type m.

RTUED Real-Time Upper unconstrained Economic Dispatch based on the LMP and the Energy Bid. The LMP corresponds
to 5-minute RTD LMP or 15-minute FMM LMP depending on market type m.

MDwmin Minimum EIM Manual Dispatch. This corresponds to market type m = RTD, FMM.
MDwmax Maximum EIM Manual Dispatch. This corresponds to market type m = RTD, FMM.
MDrgix Fixed EIM Manual Dispatch. This corresponds to market type m = RTD, FMM.
MDenp Binding EIM Manual Dispatch. This corresponds to market type m = RTD, FMM.
EDwmin Minimum Exceptional Dispatch. This corresponds to market type m = RTD, FMM.
EDwmax Maximum Exceptional Dispatch. This corresponds to market type m = RTD, FMM.
EDrix Fixed Exceptional Dispatch. This corresponds to market type m = RTD, FMM.
EDsnp Binding Exceptional Dispatch. This corresponds to market type m = RTD, FMM.

QLFI Qualified Load Following Instruction for non-HPD Load Following Resources, relative to Day-Ahead Schedule. (5-
minute for market type m = RTD or 15-minute for market type m = FMM). 15-min FMM QLFI shall be the simple
average of the relevant 5-minute RTD QLFI’s.

DASR Day-Ahead Reference Schedule.
FMSR 15-Minute Reference Schedule.

IE Instructed Imbalance Energy. This applies to market type m = RTD, FMM
BED Base Energy Deviation. This applies to market type m = RTD, FMM. BED is assumed to be zero for all resources
SRE Standard Ramping Energy.

EXME Extra-Marginal Energy.

RED Ramping Energy Deviation. This applies to market type m = RTD, FMM. However, The total RED shall be settled
as 5 minute RTD values.
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ORED
NRED
GNRED

LNRED
RIE

TRIE
GTRIE
LTRIE
BRIE
GBRIE
LBRIE
RTMLE
RTMLGE

RTMLLE

RTPE
DRE
UDRE
GUDRE
LUDRE
LDRE
GLDRE

Overlapping Ramping Energy Deviation. This applies to market type m = RTD, FMM.
Non-overlapping Ramping Energy Deviation. This applies to market type m = RTD, FMM.

Non-Overlapping Ramping Energy Deviation for NGR in generating mode. This applies to market type m = RTD,
FMM.

Non-Overlapping Ramping Energy Deviation for NGR in load mode. This applies to market type m = RTD, FMM.

Residual Imbalance Energy. This applies to market type m = RTD, FMM. However, The total RIE shall be settled
as 5 minute RTD values.

Top of the hour RIE. This applies to market type m = RTD, FMM.

Top of the hour RIE for NGR in generating mode. This applies to market type m = RTD, FMM.
Top of the hour RIE for NGR in load mode. This applies to market type m = RTD, FMM.

Bottom of the hour RIE. This applies to market type m = RTD, FMM.

Bottom of the hour RIE for NGR in generating mode. This applies to market type m = RTD, FMM.
Bottom of the hour RIE for NGR in load mode. This applies to market type m = RTD, FMM.
Real-Time Minimum Load Energy. This applies to market type m = RTD, FMM.

Real Time Minimum Generating Energy; the Real-Time Energy attributed to Gmin for NGR. This applies to market
type m = RTD, FMM.

Real Time Minimum Load Energy; the Real-Time Energy attributed to Lmin for NGR. This applies to market type m
= RTD, FMM.

Real-Time Pumping Energy. This applies to market type m = RTD, FMM.

Derate Energy. This applies to market type m = RTD, FMM.

Upper Derate Energy due to Pmax derates. This applies to market type m = RTD, FMM.

Generating Upper Derate Energy due to Gmax derates. This applies to market type m = RTD, FMM.
Load Upper Derate Energy due to Lmax derates. This applies to market type m = RTD, FMM.
Lower Derate Energy due to Pmin overrates. This applies to market type m = RTD, FMM.
Generating Lower Derate due to Gmin Overrates. This applies to market type m = RTD, FMM.
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LLDRE

MSS
LFE

MDE
EDE
OE
OOE
GOOE
LOOE
NOE
GNOE
LNOE
TOL
RAMPT
TEE
TTEE
RDOT(t)

Load Lower Derate Enegy due to Lmin Overrates. This applies to market type m = RTD, FMM.

MSS Load Following Energy. This applies to market type m = RTD, FMM. However, The total LFE shall be settled
as 5 minute RTD values.

EIM Manual Dispatch Energy. This applies to market type m = RTD, FMM.

Exceptional Dispatch Energy. This applies to market type m = RTD, FMM.

Optimal Energy. This applies to market type m = RTD, FMM.

Overlapping Optimal Energy. This applies to market type m = RTD, FMM.

Overlapping Optimal Energy for NGR in generating mode. This applies to market type m = RTD, FMM.
Overlapping Optimal Energy for NGR in load mode. This applies to market type m = RTD, FMM.
Non-overlapping Optimal Energy. This applies to market type m = RTD, FMM.

Non-Overlapping Optimal Energy for NGR in generating mode. This applies to market type m = RTD, FMM.
Non-Overlapping Optimal Energy for NGR in load mode. This applies to market type m = RTD, FMM.
Configurable tolerance used in integral termination time calculation; set by default to 0.005 MW.
Ramping Tolerance expected energy.

Total Expected Energy (based on DOP).

Total Target Expected Energy (based on RDOT).

Ramping Dispatch Operating Target; a continuous piecewise linear curve connecting consecutive DOTSs using their
mid-interval points, from RTD, RTCD, or RTDD runs, as applicable.

All capacity quantities are in MW, all energy quantities are in MWHh, all prices are in $/MWh, and time is in sec.
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Expected Enerqgy Calculation Algorithm

Any absent variables are considered zero. For example, a missing DAS is considered zero. Energy quantities are zero by
default when the relevant conditions in their formula do not hold. One exception to this rule, given an interval and a resource, if
the resource is not committed or within the Start Up/shutdown period in DA or RT, there should be no Expected Energy and
allocation calculated. This is to avoid a lot of zero Expected Energy being calculated. The following formula is assuming a
principle of “No DOP No Expected Energy”.

The Total Self-Schedule is the sum of all self-schedules except pumping self-schedules. The Energy Bid, and thus the
Lower/Upper Economic Limits are relative to the Total Self-Schedule. The Lower Economic Limit is equal to the higher of the
Total Self-Schedule or the Minimum Load. For NGRs, the Lower Economic Limit is equal to the bottom of the energy bid curve.
The Upper Economic Limit is equal to the top of the Energy Bid. If there is no Energy Bid, the Upper Economic Limit is equal to

the Lower Economic Limit.

The Lower Operating Limit is greater than or equal to the Minimum Load and it reflects Minimum Load overrates. The Minimum
Load and the Lower Operating Limit for System Resources are both zero. The Upper Operating Limit is less than or equal to
the Maximum Capacity and it reflects Maximum Capacity derates. The Maximum Capacity and the Upper Operating Limit for

System Resources are both infinite.
In MQS 2.0, the following assumptions are also made to a pump or pump storage resource in pumping mode:

1. There will be no operating mode switch between FMM and RTD. If a resource is committed in pumping mode in FMM, it

cannot change to any other mode except in the event of outage, which leads from pumping mode to offline;

2. For a resource in pumping, there is only one constant pumping level that this resource can operate on (constant

pumping level);
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3. When a resource is started up into pumping model or shut down from pumping mode, the ramping is assumed infinite.

A vertical line of DOP dispatch from zero to Pumping Level (startup) or vertical line of pumping level to zero (shutdown)
is assumed,;

4. When a pump storage switch between pumping mode and generation mode in any given market, it is assumed that it
has to go through an offline period to meet the minimum down time requirement;

5. Schedules and DOPs in pumping mode are all negative MWs;

6. For all NGRs there will be an assumption that Gmin = Lmin = 0; The NGR base model will not accommodate any
resource where Gmin or Lmin is not O.

Given those assumptions, the possible Expected Energy incurred by resources in pumping mode will be Standard Ramping
Energy, Ramping Energy Deviation, Day-Ahead Pumping Energy and Real-Time Pumping Energy.

0< Py SDALOL;, , < Py.Vie SGEN USqe US,pp USi

0 S PMlNi S RTLELI’h S RTUELI,h < PMAXiVi € SGE

N “ STIE U SHPD i STG

0< Py <RTLOL;,, <RTUOL,,, <Py,VieS

Puni = RTLOL;,, =0 )
o VieS;
Pwaxi = RTUOL, ,, =

N o STIE Y SHPD o STG

Lusx < RTLEL, , < RTUEL, , < Gy,u
Gy <GRTLOL,,, <GRTUOL, ,, <Gyyaxi + -1 € Syer
Lya < LRTUOL, ,, < LRTLOL,,, < Ly
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Gy =0
LMINizo

GRTLOL,,, =0] .
o 1€ Sy

LRTLOL,;,, =0

c.211 Day-Ahead Scheduled Energy
DASE, , =max(0, DAS; ) x1hr i ¢ ST

DASE,, = DAS; | x1hr..ie S\

C.21.2 Day-Ahead Minimum Load Energy

DAMLE, , = DAMLGE, , + DAMLLE,, ..i € S s
DAMLGE, , = max (0, min (DAS, ,, Gy ))x10r i € S e

DAMLLE, , = min (0, max(DAS, ,, Ly ))x10r i €Sy

Note: For NGR base model: Since G, =0, Ly, =0, this will result in DAMLE; , =0.
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c.2.13 Day-Ahead Self Scheduled Energy

DASSE, , = max (0, min (DAS, ,, DALEL, , ) (P ))*10r i & S e

mex (0, min (DAS; ,, DALEL, , )~ Gy )x1hr - DAS,, =0]
DASSE,, =4 . ' | ‘ 1€ S\
"~ | min (0, max(DAS; ,, DAUEL, ,)— Ly Jx1hr -~ DAS;, <0
C214 Day-Ahead Bid Awarded Energy

DABAE, , = max (0, DAS,, — DALEL,, )x1hr i ¢ S,qq

max (0, DAS, , —max (0, DALEL, , ))x1hr - DAS,, >0
DABAE, , = , ' , ies,.

min (0, DAS, , —min (0, DAUEL, , ))x1hr - DAS,,, <0
Cc.2.15 Day-Ahead Pumping Energy

DAPE, , = min (0, DAS, , )x1hr .".i & Sgr

C.2.16 Block Energy Accounting Rules

The DOP of the following Resources is converted to a step function at the relevant DOTs for Expected Energy accounting as

follows:

DOP,, () =DOT,,, -~ Tp,<t<T,., k=12,...12 VieSy U(Sss M Spep)

C.21.7 Instructed Imbalance Energy
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i (FMSi,h,f - DAsi,h)

NE; \p¢ = dt .~.meFMM
" 3600
™ (DOP,, (t) — FMS,

HE, o = | ( Lh(s)eoo "h’f)dt ~.meRTD

Thk-1

For Generating Units, System Resources, and Non-Generator Resources, positive Instructed Imbalance Energy is produced,

whereas negative Instructed Imbalance Energy is consumed. The converse is true for Export System Resources, i.e., positive

Instructed Imbalance Energy is consumed, whereas negative Instructed Imbalance Energy is produced.

Instructed Imbalance Energy Calculations for the FMM and RTD are illustrated graphically in Figure 1Figure—% below.

Formatted: f
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DOP
lIEs(+)
FMS
||E15(+)
A | FMS
A
DASE(+)
DASE(+)
DOP
Figure l1a Instructed Imbalance Energy for a Generating Resource. RTD DOP is preater than FMM schedule, which is

greater than DA schedule.
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DOP
[IEs(+)
A
DASE(+) [IE15(-)
FMS=0
(Nn FMS)

Figure 1Figure-1b Instructed Imbalance Energy for a Generating Resource. RTD DOP is less than FMM schedule and
DA schedule, FMM is greater than DA schedule.
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Cc.2.18 Standard Ramping Energy

The Standard Ramp function is defined as follows:

DAS., . — DAS.
DAS. . + Sina Sin T, —t T ,<t<T
ih 1200 ( h,2 ) h,0 h,2
DAS. ST, <t<T M U S
SR. " 1) = i.h h,2 h,10 HPD TIE
L DAS.. . — DAS.
DASi,h + Lhilzoo o (t _Th,lo) Thao St<Typ,
DASLh S 1€S pp U Sye

The Standard Ramping Energy is calculated as follows:

>~—

(DAS,, , —DAS,, )/32 i¢S,ppUSy Ak=1

—— TI (SR, , (1) - DASi'h)dt _ (DAS,,, —DAS,,)/96 i€ S,po USye Ak=2
e 3600 (DAS, ., —DAS,, )/96 i€ S,pp USye Ak=11
(DAS, ., —DAS,,,)/32 i€ S,pp U Sy Ak=12
c.2.1.9 MSS Load Following Energy

The MSS Load Following Energy is calculated as follows:
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I—FEi,m,h,k

I‘FEi,m,h,f -

={

LFEi,h,k = LFEi,FMM,h,f + LFEi,RTD,h,k

Thk

kX mh(O,DASm-+QLFhth——mm(DASm,SRm(O»d

t

dt

- 3600
" max (0, DAS,, +QLFI, ., —max(DAS,,, SR, (t)))
o 3600

T]‘k (QLF' imnk — QLFL evmon 1 )
3600

:

S0 € Sygs

" QLFI, . <0

-+ QLFI

i,mh,

¢ >0

~.me FMM

Sl € Syss

-.meRTD

The total LFE shall be settled as 5 minute RTD values. Figure 2 graphically illustrates the concept.
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OEs(+)

LFEs(+)

OE15(+)

I L FE15(+)

DASE(+)

DOP

FMSR
T (QLFIs=QLFl35)(+)

FMS

DASR
T QLF|15(+)

v

Figure 2a Load Following Energy for a Generating Resource — Case A: QLFIs>QLFI1:5>0
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OE5(+)

OE15(+)

LFEs(-)

I LFE15(+)

DASE(+)

DOP

FMS
l (QLFIs=QLFhs)(-)

FMSR
DASR

T QLF|15(+)

A 4

Figure 2Figure2b Load Following Energy for a Generating Resource — Case B: 0>QLFIs<QLFI115>0
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OE5(+)

LFEs(-)

OE15(+)

A
lL FH1s(-)

DASE(+)

DOP
FMS
l (QLFIs=QLFhs)(-)
FMSR
l OLFlis(-)
DASR

A 4

Figure 2Figure-2c Load Following Energy for a Generating Resource — Case C: QLFIs<QLFI1:5<0
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OE5(+)

LFEs(+)

A
lLFElg,(-)

OE15(+)

DASE(+)

DOP
FMSR
T (QLF|5_QLFI15)(+)
FMS
l QLFl1s(-)
DASR

A 4

Figure 2Figure-2d Load Following Energy for a Generating Resource — Case D: 0>QLFIs>QLFI115<0
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C.2.1.10 Reference Schedule

To combine the distinct effects of Load Following in the formulae, it is convenient to define the following Reference Schedule
function for DAS and FMS:

DASR, , (t) = DASR, ,, = DAS,, + QLFI, ., |

'.‘Th,f—l St<Tn,fa f=12,...4 ..meFMM

FMSR; ,(t) = FMSR,,, = FMS,, ; +(QLFI, 1 = QLFl qynin ¢ )} = Toea St<T, k=12,...12 - meRTD

C.2.1.11 Real-Time Pumping Energy

RTPE is the algebraic sum of negative IIE due to pumping increase and positive IIE due to pumping reduction, as follows:

Thta

RTPE; \n¢ =

3600

TT min (0, FMS; , , —min (0, DASR, , (), DAS, ,, SR, , (t)))

dt +

Thf-1
Th

J

Thk-1
RTPEiYthYk =4

Th,k

J

Thk1

3600
min (0, DOP; (t) — min (0, FMSR; , (t), FMS,, ; ))

3600

dt +

max(O, min (0, DOP, (t))—max(FMSRi,h(t). FMS; , | ))

3600

TT max (0, min (0, FMS, , ; )~ max (DASR , (t), DAS, ,., SR; , (t)))

dt

dt

~.me FMM

~.meRTD

S e Sy YU St
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RTPE,,, =0..i €S

The concept of Real-Time Pumping Energy is illustrated graphically in Figure 3Figure-3.

FMS
OE.5(+) OEs(-)
y \ 2 >
DASE(Z) | RTPELs(+)
RTPEs(-)
\ 4
DOP

Figure 3a Real-Time Pumping Energy for a Pump Storage Hydro Resource. RTD in pump mode, FMM in generation
mode, DA in pump mode.
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FMS

I OEs(+) OEs(-)

T DASE(+)

RTPEs(-)

DOP

Figure 3Figure-3b Real-Time Pumping Energy for a Pump Storage Hydro Resource. RTD in pump mode, FMM and DA
in generation mode. FMM schedule is greater than DA schedule.
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OEs(-)

FMS

DASE(+) OEs(-)

\ 4

RTPEs(-)

DOP

Figure 3Figure-3c Real-Time Pumping Energy for a Pump Storage Hydro Resource. RTD in pump mode, FMM and DA
in generation mode. FMM schedule is greater than DA schedule.
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C.2.1.12 Real-Ti

me Minimum Load Energy

RTMLE,,, = RTMLGE,,, + RTMLLE,,, ."i € S\cq

Th,f . _
RTMLGE,,, - | mex (0, min (FMS,, , Gy r;lzgc()o DASR,, (1), DAS, ., SRy, (t)))dt}
Th,f*l
Th,k A _
RTMLGE, ., | max (0, min (DOP, (t), G 26 (r)r(n)ax(o, FMSR, , (t), FMS, , ))dt}
Thk-1
Th, t g o
RTMLLE, ,, ; = J‘ min (0' maX(FMSi,h,f’ LMINi) r;glo((())' DASR; , (t), DAS, ,, SR, (t)))dt}
Th, -1
Thk A i _ _
RTMLLE, ., = J min (0, max (DOP, (t), Ly, )36(;:1)|n (0, FMSR, , (t), FMS'“))dt}
Th,kfl

..me FMM

..meRTD

..me FMM

-.meRTD

Th, s i _

RTMLE, ., | max (0, min (FMS, , , RTLOLi’m'h)%gO\ax(O, DASR, , (1), DASivh,SRi’h(t)))dt} e
Th,f-1
Th i — . )

RTMLE 00— | max (0, min (DOP, (t), RTLOLL;gg0 max (0, FMSR, , (t), FMS, , , ))dt} o RTD
Th,k—l

soheSggy USqe

S 1€ Syer

sl €Sy
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The concept of Real-Time Minimum Load Energy is illustrated graphically in Figure 4. In the graphs, the term PMIN refers to
RTLOL for Generating Resources.

DOP

OEs(+)

FMS

OE15(+)

RTML E15(+)

DAMLE(+)

A 4
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Figure 4a Real-Time Minimum Load Energy for a COG Generating Resource. RTD dispatch greater than FMM
schedule, which is greater than Pmin. DA schedule less than Pmin. RTMLE is applicable to the FMS only.
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DOP

OE5(+)

RTMLEs(+)

DAMLE(+)

FMS=0
(No FMS)

Figure 4b Real-Time Minimum Load Energy for a COG Generating Resource. RTD dispatch above Pmin, FMM schedule
is zero. DA schedule is below Pmin. RTMLE is applicable to the DOP.
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DOP

OEs(+)

PMIN

DAS=0
(No DAS)

FMS=0
(No FMS)

Figure 4c Real-Time Minimum Load Energy for a Generating Resource. RTD dispatch above Pmin, FMM and DA
schedules are zero. RTMLE is applicable to the DOP.
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FMS

OEs(-)

DOP

OE15(+)

RTM LE15(+)

A 4

Figure 4d Real-Time Minimum Load Energy for a Generating Resource. RTD dispatch and FMM schedule above Pmin,
RTD dispatch is below FMM schedule. DA schedule is zero. RTMLE is applicable to the FMM schedule.
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DOP

DASE(+) OEs(+)

OEs5(-)

DAMLE(+)

FMS=0

(No FMS)

Figure 4e Real-Time Minimum Load Energy for a Generating Resource. RTD dispatch above Pmin, FMM schedule is
zero. DA schedule is above Pmin. Since the min load energy is covered by the DA schedule, there is no RTMLE.
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DOP

OEs(+)

RTMLEs(+)

RTPEs(-) |RTPEs(+)

FMS

Figure 4f Real-Time Minimum Load Energy for a Pump Storage Hydro Resource. RTD dispatch above Pmin, FMM
schedule in pump mode. DA schedule is zero. RTMLE is applicable to the DOP.
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C.2.1.13 Extra-Marginal Energy

Extra-Marginal Energy is either produced Instructed Imbalance Energy at a higher bid price than the Real-Time LMP or
consumed Instructed Imbalance Energy at a lower bid price than the Real-Time LMP, exclusive of Standard Ramping Energy.
For Generating Units in generating mode and Non-Generator resources and System Resources, Instructed Imbalance Energy
without a bid price, i.e., below or above the Energy Bid, is considered to be bid at —o if it is lower than the Lower Economic
Limit, and at +o if it is higher than the Upper Economic Limit. The converse is true for Export System Resources, i.e.,
Instructed Imbalance Energy is considered to be bid at +oo if it is lower than the Lower Economic Limit, and at —o if it is higher
than the Upper Economic Limit. For Pumped-Storage Hydro and Pump Resources in pumping mode, Instructed Imbalance

Energy is considered to be bid at +co if it is higher than the Pumping Level, and at —o if it is lower than the Pumping Level.

To calculate Extra-Marginal Energy, the Real-Time LMP (5-minute for market type m = RTD or 15-minute for market type m =
FMM) must be indexed against the relevant Energy Bid as follows:

RTLED, . =max p ..RTBP,, (p) <RTLMP, a—— -0
RTUED,,,, =min p ..RTBP,,(p)>RTLMP, . [ ° bmh =) - m e FMM
RTLED, ,,; = RTUED, ., =PL, wRTCS, 1 h =-1
S0 e SR

RTLED; = max .. RTBP. < RTLMP,

i,mhk - p |,h(p) i,m,hk RTCSI . > 0
RTUED, ,,,, =min p ..RTBP,,(p)>RTLMP, ., mh ..meRTD
RTLED; . = RTUED, ,,, =PL, wRTCS, i =1
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RTLED, ., =max p .. RTBP., (p)<RTLMP, .
: ’ ) o.me FMM
RTUED, ,,; =min p ..RTBP;, (p)>RTLMP, .
1€ Sygr
RTLED, ., =max p ..RTBP,,(p) < RTLMP, .,
_ ’ ). meRTD
RTUED, ,,, =min p ..RTBP; (p)>RTLMP, .,

RTLED and RTUED are either both equal to the Energy Bid breakpoint where the bid price jumps over the RTLMP, including
the RTLEL or RTUEL, or equal to the start and end, respectively, of the Energy Bid segment with a bid price equal to the
RTLMP when the resource is marginal. RTLED and RTUED are both equal to the Pumping Level for pumping mode. Also it is

important to note that, when there is no Real-Time Energy Bid,

RTLED, ,,, , = RTUED, , ; = max(RTSS;,,Pyy) i€ Scey USpe ). me FMM

RTLED, ,,, = RTUED, = max(RTSS,,,Py) i€ Seey USye ). meRTD

max(RTTGSS, ,,Gyi) - RTTGSS,,, >0
RTLED, ,, = RTUED,, ,; ={min( RTTLSS,,,Lyy) - RTTLSS,, <0 ~ieSeg ) Mme{FMM
0 - RTTGSS, , = RTTLSS,, =0

max(RTTGSS, ,,Gyi) - RTTGSS,,, >0
RTLED, . = RTUED, ., =<min( RTTLSS,,, Lyy) - RTTLSS,, <0 i€Syg |- MeRTD
0 - RTTGSS, , = RTTLSS,, =0
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In general, RTLED and RTUED may differ in each Dispatch Interval. For the following sections, it is convenient to define the

following functions:

RTLED, ,,(t) = RTLED, , ;

nTha St<T,, f=12,..4)..meFMM
RTUEDi,m,h(t)zRTUEDi'th‘f} hta SE<Thy > €

RTLED, ,,(t)=RTLED, .,

STy St<T,,., k=12,...12) . meRTD
RTUED, ,,,(t) =RTU EDi,m,h,k} h,k-1 hk > €

Extra-Marginal Energy is calculated separately for each relevant Instructed Imbalance Energy subtype, as shown in the

following sections.

C.2.1.14 Binding Exceptional Dispatch

There could be multiple Exceptional Dispatch Instructions active in a given Dispatch Interval. Nevertheless, only one at most

can be binding, determined as follows:
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rnaX(EDFIXi,m,h,f , EDMINi,m,h,f,j) " EDgiim t k» EDwinimn r,; > RTUED, 1 ¢
EDgnpimn s =1Min (EDFIXi,m,h,f » EDyaximn 1) - EDeximnt» EDvaximn.r.j <RTLED; ;1 ¢ ~.meFMM
NULL otherwise

maX(EDFIXi,m,h,k' EDMINi,m,h,k,j) " EDeimnk s EDwmimnkj > RTUED, ;4
EDgypimnk =1 Min (EDFIXi,m,h,k’ EDyaximnk.i) - EDeimnk: EDwaximnk.j < RTLED; 1 ~.meRTD
NULL otherwise

Considering any point in the unconstrained Economic Dispatch range as the Binding Exceptional Dispatch by default when one

does not exist, is an algorithmic mechanism to render it irrelevant in the equations without checking for its existence.

It is assumed that Exceptional Dispatch instructions cannot conflict; therefore, a Fixed Exceptional Dispatch cannot coexist with
other Fixed Exceptional Dispatches, a higher Min Exceptional Dispatch, or a lower Max Exceptional Dispatch; moreover, a Min
Exceptional Dispatch cannot be higher than a Max Exceptional Dispatch.

In general, the Binding Exceptional Dispatch may differ in each Dispatch Interval. For the following sections, it is convenient to
define the following function:

EDavoimn (1) = EDgupimn s -~ Thia St<Ty;, f=12...4 -"meFMM

EDgnpimn ) = EDgppimnk =+ T St<Toyy k=12,...12 - meRTD

The binding Exceptional Dispatch Instruction in a given Dispatch Interval (5-minute for market type m = RTD or 15-minute for
market type m = RTPD) is extended to subsequent and previous Dispatch Intervals without a binding Exceptional Dispatch
Instruction while the Dispatch Operating Point ramps from/to the binding Exceptional Dispatch instruction to/from
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RTUED/RTLED for RTD market or FMS approaches the binding Exceptional Dispatch Instruction to/from RTUED/RTLED for
RTPD market, as follows:

EDgroimn () = EDgypimn s - Ths St<TFg, . meFMM

EDgnoimn (1) = EDgypink - Thx St<TF,, .meRTD

EDgwoimn (1) = EDgnpimn s -~ Thia >t2TByy .meFMM

EDgwoimn (1) = EDgrpimnk - Thir >t2TBgy  -.meRTD

Where the forward and backward Exceptional Dispatch instruction extension time limits are calculated as follows:

[ EDBNDi,m,h (t) = NULL EDBNDi,m,h (t) = NULL
max| max T .. Sim(t)=-1 ,max T .. Sim()=1 ST ST STy
FMS,, ; > RTUED, ,, (t) + TOL FMS,, ; < RTLED, ,, (t)-TOL
TFED,m = ]
[ EDBNDi,m,h (t) = NULL EDBNDi,m,h (t) = NULL
max| max T .. Sim()=-1 ,max T .. Sim()=1 ST SEET ST
DOP, (t) > RTUED, ,,,, (t) + TOL DOP, (t) < RTLED, ., (t) - TOL

..meFMM

..meRTD
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min
TBED,m =

min

min T

min T

EDgypimn (t) = NULL
Sim()=1 ,mn T
FMS,, , > RTUED, ,, (t) + TOL

EDenpimn (t) = NULL
Sim()=1 ,mn T
DOP, (t) > RTUED, ., (t) + TOL

EDenpimn (t) = NULL
Sim()=-1 ST a 2t2T 2T, . meFMM
FMS,, , <RTLED, ., (t)-TOL

EDgnpimn (t) = NULL
s, (t) =1 2Toa 2t>T>T, . meRTD
DOP, (t) < RTLED, , , (t) - TOL

If the search reaches the end or start of the target Trading Day, it shall continue into subsequent or previous Trading Days as

needed.

To complete the Exceptional Dispatch function, any remaining NULL sections are replaced after extensions as follows:

EDgnoi,mn (t) «

RTLED; ,,, (t) + RTUED, , , (t)

2

EDBNDi'm'h(t)zNULL> ..m e{RTPD, RTD}Considering any point in the

unconstrained economic dispatch range as the binding Exceptional Dispatch by default when one does not exist, is an
algorithmic mechanism to render it irrelevant in the equations without checking for its existence.

C.2.1.15 Operating Limits

For the following sections, it is convenient to define the following operating limit functions:
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RTUOLiYm’h (t) = RTUOLi,m,h,f
RTLOL,,,,(t) =RTLOL,

i,mh

} AT aSt<T.., f=12..4,ieSs, uST,E> -.me FMM

RTUOL, ,,(t) =RTUOCL, .,

ST St<To, k=12,...12/ie Sy USye ).-meRTD
RTLOLi,m,h = RTLOLi’m'h'k } hk-1 h.k € OGEN TIE> €

GRTUOL, ,, ,(t) = GRTUOL, , ,

'.'T St<T ’ f :112$'-'141i S S.m FMM
GRTLOL, ,,(t) = GRTLOL, } nia SE<Ty e NGR> -

GRTUOL, , ,(t) = GRTUOL, , ,

ST <t<T,., k=12,...12,ieS ..meRTD
GRTLOLi,m,h (t) = GRTLOLi,m’hYk } hk-1 h,k € NGR> €

LRTUOL, ., (t) = LRTUOL,  ,

'-'T St T ' f :112a-'-$41i S S.m FMM
LRTLOL, , ,(t) = LRTLOL, ., , } s SE<Ty e NGR> e

LRTUOL, ., (t) = LRTUOL, .,

PToy St<T,,, k=12,..12,ieS )..meRTD
LRTLOLi,m,h(t)zLRTLOLiYth'k} e i € NGR> €

An overrated operating limit in a given Dispatch Interval is extended to subsequent and previous Dispatch Intervals while the
Dispatch Operating Point ramps from/to that overrated operating limit to/from RTUED/RTLED, as follows:

RTLOL, (1) ¢~ RTLOL, Ty, <t<TF g ). me FMM

RTLOL, ., (t) <~ RTLOL, Ty, St<TF ) meRTD
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RTLOL,

i,m,h

RTLOL,

i,m,h

(t) <~ RTLOL,; , 1«

GRTLOL,

i,mh

(t) <~ GRTLOL, , .

GRTLOL, , (t) <~ GRTLOL, , .,

GRTLOL, ,, (t) <~ GRTLOL, ., {

GRTLOL, ,, (t) <~ GRTLOL, . 1,

LRTLOL, ,,(t) <~ LRTLOL, .,

LRTLOL, ,, ,(t) «- LRTLOL, .},

LRTLOL, ., (t) <~ LRTLOL, . ;

LRTLOL, ,, (t) <~ LRTLOL, ,

Where the forward and backward overrated lower operating limit extension time limits are calculated as follows:

() < RTLOL; ¢ = Typq >t2TByg ). me FMM

Thya >t2TBg ). meRTD

Tt St<TRyo )~ Me FMM

~ Ty St<TFyq ).~ meRTD

Toia >t2TBgo )~ Me FMM

. Thya >t2TBgo ) - Me RTD

“Thp SE<TFyg )~ Me FMM

Ty SU<TFyg ) --MeRTD

ST >t ZTBLLOL'm> “meFEMM

o Toa >t2TBo ) . meRTD
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RTLOL, o ¢ > Puni
max T .. Si’m(t):—l ST St<T<Ty ~.meFMM
FMS,, ; > RTUED, , , (t)+TOL
TFom =
max T .. Sim(t)=-1 T St<T<T, ..meRTD

DOP, (t) > RTUED,  , (t) + TOL

i,mh

RTLOL, ;,nk > Pumni }

RTLOL, ;¢ > Puni
mn T .. Sn(t)=1 ST, 2t2T 2T, .meFMM
FMS;, ; > RTUED, ,, (t)+TOL
TBioum =

mn T .. Sin(t)=1 ST 2t2T 2T, .meRTD

DOP, (t) > RTUED, ,, , (t) + TOL

RTLOL, vk > Pui }

GRTLOL, .., > Gy
max T .. Sn(t)=-1 ST St<T<T, ..meFMM
FMS,, ; > RTUED, , , (t) + TOL

TFGLOL,m =
GRTLOLiYth'k > GM,Ni
max T .. Sim (t) =-1 Th'k <t<T< TN ..meRTD

DOP, (t) > RTUED; ,,, (t) + TOL
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GRTLOL, ., ¢ > Gy

mn T .. Sn(t)=1 ST, 2t2T 2T, - meFMM
FMS,, ; > RTUED, , ,(t) +TOL

TBGLOL,m =
GRTLOL, ;, 1« > Gy
mnT .. Sn(t)=1 STy 2t2T 2T . meRTD

DOP. (t) > RTUED, , , (t) + TOL

i,mh

LRTLOL,; ;. ¢ < Ly

max T .- S, (1) =1 “To St<T<T, ..meFMM
FMS,, ; < RTLED,,,,(t)-TOL

TFLLOL,m =
LRTLOLi,m,h,k < Lyi

max T .. Sim(t) =1 ST St<T<T, ..meRTD
DOP, (t) < RTLED, ,, (t) -TOL

i,mh

LRTLOL, ¢ < Ly
mnT .. Sn(t)=-1 ST, 2t2T 2T, - .meFMM
FMS,,  <RTLED,,,(t)-TOL

TBLLOL,m =
LRTLOL,; . ni < Ly
mn T .. Sin(t)=-1 ST 2t2T 2T, .meRTD

DOP, (t) < RTLED,  , (t) - TOL

i,mh

If the search reaches the end or start of the target Trading Day, it shall continue into subsequent or previous Trading Days as
needed.
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C.2.1.16 Slope Direction

For the RTD market, the Slope Direction of the Dispatch Operating Point function is the sign of its first derivative as follows:

e —1 decreasing
S,, (t) =signum (T()J =< 0 flat ..meRTD
1 increasing

For the RTD market, the Dispatch Operating Point may be discontinuous at the midpoint of each Dispatch Interval because of
“vertical” corrections due to the “projected” State Estimator solution. The Slope Direction may change at these points, however,
it remains constant for the first half and the second half of the Dispatch Interval. Note that the slope itself may change within
these halves because of ramp rate changes; however, the slope direction does not change. Therefore, the Dispatch Operating

Point Slope Direction can also be determined as follows:
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T +T
-1 - DOP,(T,, ) > DOP, —“*‘12 hk
1 ol Towa +T
0 - DOP, (Th,k—l) = DOP, % '.‘Th,k—l Stk hk
T +T
1 DOPi (Th,k—l) < DOPi h,k—l2 h,k
S (1) = Tt ~.meRTD
_1 e DOP h,k=1 h,k > DOP (T )
l 2 i\'hk
W 2 1T Ty 1
0 Do % = DOP, (T, ) = 12 S <t<T,,
T +T
1 . DOP h,k-1 h,k < DOP (T )
d 2 i\lhk

For the FMM, a Ramping Fifteen Minute Schedule (RFMS) is defined as the continuous piecewise linear curve connecting
consecutive FMS’s using their mid-interval points, i.e. dispatch results from FMM runs. The Slope Direction of the Ramping
Fifteen Minute Schedule (RFMS) function is the sign of its first derivative as follows:

—1 decreasing
0 flat ..me FMM

1 increasing

dRFMS (1))
dt B

S, (t) = signum (

For the FMM, the Ramping Fifteen Minute Schedule (RFMS) may change at the midpoint of each 15-minute Dispatch Interval
because of FMS change direction. The Slope Direction may change at these points, however, it remains constant for the first
half and the second half of the 15-minute Dispatch Interval. The Dispatch Operating Point Slope Direction can also be
determined as follows:
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-1 - FMS,(T, ;) > FMS,(T, )
0 wFMS(T, ;) =FMS(T,;)r Ty <st<
 FMS, (Th,f—l) < FMSi(Th,f)

Simns ()= -.me FMM
-1 = FMSi(Th,f ) > FMS, (Th,f+1)

Th,f—l +Th,f
= FMS; (T, ;) = FMS; (T, ;) <t<T,;
2
 FMS; (T, ;) < FMS; (T, 1)
C.2.1.17 Instructed Imbalance Energy Stack
Figure 5Figure-5 illustrates how the various Instructed Imbalance Energy subtypes stack. Formatted: |
A MW A MW
7 .
s o LFEs
OFs - .
\\ SRE P OE;s :
7 EDE1s
F,\AS / ko e e
OEs 4 AIDRE:
FMS Mccaas
RIEs \T6; 4 =
< 4 | OEs
N REDs | \[2200P0) _ SR, EDE:
 REDis | LDREs ED. 4 RED:1s | UDRE:
J .
< EDEs RTUED: ” 7 REDs T1s DOR(t)
\ OEs -/
SR()--i-- L -E EMSR RIEs / T5;
FMS . RTLOL:s
ADRED eneratio OEs
...... N AL ALLL AL ED
\ EDEis RTSED A9 /
1
DASE SRE ‘\ OE.s o ° / DASE
\ MO\ &
LFE
N DAS
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e SGEN U SNGR

Hour : (h-1) Current Hour (h) Hour : (h+1)

TBref TFref

RTUEDs

Reference Interval Reference Interval

L S N A A R LA A A OFss
T615 ‘\

DASE DASE

Top Bottom
Hour Hour
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Figure 5b Instructed Imbalance Energy Stack for Incremental Residual Energy for a Generating Resource.

ieS USNGR
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Figure 5c Instructed Imbalance Energy Stack for Decremental Residual Energy for a Generating Resource

Hour : (h-1)

OEs

TBref

Reference Interval

OEss

DASE

15 min

ieS

GEN

USNGR

Current Hour (h)

OEss
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Hour : (h+1)

TFref

OEs

Reference Interval

OE;ss

DASE

Top
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Bottom
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Figure 5d Instructed Imbalance Energy Stack for Incremental Residual Energy for a Generating Resource (RIE

Overlapping Case)
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ieS uS

GEN NGR
Hour : (h-1) Current Hour (h) Hour : (h+1)
Th,0 Th+1,0
TBref i \ ' TFref

\/ |

OE
15 OEis

T5s T715

p’ RTLEDs \

Reference Interval Reference Interval

DOP

DASE

Bottom

Hour
Hour

Figure 5e Instructed Imbalance Energy Stack for Decremental Residual Energy for a Generating Resource (RIE
Overlapping Case)
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ieS

S

Figure 5f Ins

GEN NGR
A
MW DOP(t)
OI_ 5 \ / DES
FMS EM
\ / S
OEis OP(Y OE1s
- RIEs
” RIEs \\T6s T8s //
T4 RED
b RED \.T25 . L de byl SR
N REDis LDREs : ED: s
D/ \\\ ED 55 R-I-LEﬁ
< ﬂ\l} - LARR" L
N /4 o ISR
FMS GRTLOL5
\ LDREs#s 4
X : 4 EDis
N\ EDEs /
DASE SRE ™ 7 Spe [ RTYERs
\\ OEis Z / = DASR DASE
N LFEas z DAS
DASE
50 55' (0} 5' 10' 50’ 55’ (0} 5' 10
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OAS IS T
DASRR ? \\ // = DASR
OE 3 OE
RTLEDus % s SRE SRE__, : RTLED:s
7 EDE
ep.. | EDEss > » Lo ED:s
UDREL \ 7 DRE
GRTUOLs N EMs FMS GRTUOL.
FMSR R ———— S Y7, o= FMSR
RTLEDs |OF° Y o SR() ) -5 RTLEDs
EDE > SR~ EDEs
EDs - D EDs
UDREs RED D 7 RED:s UDRE-s
GRTUOLs =Dis GRTUOL.
T3s REDs p R ” REDs T1s
NN RIEs / T%
OElS DOF (t)
DASE
Figure 5g Instructed Imb: \\ - // DASE
DOP(1)
DASE
50' 55’ 0 5 10’ 50’ 55’ 0 5 10’ g
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Figure 5h Instr
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DAS
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MW
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Figure 5n. Instry
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y MW
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RED, .. =ORED, . + NRED, -.meFMM
s 1€ Sgey
RED; ..« =ORED, ., +NRED, ..meRTD
RED;,« = RED; eyt + REDjgrp i -1 € Segy
RED, ..; =ORED; .. +GNRED, , ; + LNRED, -.meFMM
s € Syer
RED, .« =ORED, .., +GNRED, . +LNRED, -.meRTD

RED;c = RED; pymn e + REDigrony -+ 1€ Sygr

The total RED shall be settled as 5 minute RTD values.

The Overlapping Ramping Energy Deviation is calculated as follows:
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™ min (0, max(FMS,, ;. DASi’h)—SRi,h(t))dt S (B

- 3600 h "
ORED,,,, =4 ™" _ f=1234 .. mecFMM

™ T max (0, min (FMS,, ,, DAS,, )— SR, , (1))
h ' 2204t - SR, (t) < DAS;,
- 3600 ' '
S € Sppp USqe USecu

ORED;,,,, =0 k=121112 . meRTD

The Non-overlapping Ramping Energy Deviation may occur at the start and/or end of the Trading Hour, and only for as long as
the Dispatch Operating Point Slope Direction remains increasing or decreasing, as the relevant case may be. The Non-

overlapping Ramping Energy Deviation can be determined by searching forward from the start of the Trading Hour and
backward from the end of the Trading Hour as follows:
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" min (0, max (FMS, , (t), DAS, ., )— min (RTUOL, , , (t), EDgypymp (), RTLED, ., (t), DASR, (t), SR, , (1))

dt

NRED, ,, = {73 3600
e Timmax(fx min (FMS,, (t), DAS, )~ max (RTLOL, 5, (1), EDgyoi0 (t), RTUED, (1), DASR,, (®), SR, (1))

s 3600
Ttomin (0, max (FMS, , (t), DAS; ., )— min (RTUOL, ., (t), EDgyoy ms (), RTLED, ., (t), DASR, , (t), SR, , (t)))Olt

a 3600
"o max (0, min (FMS, , (t), DAS, ., )— max (RTLOL, . , (t), EDgypy mp (t), RTUED, 1 (t), DASR; , (t), SR; , (t)))OIt

3600

T4

m

S MeFMM, . i €S er YS,pp VS YSea
j@mm(OJmm(DOPKU,DASml)—mm(RTUOL”mJD,EDwmmha)RTLED”mMO,FMSR”KU,FMS”KHD

3600
NRED, ,,, = {15
L TJZ-"“ max(O, min (DOPi (®), DASi,h—l)_ maX(RTLOLi,m,h (), EDgypimn (1), RTUED, 1 (), FMSR; , (1), FMS;, (t)))
2 3600
™2omin (0, max (DOP, (t), DAS, ., )—min (RTUOL, ,, (t), EDgypimn (£), RTLED, ., (t), FMSR, , (t), FMS, , (t)))
4 3600
™20 max (0, min (DOP, (t), DAS, ,., )~ max (RTLOL, ., (£), EDgypy mn (), RTUED; . (), FMSR,, (t), FMS, , (t)))
3600
T4,

2MeRTD,. i & Sygr Y S, pp YSte YUSeea

dt

dt

dt

dt

~-DAS,, , <DAS,,

~-DAS,, , >DAS,,

- DAS,, , <DAS,,

~-DAS,,., >DAS,,

-~ DAS,, , < DAS,,

~-DAS,, , > DAS,,

- DAS,,, < DAS,

~-DAS,,, > DAS,,
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ij min (0, max (0, FMS, , (t), DAS, ,,, )—min (GRTUOL, . , (t), EDgypi s (t), RTLED, ., (t), DASR, , (t), SR, (t)))

3600
GNRED, , = {I .
il TTnnx@,mm(FMS”AU,DASm1)—mdeRTLOhmma)EDmmmha)RTUEDmma) DAS&MGLSRHAU»dt
3600
Tho

“r°mmﬁlnﬁx@,FMS”(0,DASWH)—WWJGRTUOL”MAU,EDBmmmha)RTLEDLmha) DASR, , (t), SR; , (1))

dt
. 3600

T“j.”max(o, min (FMS, , (t), DAS, .., )— max (GRTLOL, . , (t), EDgypims (t), RTUED, , , (t), DASR, , (t), SR, , (t)))dt
. 3600
~.meFMM,..i €S 4

Trmmﬁxmm«LDORa)DA&MJ—mmKﬁWUOLmha)EDWWMADJUIEDMWGLFNB&ha)FM&AU»

GNRED, , =4 3600
Lmh T?nwx@,mm(DOP(U,DASml)—mdeRTumimﬂo,EDwmmha)RTUEDmma) FmsahaxFM&haﬂMt
3600
Th,o

nfwmn«lnmx@,DopKD,DASWH)—mM(GRTUOL”mAD,EDwmmhﬁ)RTLEDmma) FMSR, , (t), FMS, , (t)))

dt
X 3600

“T%mx@xMWDORGLDA&NJ—wdeRHDLthLEDWWWMQRTUEQMMU,FMS&MGLFM&MD»M
. 3600
..MmeRTD,..i €S

dt

. DAS

dt

- DAS,, , <DAS,,

~-DAS,, , > DAS,,

-~ DAS, ., <DAS,,

i,h+1 > D'A‘Si,h

- DAS,, , < DAS,

~-DAS,,, >DAS,,

- DAS, ., < DAS,

- DAS, ., > DAS,
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ij min (0, max (FMS, , (t), DAS, ,, ,)— min (LRTLOL, ., (t), EDguoq ms (t), RTLED, . , (t), DASR; , (t), SR; , (1))

dt
LNRED,  ={m® 3600
tmh =1 720 max (0, min (0, FMS, , (), DAS, , ;) — max(LRTUOL, .., (t), EDgypy s (), RTUED, . (t), DASR, , (t), SR, (t)))
s 3600
Trtomin (0, max (FMS, , (t), DAS, ., )—min (LRTLOL, ., (t), EDgyp: s (£), RTLED; . (t), DASR, , (t), SR, , (t)))Olt
. 3600
2o max (0, min (0, FMS, , (t), DAS, .., )— max (LRTUOL, . , (t), EDgyp; m s (t), RTUED, ., (t), DASR, , (t), SR, , (1))
3600
T4

m

~meFMM, i€ S 4

(), FMSR, , (1), FMS, , (t))

i,m,h

dt

T}m min (0, max (DOP, (t), DAS, , , )—min (LRTLOL, ., , (t), EDgyp; s (t), RTLED

3600
LNRED, , ={I
"] % max (0, min (0, DOP, (t), DA, )—max (LRTUOL, ,,,(t), EDgypim (t), RTUED, 1 (t), FMSR, (t), FMS, , (t)
j i ih-1 i,m,h BNDi,m,h i,m,h ih ih

3600

Tho

"¢ min (0, max (DOP; (t), DAS, ,., )—min (LRTLOL, ., , (t), EDgypi s (t), RTLED, .+ (t), FMSR,, (t), FMS, , (t)))

4 3600

™22max (0, min (0, DOP, (t), DAS, ., )~ max (LRTUOL, ., (t), EDgypy m (£), RTUED, ., (t), FMSR, (t), FMS, , (1))
3600

dt

T4,

..meRTD,..i€S4

Where the integration terminating times are determined as follows for all resources:

dt

dt

dt

dt

- DAS

~-DAS,, , <DAS,,

-~ DAS,, , >DAS,,

-~ DAS, ., < DAS, ,

- DAS, ., > DAS,

-~ DAS,, , <DAS,,

-~ DAS,, , > DAS,,

- DAS,, ., <DAS,,

i,h+1 > DASi,h
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T2, =

T3,

T4,

T1,

T2,

T3,

T4,

T1, =

=min T

=min T

=max T

=max T

=min T

=min T

{DOPi (t) > max(E

{FMSi L(t) <min (E

Si,m (t) =1 }

Denoima (), RTLED; ., (t), SR, , () - TOL

Si,m (t) = =

T SEST ST,

ST <t<T<T
{FMS, 2 (t) > max(EDgyp; s (1), RTUED; ., (t), SRi’h(t))+TOL} ho h+10

i,m (t) -
FMS; , (t) < min (EDgyp; (), RTLED, ., (t), SR, , (t))—TOL}

DOP, (t) < min E

{DOPi (t) > max (ED

{DOPi (t) < min (ED

{F Ih(t)>maX(E BNDlmh(t) RTUED,

im(t)zl

i m (t) =1
enpi,mh (1); RTLED, n (0, FMS, , (t))-TOL

Si,m (t) ==

Sim (t) =
anoimn (8 RTLED, ., (t), FMS, , (t)) - TOL

si,m (t) =1

DBNDi,m,h (1), RTUEDi,m,h (1), FMSi,h (t))"‘ TOL

C.2.1.19 Residual Imbalance Energy

imn (£, SRy (t))+TOL}

BNDi,m;h (1), RTUEDi,m,h (t), FMS, , (t))+TOL

T 22T 2T,

i Thno 22T 2T,

2 Toe ST <To0

} 2 The ST <To0

} T 22T 2T,

} 2T 22T 2T,

S.me FMM

..meRTD

The Residual Imbalance Energy may occur at the start and/or end of the Trading Hour, and only for as long as the Slope

Direction of either the Ramping FMS for FMM , or Dispatch Operating Point for RTD market, as applicable, remains increasing

or decreasing, as the relevant case may be. The Residual Imbalance Energy at the top and bottom of the Trading Hour can be

determined by searching forward from the start of the Trading Hour and backward from the end of the Trading Hour as follows:
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RIE, ..; =TRIE; .. +BRIE; ., ..meFMM
212 Syer Y Shpp Y Ste U Seca
RIE, ..« =TRIE; .. +BRIE; ., ..meRTD

RIE;,« = RIE; pymns + RIEigonk 1 € Sner Y Shpp Y St Y Seca

The total RIE shall be settled as 5 minute RTD values.

ij min (0, FMS, , (t) — min (DAS, , ,, DAS, ,, RTUOL, ., (t), EDgyoymn (t), RTLED; . , (t), DASR, , (t), SR; , (t)))Olt
TRIE, ,, = {72 3600
I max (0, FMS, , () — max (DAS, , ,, DAS, ,, RTLOL, .. (t), EDgyp; mn (t), RTUED; . . (t), DASR, , (t), SRi,h(t)))O|t
2 3600
SmeFMM, i1 S er YUSep Y Stie USeca
Tim min (0, DOP, (t) —min (DAS, , ,, DAS, ,, RTUOL, ., (t), EDgypi mp (t), RTLED, ., (t), FMSR, , (t), FMS, , (t)))Olt
TRIE, .\ = 173 3000
o TJB.m rnax(o’ DOPl (t) - I’TBX(D'A\Si,h—l’ DASIh’ RTLOLImh (t)! EDBNDi,m,h (t), RTUEDImh (t)! I:I\/ISRIh (t)' I:lvlslh (t)))
2 3600
~MeRTD,. .1 & S\gr YSipp Y St USicea
TI min (0, FMS, , (t) — min (DAS; .., DAS, ,, RTUOL, ., (t), EDgnpy s (£), RTLED, ., (t), DASR, , (t), SR, (t)))O|t
e ) 3600
m, hjwmax(o, FMS, , (t) — max(DAS; ,.,, DAS, ,, RTLOLi_r; ;gg, EDgypimn (t), RTUED; ., (t), DASR, , (t), SR; , (t)))dt
T8,

~meFMM, i &S cr USpp YUSte U Seca

EMS,, (T, ,) <DAS;

wEMS; |, (Ty0) > DAS;

- DOP, (T, ,) < DAS, ,

dt -~ DOP,(T,,)> DAS,,

FMS;  (Ty.10) <DAS;

“FMS;, (T,10) > DAS;
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TTﬂmin (0, DOP, (t)—min (DAS, ,.,, DAS, ,, RTUOL, ., (t), EDgyps ms (£), RTLED, 1, (t), FMSR, , (t), FMS, , (t)))

3600
BRIE. , ={''
bmh TT”WHX@,DOPJD—JWM(DASWA,DASm,RTLOme(D,EDWWmha)RTUEEymMU,FMSR”(U,FMSHAD»
3600
T8,

~MeRTD,. .1 & Sygr YSpp YSte USeca

RIE; ..; =GTRIE; ,,; +LTRIE; . +GBRIE; ,: +LBRIE, ,; ..meFMM

S0 e Sygr

RIE; ..« =GTRIE; ., +LTRIE; . +GBRIE; ., +LBRIE; . ..meRTD

RIE; ;i = RIE; cymnt + RIE gpni 1€ Syer

The total RED shall be settled as 5 minute RTD values.

Tim min (0, max (0, FMS, , (t))— min (DAS, , ,, DAS, ,, GRTUOL, ., (t), EDgypi mp (), RTLED; ., (t), DASR; , (t)))

GTRIE, ,, = 1% 3600
ol j?nnx@,FMSHKU—wmm(DASml,DASm,GRTLOme(O,EDwmmma)RTUEDmm(D,DASRm(D»dt
2 3600
~.meFMM, i€ S
?mmmﬁlnﬁxw,DOPAU)—mm(DASm1,DASm,GRTUOme(ﬂ,EDWMmha)RTLEDHMJD,FMSRHKO»
GTRIE by 3000
L i?nnx@,DOP(U—me(DASml,DASm,GRTLOme(U,EDmmmha)RTUEE%mdn,FMSR”KU»dt
3600
Th‘O

~.meRTD,..i €S

dt

dt

dt

dt

. DOP, (Ty,10) < DAS;,

. DOP, (Ty.10) > DAS;

 FMS; (T, ,) <DAS,

FMS; (T, ,) > DAS, |

- DOP, (T, ,) < DAS, ,

-~ DOP,(T, ;) > DAS, ,
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T}m min (0, FMS, , (t) — min (DAS, , ,, DAS, ,, LRTLOL, ., (t), EDgyps mp (), RTLED, ., (t), DASR; , (t)))

dt - FMS, <DAS,
LTRIE J 3600 i,h (Th,O) i,h
tmh =178 (0, min (0, FMS, , (t))— max (DAS, ,_,, DAS, ,, LRTUOL, ,, (t), EDgnorm s (t), RTUED, ,, (t), DASR; , (1))
, , . m, m, m. 27dt - FMS,, (T, ,) > DAS, ,
J 3600 o ’
~meFMM,..i€S
Tim min (0, DOP, (t) - min (DAS; , ,, DAS, ,, LRTLOL, ., (t), EDgypy s (t), RTLED; ., (1), Fl\/ISRi,h(t)))dt -~ DOP (T, ,) < DAS.
LTRIE Ly o0 n :
'mh =178 max (0, min (0, DOP, (t))—max (DAS, , ;, DAS; ,, LRTUOL, ,, (t), EDgyp s (), RTUED, ,,,,(t), FMSR , (1))
| , e m, m, n227dt - DOP,(T, ) > DAS,,
Th‘O

~.MeRTD,..i1 €S

T2¢ min (0, max (0, FMS, , (t))— min (DAS, ..., DAS, ,, GRTUOL, . (t), EDgyp; mp (t), RTLED, ., (t), DASR, , (t)))d

t - FMS; (T,..0) <DAS;,

GBRIE, , , =, 3600
b e max (0, FMS, , (t) — max (DAS, ., DAS, ,, GRTLOL, ., (t), EDgypi i (8), RTUED, ,, (t), DASR , (1))
I | | | 3606 | - - ' dt " FMS;; (Ty,0) > DAS,
T8,

~.meFMM, i e S g

TI min (0, max (0, DOP, (t))— min (DAS, , ,, DAS; ,, GRTUOL, ., (t), EDgyp; s (), RTLED, ., (t), FMSR, . (t))) ;

t - DOP, (Ty.10) < DAS;,

GBRIE, , = {7 3600
MM Mo pa (0, DOP, (t) — max (DAS, .1, DAS, ,, GRTLOL, ., (t), EDgypi 1 (t), RTUED, . (t), FMSR , (t)))
J | | 360‘01 - . ' dt » DOP; (T}..0) > DAS;
T8,

~.meRTD,..i€ S5
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T"j.”min (0, FMS, , (t) — min (DAS, ,.,, DAS, ,, LRTLOL, .., (t), EDgypimp (t), RTLED; ., (t), DASR; , (t)))

LBRIE. , =4 Tm 3600
L T“j.”max(o, min (0, FMS, , (t))— max(DAS, , ,, DAS, ,, LRTUOL, . , (t), EDgypymp (t), RTUED, ., (t), DASR, , (t)))

dt

dt
. 3600

S.meFMM, . i €S

Thrﬂmin (0, DOP, (t)—min (DAS, , ,, DAS, ,, LRTLOL, ., (t), EDgyp s (t), RTLED; ., (), FMSRi,h(t)))dt
- 3600
LBRIE,, , =1, _
m ":[“’max(o, min (0, DOP, (t))— max (DAS; ,.,, DAS, ,, LRTUOL, ., (t), EDgypimp (t), RTUED, ., (t), FMSR,, (t)))
3600
T8,

..MeRTD,..i€ S

Where the integration terminating times are determined as follows for all resources:

dt

» FMS; ; (Ty..0) <DAS;

»FMS;  (Ty.10) > DAS,

" DOP; (T,.10) < DAS;

"~ DOP;(T,,,,) > DAS,




CAISO Business Practice Manual BPM for Market Operations

|m(t) :1
T5. —max T . AT <t<T<T
m {FMS, +(t) <min (DAS; , ,, DAS, ,, EDgyp;i mp (1), RTLED; .., (t))—TOL ho h+10
T6 T Sim (1) =- T <t<T<T
= MaX ' <T= <
[ FMS, , (t) > max(DAS, , ,, DAS, ,, EDgypi s (t), RTUED, ., (t))+TOL h:0 A
- me FMM
Sin(t)=-—
T7 =minT .. : o ST 22T 2T,
FMS, , (t) < min (DAS; , ., DAS, ,, EDgyp; m (t), RTLED,; .., (t))— TOL : '
T8 in T Sim(t) =1 T . >t>T>T
= min ' 212 2>
m FMS, . (t) > max(DAS, ,..,, DAS, ,, EDguo: ms (), RTUED; ., (t))+ TOL e 70
T5 T Sim(t) =1 T <t<T<T
= MaXx . ' <t 1| £
[ DOP, (t) < min (DAS, , ;, DAS, ,, EDgyp; s (t), RTLED; .., (t))-TOL 3 e
T6 T Sim(t)=-1 T <t<T<T
= mMax . ' <= <
m DOP, (t) > max (DAS, , ;, DAS, ., EDgyp: s (t), RTUED, ., (t))+ TOL L et
’t 1" " -~ meRTD
S. = —
T7,=mn T in(® ST 22T 2T,
DOP, (t) < min (DAS, ..., DAS, ., EDgyp; m 1 (t), RTLED; ., (t)) - TOL
- Si m(t) :1
T8, =mnT . ’ ST 22T 2T,
DOP, (t) > max(DAS, , ,, DAS; ,, EDgyp: s (t), RTUED, , , (t))+ TOL
I g SHF’D (& STIE

The 15-minute Trading Interval Reference for TRIE, GTRIE, and LTRIE is the one that includes or ends at the backward
terminating time going beyond hourly boundaries, calculated as follows:
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t)=1
min T {FMS (t) < min (DAS DAS m(éD (t), RTLED;,,, (t)) TOL}'
min & U0 S"“&t) BN;”“'“ ! il "Toe2t>2T =T, ~.meFMM
min T IS
{F S, (t) > max(DAS, , ,, DAS, ,, EDgypi i (£), RTUEDiYm'h(t))JrTOL}
TBref,m =
- ,m (t) 1
M T DOP,(t) < min (DAS, , ,, DAS, ,, EDgygy s (t), RTLED, ., (t))~TOL [’
min i,h-11 iho BNDi,m,h \t)s i,mh St>T>T m e RTD
(t) -1 h,0 0
mn T .. hm A
{DOPi (t) > max(DAS, ,, ;, DAS, , EDgyp; 1 (t), RTUED, mh(t))+TOL}
Note: TB,,. . can be different between FMM and RTD.

ref,m

The 15-minute Trading Interval Reference for BRIE, GBRIE, and LBRIE is the one that includes or starts at the forward
terminating time going beyond hourly boundaries, calculated as follows:

1) = —
et {DOP (t) < min (DAS DAS. . ( I;D (t), RTLED, ,, (1)) TOL}
rax ‘ ih+l1 i,h? BNDi,m,h ! i,m,h . Th+l,0 <t< T < TN S.Mme FMM

) =1
max T .. )
DOP, (t) > max (DAS, ,,.,, DAS, ,, EDgyp; s (t), RTUED, ., (t))+ TOL

TFref,m =
. im (t) -
X T\ DOP, (t) < min (DAS, .., DAS, ,, EDgypyy () RTLED, ., (t))~TOL "
max ! Her hmi hm <t<T<T, .~.me
i h+1 h (t) BN:ID- h h Th+10 T T RTD
max T .. b
{DOPi (t) > max(DAS, ,..,, DAS, , EDgyps mp (£), RTUEDi‘m’h(t))+TOL}

Note: TF . can be different between FMM and RTD.

ref,m
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If the search reaches the end or start of the target Trading Day, it shall continue into subsequent or previous Trading Days as
needed.

Note: In the above TB, and TF

be decremented or incremented accordingly as the search proceeds to previous or subsequent hours.
The 15-minute mitigated Energy Bid of the 15-minute Trading Interval Reference shall be used in the settlement of Residual
Imbalance Energy, except as noted in section Error! Reference source not found..

formulae, h is the current hour where the conditions for the search are evaluated and it shall

ref

C.2.1.20 De-rate Energy

The De-rate Energy is the sum of the Lower De-rate Energy due to Minimum Load overrates and the Upper De-rate Energy

due to Maximum Capacity de-rates:

DRE, ., =LDRE,,,; +UDRE,, ,; ..meFMM
1€ Sgey YU S

DRE,; ..« =LDRE, ., +UDRE, ., ..meRTD

i,mh

The De-rate Energy for NGR is the sum of the Lower De-rate Energy due to GMIN/LMIN overrates and the Upper De-rate
Energy due to GMAX/LMAX de-rates:

DRE; ..; =GLDRE, .. ; +GUDRE, . +LLDRE, ., +LUDRE, .. ..meFMM
s €S

DRE, ., =GLDRE, ., + GUDRE, ., + LLDRE, ., +LUDRE,,,, ..meRTD

The Lower De-rate Energy, including any overlap with LFE or BED, but excluding SRE, is calculated as follows:
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T, o
v max (0, min (FMS, , (t), RTLOL, ., (t))— max(EDgyp, ., » (), RTUED, , . (t), DASR, , (t), DAS,
LORE,,,, = | (0, min (FMs, , (1) () (36OSND, NO) () WODAS)
Th,vfl
: 2 1 E Semy M S
" max (0, min (DOP, (t), RTLOL, .., (t))— max(EDgyp; . (t), RTUED, . . (t), FMSR, , (t), FMS, , (t
LDREi,m,h,k = I ( ( I() ' 'h( )) ( 3283 h() : h() h() 'h( )))d'[ .meRTD
Thk-1

™ max (0, min (FMS, , (t), RTLOL, ., (£))— max (EDgyp; 1 (), RTUED, ., (t), DASR, , (t), DAS, ,, SR, , (t)))

dt+
) 3600 _
LDRE, ., =1{%"" _ ~MeFMM )} .ieSey —Sueo
‘ nﬁX@,mm(FMSLMO,RTLOLLMMO,DASm,SRW(O)—an(EDmDmm(D,RTUEDUM(U,DASRM(O»dt
. 3600
1Trmm@,mm(DORa)FﬂLOLmha»—wdeDWMth)RTUEQmma)FMS&ma)FMSWG»h“+
. 3600 _
LDRE, =1 2" _ ~MeRTD ).ieSuy —Sueo
I nnx@,mm(DOPAO,RTLOLLWAU,FNBLAU)—HBX(EDmmmm(D,RTUEDMMJU,FMS&ha)»dt
3600

Th‘kfl

™ max (0, min (FMS, , (t), GRTLOL, ,, (t))~ Max (G, EDgpyms (8), RTUED,,,, (t), DASR, , (t), DAS, ., SR, , (1))

dt+
= 3600
GLDRE, =1 . ~MmeFMM )€ Sy
¢ max(0, min (FMS, ,(t), GRTLOL, ,, (t). DAS, ., SRy (t))~ X (Guuni, EDgson s (). RTUED,,, (1), DASR,, (1))
3600
Thf1

‘T max (0, min (DOP, (t), GRTLOL, , , (t))— Max (Gyyi» EDgnos m (1), RTUED; 1, (t), FMSR, . (t), FMS, . (1))

dt+
- 3600
GLDRE, ,py =1 " ~MeRTD }..ieSym
f max (0, min (DOP, (t), GRTLOL, , , (t), FMS, , (t))— max (G, i EDgyos m 1 (£), RTUED;, (1), FMSR, . (1)) it
3600

Th k-1
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Tj min (0, max (FMS, , (t), LRTLOL, .., (t))— min (Lyyns » EDgupymn (t), RTLED, ., (t), DASR, , (t), DAS, ., SR, (t)))OIt N
: 3600
LLDRE, ¢ =11 ~meFMM )..ieS
I min (0, max (FMS, , (t), LRTLOL, .. . (t), DAS, ., SR, (£))— min (Lyy » EDgus s (£), RTLED; . (1), DASRi'h(t)))dt
- 3600
Tj min (0, max (DOP; (t), LRTLOL, .., (t))— min (Lyni» EDgyoi ms (£), RTLED; . (£), FMSR, , (t), FMS, , (t))) dis
. 3600
LLDRE, . =1 " ~MeRTD ).ieS,
I min (0, max (DOP, (t), LRTLOL, ., (t), FMS, , (t))— min (Lyyi» EDgyos s (£), RTLED; . (£), FMSR, , (1)) it
3600
Th k-

The Upper De-rate Energy, including any overlap with LFE or BED, but excluding SRE, is calculated as follows:

T, A 0

" min (0, max(FMS, , (t), RTUOL, . (t))— min (EDgyp; , » (), RTLED, . . (t), DASR, , (t), DAS

UDRE, - | (0, max(FMs, , () i (®) (3608ND,,h() o (0) WODAS)
Th,t-1
: ol @ Sy M Sppr
" min (0, max (DOP, (t), RTUOL, . , (t))—min (EDgp; ., (t), RTLED, ., (t), FMSR, , (t), FMS, , (t

UDRE, 1, - | (0, max (DO, (t) nn(0) (3638;,,h(> 0) WOFMS,O)
Thk-1
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" min (0, max (FMS, , (t), RTUOL, ., (t))— min (EDgyp; 1 (t), RTLED, ., (t), DASR, , (t), DAS, ,, SR, , (t)))

dt+
. 3600 _
UDRE, ¢ =45 _ ~MeFMM }..ieSey —Sue
< min (0, max(FMS, , (t), RTUOL, ., (t), DAS, ,, SR,,, (t))— min (EDgyp; s (t), RTLED, ., (£), DASRW(U»dt
o 3600
To mm(Qrmm(DOPJD,RTUOme(U)—mm(EDmehﬂ)RTLED”mAO,FMSR”KD,FMSHADDdt+
. 3600 _
UDRE, =10 _ ~MeRTD }..ieSsy —Sump
: mm(Qrmm(DOPAU,RTUOL”MJU,FMS”KU)—mm(EDmeha)RTLEDUEAD,FMSRHAD»dt
3600
Thkt

" min (0, max (FMS, , (t), GRTUOL, ,, , (t))— min (EDgygy s (£), RTLED, ., (t), DASR, , (t), DAS, ., SR, , (t)))
3600

dt +

GUDRE, ., =1 " ~MeFMM ) ieS,
s nm1@,nnx(FMSHAD,GRTUCMﬁmha),DASm,SR”(U)—wmn(EDmmmm(U,RTLEDLmha),DASRm(U»dt
W 3600
‘T mm(armm(DOPmo,GRTUOme(oy-mm(EDmmmha)RTLED”MJQ,FMSRHKQ,Fmsuxn»dt+
Rk 3600
GUDRE; =4 " S MeRTD )..ie S
% min (0, max(DOP, (t), GRTUOL, . (t), FMS, , (t))— min (EDgp; .., (), RTLED, ., (t), FMSR,  (t
( ( |( ) |,m,h( ) |,h( )) ( BNDl,m,h( ) |,m,h( ) |,h( )))dt
3600

Thk-1
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Thl

(1), DASR,, (1), DAS, . SR, (D) .

f max (0, min (FMS, , (t), LRTUOL, ,, . (t))— Max (EDgyp 5 (t), RTUED,
o 3600
LUDRE, ., =1 " ~MeFMM ) .-ieS
I max (0, min (FMS, , (t), LRTUOL, ., (t), DAS, ,, SR, (t))— max (EDgyp, (), RTUED, ., (t), DASR , (t))) it
" 3600
Tj max (0, min (DOP, (t), LRTUOL, , , (t))— max (EDgyp; m n (), RTUED, .., (t), FMSR, , (t), FMS, . (t))) it
. 3600
LUDRE, i =1+ ~MeRTD )..ie Sy
'« max (0, min (DOP, (t), LRTUOL, ,,, (t), FMS, , (t))— max (EDgypymp (t), RTUED, ., (t), FMSR, . (t))) it
3600
Thk1

C.2.1.21 Exceptional Dispatch Energy

The Exceptional Dispatch Energy, including any overlap with LFE or BED, but excluding SRE and RTPE, is calculated as

follows:
T, .
% max (0, min (FMS; | (t), EDgypi mn (t))— max(0, RTUED; . ,, (t), DASR, , (t), DAS,;
i (0. min (FMS,, (t). EDgyp1,1 (1)) 3600( an®): DASRL O DSy ey o pasr
EDE,,, =4™'* _ smeFMM,..ie€S,
m " min (0, max (0, FMS, , (t), EDgypym (t))— min (RTLED, ., (t), DASR, , (t), DAS, , ))
: S m. : 22dt - EDgyp; () < DASR, , (1)

Thta
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“*nnx@xmﬂboaa)EDwmmMn}memeUEDmma)Fmsaha)Fmgha»%t (B YRR

3600
EDE, ., =43 _ ..MeRTD,..i €S,
\ mm@xnnxm,Doaa)EDwmmha»—mmUﬂlEDmha)FMS&MGLFMSWG»h“ B ) R
= 3600 . BNDi,h i,h
T max (0, min (FMS, , (t), EDgyoy s (t))— max (0, RTUED, , , (t), DASR, , (t), DAS, ,, SRi,h(t)))Olt N
i (0, min (FMS, 1), EDgyonms (1) DAS,,, SRy, ()~ max (0, RTUED, ,, (1), DASR,, ())) [~ ™
EDE ., ={"" 3600 “meFMM,..i¢gS, US
I min (0, max (0, FMSy., (), EDgypi (1)) min (RTLED, ,,, (1), DASR, (1), DAS,, SR, (1)) ”
g 3000 “+ EDgypi mp (1) < DASR,; , (t)
”I' min (0, max (0, FMS, , (t), EDgyp; 1 (t), DAS, ,, SR, , (t))—min (RTLED, ., (), DASRiYh(t)))dt ° e
Th.'—l 3600
‘T nnx@,mm(DOR(O,EDwmmhaﬁ—nnx@,RTUEDmm(Q,FMSRM(H,FMSHAD»dt+
U2 3600 “+ EDgyp; s (t) > FMSR. , (t)
Tj max (0, min (DOP, (t), EDgyp s (£), FMS, , (t))— max (0, RTUED, , , (t), FMSR, , (t))) it T Bbimh wh
EDE, ., =™ 3600 ~meRTD,..igS.US
MM T min (0, max (0, DOP, (t), EDgyoy mp (t))— min (RTLED;, , (t), FMSR, , (t), FMS, , (1)) dts N T TNeR PR
Uy 3000 “+ EDgypimp (£) < FMSR. , (t)
Tf min (0, max (0, DOP, (t), EDgyy mp (), FMS, , (t))— min (RTLED, . , (t), FMSR,, (t))) it e H
3600
Th‘kfl
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EDEi,m,h,f =

™ max (0, min (FMS, , (t), EDgyps s (£)) — Max (G » RTUED, ,, (t), DASR, , (t), DAS, ,., SR, , (t)))

n{1 3600 dt+
I e (0, min (FMS,., (), EDgyonnn (1) DAS,,., SRy, (1)~ m8X Gy, RTUED, (), DASR,, (1)
o 3600
. mex(0,min (0, FMS, ) EDopyn () MEK(RTUED, (1. DASR (), DAS1p SRy 0)
e 3600
' mex(0,min (0, S, (). EDote 00 1) DAS SRy () mx(FTUED, o, 9, DA, )
s 3600
TT mm(Qrmm(FMSHAU,EDwmmha»—wnm(me,RTLEDLMJU,DASRHAO,DASM,SRW(U»dt+
e 3600
T min (0, max (FMS, , (t), EDgyoy s (8), DAS, 1, SR,; (£))— min (Lyyi - RTLED, ;1 (t), DASRiIh(t)))dt+
o 3600
“”rmn@,nnx@,FMS”AO,EDwmmhﬁ»—nWWRTLEDLmMD,DASR”KO,DASM,SR”(Q»dt+
o 3600
o mmﬁlnnx@,FMSHAO,EDMDMW(O,DASm,SRHJQ)—mm(RTLEDLmAO,DASRM(U»dt

3600

Thta

" EDgypimn (t) > DASR; 1 (t)

" EDgypimn (1) < DASR, . (t)

s.meFMM, i € S,
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I max (0, min (DOP, (t), EDgyp;m (1)~ Max (G, RTUED,,,, (t), FMSR, . (t), FMS, , (1))

dt +
o 3600
' mex(0, i1 (2P0, EDoto 01 1) FMS:, )~ 12 Gy, RTUED, y, (0, PSR, )
3600
: “* EDgpimn (t) > FMSR (1)
f max (0, min (0, DOP, (t), EDgyp; s (£))— max(RTUED; , , (t), FMSR, . (t), FMS, (1)) ite m '
o 3600
Tf max (0, min (0, DOP, (t), EDgyp; s (), FMS, , (t))— max (RTUED, .., (t), FMSR, , (t))) it
. . 3600
Hme Tj min (0, max (DOP, (t), EDgypi s (£)) = Min (Lys» RTLED, 1 (t), FMSR,, (t), FMS, (1)) dte
= 3600
' min (0, x(DOP, (), EDp1 ). FMS,(0) -1 Loy, RTLED,, 0. FMSR, 1)
3600
T;H 5 " " EDgpimn (t) < FMSR; (1)
J min (0, max (0, DOP, (t), EDgyp:.m s (t))— min (RTLED, , , (t), FMSR, (t), FMS, , (t))) dts m :
o 3600
™ min (0, max (0, DOP, (t), EDgyoy np (1), FMS, , (t))— min (RTLED, ,,,,(t), FMSR, , (t))) it
3600
Th,kfl

C.2.1.22 Optimal Energy

Any Instructed Imbalance Energy that remains unaccounted is Optimal Energy:

OEi,m,h,f = IIEi,m,h,f - BEDi,m,h,f _SREi,h‘f - LFEi,m,h,f - RTPEi,m,h,f - I:zTI\/"‘Ei,m,h‘f - REDi,m,h,f - RIEi,m,h,f - DREi,m,h,f

OEi,m,h,k = ”Ei,m,h,k - BEDi,m,h,k - LFEi,m,h,k - RTPEi,m,h,k - RTMLEi,m,h,k - REDi,m,h,k - RIEi,m,h,k - DREi,m,h,k - EDEi,m,h,k

OFmn 1 = WEimn¢ —BED; ¢ —SRE;, ¢ —LFE ;¢ —RTMGE, ,,  —RTMLE, ;. —RED; ;. ¢ —=RIE;,, ¢ —DRE; ¢

OEi,m,h,k = IIEi,m,h,k - BEDi,m,h,k - I":Ei,m,h,k - I:a-”\/l(sEi,m,h,k - I:z-rl\/”‘Ei,m,h,k - REDi,m,h,k - I:’uEi,m,h,k - DREi,m,h,k - EDEi,m,h,k

- EDEi,m,h,f

—EDE; ;1

..meRTD,..i € S

..me FMM

..meRTD

..meFMM

..meRTD

S0 € Sar

s 1€ Sgr
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For Non-Dynamic System Resources, the Optimal Energy is calculated as the sum of the extra-marginal and infra-marginal
portions as follows:

OEi,m,h,f =

OEi,m,h,k =

" max (0, FMS, , (t) — max (0, RTLOL, , , (t), EDgyp; s (t). RTUED, (1), DASR, , (1))

j dt +
s 3600

" max (0, min (FMS; , (t), RTUED; ., (t)) — max (P, » DASR, (t)))OIt
TI ) 3600 "

" min (0, max (0, FMS, , (t))— min (RTUOL, ., (t), EDgyg: s (t), RTLED, ., (t), DASRi,h(t)))dt
TI . 3600 i
" min (0, max (0, FMS, , (t), RTLED, ., (t))— DASR, , (t))OIt
o 3600

Tj max (0, DOP, (t) — max (0, RTLOL, , , (t), EDgypy ms (t), RTUED, ., (t), FMSR,, (t)))dt+
. 3600

™ max (0, min (DOP, (t), RTUED, ., (t))— max (P, » FMSR, , (1)) dte
TI 1 3600

Tf min (0, max (0, DOP, (t))— min (RTUOL, . . (t), EDgypi s (£), RTLED; 1 1 (t), FMSR, , (1)) dts
= 3600

Tf min (0, max (0, DOP, (), RTLED, ,,,, (t))— FMSR, , (t))Olt

3600

..me FMM

..meRTD

s 1€ S
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For non-generator resources (NGRs), for which SRE/RED/RIE may exist, the Optimal Energy is calculated as the sum of the
extra-marginal and infra-marginal portions that may overlap, but excluding SRE/RED/RIE and RTPE. The Non-overlapping

Optimal Energy is calculated as follows:

GNOE, . =

GNOE; 1« =

ol T4 7o) rax (0, FMS, , (t) — max (GRTLOL, ,, (t), EDgyps oy (1), RTUED,., (t), DASR, , (t), DAS, ., SR, , (1))
3600

dt +

W(Th,fflszm-Tem)
T max (0, min (FMS, , (t), RTUED, . , (t))— max (G » DASR;  , (t), DAS, ,, SR, , (1))
s 3600

T T3 7o) i (0, max (G, FMS, , (£))— min (GRTUOL, ,, (t), ED gy (8), RTLED, ., (t), DASR, . (t), DAS, ,, SR,,, (1))
3600

dt +

W(Th,ffllemstm)
Tt min (0, max (Gyyy , FMS, , (t), RTLED, ., (t))— min (DASR, , (t), DAS, ., SR, , (t)))
3600

dt

Th, -1

min (. T 4 T8n) max (0, DOP, (t) — max (GRTLOL, , , (t), EDgypymp (t), RTUED, . (t), FMSR,, (t), FMS, , (t))) dts
3600

W(Th,kAszmvTGm)

T max (0, min (DOP, (t), RTUED, , , (t) )~ max (G, » FMSR, ., (t), FMS, . (t)))

W 3600

e T3 T7) i (0, max (G » DOP; (t))— min (GRTUOL, ., (t), EDguorm s (£), RTLED, ;. (t), FMSR, , (t), FMS, , (1))
3600

dt+

max (Ty 3, T4 T5p)
TI min (0, max (Gy,, DOP, (t), RTLED, ., (t))—min (FMSR, , (t), FMS, . (t)))
3600

Thk-1

dt

dt +

dt+

..meFMM €S ek

..meRTD 2.1 €Syer
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LNOE; .. =

LNOE; 1« =

The Overlapping Optimal Energy, which may exist for Load Following Resources, is calculated as follows:

. T4 T80) i (0, FMS, , (t) — min (LRTLOL, ., (t), EDgyp; s (1), RTLED, . (t), DASR, , (t), DAS, ., SR, , (t)))

dt+

mex (Ty ¢4, T 2, T6,,) 3600

Tnj * min (0, max(FMS, , (t), RTLED, ,,,, (t))— min (L,,,;, DASR, , (t), DAS, ,, SR, , (t)))Olt N
T 3600

0T T30 T70) i (0, min (Lyyg » FMS, 5 (t))— max (LRTUOL,, , (t), EDgy s (1), RTUED, , , (t), DASR, , (t), DAS, . SRIVh(t)))dt_F
mex (T 1, Ty, TSy, ) 3600

I mex (0, min (Lyy,, FMS,, (1), RTUED, 1, (1)~ mex (DASR, , (1), DAS ., SR, ()
T 3600

0 T4 7o) min (0, DOP, (t) — min (LRTLOL, , , (t), EDgyoim (8), RTLED; ., (t), FMSR , (1), FMSi,h(t)))dH
'mX(Tn,kAszmrTGm) 3600

Tf min (0, max (DOP, (t), RTLED; ., (t))— min (Ly,» FMSR, , (t), FMSi‘h(t)))dt+

T 3600

(e T30 T7) ey (0, min (Lyyg » DOP, (t))— max (LRTUOL, ,, (t), EDgyi s (), RTUED, 1, (t), FMSR, , (1), FMSivh(t)))dt_F

3600

n.ﬂx(Th,kflelmszm)
Tj max (0, min (Ly,yi» DOP; (t), RTUED; . , (t))— max (FMSR, , (t), FMS, , (t)))
3600

dt

Thk-1

..me FMM

..meRTD

s €S ek
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OOEi,m,h,f =

OOEi,m,h,k =

TI max (0, min (FMS, , (t), DAS, ,,, SR, , (t)) - max (0, RTLOL, ., (t), EDgyp; s (£), RTUED, . (t), DASR, , (t)))
3600

Tht1
T max (0, min (FMS, , (t), RTUED, .., (t), DAS, ., SR, , (t)) — max (Py,y » DASR; , (t)))
3600

dt +

Th‘ffl

T min (0, max (0, FMS, , (t), DAS, ,, SR, , (t))— min (RTUOL, .. . (t), EDgyp; mn (t), RTLED, ., (t), DASR; , (1))
3600

Th‘ffl

T min (0, max (0, FMS, , (t), RTLED, ., (t), DAS, ,, SR, , (t))— DASR, , (t))
3600

dt

Th, 11

" max (0, min (DOP, (t), FMS, , (t))— max (0, RTLOL, ., , (t), EDgypi mp (t), RTUED, ., (t), FMSR , (t)))
3600

?*nwx@,mm(DOPKD,RTUED (t), FMS, , (£))— max Py, FMSR, , (1))

3600

i,mh

dt+

Thka
Tj min (0, max (0, DOP, (t), FMS, , (t))—min (RTUOL, . , (t), EDgup: ms (1), RTLED, ., (t), FMSR, , (t)))
3600

Th k-1

™ min (0, max (0, DOP, (t), RTLED, ,,,, (t), FMS, , (t))— FMSRi’h(t))dt

3600

Th‘kfl

dt +

dt +

dt+

dt+

..me FMM

..meRTD

The Overlapping Optimal Energy, which may exist for Non-Generator Resources, is calculated as follows:
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GOOE; ,n¢ =

GOOE; . =

T max (0, min (FMS, , (t), DAS; ,, SR , (t)) — max (GRTLOL, . , (t), EDgypim s (1), RTUED; . (t), DASR, , (t)))
3600

dt +

Th" 1
T max (0, min (FMS, , (t), RTUED, ., (t), DAS, ,, SR, , () — max (G, » DASR; ., (1))
3600

dt +

Th,t-1

T min (0, max (G, » FMS, , (t), DAS, ,, SR, , (t)) - min (GRTUOL, . , (t), EDgyp; s (£), RTLED; .., (t), DASR, ., (1))
3600

Th,t-1

T min (0, max (G, » FMS, , (t), RTLED; , , (t), DAS, ,, SR, , (t))— DASR, . . (t))
3600

dt

Th,t-1

Tf max (0, min (DOP; (t), FMS, , (t))— max (GRTLOL, ., (t), EDgypimp (), RTUED, ., (t), FMSR,, (1))
3600

Thk-1
™ max (0, min (DOP, (t), RTUED, ., (t), FMS, , (t) )~ max Gy, FMSR; . 1 (1))
3600

dt+

dt+

Thk-1

™ min (0, max (Gyyy» DOP, (t), FMS, , (t))—min (GRTUOL, . , (t), EDgy s (£), RTLED, ., (£), FMSR, . . (t)))
3600

Th,kfl

Tf min (0, max (G, DOP, (t), RTLED; ., (t), FMS, , (t))— FMSR, ., (t))
3600

Thk-1

dt

dt +

dt+

..me FMM

..meRTD
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LOCE; i =

LOOE; ,,nx =

T min (0, max (FMS, , (t), DAS, ,, SR, (t))— min (LRTLOL, ., (t), EDgypi mp (t), RTLED, . (t), DASR, , (1))

dt +
o 3600
T min (0, max (FMS, , (t), RTLED; , , (t), DAS, ,, SR, (t)) = min (L, » DASR, , (t)))dt
s = - : s arF

o 3600
"t mex (0, min (Lyy;, FMS, , (t), DAS, , SRy, (1))~ mex (LRTUOL, 1, (), EDgpymn (8), RTUED, 1, (1), DASR, (1))
o 3600
T max (0, min (Lyy» FMS, , (t), RTUED, . (t), DAS, ,, SR, , (t))— DASR; .., (t))dt
o 3600
TI min (0, max (DOP, (t), FMS, , (t))—min (LRTLOL, . , (t), EDgup; ms (t), RTLED, ., (t), FMSR, , (t))) it
" 3600
Tj min (0, max (DOP, (t), RTLED, , , (t), FMS, , (t) ) min (L, FMSRi,h(t)))dH
" 3600
Tj max (0, min (Lyyi» DOP; (t), FMS, , (t))— max (LRTUOL, . , (t), EDgyp; s (t), RTUED 1., (1), FMSR, . (t)))
o 3600
Tj max (0, min (Ly,yi» DOP, (t), RTUED, ., (t), FMS, , (t))— FMSR, .. (t)) it

3600

Th‘kfl

dt +

dt+

..me FMM 2.1 €Syss — Sper

-.meRTD 20 € Spyss — Ser

For all resources except NGRs, the Optimal Energy is the sum of Overlapping and Non-overlapping Optimal Energy as follows:

OE;,n; =00E;  .; +NOE, . ..meFMM

OEi,m,h,k

=00E

S 1€ Syer Y Shpp YU St U Seca
«+*NOE;  ,« -~~meRTD

i,m,h

For NGRs, the Optimal Energy is the sum of Overlapping and Non-overlapping Optimal Energy as follows:
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OE; .n; =GOOE;  +LOOE, ., +GNOE,;  , +LNOE; ,; ..meFMM
s €S ar

OE; ..« = GOOE;,

i,m,h,

. +LOOE, .., +GNOE, ., +LNOE, .., ..meRTD

i,m,h, i,m,h,

C.2.1.23 RMR Energy

The calculation of RMR energy is not dependent and/or related to any other Expected Energy calculation. It is calculated to
fulfill the RMR contractual settlement requirement. It is calculated as the total energy under the RMR MW, which is calculated
as it follows,

Based on the MPM process, the RMR MW level will be determined per RMR resource (including condition 1 and condition 2)
for a given time in the following three steps,

Step 1,

If RT RMR Requirement <>0 Then

RMR MW = DOP

Else If DARMR Requirement <> 0 Then

RMR _ MW = min(max (IFM _ commitment, RUC _ commitment, STUC _commitment), DOP)
End If

Step 2,
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If there exists RMR Exceptional Dispatch Instruction other than RMRS Then

RMR _ MW = max( RMR_ Exceptional _ Dispatch, RMR _ MW)

Else if RMR Exceptional Dispatch Instruction is “RMRS” Then

If RMR instruction is a “MAX” instruction Then

B [ndicating that this resource is the original RMR resource being substituted

B RMR_MW should be increased for RMR energy calculation

RMR _MW =RMR _MW + (IFM _Commitment— RMR _ Exceptional _ Dispatch)

Else -- This is the substituting resources

-- RMR_MW should be decreased for RMR energy calculation

RMR _MW = RMR _ MW — (RMR_ Exceptional _ Dispatch — IFM _ Commitment)

End If

Step 3,

End If

RMR _ MW = min( MNDC,RMR _ MW )

Where:

RMR_MW

is the RMR MW level used in RMR energy calculation (time variant because it is tied to the DOP);

RT RMR Requirement The RMR requirement MW determined by Real-Time MPM process. (15-minute);
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DA RMR Requirement The RMR requirement MW determined by Day-Ahead MPM process. (hourly);
IFM_Commitment ~ BINDING commitment schedule MW from IFM. Assume zero if none exists (hourly);
RUC_Commitment  BINDING commitment schedule MW from RUC. Assume zero if none exists (hourly);

STUC_Commitment BINDING commitment schedule MW from RTM through the short term unit commitment

process. Assume zero if non exists (15 minute);
DOP Dispatch Operating Point from RTM;

RMR Exceptional Dispatch The Exceptional Dispatch MW when the Exceptional Dispatch Energy code is one of the
four types: “RMRR”, “RMRS”, “RMRT”, “RMRV” — This can be simplified as essentially all Exceptional
Dispatch Energy code beginning with the letters “RMR”;

Previous DOT Dispatch Operating Target (MW) for the previous 5-minute interval from RTM (5-minute);

MNDC RMR Contractual Capacity defined in MF for RMR resources. It can be less or equal to the Pmax;

C.2.1.24 RMR Energy EE treatment for EIM resources

L Calculate BASE energy for all EIM resources: BASE,, = BSEIM, , x1hr 1€ Sey,

For participating EIM resources, calculate real-time EE as indicated in the above sections C.2.1.1.7 through C.2.1.1.23,

except replace the following terms:

Replace DAS with BSEIM, i.e. all RT energy is relative to the BASE schedule. EIM resources do not directly
participate in the DA market, thus do not have a DAS.
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Replace ED with MD.

For non-participating EIM resources, calculation of real-time EE is simplified. Calculate as follows:

a. OE,,,=(FMM,, —BSEIM,,)/12 .m e FMM .".i € Sgyumes

b. MDE;,,, = (DOT,, — FMM,,)/12 “ MDgyp, n » (t)exists . m € RTD ..i € Sgyympn




CAISO Business Practice Manual BPM for Market Operations

IIEs(+)

”E15(+)

BASE(+)

DOP

FMS

Figure 5t Expected energy for an EIM Participating Resource. ie SE”VIPR

v

Page 137 of 333
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FMS

Base 3ch

DOP(t)

Time

Figure 5u Expected energy for an EIM non-participating resource with MDE. ie SEIMNF,R

C.2.1.25 Total Expected Energy
" DOP, (t)
TEE,, = | ———=dt
” 3600

Thk-1

C.2.1.26 Ramping Dispatch Operating Target

RDOT, (t) = DOT, , + DOT, - DOT,., (t-T.) T, <t<T,

| 1-1

Page 138 of 333



CAISO Business Practice Manual BPM for Market Operations

C.2.1.27 Total Target Expected Energy

Thk
EENESN|

Thxa

RDOT, (1) 4,
3600

C.2.1.28 Ramping Tolerance

RAMPT, . =TTEE,;, , —TEE;

C.2.1.29 Exceptional Dispatch Energy and Its Pricing

In expected energy allocation, the bid prices used for Exceptional Dispatch Energy will be based on CAISO tariff section 11.5.6
depending on the individual Exceptional Dispatch Instruction type. Furthermore, after the appropriate Energy Bid prices are
allocated, the Exceptional Dispatch Energy determined by the extended Exceptional Dispatch Instruction as described in
C2.1.1.15 will be re-classified as Optimal Energy with its Bid prices determined by Exceptional Dispatch rules.

C.2.1.30 Energy Type Legend

CAISO uses the following legend to identify the different types of Energy:
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Legend

- DA Schedule
— - Load Following Instruction'

— Digpatch Operating Point _ _ _
Exceptional Digpatch Instruction

— = Locational Marginal Price
- = Reference Schedule
IFM Energy
Standard Ramping Energy Load Following Energy

Ramping Energy Deviation

Optimal Energy

Residual Imbalance Energy

Exceptional Digpatch
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C.2.1.31 General Imbalance Energy Calculation Rules

Following rules apply to all Dynamic System Resources that are not MSS Load Following and not System Resources.

Following are the main rules,
0 Energy types with the same sign stack up; they do not overlap
0 Energy types with opposite signs overlap
0 Standard Ramping Energy is always present and it may overlap with DA Schedule Energy
6 Ramping Energy Deviation may only overlap with Standard Ramping Energy and/or DA Schedule Energy
0 Residual Energy may only overlap with DA Schedule Energy
Optimal and Exceptional Dispatch Energy do not overlap with each other, but they may overlap with DA Schedule Energy.

Note: for illustration purposes, only energy from Day-Ahead and Real-Time Dispatch schedules are shown. Assume

Fifteen-Minute Market Schedules equal Real-Time Dispatch.

Exhibit C-1 illustrates the DA Energy breakdown. It assumes that there is a DA Self-Schedule and Energy Bid for the
corresponding resource. It also assumes that the resource has a non-zero Pmin.




CAISO Business Practice Manual

BPM for Market Operations

Energy

Day ahead Se -

Day-ahead

Bid

Day-ahead Scheduled

ceheeend I H
....... FIRPR SOVPPES SFPU SINPPNS SN NSNS S0 ST S /

} /

.......................... g”N“'g""".;."“.'g.“"";""“‘?"“"?."“.;”"""“.AW ar d.ed Eﬂefg }/................E.F].erg>I...........;.......;.......g.......g.......g........g.......g

D

Y -¢

ahe

ad

LE

P

nin

45 50 55 0" %

10 15 20 25 30 35 40 45 50 55 O

5 10 15




CAISO Business Practice Manual BPM for Market Operations

45 50 55 0' 5 10 15 20 25 30 35 40 45 50 55 0 5 10 15




CAISO Business Practice Manual BPM for Market Operations

45 50 55 0' 5 10 15 20 25 30 35 40 45 50 55 0 5 10 15




CAISO Business Practice Manual BPM for Market Operations

y
.................. - e cderseediendindedi
H 7’ S H
H Z : N :
: 4 N :
: 7 N :
SR S e o SO SNONG NN NN N SO SN | NN AN SR R TR W OO SOOI RN OO ST B
(ST T B N
Pl N
....... HER e D N SR
R 4 N
H RS : : : : : : N
: 7 : : : : : : PN : : :
P : 8 8 H H H H H H H H H H H H H H H H H H H H H g iN H H

45 50 55 0 5" 10 15 20 25 30 35 40 45 50 55 0O 5" 10 15

Exhibit C-5 shows an economic Dispatch that generates a DOP curve ramping first up towards the current hour, ramp down
below the DA Schedule in the middle of hour, then ramp further down below the Day-Ahead Schedule in the following hour.
This dispatch pattern results in the following Expected Energy: Day-Ahead Schedule Energy, Standard Ramping Energy,

Ramping Energy Deviation, Optimal Energy, Residual Imbalance Energy.
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Exhibit C-6 shows an economic dispatch that generates a DOP curve ramping first up towards the current hour however below
Day-Ahead Schedule, further ramp up above the Day-Ahead Schedule in the middle of hour, then ramp further down but above
the Day-Ahead Schedule in the following hour. This dispatch pattern results in the following Expected Energy: Day-Ahead
Schedule Energy, Standard Ramping Energy, Ramping Energy Deviation, Optimal Energy, Residual Imbalance Energy.
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Exhibit C-7 shows an economic Dispatch that generates a DOP curve ramping first down towards the current hour however
above Day-Ahead Schedule, further ramp down below the Day-Ahead Schedule in the middle of hour, then ramp further up but
below the Day-Ahead Schedule in the following hour. This dispatch pattern results in the following Expected Energy: Day-
Ahead Schedule Energy, Standard Ramping Energy, Ramping Energy Deviation, Optimal Energy, Residual Imbalance Energy.
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Exhibit C-8 shows the impact of Exceptional Dispatch. The DOP curve ramps first up towards the current hour, ramp down
below the Day-Ahead Schedule in the middle of hour, then ramp further down below the Day-Ahead Schedule in the following
hour. This dispatch pattern results in the following Expected Energy: Day-Ahead Schedule energy, standard ramping energy,

ramping energy deviation, Optimal Energy, Residual Imbalance Energy and Exceptional Dispatch Energy.
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Exceptional Dispatch energy is either Incremental energy above the RT LMP MW and below the lower of the DOP or the

Exceptional Dispatch instruction; or Decremental energy below the RT LMP MW and above the higher of the DOP or the
Exceptional Dispatch instruction.

a2
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Exhibit C-9 shows an Exceptional Dispatch that generates a DOP curve ramping first up towards the current hour however
below Day-Ahead Schedule, further ramp up above the Day-Ahead Schedule in the middle of hour, then ramp further down

but above the Day-Ahead Schedule in the following hour. This dispatch pattern results in the following Expected Energy:
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Day-Ahead Schedule Energy, Standard Ramping Energy, Ramping Energy Deviation, Optimal Energy, Residual Imbalance

Energy and Exceptional Dispatch Energy.

a2

I P e § . N
: 4 N
.
: H H 7
....... Foosecacder Feaeeenide e — ~
H H R
H H i N
censberedensnndininde gt .. T T SRR . <. . . -
: / N
P A S
v PN
7 ] N

45 50 55 0 5 10 15 20 25 30 35 40 45 50 55 0O 5 10 15

Exhibit C-10 takes the original example from D-9 and shows the impact of a OMS de-rate/rerate. In D-10, it assumes a

OMS de-rate of Pmax between min 0’ to 27.5 in current hour and a OMS rerate of Pmin between 0’ and 15’ in the next

hour. This causes negative de-rate energy and positive de-rate energy in the corresponding time period.
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C.2.1.32 Expected Energy in Pumping Mode

Following rules apply to all Pumped-Storage Hydro Resource in pumping mode and Pump resources (Participating Load). For
such resources, the possible Expected Energy generated under zero can be DA Pumping Energy, RT Pumping Energy,
Standard Ramping Energy and Ramping Energy Deviation

6 DA Pumping Energy is always negative and there is no further breakdown of DA Pumping Energy

0 RT Pumping Energy can be positive or negative




CAISO Business Practice Manual BPM for Market Operations

0 Standard Ramping Energy and Ramping Energy Deviation follow the same rules described in D.3.1.3
6 DA and RT Pumping Energy can overlap each other

06 Even though there can be HASP Intertie Schedule or Exceptional Dispatch equal or below zero, corresponding
Imbalance Energy is always accounted for as RT Pumping Energy

Note: for illustration purposes, only energy from Day-Ahead and Real-Time Dispatch schedules are shown. Assume Fifteen-
Minute Market Schedules equal Real-Time Dispatch.

Exhibit C-11 shows a case that a Pump resource has been committed in DA pumping mode and get dispatched in Real-Time in
Pumping mode for the current hour. It also assumes the resource is off-line for the previous and next hour. In this case, the

Expected Energy generated include DA pumping energy, Standard Ramping Energy and Ramping Energy Deviation.
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Exhibit C-12 shows a case that a Pump resource has been committed in DA pumping mode and then committed off-line in
Real-Time. A DOP being zero had been dispatched. It also assumes the resource is off-line for the previous and next hour.

In this case, the Expected Energy generated include DA pumping energy (negative), Real-time pumping energy (positive),
Standard Ramping Energy and Ramping Energy Deviation
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Exhibit C-13 shows a case that a Pump resource has not been committed in DA (offline mode) and then committed on-line

in Real-Time. A DOP below zero had been dispatched and a vertical curve is used for startup and shutdown. It also
assumes the resource is off-line for the previous and next hour. In this case, the Expected Energy generated includes Real-

time pumping energy (negative).
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then committed in pumping mode in Real-Time. A DOP below zero had been dispatched and a vertical curve is used for startup
and shutdown. It also assumes that the resource is off-line for the previous and next hour. In this case, the Expected Energy
generated includes Day-Ahead Scheduled energy, Negative Optimal Energy and Negative Real-time Pumping Energy. The

energy above zero MW uses the same rules described in D 3.1.3.
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committed in generation mode in Real-Time. In this case, the Expected Energy generated includes negative DA Pumping

Energy, positive Optimal Energy and positive Real-Time Pumping Energy and Real-Time Minimum Load Energy. The energy

above zero MW uses the same rules described in D 3.1.3.
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System Resources, the block accounting method is deployed. The block accounting method uses a step function at the
relevant DOT as the converted “block DOP” when calculating the Expected Energy under the curve. It is important to note that,
after the application of the “block DOP”, all other Expected Energy calculation rules are the same as other resources. Exhibit
16 takes D-6 as the original example and apply the block accounting method to the DOP, it resolves in the converted DOP
curve (indicated by the pink dotted line). Notice that, while all Expected Energy calculation principle stays the same, the
Expected Energy for each interval is different now under the “block DOP” from the Expected Energy under the original DOP
(dispatched from ADS).
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Note: for illustration purposes, only energy from Day-Ahead and Real-Time Dispatch schedules are shown. Assume Fifteen-

Minute Market Schedules equal Real-Time Dispatch.

“Block DOP Curve”
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C.2.1.34 MSS Load Following Energy

MSS Load Following Energy (MSSLFE) is the area between the Load Following Instruction and the Day-Ahead Schedule.
Optimal and Exceptional Dispatch Energy do not overlap with each other, but they may overlap with Day-Ahead Scheduled
Energy and/or MSS Load Following Energy. An important point to indicate is that, all MSS load following instructions mentioned
here are the qualified MSS load following instructions. The data flow for these instructions is as it follows,

Step 1: MSS MPs send in the MSS load following instructions through ADS API on a 5-minute or hourly base;
Step 2: ADS will publish these instructions to RTN through interval web services;

Step 3: RTN will evaluate these instructions and apply appropriate adjustments if necessary. This results in the qualified MSS
load following instructions. RTN further uses these qualified instructions in its dispatch for the MSS load following resources.
Dispatch Instructions are sent to MSS MPs through ADS which includes the qualified instructions as part of the DOT
breakdown;

Step 4: MQS will use the qualified MSS load following instructions in clarification of Expected Energy for MSS load following

resources.

C-18 takes the comprehensive economic Dispatch case in C-5 and adds in the MSS Load Following Instructions. Because of

the MSS Load Following Instructions, the clarifications of Expected Energy do change now.

C-18 illustrates the following cases:
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1. Between interval 45’ and 52.5’ in the previous hour, there is positive MSS Load Following energy incurred due to the MSS
load following up instructions. Since the economic dispatches “agree” with the load following up, there is further positive
Optimal Energy incurred, but however there is no overlapping between Optimal Energy and MSS Load Following Energy.
Between interval 50’ to 52.5’, it is also important to note that, standard ramping takes precedence over MSS Load Following

Energy. They do not overlap each other;

2. Between interval 0’ and 30’ in the current hour, similar to item 1, the MSS load following up instructions “agree” with the
economic Dispatches, hence both positive Optimal Energy and MSS Load Following Energy are incurred and they do not
overlap. Between interval 27.5’ to 30’, there is a small triangle above the DOP that shows the overlapping between positive
MSS Load Following Energy and negative Optimal Energy. This is caused by the ramping down case in which the dispatches

“disagree” with the MSS load following up instructions;
3. Between interval 30’ and 50’ in the current hour, there are three Expected Energy related to the topic of MSS load following:

3.1. Triangle area (between 30’ and 32.5’) below DOP and above Day-Ahead Schedule is clarified as positive Optimal Energy.
The reason is because it is incremental Energy above Day-Ahead Schedule and we deem that having no relationship to the

MSS load following down instruction;

3.2. Area (between 32.5 and 0’) below the DOP and standard ramp curve AND above the DOP and MSS load following down
instruction is clarified as MSS Load Following Energy. It is not overlapping with any other Expected Energy. The reason is that,
that decremental Energy is deemed to be solely caused by the MSS load following down instructions. Furthermore, the

standard ramping area is not affected since standard ramping takes precedence over MSS Load Following Energy;

3.3. Area (between 30’ and 50’) below the DOP and Day-Ahead Schedule AND above the MSS load following down instruction

is clarified as Negative MSS Load Following Energy overlapping with positive Optimal Energy. The reason is that, the dispatch
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“disagrees” with the MSS load following down instruction. Without the economic reason, the DOP would have been at the MSS
load following down instruction level. It is brought up because more economic Energy in Real-Time is needed and hence a

positive Optimal Energy is incurred in that area.

4. Between 2.5 and 15’ in the next hour, the area above Day-Ahead Schedule and standard ramp curve AND below the MSS
load following up instruction is clarified as positive MSS Load Following Energy overlapping with negative Optimal Energy. The
reason is that, the economic Dispatch “disagree” with the MSS load following up and hence an additional negative Optimal

Energy is generated.

Note: for illustration purposes, only energy from Day-Ahead and Real-Time Dispatch schedules are shown. Assume Fifteen-

Minute Market Schedules equal Real-Time Dispatch.
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C-19 takes the comprehensive economic dispatch case in C-6 and adds in the MSS Load Following Instructions. Because of
the MSS Load Following Instructions, the clarifications of Expected Energy do change now. As it is shown, the overlapping and
non-overlapping cases related MSS Load Following Energy follow the same principle as it is described for C-18.
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Again, when Exceptional Dispatch Instruction “agrees” with the MSS load following instruction, the MSS Load Following Energy

does not overlap with Exceptional Dispatch Energy. When they “disagree”, there is a potential of overlapping. Area (between
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interval 30" and interval 47.5 in current hour) below the Exceptional Dispatch and above the LMP MW is clarified as negative
MSS Load Following Energy overlapping with the positive Exceptional Dispatch Energy. It is important to note that, there are
cases that MSSLF instruction “disagree” with Exceptional Dispatch, however, there is no overlapping between MSS Load
Following Energy and Exceptional Dispatch Energy because the overlapping case is taken care by Optimal Energy. Area
between 0’ and 15’ in the next hour illustrates this case.
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In this example, the Exceptional Dispatch Instructions do not change the MSS Load Following Energy. There are intervals in
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which Exceptional Dispatch Instructions “disagree” with Exceptional Dispatch Instructions, however, it is already accounted for

by Optimal Energy. Area between interval 45’ and 0’ in previous hour, interval 0’ and 57.5 in current hour illustrates such cases.
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