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This information will be provided at a later date in the form of a technical bulletin.
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Attachment A

MARKET INTERFACES
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:

» 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

A\
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» Stores information for auditing purposes

A.2 Scheduling & Logging of Outages (SLIC)

SLIC only applies to Generating Units and allows Market Participants to notify CAISO when a
Generating Unit's properties change due to physical problems. Users can modify the maximum
and minimum output of a unit, as well as the Ramping capability of the unit. This data is
accessed directly by the Real-Time processes to override some of the Master File data.

The BPM for Outage Management provides further details on scheduling and maintaining facility
Outages.

A.3 Automated Demand Forecasting System (ALFS)

The elements of ALFS are described in this section.

A.3.1 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 IOU 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.

» 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.
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A.3.2 RMR Preschedule

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

» Local Control Areas (LCASs) — 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.3.3 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.3.4 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.

A4 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:

» 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
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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.5 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.V V VY

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

A.6 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.

A.7 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.
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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.7.1 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.7.2 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.

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.
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A.8 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

vV V V V

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.

A.8.1 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.

A.9 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.

Version-38Version 38 Last Revised: Januarys-6,20%4January 6, 2014 Page A-6



CAISO Business Practice Manual BPM for Market Operations

A.9.1 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.10 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.11 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.

A.12 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.13 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 g, Participating Generator Agreement, Net Scheduled PGA,

[Formatted: Font: 11 pt

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; with—Participating—Generator—Agreements(PGAs)—or—Net
Scheduled-Participating-Generator-Agreements{NS-PGAs)}-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 qualify 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 qualified the resource for receiving PIRP protective

measures initially (j.e., the execution of a new or amended pewerpurchase—agreement{or

similar-contract for services) that addresses the Imbalance Energy settlement or_the addition of
equipment that makes the resource physically able to respond to CAISO Ddispatch

linstructions)-Apri-2017.

EIRs must either submit a forecast of output with five-minute granularity and update it 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.

» An EIR may choose to either self-schedule or submit economic bids. If self-scheduling,
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. TFhus-if-theforecast-is—acecurate-and-the

a A ha ble-to-settle-with-onrhv—mino

deviation-charges— If the unit chooses to submit economic bids, the upper limit will be
based on the forecast values. H-theforecastis—aceurate—theresource—willeitherbe
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» _Scheduling Coordinator Self Certification to Provide a Power Forecast

An EIR whethat wishes to submit its own forecast for a resource must be able to certify that
is-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 be
able-to-deseribe-itseurrentforecasting method/system.

The following Scheduling Coordinator Self Certification to Provide a Wind or Solar Power
Forecast letter must be submitted before an SC will be certified to use their own forecast.

Scheduling Coordinator Self Certification to Provide a Wind or Solar Power Forecast

[Entity Letterhead]
Date

Attn: Manager, Short Term Forecasting

California Independent System Operator Corporation

250 Outcropping Way
Folsom, CA 95630

Re: Self Certification for the submission of resource level wind and solar power forecasting
ability

In_accordance with Section 4.8.2.1.1 of the California Independent System Operator
Corporation’s (“CAISQ”) Tariff, this letter provides [name of Entity]’'s notice to the CAISO
that it wishes to use its own forecast of the following resource’s[’] output in lieu of the output
provided by the CAISO:

<Resource Name> <Resource |ID>

<Resource Name> <Resource ID>

[Name of Entity] will be using the following service/technique to provide a wind or solar
forecasts:

Version-38Version 38 Last Revised: January-6,2014January 6, 2014 Page A-9



CAISO Business Practice Manual BPM for Market Operations

[ Forecast Service Provider -- [provide name of provider]

O Internal Meteorology Department

[ Other Method (please describe technigue)

[name of Entity] certifies that its chosen service/technigue will provide a State of the Art
forecast, as that term is commonly understood in the utility industry. [name of Entity] also
understands that Section of 4.8.2.1.1 of the Tariff requires it to 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. Further, [name of Entity] acknowledges that it may
not change the masterfile selection FORECAST SELECTION flag for the above-listed
resource[s] to “SC” until it receives confirmation from the CAISO that it has been certified to
provide its own forecast.

Sincerely
Name of Entity

The ISO approves this self-certification.

Manager, Short Term Forecasting

Date

An EIR participating as a PIR that does not receive PIRP Protective Measures

wilkmay participate as follows:

» Economic bids for all resources can be submitted hourly for use in the fifteen-minute
market and the real-time dispatch to award an energy schedule or dispatch different than
the resource’s forecast.

» The 15-minute schedule will be the sum of the relevant three five-minute forecasts
received 37.5 minutes prior to flow.
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» The real-time dispatch instructed energy for the dispatch will be based on the relevant
five-minute forecast received 7.5 minutes prior to flow.

» Real-time dispatch instructed energy deviations from the 15-minute schedule divided by
three will be settled at the real-time dispatch LMP.

» Uninstructed imbalance energy will be the difference between the meter and the real-
time dispatch instruction based upon the forecast from 7.5 minutes prior to flow and will
settle at the real-time dispatch price.

An EIR participating as a PIR and also receiving PIRP Protective Measures will receive the
following settlement treatment:

» Hourly schedules will be settled using a 90-minute-in-advance forecast.

» The resource’s will be settled at the simple average of the five-minute
locational marginal prices.

> Deviations between the resource’s actual energy output and the hourly

schedule will be netted over each month. This amount will be settled at the

output-weighted average of five-minute locational marginal prices over the

month.
Regardless of whether a wind or solar EIR elects to become a PIR, the EIRP imposes on EIRs
with PGAs, and NS PGAs, Dynamic Scheduling Agreement for Scheduling Coordinators, or
Pseudo-Tie Participating Generator Agreement—various communication and forecasting
equipment and forecasting data requirements. This section facilitates compliance with the EIRP
by providing additional information for wind EIRs, solar thermal EIRs, and solar photovoltaic
EIRs regarding:

» The form of the Letter of Intent (LOI) to become a PIR [EIRP Section 2.2.1];

» Data relevant to forecasting, including operational and meteorological data [EIRP
Sections 2.2.3 and 3.1];

» Monitoring and communications requirements [EIRP Section 3.2];

» Forecasting and communication equipment requirements [EIRP Sections 2.2.3, 6, and
6.2];

» Obijective criteria for accurate forecasts [EIRP Section 4];
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» PIRP Export Fee Exemption Certification Process for resources that are subject to PIRP
Protective Measures [EIRP Sections 2.2.5 and 5.3.6]; and

» Forecast Fee [EIRP Section 2.4.1].

A.13.1 Request for PIRP Protective Measures

Scheduling Coordinators for resources that wish to qualify for PIRP Protective Measures
pursuant to Section 4.8.3.2 within the three-year transition period must complete their election
for PIRP Protective Measures no later than thirty (30) days after the effective date of Tariff
Section 4.8.3.

A.13.2 Letter of Intent

The pro forma Letter of Intent (LOI) required by the EIRP for an EIR to become a PIR is set forth
below. The LOI includes the requirement that the proposed PIR submit, as Attachment A to the
letter of intent, a copy of the California Energy Commission’s Renewable Portfolio Standard
(RPS) certification identifying the facility as RPS-eligible.

FORM OF LETTER OF INTENT TO BECOME A
PARTICIPATING INTERMITTENT RESOURCE

[Entity Letterhead]
[Date]

Attn: Project Manager, Model and Contract Implementation
California Independent System Operator Corporation

250 Outcropping Way

Folsom, CA 95630

Re: Intent to become a Participating Intermittent Resource:
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In accordance with Section 2.2.1 of the California Independent System Operator
Corporation’s (“CAISO”) Eligible Intermittent Resource Protocol (the “Protocol”), this letter
provides [name of Entity]'s notice to the CAISO that it intends to become a Participating
Intermittent Resource (the “Letter of Intent”). [Name of Entity] requests that the CAISO
initiate the process of operationally certifying its facilities known as [project name] as a
Participating Intermittent Resource. [Name of Entity] agrees that, prior to the date of such
certification, it will execute a Participating Generator Agreement [or Net Scheduled
Participating Generator Agreement] and a Meter Service Agreement for CAISO Metered
Entities as required by Section 2.2.1 of the Protocol and thereafter will pay the Forecast Fee
as required by Section 2.4.1 of the Protocol.

Further, [name of Entity] agrees that [project name] will remain a Participating Intermittent
Resource for a period of at least [insert number of years greater than or equal to one]
year(s) following the date of its certification, over which time the maximum Forecast Fee
shall be as specified in Schedule 4 of CAISO Tariff Appendix F in effect as of the date of
this Letter of Intent, and that [project name] shall thereafter continue to be a Participating
Intermittent Resource unless this Letter of Intent is cancelled with thirty (30) days written
notice to the CAISO.

Finally, attached to this Letter of Intent as Attachment A is a copy of the California Energy
Commissions’ Renewable Portfolio Standard (RPS) certification identifying [name of facility]
as RPS eligible.

Sincerely,
[Name of Entity]
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A.13.3 Wind Generator Forecasting and Communication Equipment
Requirements

The requirements set forth in this Section A.13.2 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
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 Tarriff.

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.
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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.

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.

! 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.13.4 Solar Generator Forecasting and Communication Equipment
Requirements

The requirements set forth in this Section A.13.3 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.13.4.1 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 Tarriff..

A.13.4.2 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.13.4.3 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.

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.13.4.4 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.13.5 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.

A.13.6 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.
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The purpose of this Section A.14.6 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.13.6.1 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 A.13.6.6 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.

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.13.6.2 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.
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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.13.6.3 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.13.6.4 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
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.
55 EIRP Section 5.3.1 (b): The Participating Intermittent Resource demonstrates ... an

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

A.13.6.5 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
A.13.6.6.

A.13.6.6 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:
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City:

State: Zip Code:

In accordance with Section 2.2.5 [and/or 5.3] of the California ISO’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
Intermittent Resource
Capacity (in MW)

Exemption Category

[0]

EIRP Section 5.3.1 (a): The owner of a Participating
Intermittent Resource, 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.

0]

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

[0]

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

(0]

Total MW eligible for Participating Intermittent
Resource Export Fee exemption

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=__ %
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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.

Authorized Signature:

Name:

Title:

A.13.7 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:

1. 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) it is not a
PIR.
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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, that 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.

A.13.8 Wind and Solar EIR Short Term Forecasting

A.13.8.1 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:

A.13.8.2 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 eut—updated every five
minutes. This forecast will be provided for every EIR.

A.13.8.3 Scheduling Coordinator Forecast (SCFC). This is the forecast provided to the ISO
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 ISO operation, the forecasts may be overridden. See Market Operations
for BPM for details

A.13.9 Missing Scheduling Coordinator Forecasts

A.13.9.1 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

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.
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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
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.

B.1.1.1 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.
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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.
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 Market:

1. The DCPA will determine which constraints are competitive and which constraints are
non-competitive for each hour of the IFM. The DCPA will be assessed as part of the
MPM process prior to the IFM market.

2. For each congested Transmission Constraint k, calculate the total demand for
counterflow (DCF) (the default constraint direction being the market AC run flow) :
DCFy =X -SFy; * Cleared Schedule MW;

for physical resources and virtual supply resources i with negative SF,; more negative
than a threshold (referred to as DCPA Threshold); where Cleared Schedule MW; is the
energy schedule for physical or virtual supply resource i.

The energy supply from pump storage and NGR LESR resources shall be included in
the counter flow calculation. The demand side of pump storage and NGR LESR
resources shall be excluded from the flow calculation. The NGR DDR, pseudo
generators associated with PDR/ RDRP/Dispatched Pump resources and NGR DDR
shall be excluded from the flow calculation. The external resources will be excluded
from the flow calculation.

3. For each congested Transmission Constraint k, and supplier, j, calculate the total
available effective supply that can be withheld. This withheld capacity (WC) is:
WCy; = Zi(-SFy; * ENGYMAX;) + Z; SVCFy;;

for resources, i in supplier portfolio, j with negative SF,; more negative than the DCPA
Threshold

Where ENGYMAX; = min[(MAXCAP; — OR; — RU;),(MAXECON,; - OR))]
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10.
11.

12.

MAXCAP; = min[(PMAX; — DERATE;), Maximum exceptional dispatch]

MAXECON; = min[(PMAX; — DERATE;), Maximum exceptional dispatch point,
Max economic bid MW]

PMAX; is regulation Pmax if on regulation otherwise operational Pmax
OR; is self scheduled spinning and non-spinning reserves
RU; is sef scheduled regulation up

Note that for MSG Plants the SF is given per plant aggregate connectivity node, and the
above calculations involve plant level maximums and derates. The withheld capacity
calculation shall not consider pump storage resources, pseudo generators associated
with PDR/ RDRP/Dispatched Pump resources, NGR LESR and NGR DDR.

SVCFkaF-SFk'i * DOP,

for virtual resources, i, in supplier portfolio, j, with negative SF,; more negative than the
DCPA Threshold. DOP; is the cleared virtual supply MW for virtual resource i.

The external resources will be excluded from the withheld capacity calculation.

For each binding Transmission Constraint k, suppliers are ranked on WCy; from highest
to lowest and the top three suppliers are identified as the set of potentially pivotal
suppliers (PPS) for that constraint.

The fringe competitive suppliers (FCS) for the constraint k are the portfolios of net
buyers and net sellers’ resources that do not belong to PPS for constraint k

Calculate the effective supply of physical counterflow (SPCF) for fringe competitive
supplier:
SPCFFS, i = -SFy; * ENGYMAX;

The energy supply from pump storage and NGR LESR resources shall be included in
the counter flow calculation. The demand side of pump storage and NGR LESR
resources shall be excluded from the flow calculation. The NGR DDR, pseudo
generators associated with PDR/ RDRP/Dispatched Pump resources and NGR DDR
shall be excluded from the flow calculation.

Calculate cleared Virtual supply counterflow SVCF %, ;; = -SF; * DOP; for each FCS.

Combine the supply of physical counterflow and the supply of virtual counterflow for
each FCS:
SCFF®S;i= SPCF™®5;; + SVCF 5,

SCFFCSk = Zj Zi SCFFCSkVJ‘,i
Calculate RSI: RSI, = (SCF™©S, ) / DCFy
K is deemed uncompetitive (NC) if residual supply index RSl < 1

Apply for each binding Transmission Constraint k. The CPA will be applied only to those
paths binding in the MPM run.

Apply for each hour. Only paths that are tested and fail the pivotal supplier test will be
designated as noncompetitive (NC) on an hourly basis.
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B.1.3 Process Flow For The Dynamic Competitive Path Assessment
(DCPA) In The Real-Time Market:

The following applies for the DCPA in both the HASP and RTUC runs.

1. Calculate Withheld Capacity (WC,;) for the units (i) that are net suppliers (j) and Shift
Factor SFy; < threshold (default -0.02) for the congested constraint k;

WCy; = % -SFy; * [ min ( (Popt; + RR; * 15) , ENGYMAX; ) —
max ( (Popt; - RR; * 15) , ENGYMIN; )]

Popt; is resource i's dispatch operating point from the previous interval

RR; is resource i's ramp rate in MW/minute

Where ENGYMAX; = MIN[(MAXCAP; — OR; — RU)), (MAXECON;—- OR))]
MAXCAP; = min[(PMAX; — DERATE;), Maximum exceptional dispatch]

MAXECON; = min[(PMAX; — DERATEj),Max economic bid MW, Maximum
exceptional dispatch]

PMAX; is regulation Pmax if on regulation otherwise operational Pmax

For HASP, OR; is (HASP qualified self-scheduled spinning including transferred DA spin
capacity)+ (HASP qualified self-scheduled non-spinning including transferred DA non-
spinning capacity)

For RTUC, OR; is awarded spinning capacity + awarded non-spinning capacity

RU; is HASP qualified self-scheduled regulation up including transferred DA regulation
up capacity

RR; is the effective ramp rate at Popt (in case of dynamic ramp rate)
Where ENGYMIN; = max[(MINCAP; + RD)), Self-scheduled energy]
MINCAP; =max [(Pmin; +Pmin RERATE;), minimum exceptional dispatch]
PMIN; is regulation Pmin if on regulation otherwise operational Pmin

RD is HASP qualified self-scheduled regulation down including transferred DA regulation
down capacity

In HASP, for a unit that is offline in the previous interval and has a startup time of 60
minutes or less, then WC = Pmin. For RTUC, the startup time to be used will be reduced
to 15 minutes or less.

The withheld capacity calculation shall not consider pump storage resources, Demand
Response Resources, or NGR.

For MSGs only the MSG configuration that is committed is taken into account.
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In short, the Withheld Capacity is the Upper Limit a unit could reach from the initial MW
to the corresponding interval considering ramping constraint, de-rate etc.

2. Rank (WCy;) from highest to lowest, the top three suppliers are identified as the set for
the potentially pivotal suppliers (PPS) for the constraint k

3. Calculate supply of counterflow from FCS, for each binding constraint k in any four of 15
minute intervals
SPCF"“5,;; = -SFy; * min (LDOP; + RR; * 15) , ENGYMAX; )

SPCF % = 3 SPCF %,
SPCFFS, = 3, SPCF 5,
SCF"®%, = SPCF™*%

4. Calculate PPS:
SPCFPS, ;i = -SFy; * max ( LDOP; - RR; * 15) , ENGYMIN; )

SPCFPPSKJ = Zi SPCFPPSkJ,i
SPCF™S, = 3, SPCF™™S,
SCF"PS, = SPCF™™S,

5. Calculate Demand for counterflow: DCF, = Y, -SFy; * DOP;
6. Calculate RSI for k:
RSl = ( SCF™™S, + SCF™°5,) / DCFy

7. Kis deemed uncompetitive if RSl < 1 for the trading hour
8. Apply same process to each k
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:
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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
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

C. Expected Energy Calculation
C.l1 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. OE;s 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 registered Minimum Load; 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 registered Minimum Load 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

Day-Ahead Bid
Awarded Energy
(DABAE)

DASE above the DATSS and below the DAS. DABAE is also indexed against
the relevant DA Energy Bid and sliced by Energy Bid price. The DABAE slices
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

DABE
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Expected Definition Published
Energy Enumeration
Category
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 I1E
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
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 Extra-marginal IIE produced or consumed at the start or end of a Trading Hour | RE
Imbalance outside the hourly schedule-change band and not attributed to Exceptional

Energy (RIE)

Dispatch. RIE is due to a Dispatch Instruction in the Trading Hour before the
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Expected
Energy
Category

Definition

Published
Enumeration

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.

MSS Load
Following Energy
(MSS LFE)

lIE, exclusive of SRE, RED, and RIE, produced or consumed due to Load
Following by an MSS. LFE is the IIE that corresponds to the algebraic
Qualified 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
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.

RTPE

Real-Time

Minimum Load

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

MLE
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Expected
Energy
Category

Definition

Published
Enumeration

Energy (RTMLE)

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
registered Minimum Load. 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.

Derate Energy
(DRE) — also
referred to as
SLIC Energy

Extra-marginal IIE, exclusive of SRE, RED, RIE, LFE, and RTMLE, produced
or consumed due to Minimum Load overrates or Maximum Capacity derates.
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 o and above the higher of the derated
Maximum Capacity or the DOP. There could be two DRE slices, one for the
Minimum Load overrate, and one for the Maximum Capacity derate. 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
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 Tarriff.

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.

SE

Exceptional
Dispatch Energy

Extra-marginal IIE, exclusive of SRE, RED, RIE, LFE, RTMLE, and DRE,
produced or consumed due to manual (non-economic) Exceptional Dispatch

EDE
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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 Tarriff..

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.

Expected
Energy
Category

(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
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

OE
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Expected Definition Published
Energy Enumeration
Category

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 Energy
(RMRE)

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

Version 3gVersion 38

Last Revised: January-6,2014January 6, 2014

Page C-7 ,

 Formatted: Font: 8 pt, Not Italic

[Formatted: Font: 8 pt, Not Italic




CAISO Business Practice Manual BPM for Market Operations

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

Gmin 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.

Gmax 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.

Lvin 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.

Lmax 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.

GRTLOL 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.

GRTUOL 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 SLIC 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 derates 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
SLIC application.

C.2.1.1  Top-level Algorithm

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

—

| 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) ( Formatted: Font: 8 pt, Not Italic
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T

To
Tn
TFLOL

TBLOL

TFGLOL

TBGLOL

TFLLOL

TBLLOL

TFep
TBep
TFret
TBiet
NULL
Scen
Srie
Sivp

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 T, o: the start of the target Trading Day.
Shorthand notation for Ty 1,: 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, < Sy -

| Versien-38Version 38 Last Revised: January-6,2014January 6, 2014 Page C-10 ,

( Formatted: Font: 8 pt, Not Italic

[Formatted: Font: 8 pt, Not Italic




CAISO Business Practice Manual BPM for Market Operations

Sexp
Shrp
SrMR
Spsh
Spump
Swmss

Ste

SNGR
GMW

GMAX

LMW

LMAX
PMW

PMAX

PL

DALEL
DAUEL
RTLOL

Set of Export System Resources; Sgp < Sppe -

Set of Non-Dynamic System Resources; Sy pp  Sgey J St -

Set of RMR Resources; Spyr < Sgey

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

Set of Pump (Participating Load) Resources; Spjype < Sgey

Set of MSS Load Following Resources; Syss € Sgen W Siwp s (Syss M Seen ) N Sppp = .

Set of Resource-Specific System Resources; S;g € Sggy -

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

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
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.

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

GRTLOL

GRTUOL

LRTLOL

LRTUOL

RTLEL
RTUEL
RTCS

RTBP(p)
DAS
DASE
DAMLE
DAMLGE
DAMLLE
DASSE
DABAE

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

Real-Time Lower Operating Limit at Gen Side; it reflects G, Load overrates at Gen 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 Gen Side; it reflects G.x 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 L., 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 Lyax derates at Load Slde. This applies to NGR
resources only. Vi€ S,g; 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) (0O:
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.

Day-Ahead Schedule.

Day-Ahead Scheduled Energy.

Day-Ahead Minimum Load Energy.

Day Ahead Minimum Load - Generation Energy; the Day-Ahead Energy attributed to G, for NGR
Day Ahead Minimum Load - Load Energy; the Day-Ahead Energy attributed to L, for NGR
Day-Ahead Self-Scheduled Energy.

Day-Ahead Bid Awarded Energy.
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DAPE
FMS
RFMS(t)

RTBS

RTBD

DOT
DOP(t)
0

SR(t)

RTLMP
RTTGSS
RTTLSS
RTLED

RTUED

EDwmin
EDwmax
EDrix
EDsgno
QLFI

Day-Ahead Pumping Energy.
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.

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).
Real-Time Total Generating Self-Schedule for NGR
Real-Time Total Self-Schedule for NGR

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.

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.

Minimum Exceptional Dispatch. This corresponds to market type m = RTD, FMM.

Maximum Exceptional Dispatch. This corresponds to market type m = RTD, FMM.

Fixed Exceptional Dispatch. This corresponds to market type m = RTD, FMM.

Binding Exceptional Dispatch. This corresponds to market type m = RTD, FMM.

Qualified Load Following Instruction for non-HPD Load Following Resources, relative to Day-Ahead Schedule. (5-

| Versien-38Version 38 Last Revised: January-6,2014January 6, 2014 Page C-13 |

( Formatted: Font: 8 pt, Not Italic

[Formatted: Font: 8 pt, Not Italic




CAISO Business Practice Manual BPM for Market Operations

DASR
FMSR
IE
BED
SRE
EXME
RED

ORED
NRED
GNRED

LNRED
RIE

TRIE
GTRIE
LTRIE
BRIE
GBRIE
LBRIE
RTMLE

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.

Day-Ahead Reference Schedule.

15-Minute Reference Schedule.

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

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

Extra-Marginal Energy.

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

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.

RTMLGE Real Time Minimum Generating Energy; the Real-Time Energy attributed to G, for NGR. This applies to market
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RTMLLE

RTPE
DRE
UDRE
GUDRE
LUDRE
LDRE
GLDRE
LLDRE

MSS
LFE

EDE
OE
OOE
GOOE
LOOE
NOE
GNOE
LNOE
TOL
RAMPT
TEE

type m = RTD, FMM.

Real Time Minimum Load Energy; the Real-Time Energy attributed to Ly, 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 P, derates. This applies to market type m = RTD, FMM.

Generating Upper Derate Energy due to G« derates. This applies to market type m = RTD, FMM.
Load Upper Derate Energy due to Ly derates. This applies to market type m = RTD, FMM.
Lower Derate Energy due to P, overrates. This applies to market type m = RTD, FMM.
Generating Lower Derate due to G, overrates. This applies to market type m = RTD, FMM.

Load Lower Derate Enegy due to L, 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.

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).
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TTEE Total Target Expected Energy (based on RDOT).

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

All capacity quantities are in MW, all energy quantities are in MWh, 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 < RTLEL;, <RTUEL,, <P, VieS,, USn USm USy

0< Py <RTLOL,, <RTUOL;, < P Vi € SGE

Puni = RTLOL;,, =0 )
" VieS
Pusi = RTUOL,, =

N o STIE “ SHF’D o STG

Lyse < RTLEL,, < RTUEL,, <Gy
Gy < GRTLOL,,, <GRTUOL,,, < Gy - i € Sy
Lysa < LRTUOL, ,, <LRTLOL, ., < Ly

Gyni =0
LMINi=O
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GRTLOL,,, =0] .
w 1€ Sy
LRTLOL,,, =0

C.2.1.1.1 Day-Ahead Scheduled Energy

DASE,, =max(0, DAS, ,)x1hr -.i ¢S

NGR
DASE, , = DAS, , x1hr .".i € Sy

C.2.1.1.2 Day-Ahead Minimum Load Energy

DAMLE, , = max(0, min(DAS, , , Py ))x10r i & Syer
DAMLE, , = DAMLGE,, + DAMLLE,, ..i € S\
DAMLGE, , =max(0, min(DAS, ,, Gy ))x1hr i € Syar

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

Note: For NGR base model: Since G,,,; =0, Ly, =0, this will result in DAMLE; , =0.

C.2.1.1.3 Day-Ahead Self Scheduled Energy

DASSE, , = max(0, min(DAS, ,, DALEL, , )— Py ))*1hr .1  Sgn
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max (0, min(DAS ,, DALEL, )~ Gy )x1hr - DAS,, > o} _
' ' ' 1€ Syer

DASSE,, =4 .
h {mm(o, max(DAS ,, DAUEL, , )— Ly )x1hr -~ DAS;, <0
C.2.1.1.4 Day-Ahead Bid Awarded Energy

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

max (0, DAS;, - max(0, DALEL, , ))x1hr - DAS,, 20) S
min(0, DAS, , — min(0, DAUEL,, ))x1hr -+ DAS,, <0 ' < nes

DABAE; , ={
C.2.1.1.5 Day-Ahead Pumping Energy
DAPE,, =min(0, DAS; , )x1hr i ¢ S\gr
C.2.1.1.6 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:

DOPR,, () =DOT,,, ~Tps<t<T.., k=12,..12 VieSy U(Sis M Suem)

C.2.1.1.7 Instructed Imbalance Energy
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i (FMSi,h,f - DASi,h)

HE; ..: = dt
T 3600
T (DOPi,h - FMSi,h,f )
NEmn = | 2600 dt
Thk1

..me FMM

..meRTD

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-1 below.

Figure 5a. Instructed imbalance E
Generating Resource. RTD [

nergy Stack — generation sideFigure laln
OP is greater than FMM schedule, which i

structed Imbalance Energy for a

5 greater than DA schedule.
DOP

Figure 5a. Instructed imbalance Ener

lIEs(+)

Lb-lnstructed Imbalance Energy for a

Generating Resource. RTD DOP is

ess than FM chedule and DA schedule,

lE1s(+)

FMM is greater than DA schedule.

‘ Figure 5a. Instructed imbalance Energ
Generating Resource. RTD DOP is

Version-38Version 38

DASE(+)

ipwgtructed Imbalance Energy for a
ile, FMM is less than DA schedule.

FMS

Page C-21

[Formatted: Font: (Default) Arial, 11 pt

[Formatted: Font: 8 pt, Not Italic




CAISO Business Practice Manual

BPM for Market Operations

C.2.1.1.8 Standard Ramping Energy

The Standard Ramp function is defined as follows:

DAS. — DAS.
DAS, , + ——= (T, =) 2T ST,
' 1200 ' ' '
DAS. ST, <t<T
SRi‘h (t) — i,h h,2 h,10
DAS,, + 2Puwa "B _p o p s,
b 1200 '
DASi'h

The Standard Ramping Energy is calculated as follows:

(DAS,, , — DAS,, )/32
DAS,,, - DAS, , )/96
DAS, ., - DAS, , )/96

T (SR, | (t) — DAS,
SRk = I( Yh(s)eoo 2

Th 1

o= |
(

C.2.1.1.9 MSS Load Following Energy

The MSS Load Following Energy is calculated as follows:

I ¢ SHPD U STIE

€Sy USie

e S WS Ak=1
s 0€Spp USte Ak=2
e S USHe Ak=11
S 0€Sep USte Ak=12
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" min(0, DAS, , + QLFI; ., ; —min(DAS,,, SR, (t)))

i dt = QLFl,, <0
Thf—l 3600
LFE; ..¢ =31 ..me FMM
o max(0, DAS,, + QUFY n —mex(DASyy ROy oy g
: >
555 imh,f

Th,f*l
S0 e Syge

LFE, 0 = ~.meRTD

{ ]‘k (QLFIi,m,h,k _QLFIi,FMM,h,f )dt}

3600

Th k-1

LFE; ;. = LFE sumn s + LFEigrony 1€ Syss

[Formatted: Font: (Default) Arial, 11 pt

The total LFE shall be settled as 5 minute RTD values. Figure 1Figure-X graphically illustrates the concept.
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OE5(+)

LFEs(+)

OE;s(+)

I LFE;5(+)

DASE(+)

DOP

FMSR

FMS

DASR

I (QLFIs—QLFl5)(+)

T QLFls(+)

Figure 2a Load Following Energy for a Generating Resource — Case A: QLFIs>QLFI1;5>0

| Version-38Version 38 Last Revised: January 6, 2014January-6;2014

Page C-24

[Formatted: Font: 8 pt, Not Italic




CAISO Business Practice Manual BPM for Market Operations

OEs(+)

OE5(+) A

I LFE;s(+)

DASE(+)

DOP

FMS

FMSR
DASR

A 4

l (QLFIs—QLFl5)(-)

T QLFlys(+)

‘ Figure 2Figure2b Load Following Energy for a Generating Resource — Case B: 0>QLFIs<QLFI135>0
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OEs(+)

LFEs(-)

OE;5(+)

A
l'— FEus(-)

DASE(+)

DOP
FMS
l (QLFIs—QLFlys5)(-)
FMSR
l QLFl5(=)
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
lLFEls(')

OEs5(+)

DASE(+)

DOP
FMSR
I (QLFIs—QLFl5)(+)
FMS
l QLFl5(=)
DASR

A 4

Figure 2Figure-2d Load Following Energy for a Generating Resource — Case D: 0>QLFIs>QLFI1;5<0
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C.2.1.1.10 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; . ; }

nTha St<Ty,, f=12..4 ..meFMM

FMSR,, (t) = FMSR, ,, = FMS,, ; +(QLFl, 11 —QLFl sy 1 )} < Tows St<Tp k=12,...12 - meRTD

C.2.1.1.11 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:

" min(0, FMS; , , —min(0, DASR,, (t), DAS; ,, SRi,h(t)))dH
2 3600
RTPE; ¢ = T - ..me FMM
% max(0, min(0, FMS, , , )— max(DASR, , (t), DAS, ,, SRiyh(t)))dt
. 3600
~ieSey US
Tf min(0, DOP (t) - min (0, FMSR, , (t), FMS, , ))0|t o TTE
- — +
: 3600
RTPE; i = :H ..meRTD
"] T max(0, min(0, DOP (1)) — max (FMSR, , (t), FMSi'hyf))dt
. 3600
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RTPE,,, =0..i € Syep

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

OE;5(+)

OE5(-)

FMS

Version-38Version 38

DASE(-)

RTPE;5(+)

v
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RTPEs(-)

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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DASE(+)

I OEs5(+)

OE5(-)

FMS

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(-)

DASE(+)

OEs(-)

FMS

RTPEs(-)

v

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.

| Version-38Version 38 Last Revised: January 6, 2014January-6;2014

Page C-32

[Formatted: Font: 8 pt, Not Italic




CAISO Business Practice Manual BPM for Market Operations

C.2.1.1.12 Real-Time Minimum Load Energy

o TI max(0, min(FMS, , ;. Py )~ max(0, DASR, , (1), DAsi,h,SRi,h(t)))Olt e EuM
it = 3600 e < s
s e U
T 0, min(DOP (t), P, )— max (0, FMSR . (t), FMS, GEN e
RTMLE, 0 = | {0 i PR M'“')%(r;)ax( in () "h"))dt} ~.meRTD
Th‘kfl

RTMLE, ,, = RTMLGE, ,, + RTMLLE,,, i €S cx

RTMLGE _ T]" max(o’ min(FMSi,h,f 1 GM|Ni )_ max(o’ DASRi,h (t)l DASi,h’ SRi,h (t)))dt m FMM
i,m,h, f _Thf 3600 00 (S S
o1 | (=
T 0, min(DOP (t), G, )— max(0, FMSR. . (t), FMS, Ner
RTMLGE, ., = | mex{0, min(00R M'”'l&;gax( O B ))dt} :.meRTD
Th,kfl
RTMLLE _ ThJ‘f min(o’ maX(FMSi,h,f 1 LMlNi)_ min(o’ DASRi,h (t)’ DASi,hY SRi,h (t)))dt m FMM
i,m,h, f _Thf 3600 00 (S S
e e
T min (0, max(DOP (t), L, )—min(0, FMSR. , (t), FMS. Ne
RTMLLE, i = | e M'N'£6£m( {0 FMS ))dt} -.meRTD
Th,K*l
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The concept of Real-Time Minimum Load Energy is illustrated graphically in Figure 4.

OEs(+)
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DOP

FMS
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OE5(+)

RTMLE£(#)

DAMLE(+)

v

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

OEs(+)

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

OE5(+)

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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OE5(-)

OE 5(+)

RTMLE15(#)

FMS

DOP

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
A
DASE(+ OE;5(+
( ) OE15(_) 5( )
A
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(+)

RTPE;5(=) 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.2.1.1.13 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 +« 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 +o if it is higher than the Pumping Level, and at — 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,, TGS 50
RTUED, ., =min p ..RTBP,, (p)>RTLMP, . [ bt =5 ) - me FMM
RTLED, . = RTUED, ... =PL,, wRTCS, s =-1
2.0 € Syer

RTLED. = max .. RTBP. < RTLMP,

i,m,hk i p |,h(p) i,m,h k RTCSI . > 0
RTUED, ., =min p .. RTBP, (p)>RTLMP, A ..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,_ ;
Wl E8 e
RTLED,,,, =max p ..RTBP,(p)<RTLMP, .
. ’ ) .meRTD
RTUED, ,,, =min p .. RTBPR,, (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; , Pyi)

RTLED, ,,, = RTUED, ., = max(RTSS;  , Pyni)

max(RTTGSS, ,, Gymi)
RTLED, ., = RTUED, ., ={min(RTTLSS,,, Lyyni)
0

max(RTTGSS, ,,Gymi)
« =1min(RTTLSS, ,, Lyi)
0

RTLED,

i,m,h,

. = RTUED

i,m,h,

<1 €Sggy USpe ). me FMM
- 1€Sg USye ). meRTD

-~ RTTGSS;,, >0
- RTTLSS, , <0
- RTTGSS,,, = RTTLSS,, =0

- RTTGSS,, >0
- RTTLSS;, <0
- RTTGSS,, = RTTLSS,, =0

e Sy

1€ Syer ) .- me{FMM

..meRTD
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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, , ,

STa St<T f=12..4) . meFMM
RTUEDi:mvh(t)ERTUEDi,m,h,f} h,f-1 <l > €

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

} AT SE<To, K =1,2,...,12> .. meRTD

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

following sections.

C.2.1.1.14 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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maX(EDFIXi,m,h,f ) EDMINi,m,h,f,j) " EDei ot ko EDuiimnr,; > RTUED, 4 ¢
EDevpimn s = min(EDFIXi,m,h,f’ EDMAXi,m,h,f,j) ~ EDeyi mn. 1+ EDwasimn,rj <RTLED, ¢ ) - meFMM
NULL otherwise

maX(EDFIXi,m,h,kl EDMINi,m,h,k,j) - EDeii mnks EDwmimnkj > RTUED; ;4
EDgvpimnx = min(EDFIXi,m,h,k’ EDMAXi,m,h,k,j) " EDgii mnk s EDwasimnk,j < RTLED; ;i ~.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:

EDguoimn () = EDgvpimns =~ Tora <t<Toi, f=12..4 -meFMM

EDguoimn () = EDgnpimnk - Tos St<Toer 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:

EDgvpimn (1) = EDgnpimn s =+ Thi St<TFgp ..meFMM

EDgypimn (1) = EDgnpimnk - Thx St<TFy, ..meRTD

EDgvpimn () = EDgypimnt -~ Thia >t 2TBy . meFMM

~Toea >t>TBy, .MeRTD

EDBNDi,m,h ®= EDBNDi,m,h,k
Where the forward and backward Exceptional Dispatch instruction extension time limits are calculated as follows:

EDBNDi,m,h (t) = NULL

I EDBNDi,m,h (t) = NULL
max| max T Sim(t)=-1 ,max T .. Sim(t)=1 ST StST<T, ~.meFMM
FMS; ; > RTUED, ,,(t)+TOL FMS; . ; <RTLED, ,,(t)-TOL
TFED,m = ]
I EDBNDi,m,h (t) = NULL EDBNDi,m,h (t) = NULL
max| max T Sim(t)=-1 ,max T .. Sin(t)=1 ST, St<T<T, .. meRTD
DOR (t) > RTUED, , , (t) + TOL DOR (t) < RTLED, ,, (t)-TOL
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EDgupimn (1) = NULL EDgyoimn () = NULL
minfminT .. Sim()=1 ,mnT .. Sn()=-1 ST 2t2T 2T, " meFMM
FMS,, . > RTUED, ,,(t)+TOL FMS,, ; <RTLED,,,(t)-TOL
TBED,m = ]
I EDenpiman (t) = NULL EDenpimin (t) = NULL
minfmin T .. Sm(=1 ,mnT .. s;(t)=-1 ST 2t2T 2T -.meRTD
DOR (t) > RTUED, ,,, (t) + TOL DOR (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:
RTLED, ,,(t) + RTUED, , , (t)
2

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.

EDgypimp (1) <

EDBNDi'th(t):NULL> ..m e{RTPD, RTD}Considering any point in the

C.2.1.1.15 Operating Limits

For the following sections, it is convenient to define the following operating limit functions:
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RTUOL, ,, (t) = RTUOL,

RTLOL ()= RTLOL, .. } ATh g St<To. f=12,...,4ieSu U sT,E> .M e FMM

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

ST St<Th,, k=12,...12/ie$S Ste )--MeRTD
RTLOLi,m,h(t)ERTLOLi'm'h’k} nk =5 Fnk € Seen Y T.E> €

GRTUOL,,, (t) =GRTUOL, , , {
GRTLOL, ,,, (t) = GRTLOL, .

} AT St<T,, f=12..4ie sNGR> .me FMM
GRTLOL, , ,(t) = GRTLOL, . .,

LRTUOL, ,, (t) = LRTUOL, , , {
LRTLOL, , ,(t) =LRTLOL, .

T St<To,, k=12,..12ie SNGR> ~.meRTD
T

*hf-1—

GRTUOL, (1) = GRTUOLi,th,k}
} ; <t<T,,, f:1,2,...,4,ieSNGR>.'.meFMM

LRTUOL, (1) = LRTUOL, , ,,
LRTLOL, ,, (t) = LRTLOL ;1

} ST St<T, k=12, 12)i€ SNGR> ..meRTD
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, () < RTLOL, T, <t<TFg ). me FMM

RTLOL,,,(t) <~ RTLOL, Ty, St<TF. ). meRTD
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RTLOL, ., (t) < RTLOL 0 =Ty, >t=TByg ) -.me FMM

RTLOL, (1) ¢~ RTLOL, 1y Ty > t2TBg, ) -.m e RTD

GRTLOL, ,,(t) « GRTLOL, ;- T,; St<TFgq ) MeFMM

GRTLOL, ,, (t) < GRTLOL, ., Ty, <t<TFgo ). meRTD

GRTLOL, ,,(t) <~ GRTLOL, ¢ Ty (4 >t2TBy ). Me FMM

GRTLOL, ., (t) <~ GRTLOL, 1, - Tyyy >t>TBgg ) . MeRTD

LRTLOL, ., (t) ¢ LRTLOL, =T, <t<TF 4 ,)..me FMM

LRTLOL,,, (t) < LRTLOL, ;- T,y <t<TFo ). .meRTD

LRTLOL, ,, (t) <~ LRTLOL, ¢ =T, >t>TBq ). me FMM

LRTLOL, ,,, (t) ¢~ LRTLOL, - Tyyy >t2TBo ) -.m e RTD

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

TBLOL,m =

TFGLOL,m =

max T

max T

min T

min T

max T

max T

Si,m (t) =-1

R-I-L()Li,m,h,f > I:’MINi
FMS,, ; > RTUED,,,, (t) + TOL

Si,m (t) =-1

RTLOLi,m,h,k > PMINi
DOR (t) > RTUED, ,,, (t) + TOL

s, (1) =1 c T 22T 2T,

RTLOL ;¢ > Pumi
FMSi’hyf > RTUED, (t)+TOL

() =1 c T 22T 2T,

RTLOL, 1« > Pui
DOP (t) > RTUED, , , (t) + TOL

GRTLOL ;1 ¢ > Gy
5, (1) =1 ST, <t<T<T,

FMS,, ; > RTUED, . (t) + TOL

GRTLOL, ;,nx > Gy
Sim(t)=-1 ST SEST LT,

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

S.meFMM

..meRTD

.meFMM

..meRTD

..meRTD
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min T
TBGLOL,m =

min T

max T
TFLLOL,m =

max T

min T
TBLLOL,m =

min T

GR.I-L()Iﬂmhf > GMINi
Si,m (t) = 1
FMS;, ; > RTUED, , ,(t) + TOL

GRTLOLi,m,h,k > GMINi
Si,m (t) = l
DOR (t) > RTUED; ,,, (t) + TOL

LRTLOL, ¢ < Lyi
Si,m (t) = 1

FMS; ; <RTLED,,,(t)-TOL

LRTLOL 1 < Ly
Si,m (t) = 1
DOR (t) < RTLED, , , (t) -TOL

LRTLOL ¢ < Ly
Si,m (t) = _1
FMS; ( <RTLED; (t)—-TOL

LRTLOL, ;1 < Lyini
Si,m (t) = _1
DOR (t) < RTLED, , . (t) -TOL

O TS 0

AT 22T 2T,

A Tee St<T <T,

AT 2t2T 2T,

c T 2t2T 2T,

.meFMM

..meRTD

~meFMM

..meRTD

.meFMM

..meRTD

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.2.1.1.16 Slope Direction

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

DG —1 decreasing
S, (1) = signum(dt()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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e 311
-1 --DOR(T,,.)>DOPR %
e 3= 1 T e 3=
0 -~DOP(T,,,)=DOPR % ATy <t %
e 311
1 -~ DOP(T,,,)<DOP %
S ()= TTPAT ..meRTD
-1 = DOR| % |> DOR(T,,)
T 3= 11 Tipea 31T
0 - DOP % =DOP(T,,) ._%QSTM
T 31
1 DOR| = |<DOR(T,)

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
s, (t) = signum[(m:;\:s(t)j =< 0 flat ..me FMM
1 increasing

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, 1) > FMS; (T, 1)
W EMS (T ) = FMS (T, ()¢ =Ty St<
» FMS; (T ) < FMS; (T, ()
Simn (1) = ..me FMM
=1 - FMS;(T, () > FMS; (T, ;1)

Th f-1 +Th f
» FMS; (T, ¢ ) = FMS; (T, ;1) ' 5 — <t<T;
= FMS; (T, ) < FMS; (T, ;1)
C.2.1.1.17 Instructed Imbalance Energy Stack
Figure SFigure-5 illustrates how the various Instructed Imbalance Energy subtypes stack. ( Formatted: Font: (Default) Arial, 11 pt

)
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T mw MW
, DAS
/ LFE &
OFs \ T DASR
\ 2RE -4 = RTLED;
EDE
FMS AR
QE;s 2 2700 RE &
FMS . RTUOL
RIEs \T6. 4 LEEs FMSR
< \ 4 | OEs
\ REDs 125 DOP(}) SRty EDE. RTLEDs
RTLOLs
 RED;s | LDREs o 7RED:s | UDREs =0s
N EDE 2 7 RTUOLs
N = RTUED: 2 REDs /' Tls DOR()
SRE)- SEE FMSR RIEs /75,
FMS - RTLOLs
TUPRE OEss
SN AL L LA ED
N\ EDEs - FMS
DASE SRE™IN RTUED, / DASE
\ OEss fo) /
X —— DASR S
LF 15
N DAS
45' 50' 55' o' 5' 10' 15 50' 55' o' 5' 10' 15
Figure 5a. Instructed imbalance Energy Stack — generation side
i € SGEN ~J SNGR
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Hour : (h-1) Current Hour (h) Hour : (h+1)
TBref TFref
\:/_ Tho Th+1,0 \’
OEs OE;
DOP Rl ereererrerrerees
RTUEDs

T65 T85

OEs

f
Reference Interval y

| __——— Reference Interval

15 min 15 min
OF.s O P L G564 OFE.
T615
T8
DASE =

DASE DASE

Top Bottom

Hour Hour

Figure 5b Instructed Imbalance Energy Stack for Incremental Residual Energy for a Generating Resource.
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Hour : (h-1)

Current Hour (h)

TBref

OE;s

Reference Interval

Th,0 Th+1,0
| P — i \ |

T715

|

DOP

DASE

Hour : (h+1)

TFref

OE15

Reference Interval

Top

Hour

Bottom

Hour

Figure 5c¢ Instructed Imbalance Energy Stack for Decremental Residual Energy for a Generating Resource
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Hour : (h-1)

Current Hour (h)

TBref

OEs

\g Th,o Th+1,0
ﬁ

Reference Interval

OE;s

DASE

DASE

Hour : (h+1)

TFref

OEs

Reference Interval

OE;s

DASE

Top

Hour

Bottom
Hour

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

Overlapping Case)
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Hour : (h-1)

TBref

OE;ss

Reference Interval

%

Current Hour (h)

Th,o Th+1,0
| ez T . \ |

Hour : (h+1)

TFref

OEs

Reference Interval

Top
Hour

Figure 5e Instructed Imbalance Energy Stack for Decremental Residual Energy for a Generating Resource (RIE

Overlapping Case)
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MW DOP(t)
OF; \ / 2Es
o _
FMS \ / EMS
OE:s OP OE.s
2 RIE
i RIEs \\TeE T8s // ° |
R REDs \T25 T4; /' REDs RED;s, SR(t
N EDE; /
SR(t) ™ RTYED
N OFs ISR
N = /
FMS 2 7 GRTLOLys
N LDRE s 4
N : s EDis
N\ EDE;s /
DASE SRE ¥ #ooe |- RTUEDs
\ OE15 /7 SR = DACD I: ASE
N 3 7 =
‘ LF'E15 NAS
. DASE
50' 55' o' 5' 10' 50 55' 0} 5' 10'
Figure 5f Instructed Imbalance Energy Stack for a NGR. Generation side, RTD dispatch greater than DA
schedule.
ie S ver
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PAS [ TFe 0
DASRR LN N 7 4 = - DASR
OE - OE
RTLED;s G \ \SR- SRE s 5 RTLED;s
ED15 E )E15 A\ ,‘ 15 ED15
UDREL \ 7 UDREL
> RTUOL
GRTUF(R/Il_éSR — F,\\As FM/S/-( '(')*E_':“ (I;,Mstéo 5
RTLEDs | OFs SR —— - RTLEDs
EDs | 2000 > / S ED
" | ubrEs EELAD, 4 'RED;s UDRE: °
GRTUOLS =Dis ; GRTUOL,
T35 REDs S R L /7 REDs Tis
T75\\R| = RIEs // T35
OEss DOR(t)
DASE \ /
DASE
\ Ok, / =
DOP(t)
DASE
500 55 0 5 10 500 55 o 5 10 g

Figure 5g Instructed Imbalance Energy Stack for a NGR. Generation side, RTD dispatch less than DA schedule.
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A MW -
O DOP{1) s
FMS \\ // EMS
DASE
OE.s OP(H OE,s
- i
N REs N\ A
R REDs \ T2 T4/ ReD; LRT'\TE{ZE 7 SR
« REDs UDRE; - A1/
N EDEs 7/
SR(t) N = RTUED
Yo il FiSR
FMS 5 1 LRTUOL;5
¥ UDRE 7
- ; < EDis
N EDE: /
SRE N s | RTUED,
\\ OE15 , /7 SRE DASR
b\ LEEss DAS
500 55 0 5 10 50' 55' 0 5 10

Figure 5h Instructed Imbalance Energy Stack for a NGR. Load side, RTD dispatch greater than DA schedule.

e SNGR
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S MW R
PAS e LFE DAS
DASR [——=> —4~—=2< DASR
RTLED, OEys . fRE SRE/ ,EDEOE v RTLED,
ED15 EDE15 N D E 7 e ED15
YDRE > 2/ /1DREL,
LRTLOL;s N FMs ,:MS/.{ e LRTLOL1s
FMSR 5 E- FMSR
OFEs N v OEs
RTLED; N BR( SRt 7 RTLED;
EDEs \ ) EDE;
EDs < P EDs
LRTLOLs LDRE; RED:s RED:5 LDREs LRTLOLs
T35 RED; p {/ REDs: /11,
175\ / 5
\RIEs RIEs../
OEis
DOP()
N\ /
\ OE. /
DOP(t)
50" 55" 0 5 10 50" 55" 0 5 10

Figure 5i Instructed Imbalance Energy Stack for a NGR. Load side, RTD dispatch less than DA schedule.
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Figure 5j. Instructed Imbalance Energy Stack for a NGR. RTD dispatch on generation side dipping to load side, DA

schedule on load side.
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DAS

DAS
DASR DASR
RTLEDs RTLEDs
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GRTUOL; GRTUOLs

I-MIN |—MIN

LRTLOLs LRTLOLs

DAS DAS
OE; DOP(t)
N\ /
\ /
DOP(t)
50' 55' o} 5 10' 50' 55' 0 5 10

Figure 5k Instructed Imbalance Energy Stack for a NGR. RTD dispatch mainly on load side with some on generation
side, DA schedule on generation side.
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Figure 5l Instructed Imbalance Energy Stack for a NGR. Similar to item j above, but RTD dispatch stays on generation

side.
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DASR DASR
RTLEDs RTLEDs
EDs » ED;
LRTLOLs LRTLOLs

T7S\\Rll55 DAS RIEs //T55

DOP(t)

50’ 55' o 5' 10’ 50' 55' o 5' 10
Figure 5m Instructed Imbalance Energy Stack for a NGR. Similar to item k above, but RTD dispatch stays on load side.
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OI_5 DES
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Figure 5n. Instructed Imbalance Energy Stack for Generating Resource. Special OE Case. RTD dispatch greater than
DA schedule.
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DAS
DASR

RTLED;s
EDis

RTUOL;s
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FMSR

RTLEDs

EDs
RTUOLs

MW
LEE LFE PAS
= C 4 ~  DASR
OE SRE SRE OE
- 2\ fre = RTLED:s
EDE N Vs
1‘5é ‘\ i 15 EDlS
UDRE £ N N DRE ¢
N ra RTUOL;s
OE ED N /Z)...RED QE;s
S = = FMS
LFEs ~...SR(D) . LFE: FMSR
OE5 ~ \ oR(l) ¥ OE;
......... EDE N / =5 RTLEDs
= :)_ \ / : CWity EDS
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Figure 50 Instructed Imbalance Energy Stack for Generating Resource. Special OE Case. RTD dispatch less than DA
schedule.
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:\R/t\ \‘ O 5 FM‘S‘R RE[)lS
N LEEs 1
N\ RI::L)]_s '(l:L)]_S 4
71 RTLOLs
N LDREs 7
2 ; < EDis
\s BL E15 2. 4 RTUEE
DASE SKE hd - S i 2
\\ OEis ~7 SRE | DASE
o LFEss DAS
. DASE
50' 55' 0' 5' 10" 15 45' 50’ 55' (0} 5' 10'
Figure 5p Instructed Imbalance Energy Stack for Generating Resource. Special RED Case. RTD dispatch greater than
DA schedule.
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Figure 5q Instructed Imbalance Energy Stack for Generating Resource. Special RED Case. RTD dispatch less than DA
schedule.
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Figure 5r Instructed Imbalance Energy Stack for Generating Resource. Special DRE & EDE Case. At various
ieS_ uUS
GEN NGR

intervals RTD dispatch is either greater than or less than DA schedule.
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Figure 5s Instructed Imbalance Energy Stack for Generating Resource. Special DRE & EDE Case. At various intervals
ieSGEN USNGR

RTD dispatch is either less than or greater than DA schedule.
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C.2.1.1.18 Ramping Energy Deviation

The Ramping Energy Deviation is the sum of the Overlapping Ramping Energy Deviation that overlaps (and cancels) with
Standard Ramping Energy and the Non-overlapping Ramping Energy Deviation:

RED, . .; =ORED, . +NRED, . ~.meFMM
s e Sgpy
RED; ,nx =ORED; ., + NRED; ..meRTD
RED; ;. = RED; qyw ¢+ + REDjgropy 1€ Seey
RED, .,; =ORED, ., +GNRED, . +LNRED, . meFMM
2l € Sy
RED, ..« =ORED, ., +GNRED, ., +LNRED, . ..meRTD

RED; ;. = RED; qyw nt + REDigrppi 1€ Syar

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

The Overlapping Ramping Energy Deviation is calculated as follows:
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Th, ¢

i min (0, max(FMS, , ,, DAS; )-SR, (t))

dt - SR,,(t) > DAS;,

. 3600
ORED, ;=4 _ f=1234 .. meFMM
m i max(O, mm(FMSih 0e DASih)—SRih(t))
[ . : M7dt s SR, (t) < DAS,,
T 3600 ' '
K Step Y Sy W SECA
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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T min (0, max(FMS, , (t), DAS, , , )— min(RTUOL, ,, , (t), EDgyi m 1 (), RTLED, , , (t), DASR,, (t), SR, , (t)))dt DAS DAS
NRED s 3600 i,h-1 i,h
|7 max(0, min(FMS, , (), DAS, )~ max(RTLOL, 1, (). EDovoumn (0. RTUED, 1, 0, DASR, . SRW®) 1 he oo |
- DAS.. . > DAS.
: 3600 i,h—-1 i,h
Tomin (0, max(FMS, , (t), DAS, ., )— min(RTUOL, ., (t), ED gy, s (£), RTLED; . (t), DASR,, (t), SR, , (t)))dt - DAS < DAS.
=y 3600 : i,h+1 ih
"o max(0, min(FMS, , (t), DAS, )~ max(RTLOL, , t), EDpupimn (1), RTUED, (), DASR, (), SR ®)) oo pas
. 3600 . i,h+1 i,h
SMeFMM, i€ S gz USmp U St USkea
T}m min(0, max(DOR(t), DAS, )~ min(RTUOL, , 8). EDgupya (1), RTLED, (1), FMSR,, (). FMS,®)) . [ 0e  _pas
s 3600 . i,h-1 i,h
NRED; ., = 15, : _
max(0, min(DOR (t), DAS, , , )~ max(RTLOL, ,,,(t), EDgy; s (£), RTUED, ., (t), FMSR, , (t), FMS, . (t))) it - DAS . > DAS
g 3600 i,h-1 i,h
™20min (0, max(DOR(t), DAS, ., )- min(RTUOL, , , (t), EDgyoi (8, RTLED, . (£), FMSR, , (1), FMS, , (t))) 4t - DAS < DAS
a5 3600 . i,h+1 i,h
™20max (0, min(DOR(t), DAS, ,., ) max(RTLOL, ,,, (t), EDgypi (1), RTUED, . (t), FMSR, , (t), FMS, , (t)))dt DAS > DAS.
T4, 3600 * i,h+1 i,h
..MeRTD,..i & Sygr US,pp USte U Skea
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T min(0, max (0, FMS, , (t), DAS, , , )-min(GRTUOL, ,, (t), EDgypy s (t), RTLED, ., (t), DASR, , (t), SR, , (t)))

3600
GNRED, _, ={
e T?nwx@,mk(FMSm(O,DASWA)fmdeRTLOmea)EDmmmmOLRTUEDMWGL DAS&MGLSRW(O»dt
3600
Th,o

Wrmm@ﬁmﬂQFM&JOIm&memm@RﬂmgmﬁmEDwmma)RﬂfDmhm,DAﬁyﬂmSRhm»

dt
. 3600

TT-ﬂnmx((),mirmFMsLh(t),DAsmﬂ)—mdeRTLopm(t),EDBNDim(t),RTUEDm(t), DASR, , (t), SR, (1))
. 3600
~meFMM, i e S

dt

Trmm@JmﬂQDOEG)DA&WJ—mm@RﬂKmMA&EDWWMG)RHEQMA&FM&{M&FM&hm»

GNRED, , = 4o 3600
mh Tanx@,mh(DOE(U,DASMA)—mdeRTLOhmhaLEDwmth)RTUEDmma) Fmsama)Fmsuxn»dt
3600
TN‘O

TT“mmﬁlnwx@,DOR@)DASmﬂ)fnmwGRTUOQmmG)EDMMNMGLRTLEQmmOL FMSR, , (t), FMS, , (t)))

dt
X 3600

" max(0, min(DOR ), DAS,.,) - ax(SRTLOL, . EDqup () RTUED, (0. FMSR,, 0, FMS, (1)
e 3600
~.MeRTD,..i€ Sy

dt

- DAS

dt

- DAS,, , <DAS,,

~*DAS,, , > DAS,,

- DAS, ., <DAS,,

inss > DAS;

- DAS;, , <DAS,,

-~ DAS,,, > DAS,,

- DAS; .., < DAS,,

- DAS, ., > DAS,,
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" min(0, max(FMS, , (t), DAS, , , )— min(LRTLOL, , , (t), EDgyprmn (£), RTLED, ., (t), DASR, , (t), SR, , (t)))

LNRED, ,,, = 475

Tho

T20min(0, max(FMS, , (t), DAS, ,..,)— min(LRTLOL, ., (t), EDgup . (t), RTLED

T3,

Thj}‘u maX(O, mm(o‘ FMSlh (t)' DASi.h+1)_ maX(LRTUOL|mh (t)v EDBNDi,m,h (t)r RTUEDlmh (t)r DASth (t)| Sth (t)))

T4,

meFMM,..i€ S

3600

"2 max (0, min (0, FMS, , (t), DAS, , ,)— max(LRTUOL, ., (t), EDgyp; . (t), RTUED

wmn(®), DASR,, (1), SR, (1))

dt

3600

i,m,h

(t), DASR, (), SR.,, ()))

3600

dt

3600

T}m min (0, max(DOP (t), DAS; , , )-min(LRTLOL, . , (t), EDgupy m s (), RTLED, . (t), FMSR, , (t), FMS, . (t)))

LNRED, ., =175

Th.o

3600

dt

3600

Tmfwmin(o, max(DOR (t), DAS, ,., ) min(LRTLOL, . , (), EDgypi nn (t), RTLED, ,  (t), FMSR, . (t), FMS, , (t)))

T3,

T"j-‘-"max(o, min(0, DOR (t), DAS, ,.,)- max(LRTUOL, ,, , (t), EDgupy s (1), RTUED, . (t), FMSR, , (t), FMS, , (t)))

3600

Tim max(0, min(0, DOR(t), DAS, , , )~ max(LRTUOL, . , (t), ED gy (1), RTUED, (), FMSR, , (t),FMS, , (t)))

dt

T4,

~.meRTD,..i€ S

3600

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,,

1 <DAS;,

i,h+

inn <DAS;,
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Sim (t) =1
Thy =maxT .. {FMS”‘ (t) < min(EDgyp; (), RTLED, 1), SRiyh(t))—TOL} “Tno STST <Thag
Sim t)=-1
Ton =maxT .. {FMS”‘ (t) > max (ED gy s (t), RTUED, ,, (t), SR;, (t))+TOL} Tho STET <Thag
-.m e FMM
T3, =minT { _ Sim(t)=-1 } T, 2t2T>T
m FMS, , (t) < mm(EDBNDmh (t), RTLED, ,, (t), SR;, (t))-ToL h+1.0 no
. 5, (0) =1
T4, =minT .. {FMSi,h(t) . maX(EDBNDi,m,htt)l RTUED, ., (1), SRiyh(t))+TOL} 5o e 20 2T &g
Sim (t) =1
Thy = maxT . {DOPi(t) < min(ED gy, 5 (t), RTLED, ,,, (t), FMS, , (t))—TOL} “Tho SEST ST
Sim (t) =-1
T2p =MaxT .. {DOPi(t) > max (ED gy (1), RTUED, , , (1), FMSi,h(t))+TOL} © T SEST <Thg
~.meRTD
T3 =minT { _ Sin(t) =1 } AT 2t2T 2T,
DOR (t) < Min(ED gyp; mp (t), RTLED, ., (t), FMS, , (t))-TOL : :
. Sn()=1
Thn=minT .. {DOF}(t) > max(ED gy 5 (), RTUED, ,, (t), FMS, , (t))+TOL} “Thap 282 2T
C.2.1.1.19 Residual Imbalance Energy

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

i,m,h,
sig Sner Y Skpp U Ste U Seca
RIE; ,nx =TRIE; oy +BRIE,,\  ~.meRTD

RIE;; =RIE; qyumn s + RIE;gronk 1€ Syer Y Shpp W Srig U Seca

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

ij min(0, FMS, , () - min(DAS, , ,, DAS, ,, RTUOL, ., (t), EDgyo, s (t), RTLED, ., (t), DASR, , (t), SR, , (t)))dt QT g
TRIE 2 3600 i,h h,0 i,h
i 76 max(0, FMS, , (t) - max(DAS, 1, DAS,,, RTLOL, 1, (t), ED gy (1), RTUED, 1, (1), DASR, (1), SRy (1))
| : : : o = - : —=2dt - FMS,, (T, ) > DAS,,
s 3600 R ‘
~MmeFMM, i ¢S gz U S YUSte U Sk
50 min(0, DOP (t) —min(DAS, , ,, DAS,,, RTUOL, _ (t), ED - - (t), RTLED. . (t), FMSR., (t), FMS. . (t
i (0. DOR(t) ~min(DAS, , ,, DAS, ,, RTUOL, 1), EDgupima 1) @) FMSRAO FMS0 Oy popr 3 pps.
TRIE; = {12 3600 | |
tmh =76 max (0, DOR (t) — max(DAS, , ;, DAS, ,, RTLOL, ., (t), EDgypi mp (t), RTUED, ., (t), FMSR, , (t), FMS, . (t)))
| : : - o - : 22=2dt - DOR(T,,) > DAS;,
2 3600 : :
..MeRTD,..i & Sygr Y S VSt U Seca
10 min(0, FMS. . (t) = min(DAS. .., DAS. ., RTUOL, __ (t), ED,. . (t), RTLED. . (t), DASR . (t), SR, (t
.[ ( Lh( ) ( i,h+l i,h Lm,h( ) BNDi,m,h ( ) |‘m,h( ) "h( ) I'h( )))dt FMS. h (Th+10) < DASI h
BRIE;,, =4, " 3600 - |
bt o max (0, FMS,, (t) — max(DAS, ,.;, DAS, ,, RTLOL, ., (£), EDgypi mp (), RTUED; ., (t), DASR, , (t), SR, , (1))
I . . —= — — - - dt - FMS;; (T,,,0) > DAS;,
. 3600 ' ’
SmeFMM, i €S e US,mp USte USga
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Wﬂmm@,DORG}4NMDA&MPDA&WRTUOQMG)EDmthm,RHEDmmﬁLFMS&mG)FM&mm»

dt
Rl 3600
BRIE; 1 = 17,.."
m T"max(o, DOR(t)—max(DAS, ,.,, DAS,,, RTLOL, . (t), EDgupy s (£), RTUED, . (t), FMSR, , (t), FMS, , (t))) it
3600
T8,

~MeRTD,..i1¢ S g USypp USie USgea

RIE; .. =GTRIE; ., +LTRIE . +GBRIE; ,, ; +LBRIE; . ..meFMM
s e Sygr

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

RIE;, =RIE; qymns +RIEi gonk 1€ Syer
The total RED shall be settled as 5 minute RTD values.

"% min(0, max(0, FMS, , (t)) - min(DAS, , ,, DAS,,, GRTUOL, ., (t), EDgypy s (t), RTLED, ., (t), DASR,, (t)))

" DOR(T,,10) < DAS;),

- DOR(T,,10) > DAS;),

dt - FMS, < DAS,;
GTRIE _ JTho 3600 i,h (Th,o) ih
T max(o, FMSi h (t) B maX(DASi h-11 DASi hs GRTLOLi m,h (t), EDBNDi m,h (t), RTUEDi m,h (t), DASRi h (t)))
| | | ) . - ’ dt FMSih(Th0)>DASih
Tho 3600 J | i
s.meFMM, i €S g
"% min(0, max(0, DOR (t))—min(DAS,, ,, DAS.,, GRTUOL, . (t), EDg\p; .y (t), RTLED, . (t), FMSR. , (t
i (0, max(0, DOR (1))~ min(DAS, , ,, DAS,, Lin (8): EDgupi i (1) O MR O) oo ons
GTRIE = To 3600 : ,
imh = )76, max(O, DOR(t) - max(DASi w1 DAS, ,, GRTLOL, , , (t), EDgypi mn (t), RTUED, .., (t), FMSR; , (t)))
I | | 0 - . Y dt DOR (T, ) > DAS;;
Tio 3600 ’ :
-.meRTD,. i€ S\
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T? min(0, FMS, , (t) - min(DAS, , ,, DAS, ,, LRTLOL, ., (t), EDgupy s (t), RTLED, ., (t), DASR,, (t)))

dt - FMS, <DAS,
LTRIE 2 3600 i,h (Th,o) i,h
tmh = T8 max (0, min(0, FMS, , (t))— max(DAS , ,, DAS, ,, LRTUOL, . , (t), EDgyo; s (), RTUED, ., (t), DASR , (t)))
: : : . m. m. P24t - FMS,, (T,,) > DAS,
s 3600 e :
s.meFMM, i €S
T}m min (0, DOP (t) - min(DAS, , ,, DAS; ,, LRTLOL, ,,, (t), EDgyp; s (t), RTLED, ., (t), FMSR; , (t)))dt SR < B
; 3600 * i h,0 i,h
LTRIE; ;. = 176, i
m » max(0, min(0, DOR (t))— max(DAS, , ,, DAS, ,, LRTUOL, ., (t), EDgypip (), RTUED, ., (t), FMSR,, (t)))
: T m. m 224t -~ DOR(T,,) > DAS;,
Th‘ﬂ

..meRTD,..ie S

T30 min (0, max (0, FMS, , (t))— min(DAS, ,.,, DAS, ,, GRTUOL, ., (t), EDgypy s (t), RTLED, ., (t), DASR, , (t)))OI

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

GBRIE; ,, =4+ " 3600
e maX(O' FMS;, (t) - maX(DASi ne1r DAS;, GRTLOL, (1), EDgyp mn (1), RTUED, (1), DASR; (t)))
J' : : : 3606 : — — : dt “ FMS; , (Ty,10) > DAS;
T8,

~meFMM, i€ S

TT*’min(o, max(0, DOP (t))—min(DAS, ,..,, DAS, ,, GRTUOL, . (t), EDgypy s (t), RTLED, ., (t), FMSR, , (t)))d

GBRIE, , =41 3600
e TNJ‘LO max(O, DOR (t) - maX(DASi,m-l’ DAS|h 1 GRTLOL\mh (t), EI:)BNDi,m,h (t), RTUEDlmh (t)v FMSth (t)))

3600

t =" DOR(T,..0) < DAS;,

dt " DOR(Ty.10) > DAS;

T8,

..meRTD,..i €S
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T“j.”min(o, FMS, , (t) - min(DAS, , ,, DAS, ,, LRTLOL, . (t), ED gy 1 (t), RTLED, . (t), DASR, , (t)))

17 3600 dt » FMS; (T,10) < DAS;
LBRIE, ,, =4, _
m, Tomax(o, min(0, FMS, , (t)) - max(DAS, ,..,, DAS, ,, LRTUOL, ., (t), EDgypy m s (t), RTUED, . . (8), DASRi,h(t)))dt CEMS. (T )5 DAS
T8y 3600 o ihUhizo ifi

~meFMM, i€ S

TTomin(o, DOR (t)—min(DAS, , ., DAS,,, LRTLOL, . . (t), EDgyps s (£), RTLED; . (t), FMSR, . (1))

g 3600 dt DOR(T,..,) <DAS;,
LBRIE,, , ={ ™ _
e max (0, min(0, DOR (t)) - max(DAS, ,.,, DAS; ,, LRTUOL, ., (t), EDgypi mp (t), RTUED, , , (t), FMSR, , (t)))
I | | 3600 - . - ' dt - DOR(T,,.,) > DAS,,
T8,

..MeRTD,..i €S

Where the integration terminating times are determined as follows for all resources:
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Sim()=1
T5 =max T ST <t<T<T
m {FMS J(t) <min(DAS, , ,, DAS; ,, EDgypi m (t), RTLED; ., (t))—TOL} ho h+10
T6 T Sim (1) = -1 T <t<T<T
= Max <t <
i FMS, , (t) > max(DAS, , ,, DAS, ,, EDgypi np (1), RTUED, (1)) +TOL[ ~ ' 10 .
S.Mme
H Sim (t) =-1
T7,=minT ' S Thae 22T 2T,
F I h (t) < mln(DASI h+11 DASi,h’ EDBNDi,m,h (t)l I:QTLEDi,m,h (t))_TOL
T8 =minT Sim () =1 T >t>T>T
=min 2t21 2
i FM ' h (t) = ma.X(DASI h+11 SI h? ED BNDi,m,h (t) RTUEDl m,h (t))+TOL 0 ug
T5 T Sin(®) =1 T <t<T<T
= max 0 <t<T<
m DOR (t) < min DASI e 1DAS o By (O RTLEDiYth(t))—TOL h.0 h+1,0
T6 T Slm(t):_l T <t<T<T
= Max <t 1| £
" DOR,(t) > max(DAS; , ;, DAS;,, EDgyp; (1), RTUED, ,  (1))+TOL| "0
® 1" . . meRTD
T7 =minT Sim () == ST >t>T 2T
m {DOP (t) < min DASI o SI ae EDBNDi,m,h (t), RTLEDlmh (t))—TOL} h+1,0 h,0
i Sim (t) =1
T8, =minT ' ST EUET 2Ty
DOR(t) > max(DAS, ,..,, DAS, ,, ED gy (t), RTUED, ., (£) )+ TOL

I 3 SHPD o 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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s _(t)=1
min T in®

min

min T { Sim () =1

FMS, , (t) < min(DAS, , ;, DAS, ,, EDgup mp (t), RTLED; ., (t)) - TOL

TBref,m =
- Si m (t) = l
min T . ' :
- DOPR(t) < min(DAS, , ,, DAS, ., EDguo: s (1), RTLED, ()~ TOL
mn T Si,m (t) = _1
I
DOP(t) > max(DAS, , ,, DAS, ,, ED gy, 1 (t), RTUED, .. (t))+ TOL
Note: TB can be different between FMM and RTD.

ref,m

|

FMS; , (t) > max(DASiM, DAS; ,, EDgypimn (O, RTUEDiVm,h(t))+TOL

“Te 2t2T 2T,

ST 22T 2T,

..me FMM

..meRTD

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:

s, (t)=-1
max T .. . in® ,
- DOPR (t) < min(DAS, ,.,, DAS, ,, EDgup; m (t), RTLED, ., (t))-TOL
Si m (t) = 1
max T .. '
DOPR (t) > max(DAS, ,..,, DAS, ,, EDgyp; mp (t), RTUED, , , (t))+ TOL
TFref,m =
Sim (t) =-1
max T .. . ' ,
DOPR(t) < min(DAS, , ;, DAS, , ED oy m 1 (1), RTLED; ., (t))-TOL
mex Si m(t) =1
max T .. '
DOR(t) > max(DAS, ,..,, DAS, ,, EDgyp: mn (t), RTUED, ., (t))+ TOL

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

o Tho SEST ST,

2T SE<T <T,

-.me FMM

-..meRTD
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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.

and TE

ref

Note: In the above TB
be decremented or incremented accordingly as the search proceeds to previous or subsequent hours.

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

The 15-minute mitigated Energy Bid of the 15-minute Trading Interval Reference shall be used in the settlement of Residual
Imbalance Energy.

C.2.1.1.20 Derate Energy

The Derate Energy is the sum of the Lower Derate Energy due to Minimum Load overrates and the Upper Derate Energy due
to Maximum Capacity derates:

DRE, .. =LDRE; , +UDRE, ., ..meFMM
<11 E Semy Y Sipm

DRE, ., =LDRE, ... +UDRE, ., ..meRTD

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

The Derate Energy for NGR is the sum of the Lower Derate Energy due to GMIN/LMIN overrates and the Upper Derate Energy
due to GMAX/LMAX derates:

DRE, ., =GLDRE,,, ; + GUDRE, ; + LLDRE, ,, ; + LUDRE, .., ..meFMM

i,m,h,
S eSSy

DRE, . =GLDRE, ., +GUDRE,, ., +LLDRE, , +LUDRE, . .. meRTD
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The Lower Derate Energy, including any overlap with LFE or BED, but excluding SRE, is calculated as follows:

T, .
n max(0, min(EMS. , (t), RTLOL . (t))— max(ED,s . . (t), RTUED, . (t), DASR . (t), DAS,
LORE,,,, — | (0, min(FMms,, (1 0) (3 6OCB)ND.,m,h() i (0, DASR, (0.DAS, )
Th‘fl
: 21 & Sggy M Siupp
v max (0, min(DOP (t), RTLOL, ., (t))— max(EDyyg, . (t), RTUED. . (t), FMSR. , (t), FMS. , (t
LORE, ., - | (0. min(DOR (1), RTLOL,,, (1))~ max( 3ggg‘m‘h() i O FMSR, . FMS, ©) o
Th,kfl
TJ max(0, min(FMS, , (t), RTLOL, ,,,, (t))— max(EDgyoy np (t), RTUED, ., (t), DASR,, (t), DAS, ,, SRivh(t)))dt+
- 3600 _
LDRE, , ,; =4 _ ~meFMM ) ..ieSqy —Suep
T max(0, min (FMS,, (t), RTLOL,,, (t), DAS,,., SRy, ()~ MaX(EDigy., (), RTUED, (1), DASR,, 1))
. 3600
' max(0,min(DOR(®, RTLOL, ) - mak(EDa 1), RTUED, (0 FMSR,, 0, FMS,, 0)
o 3600 )
LDRE, ,,,, =1{ % _ ~MeRTD )..ieSe — S
. Tkmwmﬁmdooem,mlogma)FMsma»—mmda%wmﬁomwuaqmayFMsaﬂu»m
3600
Th,kfl
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T max(0, min(FMS, , (t), GRTLOL, ,,, (t))— Max(Gyi» EDgups ms (£), RTUED, , (t), DASR, , (t), DAS, ,,, SR, , (1))

dt+
o 3600
GLDRE,, ,, ={""
™ max(0, min(FMS,  (t), GRTLOL, (), DAS, ,, SR, (t))— Max (G EDguoi s (), RTUED, (1), DASRiYh(t)))dt
- 3600
' max(0, min(DOR(), GRTLOL,, (0) - 1X(Guns- EDiupin (0. RTUED, (). FMSR, () S, 0) g
. 3600
GLDRE, ,,, =1
e Tj max(0, min(DOR (t), GRTLOL, ,,,(t), FMS, , (t))— MaX (G, EDgyoimn (£), RTUED, ,, (t), FMSR, (t))) it

3600

Thik-1

TT min(0| maX(FMSi‘h (t), LRTLOL, (t))_ min(LMlNi’ EDgypimn (1), RTLED; , (t), DASR; ,(t), DAS; ,,, SR; , (t)))

dt +
- 3600
LLDRE, ., ={"
"] T min(0, max (FMS, , (t), LRTLOL, , , (t), DAS, ;. SR, , (€)= min (Lyi» EDgosms (), RTLED, (1), DASRth(t)))dt
o 3600
1Tlnm®,mwdDORa)LRTLOhmhﬁ»—nﬂn@WM,EDmmmhaLRTLEthG)FMS&MG)FMSW(U»dt+
. 3600
LLDRE, ., =1
mhk TTrmn@,mwdDORaLLRTLOhmha)FMSWQD—WMnﬂMN,EDmmmha)RTLEtha)FMS&hGXDm

3600

Thka

-

~.meFMM ).lie S
sme RTD> s € Syer
..me FMM > 20 € Syar
sme RTD> s €Sy
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The Upper Derate Energy, including any overlap with LFE or BED, but excluding SRE, is calculated as follows:

UDRE . TI min(0, max(FMS, , (t), RTUOL, . , (t))— min(ED gy, 1 » (t), RTLED, ., (t), DASR, , (t), DASi,h))dt
s 3600
UDRE,,, = | min (0, max(DOR, (1), RTUOL, , (1))~ min(EDgyp,, (1), RTLED, (1), FMSR, (), FMS,, (1))
imhk —
mh 3600
Th,k 1

TTrmn®,mmdFMsma)RTuogmhan—nmeDmmmhayRTLEthayDAsahayDAsm,SRm(o»

dt

..me FMM

1€ Sy M Sipp

..meRTD

dt+
. 3600 _
UDRE,, , =4""" _ ~MeFMM ) ieSey —Sueo
S0 j min(0, max(FMS, , (t), RTUOL, ., (t), DAS, ., SR, , (t))— min(ED gyp 1 » (t), RTLED, ., (t), DASR, , (t)))dt
. 3600
‘T:mnm,mwdDoRaLRTuogmhaﬁfnmﬂEDmmMma)RTLEqmma)FMS&ha)FMSHKQ»dt+
. 3600 )
UDRE, ., =12 _ . MeRTD }..ieSey —Suo
mh M:mn@,mmdDoRayRTuogmha)FMsma»—nmﬂEDMMmha)RTLEtha)FMSRW(Q»dt
e 3600
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Th, t

i min (0, max(FMS, , (t), GRTUOL, . , (t))— min (ED gy s (£), RTLED, . (t), DASR, , (t), DAS, ,., SR, , (t)))
3600

dt +
GUDRE, =1 "

Th, 1

i min(0, max(FMS, , (t), GRTUOL, . , (t), DAS, ,., SR, , (t))— Min (EDgyp 1 (1), RTLED, .., (t), DASR, , (1))
3600

~meFMM ) ..ie Sy

dt

Th,t1

Tj min(0, max(DOP (t), GRTUOL, , , (t))— min(ED gy, (t), RTLED, .., (t), FMSR, , (t), FMS, , (t)))
3600

dt +

GUDRE,,, =4 "
i, }“mM@,mw&DORG)GRTUOkmdn,FM&hﬁﬁfnﬂMEDmmmma)RTLEQmma)FMﬁyJU»

3600

..meRTD )..i€ Sy

dt

Thk

Th,t

max (0, min(FMS, , (t), LRTUOL, ,, , (t))— max(EDgyp, . (t), RTUED, ., (t), DASR, , (t), DAS, ,,, SR, , (t)))

dt +
o 3600
LUDRE, =1 © ~MeFMM ).:ieS
]'nwx@,mw(FM&ha)LRTuogmﬂo,DAgmsaman—mwdEDmmmha)RTUEtha)DA&gﬂo»dt
e 3600
“*mmemMDomuLmuogmaﬁ—mwmommma)mUEqmayMmaMmFM&M0»“+
o 3600
LUDRE, =1 " ~MeRTD )..i €S
TmM@JmMDomuLmUOgMGLFM%“M—mM@DmmMGLMUEQmm)memm»m

3600

Thk-1
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c.21.1.21 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), EDgyy m (t)— max(0, RTUED, ,, (t), DASR, , (1), DASivh))dt D (> DASR ()
3600 . BNDi,h ih
B =15y i ~MeFMM, i€ S,
m, " min(0, max(0, FMS, , (t), EDgyp; mp (t))— min(RTLED, ., (t), DASR, , (t), DAS, , ))
| T 3600 - ‘ —dt ~ EDgypi () < DASR;, (1)

Th,f-1
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EDEi,m,h,k =

EDEi‘m,h‘f =

EDEi.m.h,k =

™t max (0, min(DOP (t), EDgy; mp (t))—max(0, RTUED, ., (t), FMSR; , (t), FMS, , (t)))

2 3600
™ min (0, max(0, DOP(t), EDgypi m (t))—min(RTLED, , , (t), FMSR, , (t), FMS, , (t)))
TI 1 3600

Tt max(0, min(FMS, , (t), EDgupy.mn (t))— max(0, RTUED, ,,,, (), DASR, , (t), DAS, ., SR, , (t)))dt .

e 3600

Tt max(0, min(FMS, , (t), EDgupy s (t), DAS; ;. SR, , (t))— max(0, RTUED, ., (t), DASR, , (t)))dt

" 3600

Tf min(0, max(0, FMS, , (t), EDgypi mp ()~ min (RTLED, ., (t), DASR, , (t), DAS, ,, SR,vh(t)))dt .

W 3600

™ min(0, max(0, FMS, , (£), EDguon s (1), DAS, ., SR, (1))~ min(RTLED, ., (t), DASR,vh(t)))dt

- 3600

™ max(0, min(DOP (t), EDgyp; s (t))— max(0, RTUED, ,, (t), FMSR, , (t), FMS,, (t))) dts
. 3600

™ max(0, min(DOP (), EDgypy s (), FMS, , (t))— max(0, RTUED, , , (t), FMSR,,, t))) ot
. 3600

TI min(0, max(0, DOR(t), EDgypy s (t))— Min(RTLED, ., (t), FMSR,, (t), FMS, . (t))) dis
T 3600

Tf min(0, max(0, DOR(t), EDgypy s (£), FMS, . (t))— min(RTLED, ., (t), FMSR, , (t))) ot

e 3600

" EDgypi mp () > DASR; (1)

* EDgypimn (t) < DASR; , ()

B EDBNDi‘m,h (t) > FMSR|h(t)

* EDgypimn (t) < FMSR; , (t)

. EDgypi (t) > FMSR; , (t)
~.MeRTD,..i€S
e EDBNDi,h (t) < FMSRi,h (t)

smeFMM, i & Syer YU S

~MeRTD,."i ¢Sy USuem
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" max(0, min(FMS, , (£), EDgyprmp (t))— Max(Gyy, RTUED, ,, (t), DASR,, (t), DAS, ,, SR,vh(t)))dH
o 3600
T max(0, min(FMS, ,(£), EDgyoy s (t), DAS, ., SR, , (£))— Max(Gy, RTUED, ., (t), DASR,, (t)))dt .
: 00 * EDgypy (1) > DASR, , (1)
" max(0, min(0, FMS, , (t), EDgyormp (t))— Max(RTUED, ., (t), DASR, , (t), DAS, ,, SRi‘h(t)))dt N i ‘
. 3600
Tt max(0, min(0, FMS, , (t), EDgyormp (), DAS, 1, SR, (t))— max(RTUED, ., (t), DASR, , (t))) ot
EDE, s =40 ) 3600 meFMM, i€ Sy
v min (0, max(FMS, , (£), ED o (£))— Min (Lyys» RTLED; . (t), DASR, , (t), DAS, ,, SRi‘h(t)))dH
" 3600
T min(0, max(FMS, , (t), EDgupi m () DAS, 1, SR, , (t))— min(Ly . RTLED, .., (1), DASRi‘h(t)))dH
TTM’] . . 3600 " EDgypimn (t) < DASR;  (t)
v min(0, max (0, FMS, , (t), EDgypimp ()~ min (RTLED, ., (t), DASR; , (t), DAS, ., SRi‘h(t)))dt N = :
o 3600
Tt min (0, max(0, FMS, , (t), EDgupy s (), DAS; . SR, , (t))— min(RTLED; . , (1), DASR,‘h(t)))dt
= 3600
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?“nwxo min(DOP (t), EDgypy mp (t))— M (GMM,RTUEQNMULFMS&MG)FMSHKO»dt

3600
Thk-1
?“nwxo min(DOR (t), EDgypy s (), FMS, , (t)—m (GMW,RTUEtha)FMSRm(O»dt
3600
i " EDgupimn (1) > FMSR (1)
meOmmOMW@E%mmm)mwﬂwqmmFW&N)W&mmm m
o 3600
?*nmxo min(0, DOP (t), EDgyp: s (8), FMS, , (1)) nwx@TUEtha)FMS&haﬂht
. 3600
EDE; i = ;k '
s TmmOmMDOHUE%mmMm MMWNRHEQMmJMRMMFM&mmm
o 3600
?“mm()mw(DOPU)EDMmmMO FMS,, (t))- mm@MM,RHEDMhU)FMSRMO»m
3600
T;k - . ** EDgypimn (1) < FMSR, /()
T min (0, max(0, DOR(t), EDgyp s (£))— mmﬁWLEDmmayFms&hayFmahm»dt m :
o 3600
?“mmo max(0, DOP (t), ED gy s (t), FMS, , (t)) - mmﬂﬂlEDmﬁayFMSﬁMO»m
3600
Th k-1

C.2.1.1.22 Optimal Energy
Any Instructed Imbalance Energy that remains unaccounted is Optimal Energy:

OEi‘m‘h.f = “Ei,m.h‘f - BEDi‘m‘h,f - SREi.h,1 - LFEi,m‘h,f - RTPEi.m,h‘f - RT'v”‘Ei,rn‘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

OEi‘m,h.f = “Ei‘m,h.f - BEDi‘m,h.f _SREi,h.f - I‘I:Ei.m‘h‘f - RTMGEi‘m,h.f - R-I-N”‘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 - RTMGEi‘m,h,k - RTMLEi,m.h,k - REDi,m‘h‘k - RIEi,m.h,k - DREi,m‘h,k - EDEi,m,h‘k

- EDEi,m.h.f

- EDEi,m.h‘f

~.MeRTD,..1€ Sy

..me FMM

20 € Syer
~.meRTD
-.me FMM

s eSyer
-.meRTD
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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:

Th,l

J

Th,f-1
Th, ¢

J

Thta

OEi,m,h,f =

Th.'

J

Th,'fl
Th,l

J

Th, -1

Th k

max (0, FMS, , (t) - nwx@FﬂthmhaLEDmmmha)RTUEDthLDAﬁﬂMD»dt
— — - aF

3600

max (0, min(FMS, , (t), RTUED, . , (t)) — max Py, DASR, , (t))) it
3600

min (0, max (0, FMS; , (t))— min(RTUOL, . (t), ED gyp: ms (t), RTLED, . , (t), DASR; , (t)))GIt N

3600

mm«lnwx@,FMSLMD,RTLEDmm(D)—DASRha»dt
3600

max (0, DORG)—nmx@JﬂlOgmhaLEDmmmma)RTUEDmma)FMSRhaﬁht+

J

Thk-1

3600
max (0, min(DOR (t), RTUED, ., (t) )— nwxGhN,FMSRha»h“+

T]'k

Thkl
Thk

OEi,m,h,k =

3600

min (0, max (0, DOP (t))— nmﬂRTUOgmhayEDWtha)RTLEQmmﬁ)FMS&ha»h“+

J

Thk-t
Thk

J

Thkl

3600
min(0, max (0, DOR (t), RTLED, ., (t))— FMS&haﬂdt

3600

..me FMM S A€Spp

..meRTD s1€Spp
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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:

o g Te ) max(0, FMS, (1) — Max(GRTLOL, (1) EDgyp i (1), RTUED, (), DASR, , (8, DAS, SRy (1)) .
max(Ty 1. T20, T65) e
Tj max (0, min(FMS, , (t), RTUED; ,, , (t)) - max(G,,;» DASR, ., (t), DAS, , , SR, , (t)))dt
T s .
GNOE, e =4 it 0 1) SMeFMM )i S
| e T min (0, max (G, FMS,, () min(GRTUOL, (1), EDauoyna (1), RTLED, (1), DASR,, (1), DAS,,., SR, ()
max(Ty. ;1. Tl T5,, ) 3600
TI min (0, max(Gyyp;, FMS, , (t), RTLED, ,, , (t))— min(DASR, , (t), DAS, ,, SR, , (t)))dt
e 3600
T4 7o) may (0, DOR (t) — max (GRTLOL, 1, (t), EDgyp s (1), RTUED, , , (t), FMSR, (t), FMS; , (t)))dt+
max (Ty 1, T 207, T 61y 3600
™ max(0, min(DOPR (t), RTUED, , , (t))— max (G, FMSR, ., (t), FMS, , (t))) ite
Thk-1 3600 .
GNOE iy =4 mote 10 1) _ ~MeRTD ) ..ieSyeq
w207 min (0, max(Gyyyy;, DOP (t))—min(GRTUOL, , , (t), EDgupy i (1), RTLED, .., (t), FMSR, , (t), FMS, . (t))) ite
maX(Th‘kfllemvT5m) 3600
TJ min (0, max(G,,;, DOR (), RTLED, ., (t))— min(FMSR, , (t), FMSi_h(t)))dt
Th.k 1 3600
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mnff e T4aT80) min (0, FMS, , (t) — min(LRTLOL, ,, (t), EDguoy s (1), RTLED; 1 (t), DASR,, (t), DAS, ., SR, (1))
max(Ty, (1,2, T6p) 3600
TI min(0, max(FMS, , (t), RTLED; ., (t))— min (L, » DASR , (t), DAS; ., SR, . (t)))

dt+

dt+
Th,t 3600
LNOE, . =1 vinfr s 730, 77,) i ZMeFMM ) ieS e
nt 230 T7n) s (0, min (Lyggi» FMS; , ()~ max(LRTUOL, ,, (), EDgypy s (t), RTUED; . (£), DASR, , (t), DASi‘h,SRi‘h(t)))dtJr
max(Ty 1. Ty T5,) 3600
Tj max (0, min(Lyyy, FMS, , (t), RTUED, ., (t))— max(DASR, , (t), DAS, ., SR, (t)))dt
Toia 3600
(T4 T8) min (0, DOR(t) - min(LRTLOL, 1, (t), EDgypy s (1), RTLED, , , (t), FMSR, , (t), FMS, , (t)))dH_
max(TM 1-T2m-T6m) 3600
™ min(0, max(DOP (), RTLED, ,, (£))— Min (Ly:s FMSR, , (1), FMSi‘”(t)))dt N
Thk 3600
ENOE s = . 15,77 ~MeRTD  )..ieSym
min{Tc 130 T70) max (0, min(Lyyy;, DOR ()~ max(LRTUOL, , , (t), EDgyosmn (£), RTUED, . (£), FMSR, . (1), FMSivh(t)))dH_
max (Ty 1.1y, T5y) 3600
TI max (0, min(Ly,;, DOR(t), RTUED, ., (t))— max(FMSR, , (t), FMS, , (t)))dt
3600
Th‘k 1

The Overlapping Optimal Energy, which may exist for Load Following Resources, is calculated as follows:
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OOEi.m,h,f =

OOEi,m,h,k =

T max(0, min(FMS, , (t), DAS, ,, SR, (t))— max(0, RTLOL, ., (t), ED gy mp (), RTUED, ., (), DASR, , (t)))

dt +
o 3600
TI max(0, min(FMS, , (t), RTUED; ., (t), DAS, ,, SR, , (t)) — max(P,,,;, DASR, , (t)))0|t N
" 3600
T min(0, max(0, FMS, , (t), DAS, ,, SR, , (t))— min(RTUOL, ., (t), EDgyprmn (£), RTLED, .., (t), DASR, , (t)))dt N
o 3600
" min(0, max(0, FMS, , (t), RTLED, ,, (t), DAS, ., SR, , (t)) - DASRth(t))dt
o 3600
TI max (0, min(DOP (t), FMS, , (t))—max (0, RTLOL, ., (t), EDgyps my (t), RTUED, ., (t), FMSR, , (t))) dts
e 3600
Tj max (0, min(DOP (t), RTUED, ., (t), FMS, , (t))— max(P,,;» FMSR, , (t))) dte
= 3600
TI min (0, max (0, DOR (t), FMS, , (t) )~ min(RTUOL, ,,, (t), EDgupy s (£), RTLED, . (t), FMSR, (t)))dt+
W 3600
TI min (0, max (0, DOR(t), RTLED, ., (t), FMS, , (t))— FMSR, , (t)) it
e 3600

..me FMM 1€ Syss — Sher

~meRTD  )..i€Sys—Syer

The Overlapping Optimal Energy, which may exist for Non-Generator Resources, is calculated as follows:
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Tj max(0, min(FMS; , (t), DAS, ,, SR; , (t))— Max(GRTLOL, . , (t), EDgypi mp (t), RTUED; ., (t), DASR, , (t)))dt .
W 3600
T max(0, min(FMS, , (t), RTUED; ,, , (t), DAS, ,, SR; ; (t))— Max (G » DASR, 11 (t)))dt
W 3600
GOOE, s =1 . ~MeFMM ) .ieSys—S
e Tf min(0, max(Gyy» FMS, , (t), DAS, ,, SR, , (t))— min(GRTUOL, . (t), EDgygy s (t), RTLED; ., (1), DASRI,m.h(t)))dt+ MSS - TNGR
= 3600
T min (0, max (G, » FMS, , (t), RTLED, . (t), DAS, ,, SR , (t))— DASR, ., (t))dt
e 3600
Tj max(0, min(DOP (t), FMS, , (t))~ max(GRTLOL, ,, , (t), EDgyp; s (£), RTUED, ., (t), FMSR, , (1)) ite
. 3600
Tj max(0, min(DOP (t), RTUED, ,,,, (t), FMS, , (t))— max(G,,;, FMSR, .., (©))) dts
; 3600
GOOE, =1 ~MeRTD }..ieSyes—S
|y min(0 max(Gyny, DORE). FMS:y () min(GRTUOL, 5 (). EDinp (1), RTLED; ). FMSRin O)
W 3600
Tf min (0, max(G,,;, DOR(t), RTLED, ., (t), FMS, . (t))— FMSR, . . (1)) it
W 3600
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TJ min (0, max(FMS, , (t), DAS, ., SR, , (t))— min(LRTLOL, . , (t), EDgupy s (t), RTLED, ., (t), DASR, , (t)))dt .
- 3600
Tj min(0, max(FMS, , (t), RTLED; .., (t), DAS, ,, SR  (t))— min(Lyy;, DASR, , (t)))dt
. — . . . aF
o 3600
LOOE, =4 " ~MeFMM  )-ieSye—S
"] T max(0, min(Lygg s FMS, , (t), DAS, ,, SR, , (1)) — max(LRTUOL, , , (t), ED i m 5 (1), RTUED; ., (1), DASRih(t)))dt Mes TR
o 3600
" max(0, min(Lyn,, FMS, (1), RTUED, (), DAS,,, SR,y (1)~ DASR,,,, )
o 3600
™ min(0, max(DOR (t), FMS, , (t))— min(LRTLOL, ,,,,(t), EDgypimp (t), RTLED; ., (t), FMSR,, (t))) dts
" 3600
Tj min (0, max(DOR(t), RTLED, ,,, (t), FMS, , (t))— min(L,y;, FMSR, , (t))) ite
. 3600
LOOE, =1 " ~MeRTD }.ieS,-S
e TI max(0, min (L, DOR (), FMS,, (t))~max(LRTUOL, (1), EDgpy (1) RTUED, (0, FMSR,, ), e
o 3600
j max(0, min Ly, DOR (1), RTUED, , (1), FMS, , (1))~ FMSR,,, (1))
L 3600

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

OE; .1 =00E; ,,; +NOE, . ..meFMM

'.'iESNGR USHPD USTIE USECA

OE, . nx =OOE, ., + NOE, .., ..meRTD

For NGRs, the Optimal Energy is the sum of Overlapping and Non-overlapping Optimal Energy as follows:
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OE; .. =GOOE,,; + LOOE, , +GNOE, . +LNOE, ., ..meFMM
1€ S R

OE; ,»« =GOOE ,, +LOCE, ,, +GNOE, . +LNOE ., ..meRTD

C.2.1.1.23 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 DA RMR 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 Indicating 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
End If
Step 3,
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”;

PreviousDOT 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.2.1.2 Total Expected Energy
" DOP(t)
[ PORO g

TEEinc= | 3600

Th‘kfl

C.2.1.3 Ramping Dispatch Operating Target

DOT,-DOT,,

RDOT, (t) = DOT, , + t-T,.,) T, <t<T,
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C.2.1.4 Total Target Expected Energy

Th k

i RDOT(1) ,,

TTEE; = 3600

Thka
C.2.15 Ramping Tolerance

RAMPT,  =TTEE,,, —TEE;

C.2.1.6  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.2.1.7 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’
= Dispatch Operating Point
Exceptional Dispatch Instruction

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

Ramping Energy Deviation

Optimal Energy

Residual Iimbalance Energy

Exceptional Digpatch
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C.2.1.8  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,

06 Energy types with the same sign stack up; they do not overlap

6 Energy types with opposite signs overlap

06 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 D-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.
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Exhibit C-1: Day-ahead Energy Breakdown
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Exhibit C-2: Standard Ramping Energy and Ramping Energy Deviation (with ramping deviation caused by slower
ramp)
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a
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Exhibit C-3: Ramping Energy Deviation (Changing Ramp Rate)
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Exhibit C-4: Ramping Deviation (Startup & Shutdown)
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Exhibit D-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.

A MW
/ \
\
/ ;,// \\\;
/ // \\
ol \
// \ \\
\
\

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

Exhibit C-5: Comprehensive Economic Dispatch Case 1
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Exhibit D-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.

A
\\
e N \
7 N
e N
/7 N
o ~N
7 N
7’ N
/7 N
7/ N
7. ~
4 N
7’ N
v ~
e / N
/

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

Exhibit C-6: Comprehensive Economic Dispatch Case 2
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Exhibit D-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.

a

MW

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

Exhibit C-7: Comprehensive Economic Dispatch Case 3
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Exhibit D-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.

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.
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Exhibit C-8: Comprehensive Exceptional Dispatch Case 1

Exhibit D-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:
Day-Ahead Schedule Energy, Standard Ramping Energy, Ramping Energy Deviation, Optimal Energy, Residual Imbalance

Energy and Exceptional Dispatch Energy. [Formatted: Font: 8 pt, Not Italic
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Exhibit C-9: Comprehensive Exceptional Dispatch Case 2

Exhibit D-10 takes the original example from D-9 and shows the impact of a SLIC derate/rerate. In D-10, it assumes a
SLIC derate of Pmax between min 0’ to 27.5’ in current hour and a SLIC rerate of Pmin between 0’ and 15’ in the next hour.

This causes negative derate energy and positive derate energy in the corresponding time period.
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Exhibit C-10: Impact of SLIC derate/rerate (Derate Energy)

C.2.1.9 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
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6 DA Pumping Energy is always negative and there is no further breakdown of DA Pumping Energy

06 RT Pumping Energy can be positive or negative

6 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

6 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 D-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-11: Day-ahead Pumping Energy

Exhibit D-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.
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In this case, the Expected Energy generated include DA pumping energy (negative), Real-time pumping energy (positive),
Standard Ramping Energy and Ramping Energy Deviation

A

MW Standard ~ Ramping  Ppositive Real-time Pumping gﬁ?ﬁf!ve N Day-ahead
ERNErgy ovsrlagpp =0 Energy H T oY
with iRamping: Energy 7\
Deviatiop. /
Zer
/ / Zéro
/ MW

a

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

Exhibit C-12: Positive Real-time Pumping Energy
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Exhibit D-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).

1 Real-time Pumping

MW e

¥

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

Exhibit C-13: Negative Real-time Pumping Energy
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Exhibit D-14 shows a case that a Pumped-Storage Hydro (PSH) Resource has been committed in DA generation mode and
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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E
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Exhibit C-14: PSH from DA generation mode to Real-time pumping mode [Formatted_ Fort: 8 pt, Not Itali
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Exhibit D-15 shows a case that a Pumped-Storage Hydro (PSH) Resource has been committed in DA pumping mode and then
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.

MW DA Pumping Energy
i \

Fmi1<_ _ / Z/ \ Pmi

/ ) \\ Zero

y \ AYY
// / N
/ Rea-tife
Minimum iLoad
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I Ih ] t.h P. H
WITICTTOVETTAP ST o l—llll].}]qu
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Exhibit C-15: PSH from DA pumping mode to RT generation mode
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C.2.1.10 Block Accounting in Expected Energy

When calculating Expected Energy for System Resources(hourly pre-dispatched or not) and Non-Dynamic Resource-Specific
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).

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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Exhibit C-16: Expected Energy under the block accounting method (Non HPD Tie)
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C.2.1.11 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.

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

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

D-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

Version-38Version 38 Last Revised: January 6, 2014January-6;,2014 Page C-127

[Formatted: Font: 8 pt, Not Italic




CAISO Business Practice Manual BPM for Market Operations

“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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Exhibit C-18: MSS Load Following Energy (Economic Dispatch with MSSLF case 1)
D-19 takes the comprehensive economic dispatch case in D-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 D-18.
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Exhibit C-19: MSS Load Following Energy (Economic Dispatch with MSSLF case 2)

D-20 takes the comprehensive economic dispatch with MSSLF case in D-18 and adds in the Exceptional Dispatch Instructions.
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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energy.; | __iMp energy
/ TTD TR T T Y T T T AN oveLlapPing. overlapping with
/ N.,ga.;iv, thll] =
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/ 4" Dnly positive D N I N Following
/ // optimal - energy. No | ==L i L - LN - = < Energy. | No
/ /) overlapping; L= i '/' STTITT TN T T F TN _ovérlapping
, — \ N
(e, 1 '_;.z"'_ _ ] Negativie MS$ Load / N\ N
C ST T T ] Followipg | ‘energy N
overlapping vith //
positive Exceptional
\ Dispatch Enetgy: A’/ N\
A Negative MSS Load Posgitive MSS Load | N | | | i |
Positive MSS Following energy. Following energy
Load Foltowin : : varlapping With
Overlapping with ) .
er ergy. _ No positive Optiina heg ative Optimal
overtapping ; Energ

=rrer >
45 50 55 0 5 10 15 20 25 30 35 40 45 50 55 0 5 10 15
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Exhibit C-20: MSS Load Following Energy (D-18 with Exceptional Dispatch)

D-21 takes the comprehensive economic dispatch with MSSLF case in D-19 and adds in the Exceptional Dispatch Instructions.
In this example, the Exceptional Dispatch Instructions do not change the MSS Load Following Energy. There are intervals in
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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Exhibit C-21: MSS Load Following Energy (D-19 with Exceptional Dispatch)
C.2.1.12 RMR Energy

D-22 lllustrates an example in which the “RMR DOP” is calculated based on the combination of DA, RT RMR requirements, DA
and STUC commitment schedules and the DOP. The “RMR DOP” is really a curve representing what we believe is dispatch
under the RMR contractual obligation. The RMR energy is simply the area under the “RMR DOP” curve. RMR energy is the

energy CAISO will pay based on RMR contract, not based on the market. ( Formatted: Font: 8 pt, Not Italic
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In D-22, Several cases are illustrated,

Case 1: Interval (45’ to O’ for the previous hour)

We have RT RMR requirement and hence the “RMR DOP” is the same as the DOP for those three intervals;
Case 2: Interval (0’ to 15’ for the current hour)

There is no RT RMR requirement. There is DA RMR requirement which is equal to the DA commitment schedule. We also
have STUC commitment schedule equal to the LMP MW. In this case, the “RMR DOP” is still the same as the DOP for those

three intervals according to our algorithm;
Case 3: Interval (15’ to 30’ for the current hour)

There is no RT RMR requirement. There is DA RMR requirement which is equal to the DA commitment schedule. There is no
STUC commitment schedule. According to our algorithm, the “RMR DOP” is equal to the Day-Ahead Schedule;

Case 4: Interval (30’ to O’ for the current hour)

There is no RT RMR requirement. There is DA RMR requirement which is equal to the DA commitment schedule. There is a
STUC commitment schedule equal to the LMP MW. According to our algorithm, this leads to a “RMR DOP” which mostly
simulate the DOP curve except in the interval (30’ to 32.5’) since the STUC commitment schedule is lower than the DOP;

Case 4: Interval (0’ to 15’ for the next hour)
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There is no RT RMR requirement. There is DA RMR requirement which is equal to the DA commitment schedule. There is a
STUC commitment schedule equal to the LMP MW. According to our algorithm, this leads to a “RMR DOP” which mostly
simulate the DOP curve except in the interval (0’ to 2.5’) since the STUC commitment schedule is lower than the DOP;
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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.

4+ STUC

MW _WyCommitment RMR DOP
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Exhibit C-22: “RMR DOP” curve calculation and RMR energy
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C.3 Ex Post Capacity Allocation

This section describes the ex post capacity allocation of various services onto a Generating Unit
Energy Bid and capacity range for the purpose of indexing Instructed Imbalance Energy (IIE)
out of these services onto Energy Bid. The capacity allocation rules are consistent with the ones
employed in the RTM applications.

The main output of this process is to come up with the following capacity range per market

resource and Dispatch Interval,

SRC Spinning Reserve allocated capacity range.
NSC Non-Spinning Reserve allocated capacity range.
MEC Real-time Optimal Energy Capacity range
DAEC Day-ahead Optimal Energy Capacity range

DeRatedCAP Derated Capacity Range
The following notation is used in the following Sections:

LOL Lower operating limit; it is the minimum load incorporating overrates,
which includes the late SLIC. MQS gets the original value from RTM and
then applies late SLIC if applicable.

UOL Upper operating limit; it is the maximum capacity incorporating derates,
which includes the late SLIC. MQS gets the original value from RTM and
then apply late SLIC if applicable.

UOL(rtm) Upper operating limit; it is the maximum capacity incorporating derates
in RTM if applicable in time. MQS gets this from RTM.

LRL Lower regulating limit.

URL Upper regulating limit.

LEL Lower economic limit; it is the starting operating level of the Real-Time
Energy Bid.

UEL Upper economic limit; it is the ending operating level of the Real-Time
Energy Bid.

LFD Load Following Down qualified self-provision capacity.

(If exists in RT, take RT, otherwise take DA. In other words, they are not
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LFU

LFI

RD

RU

SR

NS

LFDC
LFUC
RDC

RUC

SRC

NSC

MEC
DAEC
DeRatedCAP
MinExCap
MaxExCap

incremental like AS. Hourly for DA and 15-minute for RT)
Load Following Up qualified self-provision capacity.

(If exists in RT, take RT, otherwise take DA. Hourly for DA and 15-
minute for RT)

Validated Load Following Instructions (5 minute based. This value is a
part of the DOT breakdown from RTM.).

Regulation Down award; it includes qualified self-provision capacity.
(DA + RT. RTM has this total already)

Regulation Up award; it includes qualified self-provision capacity.
(DA + RT. RTM has this total already)

Spinning Reserve award; it includes qualified self-provision capacity.
(DA + RT. RTM has this total already)

Non-Spinning Reserve award; it includes qualified self-provision
capacity.

(DA + RT. RTM has this total already)
Load Following Down allocated capacity.
Load Following Up allocated capacity.
Regulation Down allocated capacity.
Regulation Up allocated capacity.
Spinning Reserve allocated capacity range.
Non-Spinning Reserve allocated capacity range.
Real-time Optimal Energy Capacity range
Day-ahead Optimal Energy Capacity range
Derated Capacity Range

Minimum Ex-post Capacity

Maximum Ex-post Capacity

The Generating Unit is considered online if the RTUC status is “ON” in the relevant Dispatch

Interval and offline if the commitment status is “OFF”. The Generating Unit is considered on

Regulation if the RTM regulating status is “ON” in the relevant Dispatch Interval, and off

Regulation if the regulating status is “OFF”. The lower and upper regulating limits are used

when the Generating Unit is on Regulation and they are equally or more restrictive than the
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lower and upper operating limits, unless the latter are modified by derates. The Energy Bid
range is restricted between the Minimum Load and the maximum capacity, but it may extend

beyond the regulating limits, and also beyond the operating limits if they are derated.

Derate Capacity:

When considering late SLIC case in the ex-post capacity calculation, it is possible that the
adjusted UOL is lower than the DOP. This situation reflect the fact that Real-Time dispatch
algorithm does not know and hence account for this derate so the DOP is higher than what the

unit can physically deliver.

In such cases, we never change the Expected Energy calculation. All Expected Energy will be
calculated in the same way according to the DOP. What get affected is the energy allocation
because now we have a portion of the Expected Energy that will not have a capacity range that
corresponds to.

The capacity “Derate Capacity” is used to solve this problem. Any capacity range above the
Spin range to the DOP will be categorized as “Derate Capacity”. The allocation logic is exactly
the same as any other capacity range. The market service type will be filled with “Derate

Capacity” in this case.

Notice that, there can be late SLIC for Pmin as well. In such cases, while the late SLIC does
affect the after the fact calculated LOL and hence “push up” the Optimal Energy, Non-spin and
Spin capacity, there is no need to introduce a new service type because the capacity

underneath the ME is covered by “Day-Ahead energy capacity”.

C.3.1.1  Online Resource not on Load Following or Regulation
In this case, the capacity allocation is as follows:

» Spinning Reserve is allocated first from the lower of the upper economic limit or the
upper operating limit, and until the higher of the lower economic limit or the lower
operating limit.

» Non-Spinning Reserve is allocated next below the Spinning Reserve and until the higher

of the lower economic limit or the lower operating limit.
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In mathematical terms:

MinExCap = max(LOL, LEL)

MaxExCap = min(UOL,UEL)

SRC = min (SR, MaxExCap — MinExCap )

NSC = max(min (NS, MaxExCap — MinExCap — SRC),0)
MEC = max( MaxExCap — MinExCap — SRC — NSC,0)
DAEC = MinExCap

DeRatedCap = Max( (UOL(rtm)- MaxExCap),0)

Exhibit D-23 illustrates a typical scenario under this case.
Exhibit D-23: Online Resource not on Load Following or Regulation

A

$/MWh NSC SRC

A
A

\

—e

max(LOL, LEL) min(UOL, UEL) MW

C.3.1.2 Online Resource not on Load Following, but on Regulation
In this case, the capacity allocation is as follows:

» Regulation Up and Regulation Down are allocated first and pro rata between the most

restrictive of the regulating or operating limits. No Energy Bid is required for Regulation.

» Spinning Reserve is allocated next below the Regulation Up and the upper economic

limit, and until the Regulation Down or the lower economic limit.

Version-38Version 38 Last Revised: January 6, 2014January-6,2014 Page  C-
140

[ Formatted: Font: 8 pt, Not Italic

[ Formatted: Font: 8 pt, Not Italic




CAISO Business Practice Manual BPM for Market Operations

» Non-Spinning Reserve is allocated next below the Spinning Reserve and until the

Regulation Down or the lower operating limit.

In mathematical terms:

RDC = min[RD,RD

RD < RU (min(UOL, URL)-max(LOL, LRL))J

RUC = min[RU ,&
RD +RU

MaxExCap = min(min(UOL,URL)-RUC,UEL)

MinExCap = max(max(LOL, LRL)+ RDC, LEL)

SRC = min(SR, MaxExCap — MinExCap )

NSC = max(min (NS, MaxExCap — MinExCap — SRC ),0)

MEC = max((MaxExCap — MinExCap — SRC — NSC ),0)

DAEC = MinExCap

DeRatedCap = Max((UOL(rtm)- MaxExCap),0)

(min(UOL,URL)-max(LOL, LRL)))

Exhibit D-24 illustrates a typical scenario under this case.

Exhibit C-24: Online Resource not on Load Following but on Regulation

r
$/MWh RDC NSC SRC RUC
i —> —— —
| - i | i i
[ [ [ . [ MW' -
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C.3.1.3  Online Resource on Load Following, Not on Regulation

In this case, the capacity allocation is as follows:

» Load following up and Load following down are allocated first and pro rata between the
most restrictive of the economic or operating limits. An Energy Bid is required for Load
Following.

» Spinning Reserve is allocated next below the Load following up and until the Load
following down.

» Non-Spinning Reserve is allocated next below the Spinning Reserve and until the Load
following down.

In mathematical terms:

LFDC = max(0, LFI + min(LFD, ﬁ(min(UOL,UEL)— max(LOL, LEL))))
LFD + LFU
LFUC = max(0, min[LFU , L(min(UOL,UEL)— max(LOL, LEL))) — LFI)
LFD + LFU

MaxExCap = min(UOL,UEL )~ LFUC

MinExCap = max(LOL, LEL)+ LFDC

SRC = min(SR, MaxExCap — MinExCap )

NSC = max(min (NS, MaxExCap — MinExCap — SRC ),0)
MEC = max((MaxExCap — MinExCap — SRC — NSC),0)
DAEC = MinExCap

DeRatedCap = Max( (UOL(rtm)- MaxExCap),0)

Exhibit D-25 illustrates a typical scenario under this case.
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Exhibit D-25: Online Resource on Load Following, but not on Regulation

b
$IMWh LFDC NSC  SRC LFUC
—
5 | L = 5
i : — :
— Lo :
max(LOL, LEL) min(uoL, ueL) MW

C.3.1.4  Online Resource on Load Following & Regulation

In this case, the capacity allocation is as follows:

» Load following up and Load following down are allocated first and pro rata between the
most restrictive of the economic, regulating, or operating limits. An Energy Bid is
required for Load Following.

» Regulation Up and Regulation Down are allocated next and pro rata below and above
Load following up and Load following down, respectively. In this case, the Energy Bid
covers Regulation.

» Spinning Reserve is allocated next below the Regulation Up and until the Regulation
Down.

» Non-Spinning Reserve is allocated next below the Spinning Reserve and until the
Regulation Down.

In mathematical terms:
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LFD

LFDC =max(0, LFI + min| LFD, ——
LFD + LFU

(min(UOL,URL,UEL) - max(LOL, LRL, LEL))])

LFUC = max(0, min(LFU, LFU (min(UOL,URL,UEL) - max(LOL, LRL, LEL))j ~ LFI)
LFD + LFU
_ RD  (‘min(UOL,URL,UEL)—- max(LOL, LRL, LEL)~
RDC =min| RD, —————
RD + RU ( LFDC - LFUC
_ RU (min(UOL,URL,UEL)- max(LOL, LRL, LEL)~
RUC =min| RU, ————
RD + RU ( LFDC - LFUC

MaxExCap = min(UOL,URL,UEL )~ LFUC - RUC
MinExCap = max(LOL, LRL, LEL)+ LFDC + RDC
SRC = min (SR, MaxExCap — MinExCap )

NSC = max(min (NS, MaxExCap — MinExCap — SRC ),0)
MEC = max((MaxExCap — MinExCap — SRC — NSC),0)
DAEC = MinExCap

DeRatedCap = Max((UOL(rtm)- MaxExCap),0)

Exhibit D-26 illustrates a typical scenario under this case.

Exhibit C-26: Online Resource on Load Following and Regulation

r'
$/MWh LFDC RDC NSC SRC RUC LFUC

i \ ) ) \ ) ) :

| . o T

L =

— I i

' . LMW

max(LOL, LRL, LEL) min(UOL, URL, UEL)
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C4 Expected Energy Allocation

In order to support various compliance and settlement functions, we will need a combined
break-down of various market services, Expected Energy and Day-Ahead/Real-Time Energy
Bid curve. This break-down list is the so-called “Expected Energy Allocation”.

The breakdown will look like the following and each unique combination of Expected Energy
type, market service type and the corresponding bid segment will uniquely determines one

unique energy amount.

Expected Energy | Market Service Bid Price Energy

Type Type

Expected Energy | What the market Corresponding Price | Break-down energy

Types offers that has with matched bid amount
relationship to segment

settlement bid cost
recovery and
compliance

C.4.1. Expected Energy Types and Market Service Types

In MRTU, the market service types simply represent the various commodities supported by the
market that has relationship to Settlement Bid Cost Recovery and compliance calculation.
These market service types breakdown is corresponding to the capacity range derived from the

ex-post capacity allocation described in D.4

The reason that derate capacity, market energy capacity and day-ahead energy capacity are
calculated is to determine spinning reserve and non-spinning reserve capacity because those
capacities do affect the ex-post spin and non-spin capacity range. The expected energy within
the capacity range of spinning reserve and non-spinning reserve capacities are also referred
“spin energy” and “non-spin energy” and used in Compliance for Spin and non-spin No Pay.
Market Service types are only used by Compliance for spin and non-spin “no pay” calculations.
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They are as it follows,

SR Spinning Reserve Capacity range.

NR Non-Spinning Reserve Capacity range.

ME Market Energy Capacity

DAC
DEC

Day-ahead Capacity
Derated Capacity

Market Participants will be able to review all Expected Energy Categories in OASIS and CMRI.

All energy types can be verified against the Market Participant’s settlements statements to

validate both Day Ahead HASP and Real Time Charge Codes. The following matrix outlines

how each report shall display the various types of Energy Types. Note that for the definition of

the Exceptional Dispatch types, please refer Settlements and Billing BPM for CC6470 —

Instructed Imbalance Energy Settlement.

Expected Energy | OASIS CMRI - Expected | CMRI — Expected

Category Energy Energy
Allocation
Details

Day Ahead DASE DASE DASE

Scheduled Energy

Day Ahead Bid DABE DABE n/a

Awarded Energy

Day Ahead Self DSSE DSSE n/a

Schedule Energy

Day Ahead DMLE DMLE n/a

Minimum Load

Energy

Day Ahead DAPE DAPE n/a

Pumping Energy

Total Expected TEE TEE n/a

Energy

Optimal Energy* | OE OE OE

Standard SRE SRE SRE
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Ramping Energy

Ramping Energy
Deviation

RED

RED

RED

RMR Energy

RMRE

RMRE

n/a

Residual Energy

RE

RE

RE

Minimum Load
Energy’

MLE

MLE

MLE

Pumping Energy*

PE

PE

n/a

Real Time Self
Scheduled Energy

RTSSE

RTSSE

RTSSE

SLIC Energy*

SE

SE

SE

MSS Load
Following Energy

MSSLFE

MSSLFE

MSSLFE

Exceptional
Dispatch Energy*

TMODEL

EDE

TMODEL

Exceptional
Dispatch Energy -
TMODEL 1*

TMODEL1

EDE

TMODEL1

Exceptional
Dispatch Energy —
TMODEL2"

TMODEL2

EDE

TMODEL2

Exceptional
Dispatch Energy —
TMODEL3!

TMODEL3

EDE

TMODEL3

Exceptional
Dispatch Energy —
TMODEL4"

TMODEL4

EDE

TMODEL4

Exceptional
Dispatch Energy —
TMODELS5"

TMODELS5

EDE

TMODELS

Exceptional
Dispatch Energy —
TMODEL6"

TMODELG6

EDE

TMODELG6

Exceptional
Dispatch Energy —
TMODEL7"

TMODEL7

EDE

TMODEL7

Exceptional
Dispatch Energy -
SYSEMR!

SYSEMR

EDE

SYSEMR
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Exceptional
Dispatch Energy —
SYSEMR1!

SYSEMR1

EDE

SYSEMR1

Exceptional
Dispatch Energy -
TEMR*

TEMR

EDE

TEMR

Exceptional
Dispatch Energy -
RMRR!

RMRR

EDE

RMRR

Exceptional
Dispatch Energy -
RMRS*

RMRS

EDE

RMRS

Exceptional
Dispatch Energy -
RMRT*

RMRT

EDE

RMRT

Exceptional
Dispatch Energy -
NonTModel

NonTMod

EDE

NonTMod

Exceptional
Dispatch Energy —
TORETC"

TORETC

EDE

TORETC

Exceptional
Dispatch Energy —
TORETC1!

TORETC1

EDE

TORETC1

Exceptional
Dispatch Energy -
ASTEST!

ASTEST

EDE

ASTEST

Exceptional
Dispatch Energy -
TEST!

TEST

EDE

TEST

Exceptional
Dispatch Energy -
vs*

VS

EDE

VS

Exceptional
Dispatch Energy -
BS'

BS

EDE

BS

Exceptional
Dispatch Energy -
SsLIc?

SLIC

EDE

SLIC

RMRRC2

RMRRC2

EDE

RMRRC2

Version-38\Version 38

Last Revised: January 6, 2014January-6,2014

Page C-
g

148

[ Formatted: Font: 8 pt, Not Italic

[ Formatted: Font: 8 pt, Not Italic




CAISO Business Practice Manual BPM for Market Operations

‘ OTHER OTHER EDE ‘ OTHER

!Separate allocations for 15 minute and 5-minute dispatches will be reported.

C5.2 Allocation Logic

There are two steps in this allocation:

Step 1: Ex-post Capacity Allocation for every market resource and 5 minute interval

This has been described in D4. The final result leads to the following table (hyperthetical data)

-- Example assumes no derate and hence no de-rated capacity exists.

Market Service Type MW range
Spinning Reserve Capacity 50 — 55MW
Spinning Reserve Capacity 45 - 50MW

Non Spinning Reserve Capacity | 40 — 45MW

Non Spinning Reserve Capacity | 30 — 40 MW
Optimal Energy Capacity 20 - 30 MW
Day-ahead Energy Capacity 0-20 MW

Step 2: Stack up the table in the order that it is shown to the left of the Expected Energy
curve and, apply the Real-Time Energy Bid segment to Real-Time Expected Energy AND
the Day-Ahead Energy Bid segment to Day-Ahead Expected Energy

Per Expected Energy area, market service type, DA/RT Energy Bid segment, this breaks down
the Expected Energy area into further detail and the MWH related to that area is calculated.
This so called “Slicing and Dicing” method is the same as we deployed in Phase 1B except the
difference that Day-Ahead Energy Bid curve is used for DA energy and Real-Time Energy Bid
curve is used for RT energy.
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PRICE MW

S40LMP, |1
LMPMW =50 |i 55
MW !

v ]
L ;50

$50

45
$30 40
30
I s
$20 ME - - 1 I
$20 :— = I L 20
Day-ahead . 1 ! o
L
Time 00:45 00:50 00:55

Exhibit C-27: “Slice and Dice” for ancillary service allocation — Economic Dispatch

The final output will be like the following table (The numbers are hypothetical)

Expected Energy | Market Service Bid Price Energy

Type Type

Optimal Energy | Spinning Reserve $50 0.415MWH
Capacity

Optimal Energy | Spinning Reserve $30 0.415MWH
Capacity

Optimal Energy | Non Spinning $30 0.415MWH
Reserve Capacity

Optimal Energy | Non Spinning $20 0.83MWH
Reserve Capacity

Optimal Energy | Optimal Energy $20 0.83MWH
Capacity

Day-ahead Day-ahead Energy | $20 1.66MWH

Energy Capacity

Residual and Exceptional Energy
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When dealing with Residual Imbalance Energy, the bid segment needs to come from the

reference hour’s bid, not the current hour’s bid.

Exceptional Dispatch Energy is listed with its description of the Exceptional Dispatch Instruction
type. When there are multiple Exceptional Dispatch Instructions for the same interval, ONLY the
binding Exceptional Dispatch Instruction needs to be considered and outputted in the EE
calculation.

"NO BID” -- When Bid price is NULL

Because of the nature of Exceptional Dispatch Instructions, it is possible that an instruction will
NOT have a bid segment associated with it (the so-called out-of market) case. In such cases,
the Expected Energy type will be still filled in with the Exceptional Dispatch Energy type while
the Bid price will be filled as “NULL". This would indicate to downstream systems that there is no
match for the big curve.

To further more illustrate the NO BID scenario, there are also other cases that there is no
Energy Bid at all for certain intervals. For example, there is the case that unit ramping from a
hour with bid into the next hour without bid, a ramping energy deviation could occur in the first
few intervals of the next hour. In such cases, use the NULL for bid price. The Expected Energy
type will stay as whatever applies for that energy portion. The Day-Ahead energy capacity and
derate capacity sections typically come with NULL price. However, some part of those capacity

ranges can come with a bid price because they overlaps with the bid curve.

Exhibit D-28 further illustrates how Expected Energy allocation is done in a more

comprehensive example.

Version-38Version 38 Last Revised: January 6, 2014January-6,2014 Page  C-

151

[ Formatted: Font: 8 pt, Not Italic

[ Formatted: Font: 8 pt, Not Italic




CAISO Business Practice Manual BPM for Market Operations

PRICE
$50
$30
$20 ME
$20 !
Day-ahead !
Time 00:55 00:00 00:05
Exhibit C-28 Exceptional Dispatch Energy and more complicated ramping scenarios
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The output of Exhibit D-28 for interval 00:55 to 00:00 (HE 1) will be something like the following

table (This time we use area label to indicate)

Expected Energy | Market Service Bid Price Energy
Type Type

EDE - Reliability | Spinning Reserve $50 A
Must Run

EDE — Reliability | Spinning Reserve $30 B
Must Run

EDE — Reliability | Non Spinning $30 Cc
Must Run Reserve

EDE - Reliability | Non Spinning $20 D
Must Run Reserve

EDE — Reliability | Optimal Energy $20 E
Must Run

Standard Ramping| Optimal Energy $20 F
Energy

Day-ahead Energy| Day-ahead Energy | $0 G

table (This time we use area label to indicate)

The output of Exhibit D-28 for interval 00:00 to 00:05 (HE 2) will be something like the following

Expected Energy | Market Service Bid Price Energy

Type Type

Residual Energy | Spinning Reserve $50 H

Residual Energy | Spinning Reserve $30 I

Optimal Energy | Optimal Energy $30 J

Ramping Energy | Day-ahead Energy | $0 K

Deviation

Standard Day-ahead Energy | $0 O (Negative)
Ramping Energy

Optimal Energy | Day-ahead Energy | $0 L (Negative)
EDE - Over- Day-ahead Energy | $0 M (Negative)
generation

Day'ahead Day'ahead Energy $0 N+O [Formatted: Font: 8 pt, Not Italic
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Energy

C.5 Market Data Correction

Prior to calculating Expected Energy, a review of the Trading Day’s Market results is performed.
After the Day-Ahead Market application (IFM) and the Real-Time Market application (RTM)
conclude for the Trading Day, the Market results are evaluated by CAISO Market Operations
Engineers and Market data corrections are performed, if appropriate.

For more details, refer to Section 8 of the BPM .

C.6 Publish Expected Energy Calculation

CAISO initially publishes Expected Energy at Trading Day plus one (T+1) Calendar Day. The
remaining Expected Energy publication schedule is consistent with the settlement schedule
provided in Section 2.3.2 of BPM for Settlements. CAISO will publish Expected Energy no later
than 2 business days in advance of the settlements schedule. This is to allow for Settlement
Statement processing time and validation. The data in Expected Energy shall match the

Settlement Statements when published.

Expected Energy is available on a secure basis to each Market Participant via the CMRI.

C.7 Multi-Stage Generating Resource Expected Energy

c.7.1 Real-Time Minimum Load Energy Calculation for Multi-Stage
Generating Resources

The formulas for the Expected Energy calculation and allocation logic for Multi-Stage

Generating Resources do not differ from those for non Multi-Stage Generating Resources. The

only difference in the Expected Energy calculation for a Multi-Stage Generating Resource is the

calculation for the Real-Time Minimum Load Energy. This is to account for the possibility that

an MSG’s Minimum Load is different between the Day-Ahead Market and the Real-Time Market

as a result of the commitment of different MSG Configurations. The two instances where the
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calculation of Real-Time Minimum Load Energy is different for a Multi-Stage Generating
Resource are:

1- For any given Settlement Interval, if the Day-Ahead Market and Real-Time Market have
different committed MSG Configurations, and the Real-Time MSG Configuration
Minimum Load is greater than Day-Ahead Schedule, then the Real-Time Minimum Load
Energy will be the Energy below the Real-Time MSG Configuration Minimum Load and
above Day-Ahead Schedule. The Day-Ahead Minimum Load Energy will correspond to
the Day-Ahead MSG Configuration Minimum Load as shown below:

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.

RT Configuration Above DA Configuration

MW
E
— DOP &
.20
o OE £
O
- Pmin r2
= <
= a)
+oF DA Sched .‘;0
m e
ul & 5
B[ S Pminow foomooo oo BASE__________
al Y
=
a

Time

Exhibit C-29: Example of Real-Time Minimum Load Energy for Multi-Stage Generating
Resource
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2- If the Day-Ahead Market and Real-Time Market have different committed MSG
Configurations, and the Real-Time MSG Configuration Minimum Load is less than the
Day-Ahead Schedule, there will be no Real-Time Minimum Load Energy. The Day-
Ahead Minimum Load Energy will correspond to the Day-Ahead MSG Configuration

Minimum Load as shown below:

RT Configuration Below DA Configuration

MW
-+
)
+ - DA Sched .
1 ~N
b oo
2 €
e S
—+ 0 Pminpa2 plamaaasc o on G s v
—
E
Y
of wf *+ DOP w
= =
e . DASE S
Pminrm e e m e e e s e e = e =i v

Time

Exhibit C-30: No Real-Time Minimum Load Energy: Multi-Stage Generating Resource
where Real-Time MSG Configuration is Below Day-Ahead MSG Configuration
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C.7.2 Real-Time Economic Dispatch Levels for Multi-Stage Generating
Resources

The calculation of the upper and lower Real-Time Economic Dispatch levels for Multi-Stage
Generating Resources do not differ from those for non MSG resources. However, the following
rules apply in addition to the calculations detailed in section C.2.1.1.14 above.

For Multi-Stage Generating Resources, the Real-Time Economic Dispatch levels must always
fall within the operating range of the Real-Time active MSG Configuration. The formula used to
calculate these levels when there is no Real-Time Energy Bid for the active MSG Configuration
has been updated to comply with this convention. The formula is as follows:

RTLED = RTUED = Min { Pmax RT Config, Max [ DAS DA Config, Pmin RT Config ]}

The formula in section C.2.1.1.14 used when a Real-Time Energy Bid is present can be applied
to Multi-Stage Generating Resources without any changes. However, it is important to note that
the Real-Time Energy Bid Curve of the Real-Time active MSG Configuration will be used as the
input to that formula. Therefore, the calculated Real-Time Economic Dispatch levels will never
exceed the operating range of the Real-Time active MSG Configuration. In the case where a
Multi-Stage Generating Resource is dispatched uneconomically (for example due to Exceptional
Dispatch) the Real-Time active MSG Configuration may be a different MSG Configuration than

the economic dispatch. (See figures C-31 and C-32 below for illustration of examples.)

Version-38Version 38 Last Revised: January 6, 2014January-6,2014 Page C-

157

[ Formatted: Font: 8 pt, Not Italic

[ Formatted: Font: 8 pt, Not Italic




CAISO Business Practice Manual

BPM for Market Operations

Progression of RT Economic Dispatch Levels With

Un-Economic Exceptional Dispatch Instruction (Decremental)

DASE

MW
4

DA Sched

Pmin c3
Pmax c2

Pmax c1/
Pmin c2

Pmin c1

RT EconomicDispatch Level

O \ "

OOSk
DASE -OF
DOP -O0SE
A -OE
-OOSE
Max EDE Instr.
le ale sle |
I~ RT Active "% RTActive | RT Active “1
Config=C3 Config = C2 Config=C1

Config2: RT Config3: DA &RT

Config1: RT

Exhibit C-31: Real-Time Economic Dispatch Levels with Decremental Exceptional

Dispatch Instruction
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Progression of RT Economic Dispatch Levels With
Un-Economic Exceptional Dispatch Instruction (Incremental)

MW

Min EDE Instr.

Pmin c3
Pmax c2

Config2: RT Config3: DA &RT

Pmax c1/ J
Pmin c2 KD
[
o
—
oo
=
c
S
. DASE
Pminci [ e e Y
le 2 ale a
I~ RT Active “T° RTActive | RT Active “
Config=C3 Config=C2 Config=C1 .
Time 2

Exhibit C-32: Real-Time Economic Dispatch Levels with Incremental Exceptional
Dispatch Instruction

C.7.3 Residual Imbalance Energy for Multi-Stage Generating Resources

As detailed in section C.1, Residual Imbalance Energy is assigned the Real-Time Energy Bid
price from the reference hour. For Multi-Stage Generating Resources if the Real-Time active
MSG Configuration is the same during the intervals of the Residual Imbalance Energy and the
reference hour then the Real-Time Energy Bid price from that same MSG Configuration during

the Reference Hour will be assigned to the Residual Imbalance Energy as appropriate. This is
[Formatted: Font: 8 pt, Not Italic
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For Multi-Stage Generating Resources it is possible that the Residual Imbalance Energy may be
in a Real-Time active MSG Configuration that was not active in the reference hour (see Figure
C-33 below.) In such cases the Real-Time Energy Bid price from the last or next active MSG
Configuration will be assigned to the Residual Imbalance Energy depending on the direction of
the reference hour. If the reference hour is the prior hour (as in Figure C-33) then the Real-Time
Energy Bid price from the last active MSG Configuration in the reference hour will be assigned
to the Residual Imbalance Energy. If the reference hour is the hour after then the Residual
Imbalance Energy will use the Real-Time Energy Bid price from the first active MSG

Configuration in the next hour.

It is important to note that the range of the Real-Time Energy Bid Curve from the active MSG
Configuration in the reference hour may exclude some or all of the range of the Residual
Imbalance Energy. In the case of two over-lapping configurations some of the Residual
Imbalance Energy will be assigned the Real-Time Bid Price from the reference hour and
appropriate configuration. But some of the Residual Imbalance Energy will not be assigned any
Energy Bid price and will instead be settled using the Resource Specific Settlement Interval
LMP for each interval. For example, in figure C-33 below, the Residual Imbalance Energy is in
active configuration 2. The last active MSG Configuration from the reference hour is
configuration 3, the range of which overlaps with Configuration 2. The Real-Time Energy Bid
price from configuration 3 will be assigned to the portion of the Residual Imbalance Energy that
overlaps with the range of configuration 3. The remaining Residual Imbalance Energy will not be
assigned any Bid Price and will be settled using the Resource Specific Settlement Interval LMP

values for each interval.

If there was no overlap between configuration 3 and configuration 2 then all of the Residual
Imbalance Energy would be settled at the Resource Specific Settlement Interval LMP.
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Residual Expected Energy After Real-Time

Configuration Transition

MW DOP Transitions RT Economic E
N Dispatch <
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Exhibit C-33: Residual Imbalance Energy After Real-Time Configuration Transition
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D. Commitment Cost Determination

D.1. Introduction

In order to support the bid cost recovery process, the relevant commitment cost per
market and resource will need to be determined. This determination will first derive the
Self-Commitment Periods based on the bid set and relevant inter-temporal constraints.
This results into the separation of ISO commitment period versus self commitment
period. At the end, the relevant commitment cost will be calculated based on the
determined ISO commitment and self commitment period and relevant cost allocation
rules. In essence, the bid cost for the resource within the determined self-commitment

periods will not be included the bid cost recovery.
The commitment cost covers the following resources,

1. Startup cost and minimum load cost for generators including pump storage

resources in generation mode and tie generators;

2. Pumping cost and pump shutdown cost for participating loads and pump storage

resources in pumping mode.

In summary, this determination process will include the following three steps:
1. ELC/IFM/RUC self commitment type determination (sections D3, D4);
2. Real-time self commitment type determination (D6);

3. BCR commitment cost determination including individual cost dollar amount and
eligibility (D7).
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D.2. General Principles of Self Commitment Determination

CAISO will determine the commitment type for each time interval. The commitment type

shall be either “Self-Commitment” or CAISO-Commitment.”.

The Commitment Types shall be determined for ELC, IFM, RUC and RTUC for each
time interval. The time interval in the ELC, IFM and RUC is an hour, and the time interval
in RTUC is 15 minutes. The manual commitment by the CAISO in RTD (OOS) as
Exceptional Dispatch should be considered as CAISO commitment if the OOS

instruction is in its time horizon and also reported as OOS instructions.

The Commitment Types shall be determined for Generators, Tie Generators, Pump-
Storage Units in Generating Mode, Pump-Storage in Pumping Mode, and Participating
Load.

The key is how to determine Self-Commitment (including extended Self-Commitment);
once Self-Commitment is determined, CAISO Commitments can be determined readily

by excluding the Self-Commitments from the Commitment periods.

The following general principles apply to all CAISO Markets (IFM, RUC, HASP, STUC,
FMM, RTUC and RTM.

e For a unit that is not a Fast Start unit, a time interval is considered a Self-
Commitment interval if the unit has in its Clean Bid an energy self-schedule, load
following up/down capacity or any AS self-provision (i.e., regulation up/down,
spinning reserve, non-spinning reserve) in the interval or in other intervals if it is
determined by inference that the unit must be on in the interval due to the unit’s
physical constraints such as Minimum Up Time (MUT), Minimum Down Time
(MDT), Maximum Daily Startup (MDS).

e For a unit that is a Fast Start unit (i.e. a unit that can provide non-spin when
offline), a time interval is considered a Self-Commitment interval if the unit has in
its Clean Bid an energy self-schedule, load following up/down capacity or any AS
self-provision except non-spinning reserve (i.e., regulation up/down and spinning
reserve) in the interval or in other intervals if it is determined by inference that the

unit must be on in the interval due to the unit’s physical constraints such as
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Minimum Up Time (MUT), Minimum Down Time (MDT), Maximum Daily Startup
(MDS).

e Self-commitment extension should be done to satisfy MUT first, MDT second,
and MDS last.

Note, operator manual commitment should be considered as CAISO Commitment even
though such manual commitment may be treated in a similar way as energy self-
schedules. If the CAISO decides to commit resource using the software automatically or

manually, the commitment should be considered as CAISO commitment.

In order to better describe our business rules and examples, following conventions are

used when describing commitment periods and their types.

Commitment Period — is a time period specified by a start-time/date and an end-
time/date within the time horizon of a market process in which the commitment statuses
are determined. The start-time is considered in the Commitment Period and the end-time
is considered not in the Commitment Period; mathematically, a Commitment Period is

denoted by [start-time, end-time).

Commitment Period Set — is a collection of Commitment Periods as its elements. In the
rest of the document, the Commitment Period Set is also referred to as Commitment
Periods although a Commitment Period Set can have zero, one or more elements in the

collection.

We use the following symbols in the following sections to simplify the description:

Definition of Commitment Periods and Set Operators

Symbol Meaning

[...) Time period, for example [1, 5) means starting at 1 (including 1) and
ending at 5 (excluding 5).

{...} Set

Version-38Version 38 Last Revised: January 6, 2014January-6,2014 Page E-3

[Formatted: Font: 8 pt, Not Italic




CAISO Business Practice Manual BPM for Market Operations

+ Union set operator, for example {[1, 2), [3,5)} + {[2, 5)} = {[1, 5)}

* Intersection set operator, for example {[1, 3)} * {[2, 5)} = {[2, 3)}

- Minus set operator, for example {[1, 3)} — {[2, 5)} = {[1, 2)}

{--. }a-AppName Commitment Period Set determined by a specific market application;
the types are defined in Table D.2. For example {SCUC}a.rv Mmeans
SCUC commitment type determined by IFM application.

{ ... Ys-AppName Commitment Period Set provided through the services for a specific
market application; the types are CAISO, SELF and UC. For example
{CAISO}s. gy means the CAISO IFM Commitment Periods.

The following examples in this section illustrate in general how MUT, MDT and MDS are

used to extend the self-commitment periods. In these examples, hourly intervals are

used but the concepts illustrated by the examples also apply to RTM where the intervals

are 15-minutes. In the figures of these examples, S.C.P.E stands for Self-Commitment

Period Extension.

D21 Minimum Up Time (MUT) Examples

Example 1 Basic MUT Self-Commitment period extension

A unit is ‘ON’ from 8:00 to 16:00. It has a self-schedule of 6 hours from 8:00 to 14:00. Its
MUT is 8 hours. Since the submitted self-schedule is less than the MUT of the resource,
the Self-Commitment Period is extended to 8:00 to 16:00 instead of 8:00 to 14:00. Note,
when a Self-Commitment Period can be extended in both directions, always extend it to

the hours after the self-schedule hours first because the ‘ON’ hours before the self-

schedule hours may not be due to the MUT but be due to an economic reason. This is

illustrated in Figure 1.
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MDT =
MDS =

SCP.E.=h+MUT -1=1+8-1

= 8(hrs)

Hour 0 2 16 2
L / /////// \ L
T ™
" Self-Commitment Period
MUT = 8 (hrs) MUT

Figure 1 Basic MUT Self-Commitment period extension

Example 2 Forward and Backward MUT Self-Commitment period extension

A unit is ‘ON’ from 7:00 to 16:00. It has a self-schedule of 6 hours from 8:00 to 14:00. Its
MUT is 9 hours. Since the submitted self-schedule is less than the MUT of the resource,
the Self-Commitment Period is extended to 8:00 to 16:00 first then to 7:00 to 16:00 to

meet the MUT. This is illustrated in Figure 2.

1

-~ |
Self-Commitment Period

MUT =9 (hrs)
S.C.P.E. = 8(hrs)

2222

Figure 2 Forward and Backward MUT Self-Commitment period extension

D22 Minimum Down Time (MDT) Examples

Example 3 Basic MDT Self-Commitment period extension

A unit is ‘ON’ from 8:00 to 18:00. The original self-commitment periods are from 8:00 to
11:00 and from 15:00 to 18:00.
original self-commitment periods are only 4 hours that is less than the MDT, the two

original self-commitment periods are merged into one from 8:00 to 18:00. This is

illustrated in Figure 3.

Its MDT is 6 hours. Since the hours between the two
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S.CP.E

HOMO//11\\\\\\1‘5////123

- -l n =4 (hrs) e

Self-Commitment Self-Commitment
Period Period

MDT=6 (hrs)

Figure 3 Basic MDT Self-Commitment period extension

D23 Maximum Daily Start-Ups (MDS) Examples

Example 4 Basic MDS Self-Commitment period extension

A unit is ‘ON’ from 3:00 to 18:00. The original self-commitment periods are from 3:00 to
6:00, 10:00 to 13:00, and 15:00 to 18:00. Its MDS is 2. Since the number of the original
self-commitment periods is 3 (exceeding the MDS), then the original self-commitment
periods with the smallest time separation are merged to eliminate the violation. This is

illustrated in Figure 4.

Hour 0 3 6 10 13 15 18 23
L | 1] M | I
‘ Il I Pl [ I Il T ‘ |
Self-Commitment Self-Commitment Self-Commitment
Period Period Period
Hour 0 3 6 10 13 15 18 23
| // L1 //f’ k\\ /N
‘ Il I Pl [ I Il T ‘ |
Self-Commitment Self-Commitment Self-Commitment
Period Period Period
Self-Commitment
Period Combination

Figure 4 Basic MDS Self-Commitment period extension — first example
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Example 5 MDS Self-Commitment period extension sequence

In the above example (MDS_1), if the second original self-commitment period is from
9:00 to 12:00 instead of 10:00 to 13:00, the time separation between the first and the
second original self-commitment period is the same as the time separation between the
second and the third original self-commitment period. In this case, the first two original
self-commitment periods based on the time sequence are merged to eliminate the
violation. This is illustrated in Figure 5

Hour 0 3 6 9 12 15 18 23
- 2 || /// || Z I
‘ I Il I I [ I T ‘ |

Self-Commitment Self-Commitment Self-Commitment
Period Period Period

Hour 0 3 6 9 12 15 18 23
L //A\\ /// L IR
‘ I Il I I [ I T ‘ |

Self-Commitment Self-Commitment Self-Commitment
Period Period Period
Self-Commitment
Period Combination

Figure 5 MDS Self-Commitment period extension sequence

Example 6 Not counting commitment period that is a continuation of previous day
If a unit initially is ‘ON’ and the first original Self-Commitment Period is from 0:00, the
unit's MDS will be increased by 1 before it is used to determine if the MDS limitation is
violated. For example, a unit is initially ‘ON’ and it continues to be ‘ON’ from 0:00 to
18:00. It has three original self-commit periods. The first original self-commit period is
from 0:00 to 4:00. Its MDS is 2. After increasing the MDS by 1, the MDS limitation is not

violated any more. No merge is necessary. This is illustrated in Figure 6.
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Hour 0 4 8 11 15 18 23

= - -

Sglf-Commltment Self-Commitment Self-Commitmenl
Period Continuation : Period
; Period
from Previous Day

MDS =2+1=3

Figure 6 Not counting commitment period that is a continuation of previous day

Example 7 MDS Self-Commitment period extension in a more complex scenario

If in the previous example, the first original Self-Commitment Period is from 1:00 to 4:00
instead of 0:00 to 4:00, the rule used in the first example will be applied here first, i.e.,
the first original Self-Commitment Period will be extended to 0:00 to 4:00 to join the
commitment period of the previous day. Then the unit's MDS will be increased by 1. This

is illustrated in Figure 7.

1 4 8 11 15 18 23

Hour 0 V / /
[ [ [ I |
T T T P ol T |

R -+ >
>

Self-Commitment Self-Commitment Self-Commitment

Period Period Period

Hour 0 4 1 15 18 23

///BV//I/

- >
-t > - > -t

Self-Commitment Self-Commitment Self-Commitment

Period Extension Period Period

MDS =2+1=3

Figure 7 MDS Self-Commitment period extension in a more complex scenario

D.3. CAISO/Self-Commitment Extension in ELC -
Examples
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D.3.1. Minimum Up-Time (MUT) Examples

Example 8 IFM Self-commitment Extension in ELC because of MUT
This example illustrates that an IFM Self-commitment period is extended to meet MUT in
ELC.

Assumptions:

e SUT =19 hours
e MUT =3 hours
e MDT =20 hours
e Energy self-schedules submitted for the period of [4/4/07 22:00, 4/4/07 24:00); in
ELC the energy self-schedules submitted for 4/4/07 are also used as energy self-
schedules for [4/5/07 22:00, 4/5/07 24:00).
e The IFM commits the unit for the period of [4/4/07 22:00, 4/4/07 24:00) and
determined that this period is IFM Self-commitment
e There is no additional commitment in RUC
e The ELC commits the unit for the periods of {[4/4/07 22:00, 4/5/07 01:00] ,
[4/5/07 22:00, 4/5/07 24:00)}
The entire ELC Commitment Periods will be ELC Self-commitment Periods because the
periods of {[4/4/07 22:00, 4/4/07 24:00), [4/5/07 22:00, 4/5/07 24:00]} are covered by
energy self-schedules, and the period [4/4/07 24:00, 4/5/07 01:00] is extended because
of MUT of 3 hours. This is illustrated in Figure 8.

IFM ELC IFM ELC

13 15 13 15 22 24 22 24
‘H‘\‘HHHHHHHHHH‘\‘HHH N
rrrrrrrerrerrrreyrrrrrrrrrrrrrr T rrrrrrrrrr e T T T
- > /04/07 > 04/05/07 >

04
Trade Day - 1 “«— >
MUT =3 hrs

Figure 8 IFM Self-commitment Extension in ELC because of MUT

Example 9 IFM Self-Schedule Extension in ELC because of MUT and copied self-
schedules

This example illustrates that an IFM Self-commitment period is extended to meet MUT in

ELC because of the self-schedules copied to the second day.

Assumptions: [Formatted: Font: 8 pt, Not Italic
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SUT =19 hours
MUT = 3 hours
MDT = 20 hours

Energy self-schedule submitted for the period of [4/4/07 0:00, 4/4/07 2:00) and

this is accepted by SIBR because of existing energy schedules at the end of the

previous day, i.e., 4/3/07.

The IFM commits the unit for the period of [4/4/07 0:00, 4/4/07 2:00) and

determined that this period is IFM Self-commitment

There is no additional commitment in RUC
The ELC commits the unit for the periods of {[4/4/07 0:00, 4/4/07 2:00) ,
[4/4/07 22:00, 4/5/07 4:00)}
The ELC Self-commitment Periods should be [4/4/07 0:00, 4/4/07 2:00) and [4/5/07 0:00,
4/5/07 3:00). This is illustrated in Figure 9.

IFM ELC
13 15

‘\‘HH\H‘ |

)

<>
MUT = 3 hrs

04/05/07

Figure 9 IFM Self-Schedule Extension in ELC because of MUT and copied self-

Example 10 Manual commitment treated as CAISO commitment

schedules

This example illustrates that a CAISO IFM commitment period due to operator manual

commitment prior to execution of the MPM is extended to meet MUT in ELC.

Assumptions:

SUT =19 hours
MUT = 36 hours
MDT = 20 hours

Operator manually commit the unit in the period of [4/4/07 12:00, 4/4/07 24:00)
The IFM commits the unit for the period of [4/4/07 12:00, 4/4/07 24:00) and
determined that this period is CAISO IFM Commitment

There is no additional commitment in RUC
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e The ELC commits the unit for the periods of {[4/4/07 12:00, 4/5/07 24:00]}
The entire ELC Commitment Period will be CAISO ELC Commitment Period because
the period of {[4/4/07 12:00, 4/4/07 24:00]} is extended to {[4/4/07 12:00, 4/5/07 24:00]}
because of MUT of 36 hours. This is illustrated in Figure 10.

IFM ELC

24

13 15 12 24

CAISO ELC Commitment

04/04/07 04/05/07

-

Trade Day - 1

- ;‘4
L]

A

MUT = 36 hrs

Figure 10 Manual commitment treated as CAISO commitment

D.3.2. Minimum Down Time (MDT) Examples

Example 11 - IFM Self-commitment extension in ELC because of MDT
This example illustrates that an IFM Self-commitment period is extended to meet MDT in
ELC.

Assumptions:

e SUT =19 hours
e MUT =10 hours
e MDT =20 hours
e Energy Self Schedule submitted for the period of [4/4/07 08:00, 4/4/07 18:00)
e The IFM commits the unit for the period of [4/4/07 08:00, 4/4/07 18:00) and
determined that this period is IFM Self-commitment, i.e.,
{SELF}s.em = {UC}s.em = [4/4/07 08:00, 4/4/07 18:00)

e There is no additional RUC commitment
e The ELC commits the unit for the following periods:
{SELF}seic = {UC}seLc = {[4/4/07 08:00, 4/5/07 18:00]}

The entire ELC Commitment Period will be ELC Self-Commitment Period because the
energy self schedule submitted for the period of [4/4/07 08:00, 4/4/07 18:00) is also used
as energy self schedule for the period of [4/5/07 08:00, 4/5/07 18:00), and the period of
{[4/4/07 18:00, 4/5/07 08:00)} is less than the MDT of 20 hours. This is illustrated in
Figure 11.
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SE,
10 13 15 18 8 18
Lo b gy | commimen ////// ELe Commiment 1111
;H”JM\E\LC\HHH\;‘H\HHHHHHH\H\qg\\\\\\\HHHH\HH=
Trade Day - 1 SUT = 19 (hrs) Trade Day Trade Day + 1
MDT = 20 (hrs)

Figure 11 IFM Self-commitment extension in ELC because of MDT

Example 12 Self-Commitment Extension in ELC due to combination of MUT and
MDT

This example illustrates Self-Commitment Extension in ELC due to combination of MUT
and MDT.

Assumptions:

e SUT =19 hours
e MUT =5 hours
e MDT =20 hours
« Energy self-schedule submitted for the periods of [4/4/07 0:00, 4/4/07 2:00) and
[4/4107 22:00, 4/4/07 24:00), which is accepted by SIBR because of existence of
commitment period at the end of 4/3/07.
e« The IFM commits the unit for the period of [4/4/07 0:00, 4/4/07 2:00) and
[4/4/07 22:00, 4/4/07 24:00) and determined that these periods are IFM Self-
commitment
e There is no additional commitment in RUC
¢ The ELC commits the unit for the periods of {[4/4/07 0:00, 4/4/07 2:00) ,
[4/4/07 22:00, 4/5/07 24:00)}. Note, the energy self-schedules submitted for IFM
of 4/4/07 are also used for ELC of 4/5/07.
All ELC Commitment Periods will be ELC Self-commitment Periods because the periods
of {[4/4/07 0:00, 4/4/07 2:00), [4/4/07 22:00, 4/5/07 2:00), and [4/5/07 22:00, 4/5/07
24:00) are covered by energy self-schedules; and the period [4/4/07 22:00, 4/5/07 2:00)
is extended to [4/4/07 22:00, 4/5/07 3:00) because of MUT of 5 hours; and then the
periods of [4/4/07 22:00, 4/5/07 3:00) and [4/5/07 22:00, 4/5/07 24:00) are merged due
to the MDT of 20 hours. This is illustrated in Figure 12.
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IFM ELC
13 15 0

22 24

L
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Z
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MDT =20 hrs

Figure 12 Self-Commitment Extension in ELC due to combination of MUT and

MDT.

Example 13 — CAISO IFM Commitment extends Self-commitment extension in ELC

This example illustrates the situation where the CAISO IFM/RUC commitments following

a self-schedule commitment period extends the ELC Self-commitment periods due to

MDT in ELC.
Assumptions:

e SUT =19 hours
e MUT =10 hours
e MDT = 20 hours

e Energy Self Schedule submitted for the period of [4/4/07 08:00, 4/4/07 18:00)
e The IFM commits the unit for the period of [4/4/07 08:00, 4/4/07 18:00) and
determined that this period is IFM Self-commitment, i.e.,
{SELF}s.em = {UC}s v = [4/4/07 08:00, 4/4/07 18:00)

e The RUC commits the unit for the period of [4/4/07 08:00, 4/4/07 24:00) and
determined the following RUC Commitment periods:
{UC}s.ruc = [4/4/07 08:00, 4/4/07 24:00)

{SELF}sruc = {SELF}s.em = [4/4/07 08:00, 4/4/07 18:00)

{CAISO}s.ruc = [4/4/07 18:00, 4/4/07 24:00)

Then we have:

e The ELC commits the unit for the following periods:
{UC}s.eLc = {[4/4/07 08:00, 4/5/07 18:00)}

{SELF}s.c.c = {[4/4/07 08:00, 4/4/07 18:00), [4/5/07 00:00, 4/5/07 18:00)}

{CAISO}s.gic = {[4/4/07 18:00, 4/4/07 24:00)}
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The entire ELC Commitment Period would have been ELC Self-commitment Period if
there were no additional RUC commitment during the period of [4/4/07 18:00, 4/4/07
24:00) due to MDT of 20 hours. However, the 24-hour time horizon RUC does not see
far enough to know that the period of [4/4/07 18:00, 4/4/07 24:00) should be considered
RUC Self-commitment period due to MDT. If a 48-hour time horizon RUC is used, the
period of [4/4/07 18:00, 4/4/07 24:00) should be considered RUC Self-commitment
period and consequently ELC Self-commitment period. However, the outcome of the first

day for ELC is not important because ELC commitments are only used for the second

day. This is illustrated in Figure 13.

IFM ELC
13 15

L] ]| Self IFM | caisoruc

777777 e ///ém////

24

FTTTTTTTTTTITT I T T

| |
JEENERRREEEEENERREEEN

Trade Day 1

04/04/07

04/05/07

Figure 13 CAISO IFM Commitment extends Self-commitment extension in ELC

Example 14

subsequent ELC

IFM/RUC automatic commitment treated as CAISO commitment in

This example illustrates that a CAISO IFM commitment period due to SCUC optimization

is extended to meet MUT in the subsequent ELC.

Assumptions:

Then,

SUT =19 hours
MUT = 36 hours
MDT = 20 hours

Energy bids are submitted for every hours of 4/4/07 on 4/3/07; no self-schedules

or self-provisions are submitted
The IFM executed on 4/3/07 commits the unit in the period of [4/4/07 08:00,
4/4/07 24:00) and determined that the entire period is CAISO IFM commitment

The ELC executed on 4/3/07 commits the unit for the period of [4/4/07 08:00,
4/5/07 20:00) to satisfy MUT of 36 hours and determined that this period is
CAISO ELC Commitment. This is illustrated in Figure 14.
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IFM ELC

13 15 0 2‘4 24
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. CAISO ELC Commitment LI
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- -
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MUT = 36 hrs

Figure 14 IFM/RUC automatic commitment treated as CAISO commitment in
subsequent ELC

D.4. CAISO/Self-Commitment Extension in IFM - Examples

D.4.1. Minimum Up-Time (MUT) Examples
SIBR ensures that MUT are satisfied for the energy self-schedules except for the self-

schedules at the end of the day. The following examples illustrate this situation.

Example 15 IFM Self-Commitment Period at the End of the Day

A unit is ‘ON’ from 19:00 to 24:00. It has DAM self-schedules for 3 hours from 21:00 to
24:00. Its MUT is 5 hours. The submitted self-schedule is less than the MUT of the
resource and this is accepted by SIBR because the set of consecutive self-schedules
are at the end of the day. Self-commitment Period is [21, 24). Self-Commitment Period is
not extended to [19:00, 24:00) because the IFM commits the unit in [19:00, 21:00) for
economic reasons and not for MUT. Therefore, [19, 21) is considered as CAISO

commitment and not an extension of self-commitment. This is illustrated in Figure 15.

19 21 24

Hour0 10
‘\\\\\\\\\\\\\\\\\\\/

‘\\\\\\\\\\\\\\\\\\\=11=
Self-

Commitment
Period

MUT = 5(hrs)

Figure 15 IFM Self-Commitment Period at the end of the day

Example 16 CAISO Commitment continuation of Self-Commitment Period from
Previous Day

Continue from the previous example; the unit had energy self-schedules in [21, 24) of

the previous day. The unit is ‘ON’ from 0:00 to 4:00 in the current trading day. It does not [F tted: Fort: 8 ot. Not It
ormatted: Font: 8 pt, Not Italic
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have any self-schedule from 0:00 to 4:00 in the current trading day. Its MUT is 5 hours.
Since the MUT has already been satisfied in the previous day, the commitments in [0. 4)
of the current day is CAISO-Commitment. This is illustrated in Figure 16.

21 0 2 4

MUT= 5(hrg)

-
CAISO 4 (hrs)

Figure 16 CAISO Commitment continuation of Self-Commitment Period from
Previous Day

Example 17 IFM Self-Commitment Period at the End of the Day not satisfying MUT
A unit is ‘ON’ from 21:00 to 24:00. It has DAM self-schedules for 3 hours from 21:00 to
24:00. Its MUT is 5 hours. The submitted self-schedule is less than the MUT of the
resource and this is accepted by SIBR because the set of consecutive self-schedules
are at the end of the day. Self-commitment Period is [21, 24). This is illustrated in Figure
17.

21 24

‘\\\\\\\\\\\\\\\\\\\\=}}=
Self
Commitment
Period

MUT= 5(hrg)

Figure 17 IFM Self-Commitment Period at the end of the day not satisfying MUT

Example 18 Self-Commitment continuation of Self-Commitment Period from
Previous Day

Continue from the previous example; the unit had energy self-schedules in [21:00,
24:00) of the previous day. The unit is ‘ON’ from 0:00 to 4:00 in the current trading day. It

does not have any self-schedule from 0:00 to 4:00 in the current trading day. Since its

MUT of 5 hours has not been satisfied, the Self-Commitment Period of the previous day [Formatted_ Font: 8 pt, Not Itallc
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will be extended into the current day to meet the MUT; resulting in [0:00, 2:00) as Self-
Commitment Period. But there is no need to report the portion of the Self-Commitment
Period in the previous trade day, i.e., [21:00, 24:00) of the previous trading day. The
commitment period of [3:00, 4:00) is CAISO Commitment. This is illustrated in Figure 18.

MUT = 5(hrs)

>
S.C.P.E. =5 (hrs)

Figure 18 Self-Commitment continuation of Self-Commitment Period from
Previous Day

Example 19 IFM/RUC automatic commitment treated as CAISO commitment in
next IFM

This example illustrates that a CAISO IFM commitment period due to SCUC optimization

is extended to meet MUT in the next IFM.
Assumptions:

e SUT =10 hours

e MUT =36 hours

e MDT =12 hours

e Low energy bids are submitted for every hours of 4/4/07 on 4/3/07; no self-
schedules or self-provisions are submitted

e High energy bids are submitted for every hours of 4/5/07 on 4/4/07; no self-
schedules or self-provisions are submitted

e The IFM executed on 4/3/07 commits the unit in the period of [4/4/07 00:00,
4/4/07 24:00) and determined that the entire period is CAISO IFM commitment.

e There are no additional ELC commitments for 4/5/07.

Then,

e The IFM executed on 4/4/07 commits the unit for the period of [4/5/07 00:00,
4/5/07 12:00) to satisfy MUT of 36 hours and determined that this period is
CAISO IFM Commitment. This is illustrated in Figure 19.
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IFM ELC
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Figure 19 IFM/RUC automatic commitment treated as CAISO commitment in next

IFM

D.5. Pump Storage Resources and Participating Loads

A pump-storage unit has three operating modes: generating mode, pumping mode and

offline mode. The multi-state model for a pump storage unit is shown below. According

to the current implementation, a transition from the pumping mode to the generating

mode must go through the offline mode; and a transition from the generating mode to

the pumping mode must also go through the offline mode. The Minimum Down-Time

(MDT), specified in minutes, is the minimum time the pump-storage unit must stay offline

before transitioning into either the pumping mode or the generating mode. The same

MDT is used for both the pumping mode and the generation mode.

En
4 P ‘
Enmax |
Pe
En;3
Pc H
—_—
En;2
Pc :
Eni
P
En;min;
startup G H
Cg ‘
i Eng
| " N I .
En/™ Eng"™ Eng Eni End Eng™

Multi-State Model for Pumped Storage Unit

A pump-storage unit has separate Minimum Up Time (MUT) for pumping and generating

mode. A pump-storage unit has separate Maximum Daily Startup number for pumping

and generating mode.
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The commitment types of a pump storage unit operating in generating mode are
determined in the same way that the commitment types of other generators are

determined as illustrated in Section D.3.

A pump storage unit is considered self-committed in pumping mode in an hour in a
market if there is an energy self-schedule in the pumping mode in the market. The self-
commitment period extensions for a pump storage unit in pumping mode follow the
same rules and examples as specified so far except that separate MUT and MDS are

used for operating in pumping mode.

A Participating Load is a Load with a Participating Load Agreement (PLA) and is certified

for demand response and may be able to provide Non-Spinning Reserve.

In MRTU software Release 1, a Participating Load (PL) will be modeled by a pair of
fictitious Non-Participating Load and fictitious Generator. The PL inter-temporal
constraints are converted outside of Siemens application for the fictitious Generator as

follows:
e Load Curtailment Time => Generator Startup Time,
e Minimum Load Reduction Time => Generator Minimum Up Time,
¢ Minimum Base Load Time => Generator Minimum Down Time (set to zero), and

e Maximum Number of Daily Load Curtailments => maximum number of daily
generator startups.
Note all these load inter-temporal parameters are constant values not dependent on time

load being curtailed.

The commitment types of the fictitious generators are determined in the same way as

other generators as illustrated so far.

D.6. Real-time Self Commitment Type determination
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D.6.1.

Introduction

While the self commitment types of ELC, IFM and RUC commitment are determined by

the market applications, the real-time self commitment types are determined on an after-

the-fact base since this determination requires a full history of the DA and real-time

commitment status. The following table lists the market processes and their expected

behavior:

Table D.1 Market Processes and their expected behavior

Day

Time

Activity

13:00-15:00

ELC executes and passes the commitment types of

extremely long start resources to the next IFM

D-1

10:00-13:00

IFM executes and determines the IFM commitment

types (including the ELC commitment results)

D-1

10:00-13:00

RUC executes and determines the RUC commitment

types (including the ELC and IFM commitment results)

D-1

13:00

Final IFM and RUC commitment types available to
RTUCs; i.e., {UC}s.iem, {SELF}s.em, {UC} s.ruc

D-1

20:07:30

The STUC executed at this time has the first hour of
day D in the time horizon; STUC with operator approval
can make binding unit commitment decisions for the 15-
minute intervals in the period of [00:00, 01:00) in Day D.
STUC will make the binding commitment type {UC}s.
stuc available to subsequent RTUC, RTD and MQS. If
there is any energy self-schedule or AS self-provision in
hour [21:00, 22:00) of day D-1, the commitment by
STUC for hour [00:00, 01:00) of day D is based on
copied self-schedule. However, the commitment type
will be determined later by MQS using the bid actually
submitted for [00:00, 01:00) of day D.

D-1

22:52:30

The HASP executed at this time has the first hour of
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day D in the time horizon using the bid submitted for
this hour. HASP with operator approval can make
binding unit commitment decisions for the 15-minute
intervals in the period of [00:00, 01:00) in Day D. HASP
will make the binding commitment type {UC}snasp
available to subsequent RTUC, RTD and MQS.

D-1toD

any time

OOS instructions can override the commitment status
made by the SCUC processes. All OOS instructions
(Startup, Shut Down, Min, Max and Fix) can alter the
commitment status determined by SCUC including
those pre-specified by the operator prior to SCUC
execution. Such OOS instructions should be reflected in
the RTUC commitment type {UC}srruc. In other words,
the time intervals in which the unit is off by OOS should
not be included in the {UC} srruc and the time intervals
in which the unit is On by OOS should be included in
the {UC} srruc. The OOS instructions are provided to
MQS to allow MQS to determine the commitment types
for intervals in {UC} srruc. If an OOS instruction occurs
in the middle of a 15 minute interval, it will affect the
commitment status and type for the entire 15-minutes

interval in the {UC}s rruc.

23:22:30

The RTUC3 executed at this time is the last process
that has the last 15-minute interval in day D in the time
horizon. RTUC3 makes binding unit commitment
decisions for the last 15-minute interval in Day D.
RTUC3 shall make the binding commitment decision
{UC}srtucs available to subsequent RTUC, RTD and
MQS.

23:37:30

The RTUC4 executed at this time is the first process
that has the first 15-minute interval in day D+1 as

binding commitment interval. RTUC4 shall make the
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binding commitment decision {UC}srrucs for day D+1
available to subsequent RTUC, RTD and MQS.

After 24:00

All commitment decisions for day D are final and
available for MQS to determine the RTM commitment

types.

Table D.2 Input Data Needed to determine Commitment Types

Data

Source

Description

{UClsem

IFM

For each resource in each IFM time horizon,
the IFM Commitment Periods denoted by the
set {UC}s.em consists of all the hours in which
the resource is “On” as determined by the IFM
SCUC including the previous binding ELC
Commitment decisions passed to the current
DAM, and those operator pre-specified
commitment decision made at the beginning of
the MPM process prior to the current IFM

execution.

{SELF}S_”:M

IFM

The IFM Self-commitment Periods denoted by
the set {SELF}s kv consists of all the previous
ELC Self-commitment Periods and the self-
commitment periods determined by the current
DAM energy Self-Schedules and AS Self-
Provisions. Note, the operator pre-specified
commitment decisions made at the beginning
of the DAM process prior to MPM/RRD
execution shall not be considered as “Self-
Commitment” even though such manual

commitments may be treated by the SCUC
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in a similar way as energy self-schedules.
If the CAISO decides to commit a resource
using the software automatically or
manually, the commitment should be

considered as CAISO commitment.

{UC} sruc RUC For each resource in each RUC time horizon,
the RUC Commitment Periods denoted by the
set {UC}s.ruc consists of all the hours in which
the resource is “On” as determined by the
RUC SCUC including the IFM Commitment
decisions passed to the RUC.

{UC} s.r1uC RTUC The RTUC application includes HASP, STUC,
RTUC3 and RTUCA4. {UC} sgruc includes all
intervals of “On” status that are binding as
determined by previous processes (IFM, RUC,
ELC, RTUC, OOS) and the current process.

DA  Energy  Self- | SIBR The energy self-schedules must be the

Schedules originally submitted energy self-schedules.

DA AS Self-provisions | IFM The AS self-provisions must be the originally

(including LFD and submitted AS self-provisions.

LFU)

RT  Energy  Self- | SIBR The energy self-schedules must be the

Schedules originally submitted energy self-schedules.

RT AS Self-provisions | SIBR The AS self-provisions must be the originally

(including LFD and submitted AS self-provisions.

LFU)

RT RMR Requirement | RT MPM This is the result of RT MPM process.

MUT Master File Minimum Up Time (for pump storage resource,
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separate values in pumping and generating

modes)
MDT Master File Minimum Down Time
MDS Master file Maximum Number of Daily Startup (for pump

storage resource, separate values in pumping

and generating modes)

Fast Start Master File Fast Start indicates that the unit can deliver

energy within 10 minutes from off-line status.

On Time RTM On Time is the period between the beginning
application of the interval when the unit was turned “On”
and the end of the last contiguous “On” interval
before the unit is turned “Off’. In other words,
On Time is measured at a given time by the
minutes elapsed since the resource was most
recently started up at the Minimum Load and

continuously stayed online.

D.6.2. RTM Self-Commitment Type Determination for
Generator Resources

The definitions and rules in this subsection apply to generator resources, inter-tie
generator resources, and pump-storage generator resources operating in generating
mode.

Def 1 A Real-Time Market (RTM) Commitment Period is a set of consecutive
intervals of “On” status generated by the RTUCs and STUC, including the

commitment decisions made by ELC, IFM and RUC and not altered by the RTUCs,
for aresource in a given time period.

Def 2 The length of a RTM Commitment Period is measured by the difference
between the start-time and the end-time.

[Formatted: Font: 8 pt, Not Italic
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Def 3 A Super RTM Commitment Period is the longest RTM Commitment Period
among the RTM Commitment Periods that have nonempty intersection for the
resource in the given period.3

Def4 A Sub RTM Commitment Period is a RTM Commitment Period that is
shorter than at least one RTM Commitment Period that has nonempty intersection
with it for the resource in the given period.

Def5 A Super RUC Commitment Period is the longest RUC Commitment Period
among the RUC Commitment Periods that have nonempty intersection for the
resource in a given period.

Def 6 A Super IFM Commitment Period is the longest IFM Commitment Period
among the IFM Commitment Periods that have nonempty intersection for the
resource in a given period.

Def 7 A RTM Self-Commitment Period is a RTM Commitment Period that is
resulted from energy self-schedules, AS self-provisions and their interaction with
inter-temporal constraints imposed by MUT, MDT and MDS for the resource in the
given period.

Def 8 A Basic RTM Self-Commitment Period is a RTM Self-Commitment Period
that is resulted directly from energy self-schedules, and AS self-provisions
without considering their interaction with inter-temporal constraints imposed by
MUT, MDT and MDS for the resource in the given period.

Def 9 A MUT Extended RTM Self-Commitment Period is a RTM Self-Commitment
Period that is resulted from one or more Basic RTM Self-Commitment Periods and
their interaction with inter-temporal constraints imposed by MUT for the resource
in the given period. The MUT used here is rounded up to the next 15-minute
commitment interval if it is not already in multiples of 15-minutes. A Basic RTM
Self-Commitment Period is referred to as a MUT Extended RTM Self-Commitment
Period after the MUT Extension process even if no MUT extension is made.

Def 10 A MDT Extended RTM Self-Commitment Period is a RTM Self-Commitment
Period that is resulted from one or more MUT Extended RTM Self-Commitment
Period and their interaction with inter-temporal constraints imposed by MDT for
the resource in the given period. The MDT used here is rounded up to the next 15-
minute commitment interval if it is not already in multiples of 15-minutes. A MUT
Extended RTM Self-Commitment Period is referred to as a MDT Extended RTM
Self-Commitment Period after the MDT Extension process even if no MDT
extension is made.

Def 11 A MDS Extended RTM Self-Commitment Period is a RTM Self-Commitment
Period that is resulted from one or more MDT Extended RTM Self-Commitment
Period and their interaction with inter-temporal constraints imposed by MDS for
the resource in the given period. A MDT Extended RTM Self-Commitment Period is
referred to as a MDS Extended RTM Self-Commitment Period after the MDS
Extension process even if no MDS extension is made.

The given period is not limited within the Trading Day; the given period will be specified in the context of
the rules. A Super RTM Commitment Period loosely speaking is a longest continuous RTM Commitment
Period which contains many Sub RTM Commitment Periods.
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Def 12 A BCR RTM Self-Commitment Period is a RTM Self-Commitment Period
that is resulted from a MDS Extended RTM Self-Commitment Period by excluding
its intersections with IFM Commitment Periods and RUC Commitment Periods for
the resource in a given period. A MDS Extended RTM Self-Commitment Period is
referred to as a BCR Extended RTM Self-Commitment Period after the BCR
Exclusion process even if no truncation is made to exclude the intersection with
any IFM Commitment Period or RUC Commitment Period.

Def 13 The BCR RTM Self-Commitment Periods, denoted by {SELF}RTM, shall be
the union of all BCR RTM Self-Commitment Commitment Periods, for a resource
in a given time period.

Def 14 The BCR RTM Commitment Periods, denoted by {UC}RTM, shall be the
union of all RTM Commitment Periods excluding their intersections with IFM
Commitment Periods and RUC Commitment Periods for the resource in the given
period.

Def 15 The BCR CAISO RTM Commitment Periods, denoted by {CAISO}RTM, shall
be the union of all BCR RTM Commitment Periods excluding their intersections
with the BCR RTM Self-Commitment Periods, for a resource in a given time period.

Def 16 The RMR RTM Commitment Periods, denoted by {RMR}RTM, shall be the
union of all the time intervals where an RMR resource has any positive (i.e., non-
zero) DAM RMR Requirements or positive RTM RMR Requirements.

Def 17 The RTM MUT Backtrack Window, is a period that has a configurable length
and ends at the beginning of the current Trading Day. The configurable length is
10080 minutes (i.e., 7 days) by default.

Def 18 The RTM MDT Backtrack Window, is a period that has a configurable length
and ends at the end of the current Trading Day. By default the configurable length
is 4320 minutes (i.e., 3 days).

Def 19 The RTM MDT Forthcoming Window, is a period that has a configurable
length and starts at the end of the current Trading Day. By default the
configurable length is 1440 minutes (i.e., 1 day).

A RTM Self-Commitment Period will go through the following stages in arriving at the
final usable form for Bid Cost Recovery (BCR).

Basic > MUT Extension > MDT Extension > MDS Extension - BCR Exclusion

The Basic RTM Self-Commitment Periods for a resource in a given period are

constructed as follows:

Rule 1. If the resource is not a fast start unit, identify all the hours in which the
resource has any of the following in the trading day: RTM energy self-
schedule, RTM LFU, RTM LFD, RTM Regulation Up self-provision, RTM
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Rule 2.

Rule 3.

Regulation Down self-provision, Spinning Reserve self-provision or Non-

Spinning Reserve self-provision in the given period.

If the resource is a fast start unit, identify all the hours in which the
resource has any of the following in the trading day: RTM energy self-
schedule, RTM LFU, RTM LFD, RTM Regulation Up self-provision, RTM
Regulation Down self-provision, or Spinning Reserve self-provision in the

given period.

Each set of consecutive hours identified in Rule 1 or Rule 2, is a Basic
RTM Self-Commitment Period.

The MUT Extended RTM Self-Commitment Periods for a resource in the current Trading

Day are constructed in sequence as follows:

Rule 4.

If a Basic RTM Self-Commitment Period [h, €) is a Sub RTM Commitment
Period*, and if the length of the Basic RTM Self-Commitment Period is
less than the current MUT of the resource minus the “On Time” evaluated
at the beginning of the Basic RTM Self-Commitment Period, i.e., if (e-
h)<MUT-On_Time, the Basic RTM Self-Commitment Period must be
extended to the minimum of h+MUT-On_Time, the end of the Super RTM
Commitment Period that has intersection with the Basic RTM Self-
Commitment Period that is being extended, or the end of the current
Trading Day.®

(Note, this step shall address several special cases:

i. If a Basic RTM Self-Commitment Period [h, €) in a Trading Day is
a Sub RTM Commitment Period that starts at the beginning of the
day, and the resource was “On” at the end of the previous Trading
Day, and if the length of the Basic RTM Self-Commitment Period

is less than the MUT of the resource minus the “On Time”

4 Only a Sub RTM Commitment Period can be extended within the Super RTM Commitment Period that
contains it. A Super RTM Commitment Period within a given period cannot be extended within the given
period because a Super RTM Commitment Period represents the entire number of intervals having “On”
status in the given period.

5 The “On-Time” evaluated at the beginning of the Basic RTM Self-Commitment Period represents how long
the unit has been in “On” status continuously until the beginning of the Basic RTM Self-Commitment
Period. The Basic RTM Self-Commitment Period only needs to be extended to cover the remaining of the
MUT counted from the beginning of the Basic RTM Self-Commitment Period.
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evaluated at the end of the previous Trading Day, i.e., if (e-
h)<MUT-On_Time, the Basic RTM Self-Commitment Period must
be extended to the minimum of h+MUT-On_Time, the end of the
Super RTM Commitment Period that has intersection with the
Basic RTM Self-Commitment Period that is being extended, or the

end of the current Trading Day.®

ii. If a Basic RTM Self-Commitment Period [h, €) in a Trading Day is
a Sub RTM Commitment Period that starts at the beginning of the
day, and the resource was “Off” at the end of the previous Trading
Day, and if the length of the Basic RTM Self-Commitment Period
is less than the MUT of the resource, i.e., if (e-h)<MUT, the Basic
RTM Self-Commitment Period must be extended to the minimum
of h+MUT, the end of the Super RTM Commitment Period that has
intersection with the Basic RTM Self-Commitment Period that is

being extended, or the end of the current Trading Day.

ii. If a Basic RTM Self-Commitment Period [h, €) in a Trading Day is
a Sub RTM Commitment Period that does not start at the
beginning of the day, and if the length of the Basic RTM Self-
Commitment Period is less than the MUT of the resource minus
the “On Time” evaluated at the beginning of the Basic RTM Self-
Commitment Period, i.e., if (e-h)<MUT-On_Time, the Basic RTM
Self-Commitment Period must be extended to the minimum of
h+MUT-On_Time, the end of the Super RTM Commitment Period
that has intersection with the Basic RTM Self-Commitment Period

that is being extended, or the end of the current Trading Day.

iv. If a Basic RTM Self-Commitment Period [h, €) in a Trading Day is
not a Sub RTM Commitment Period, (in other words, if it is a
Super RTM Commitment Period), even if the length of the Basic
RTM Self-Commitment Period is less than the MUT of the

resource minus the “On Time” evaluated at the beginning of the

® The “On_Time” of the previous days are counted towards meeting the MUT of the Basic RTM Self-

Commitment. [Formatted: Font: 8 pt, Not Italic
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Basic RTM Self-Commitment Period, i.e., if (e-h)<MUT-On_Time,
the Basic RTM Self-Commitment Period will not be extended
because the resource will be off beyond the end of the Basic RTM

Self-Commitment Period.)

Rule 5. If in the RTM MUT Backtrack Window there is a Super RTM Commitment
Period [s, 0) that intersects with a MDS Extended RTM Self-Commitment
Period [m, o) that ends at the end of the previous Trading Day, if the
length of the Super RTM Commitment Period in the RTM MUT Backtrack
Window is X minutes less than the current MUT of the resource minus the
On_Time evaluated at the beginning of the Super RTM Commitment
Period in the RTM MUT Backtrack Window, and if there is a Super RTM
Commitment Period [o, €) that is in the current Trading Day and starts at
the beginning of the current Trading Day, a MUT Extended Commitment
Period [0, min(X, e)) shall be defined with the start-time being the
beginning of the current Trading Day and the end-time being the smaller
of X minutes after the beginning of the current Trading Day and the end of
the Super RTM Commitment Period that is in the current Trading Day and

starts at the beginning of the current Trading Day.

Rule 6. After this MUT extension process, the Basic RTM Self-Commitment
Periods are referred to as MUT Extended RTM Self-Commitment Periods

regardless of whether any extension was made.

Rule 7. If the MUT Extended RTM Self-Commitment Periods generated by the
MUT extension process as described by Rule 4 through Rule 6 have
nonempty intersections, the MUT Extended RTM Self-Commitment
Periods having nonempty intersections should be merged.

The MDT Extended RTM Self-Commitment Periods for a resource in a Trading Day are

constructed in sequence as follows:

[Formatted: Font: 8 pt, Not Italic
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Rule 8. If two disjoint and nonadjacent MUT Extended RTM Self-Commitment
Periods intersect with the same Super RTM Commitment Period” in the
current Trading Day, and if the two MUT Extended RTM Self-
Commitment Periods are apart from each other by less than the current
MDT of the resource, the two MUT Extended RTM Self-Commitment
Periods should be merged to form a MDT Extended RTM Self-

Commitment Period.

Rule 9. If a MUT Extended RTM Self-Commitment Period or a MDT Extended
RTM Self-Commitment Period resulted from Rule 8 in the current Trading
Day intersects the same Super RTM Commitment Period with a disjoint,
nonadjacent and earlier Super RUC Commitment Period in the RTM MDT
Backtrack Window, and if the MUT/MDT Extended RTM Self-
Commitment Period is apart from the Super RUC Commitment Period by
less than the current MDT of the resource, the start-time of the MUT/MDT
Extended RTM Self-Commitment Period resulted from Rule 8 should be
extended to the later of the end-time of the Super RUC Commitment

Period or the beginning of the current Trading Day.

Rule 10. If a MUT Extended RTM Self-Commitment Period or a MDT Extended
RTM Self-Commitment Period resulted from Rule 8 and Rule 9 in the
current Trading Day intersects the same Super RTM Commitment Period
with a disjoint, nonadjacent and earlier MDS Extended RTM Self-
Commitment Period in the RTM MDT Backtrack Window, and if the
MUT/MDT Extended RTM Self-Commitment Period is apart from the
MDS Extended RTM Self-Commitment Period by less than the current
MDT of the resource, the start-time of the MUT/MDT Extended RTM Self-
Commitment Period should be extended to the later of the end-time of the
MDS Extended RTM Self-Commitment Period or the beginning of the

current Trading Day.

7 Since the Super RTM Commitment Period contains both MUT Extended RTM Self-Commitment Periods,
the unit is “On” during the gap between the two MUT Extended RTM Self-Commitment Periods. If two
MUT Extended RTM Self-Commitment Periods do not intersect with a common Super RTM Commitment
Period, the unit must have “Off’ status during the gap between the two MUT Extended RTM Self-

Commitment Periods. [Formatted: Font: 8 pt, Not Italic
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Rule 11.

Rule 12.

Rule 13.

Rule 14.

If a MUT Extended RTM Self-Commitment Period or a MDT Extended
RTM Self-Commitment Period resulted from Rule 8 through Rule 10 in
the current Trading Day, intersects the same Super RTM Self-
Commitment Period with a disjoint, nonadjacent and later Super RUC
Commitment Period in the current Trading Day, and if the MUT/MDT
Extended RTM Self-Commitment Period is apart from the Super RUC
Commitment Period by less than the current MDT of the resource, the
end-time of the MUT/MDT Extended RTM Self-Commitment Period
should be extended to the start-time of the Super RUC Commitment
Period.

If a MUT Extended RTM Self-Commitment Period or a MDT Extended
RTM Self-Commitment Period resulted from Rule 8 through Rule 11
intersects with a Super RTM Self-Commitment Period that ends at the
end of the current Trading Day, and if the MUT/MDT Extended RTM Self-
Commitment Period is apart from a disjoint, nonadjacent and later Super
RUC Commitment Period in the RTM MDT Forthcoming Window by less
than the current MDT of the resource, the end-time of the MUT/MDT
Extended RTM Self-Commitment Period should be extended to the end of

the current Trading Day.

After this MDT extension process, the MUT Extended RTM Self-
Commitment Periods are referred to as MDT Extended RTM Self-

Commitment Periods regardless of whether any extension was made.

If the MDT Extended RTM Self-Commitment Periods generated by the
MDT extension process as described by Rule 8 through Rule 13 have
nonempty intersections, the MDT Extended RTM Self-Commitment

Periods having nonempty intersections should be merged.

The MDS Extended RTM Self-Commitment Periods for a resource in a Trading Day are

constructed in sequence as follows:

Rule 15.

If there is any RTM Self-Commitment Period that starts at the beginning

of the Trading Day, or any RUC Commitment Period that starts at the
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Rule 16.

Rule 17.

beginning of the Trading Day, and the resource was “On” at the end of
the previous Trading Day, and if the total number of MDT Extended RTM
Self-Commitment Periods and their disjoint and nonadjacent Super RUC
Commitment Periods in the Trading Day is greater than (MDS+1) of the
resource, the MDT Extended RTM Self-Commitment Periods must be
extended in both directions in time iteratively to fill first the smallest time
gap with other disjoint and nonadjacent MDT Extended RTM Self-
Commitment Periods or Super RUC Commitment Periods that intersects
the same Super RTM Commitment Period until the number of MDT
Extended RTM Self-Commitment Periods and their disjoint and
nonadjacent Super RUC Commitment Periods in the Trading Day is equal
to (MDS+1).

If there is no RTM Commitment Period that starts at the beginning of the
Trading Day and there is no RUC Commitment Period that starts at the
beginning of the Trading Day, or the resource was “Off’ at the end of the
previous Trading Day, and if the total number of MDT Extended RTM
Self-Commitment Periods and their disjoint and nonadjacent Super RUC
Commitment Periods in the Trading Day is greater than the MDS of the
resource, the MDT Extended RTM Self-Commitment Periods must be
extended in both directions in time to fill first the smallest gap in time with
the other disjoint and nonadjacent MDT Extended RTM Self-Commitment
Periods or Super RUC Commitment Periods that intersects the same
Super RTM Commitment Period until the number of MDT Extended RTM
Self-Commitment Periods and their disjoint and nonadjacent Super RUC

Commitment Periods in the Trading Day is equal to MDS.

After this MDS extension process, the MDT Extended RTM Self-
Commitment Periods are referred to as MDS Extended RTM Self-

Commitment Periods regardless of whether any extension was made.

The BCR RTM Self-Commitment Periods for a resource in a Trading Day are

constructed as follows:
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Rule 18. If an MDS Extended RTM Self-Commitment Period intersects with a
Super RUC Commitment Period, the intersection is excluded from the
MDS Extended RTM Self-Commitment Period; and the remaining portion
of the MDS Extended RTM Self-Commitment Period is the BCR RTM

Self-Commitment Period.

D.6.3. RTM Commitment Type Determination for Pump
Storage Generator Resources in Pumping Mode

The general definitions (Def 1-4, and Def 6) in the previous section for generators also
apply to the pumping mode. The definitions and rules in this subsection apply to pump-

storage generator resources operating in pumping mode.

Def 20 A RTM Self-Commitment Period in pumping mode is a RTM Commitment
Period that is resulted from energy self-schedules in pumping mode and their
interaction with inter-temporal constraints imposed by MUT, MDT and MDS (in
pumping mode) for the resource in the given period.8

Def 21 A Basic RTM Self-Commitment Period is a RTM Self-Commitment Period
that is resulted directly from energy self-schedules in pumping mode (which is
represented by negative quantities) without considering their interaction with
inter-temporal constraints imposed by MUT, MDT and MDS (in pumping mode) for
the resource in the given period.

Def 22 A MUT Extended RTM Self-Commitment Period in pumping mode is a RTM
Self-Commitment Period in pumping mode that is resulted from one or more Basic
RTM Self-Commitment Periods in pumping mode and their interaction with inter-
temporal constraints imposed by MUT in pumping mode for the resource in the
given period. The MUT used here is rounded up to the next 15-minute commitment
interval if it is not already in multiples of 15-minutes. A Basic RTM Self-
Commitment Period in pumping mode is referred to as a MUT Extended RTM Self-
Commitment Period in pumping mode after the MUT Extension process even if no
MUT extension is made.

Def 23 A MDT Extended RTM Self-Commitment Period in pumping mode is a RTM
Self-Commitment Period in pumping mode that is resulted from one or more MUT
Extended RTM Self-Commitment Period in pumping mode and their interaction
with inter-temporal constraints imposed by MDT for the resource in the given
period. The MDT used here is rounded up to the next 15-minute commitment
interval if it is not already in multiples of 15-minutes. A MUT Extended RTM Self-
Commitment Period in pumping mode is referred to as a MDT Extended RTM Self-

5A pump-storage resource has separate MUT and MDS for operating in generating mode and pumping
mode. A pump-storage resource has a single MDT for transitioning from generating mode to generating
mode, from generating mode to pumping mode, from pumping mode to generating mode and from
pumping mode to pumping mode.
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Commitment Period in pumping mode after the MDT Extension process even if no
MDT extension is made.

Def 24 A MDS Extended RTM Self-Commitment Period in pumping mode is a RTM
Self-Commitment Period in pumping mode that is resulted from one or more MDT
Extended RTM Self-Commitment Period in pumping mode and their interaction
with inter-temporal constraints imposed by MDS for the resource in pumping
mode in the given period. A MDT Extended RTM Self-Commitment Period in
pumping mode is referred to as a MDS Extended RTM Self-Commitment Period in
pumping mode after the MDS Extension process even if no MDS extension is
made.

Def 25 A BCR RTM Self-Commitment Period in pumping mode is a RTM Self-
Commitment Period in pumping mode, which is resulted from a MDS Extended
RTM Self-Commitment Period in pumping mode by excluding its intersections
with IFM Commitment Periods in pumping mode for the resource in a given
period. A MDS Extended RTM Self-Commitment Period in pumping mode is
referred to as a BCR Extended RTM Self-Commitment Period in pumping mode
after the BCR Exclusion process even if no truncation is made to exclude the
intersection with any IFM Commitment Period in pumping mode.

Def 26 The BCR RTM Self-Commitment Periods in pumping mode, denoted by
{SELFP}RTM, shall be the union of all BCR RTM Self-Commitment Periods in
pumping mode, for aresource in a given time period.

Def 27 The BCR RTM Commitment Periods in pumping mode, denoted by
{UCP}RTM, shall be the union of all RTM Commitment Periods in pumping mode
excluding their intersections with IFM Commitment Periods in pumping mode for
the resource in the given period.

Def 28 The BCR CAISO RTM Commitment Periods in pumping mode, denoted by
{CAISOP}RTM, shall be the union of all BCR RTM Commitment Periods in
pumping mode excluding their intersections with the BCR RTM Self-Commitment
Periods in pumping mode, for aresource in a given time period.

Def 29 The RTM MUT Backtrack Window in pumping mode, is a period that has a
configurable length and ends at the beginning of the current Trading Day. The
configurable length is 2880 minutes (i.e., 2 days) by default. Note a pump-storage
generator shall use two separately configurable RTM MUT Backtrack Windows;
one for generating mode and the other for pumping mode.

Def 30 The RTM MDT Backtrack Window in pumping mode, is a period that has a
configurable length and ends at the end of the current Trading Day. By default the
configurable length is 2880 minutes (i.e., 2 days). Note a pump-storage generator
shall have two separately configurable RTM MDT Backtrack Windows; one for
generating mode and the other for pumping mode.

Def 31 The RTM MDT Forthcoming Window in pumping mode, is a period that has
a configurable length and starts at the end of the current Trading Day. By default
the configurable length is 1440 minutes (i.e., 1 day). Note a pump-storage
generator shall use two separately configurable RTM MDT Forthcoming Windows;
one for generating mode and the other for pumping mode.

Version-38Version 38 Last Revised: January 6, 2014January-6,2014 Page E-34

[Formatted: Font: 8 pt, Not Italic




CAISO Business Practice Manual

A RTM Self-Commitment Period in pumping mode will go through the following stages in

arriving at the final usable form for Bid Cost Recovery (BCR).

Basic > MUT Extension > MDT Extension - MDS Extension - BCR Exclusion

The Basic RTM Self-Commitment Periods in pumping mode for a resource in a given

period are constructed as follows:

Rule 19.

Rule 20.

If the resource is a pump-storage generating resource, identify all the
hours in which the resource has RTM energy self-schedules in pumping

mode in the given period.

Each set of consecutive hours identified in Rule 19, is a Basic RTM Self-

Commitment Period in pumping mode.

The MUT Extended RTM Self-Commitment Periods in pumping mode for a resource in a

given period are constructed using Rule 4 through Rule 7 except now the commitment

periods are in pumping mode and the RTM MUT Backtrack Window is in pumping mode
as defined by Def 29.

The MDT Extended RTM Self-Commitment Periods in pumping mode for a resource in a

Trading Day are constructed as follows:

Rule 21.

Rule 22.

If two disjoint and nonadjacent MUT Extended RTM Self-Commitment
Periods in pumping mode intersect with the same Super RTM
Commitment Period in pumping mode in the current Trading Day, and if
the two MUT Extended RTM Self-Commitment Periods in pumping mode
are apart from each other by less than the relevant MDT of the resource,
the two MUT Extended RTM Self-Commitment Periods in pumping mode
should be merged to form a MDT Extended RTM Self-Commitment

Period in pumping mode.

If a MUT Extended RTM Self-Commitment Period in pumping mode or a
MDT Extended RTM Self-Commitment Period in pumping mode resulted

from Rule 21 intersects the same Super RTM Commitment Period in
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Rule 23.

Rule 24.

pumping mode with a disjoint, nonadjacent and earlier Super IFM
Commitment Period in pumping mode in the RTM MDT Backtrack
Window in pumping mode, and if the MUT/MDT Extended RTM Self-
Commitment Period in pumping mode is apart from the Super IFM
Commitment Period by less than the current MDT of the resource, the
start-time of the MUT/MDT Extended RTM Self-Commitment Period in
pumping mode should be extended to the end-time of the Super IFM
Commitment Period in pumping mode or the beginning of the current

Trading Day.

If a MUT Extended RTM Self-Commitment Period in pumping mode or a
MDT Extended RTM Self-Commitment Period in pumping mode resulted
from Rule 21 and Rule 22 in the current Trading Day intersects the same
Super RTM Commitment Period in pumping mode with a disjoint,
nonadjacent and earlier MDS Extended RTM Self-Commitment Period in
pumping mode in the RTM MDT Backtrack Window in pumping mode,
and if the MUT/MDT Extended RTM Self-Commitment Period in pumping
mode is apart from the MDS Extended RTM Self-Commitment Period in
pumping mode by less than the current MDT of the resource, the start-
time of the MUT/MDT Extended RTM Self-Commitment Period in
pumping mode should be extended to the later of the end-time of the
MDS Extended RTM Self-Commitment Period in pumping mode or the

beginning of the current Trading Day.

If a MUT Extended RTM Self-Commitment Period in pumping mode or a
MDT Extended RTM Self-Commitment Period in pumping mode resulted
from Rule 21 through Rule 23 in the current Trading Day, intersects the
same Super RTM Self-Commitment Period in pumping mode with a
disjoint, nonadjacent and later Super IFM Commitment Period in pumping
mode in the current Trading Day, and if the MUT/MDT Extended RTM
Self-Commitment Period in pumping mode is apart from the Super IFM
Commitment Period in pumping mode by less than the current MDT of the
resource, the end-time of the MUT/MDT Extended RTM Self-Commitment

Version-38Version 38 Last Revised: January 6, 2014January-6,2014 Page E-36

BPM for Market Operations

[Formatted: Font: 8 pt, Not Italic




CAISO Business Practice Manual

Rule 25.

Rule 26.

Rule 27.

Period in pumping mode should be extended to the start-time of the

Super IFM Commitment Period in pumping mode.

If a MUT Extended RTM Self-Commitment Period in pumping mode or a
MDT Extended RTM Self-Commitment Period in pumping mode resulted
from Rule 21 through Rule 24 in the current Trading Day, intersects with a
Super RTM Self-Commitment Period in pumping mode, which ends at the
end of the current Trading Day, and if the MUT/MDT Extended RTM Self-
Commitment Period in pumping mode is apart from a disjoint,
nonadjacent and later Super IFM Commitment Period in pumping mode in
the RTM MDT Forthcoming Window in pumping mode, by less than the
current MDT of the resource, the end-time of the MUT/MDT Extended
RTM Self-Commitment Period in pumping mode should be extended to

the end of the current Trading Day.

After this MDT extension process, the Basic RTM Self-Commitment
Periods in pumping mode are referred to as MDT Extended RTM Self-
Commitment Periods in pumping mode regardless of whether any

extension was made.

If the MDT Extended RTM Self-Commitment Periods in pumping mode
generated by the MDT extension process as described by Rule 21
through Rule 26 have nonempty intersections, the MDT Extended RTM
Self-Commitment Periods having nonempty intersections should be

merged.

The MDS Extended RTM Self-Commitment Periods in pumping mode for a resource in a

Trading Day are constructed as follows:

Rule 28.

If there is any RTM Self-Commitment Period in pumping mode that starts
at the beginning of the Trading Day, or any IFM Commitment Period in
pumping mode that starts at the beginning of the Trading Day; and the
resource was “On” in pumping mode at the end of the previous Trading
Day, and if the total number of MDT Extended RTM Self-Commitment

Periods in pumping mode and their disjoint and nonadjacent Super IFM
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Commitment Periods in pumping mode in the Trading Day is greater than
(MDS+1) of the resource, the MDT Extended RTM Self-Commitment
Periods in pumping mode must be extended in both directions in time
iteratively to fill first the smallest time gap with other disjoint and
nonadjacent MDT Extended RTM Self-Commitment Periods in pumping
mode or Super IFM Commitment Periods in pumping mode that intersects
the same Super RTM Commitment Period in pumping mode until the
number of MDT Extended RTM Self-Commitment Periods in pumping
mode and their disjoint and nonadjacent Super IFM Commitment Periods
in pumping mode in the Trading Day is equal to (MDS+1);

Rule 29. If there is no RTM Commitment Period in pumping mode that starts at the
beginning of the Trading Day and there is no IFM Commitment Period in
pumping mode that starts at the beginning of the Trading Day, or the
resource was not in pumping mode at the end of the previous Trading
Day, and if the total number of MDT Extended RTM Self-Commitment
Periods in pumping mode and their disjoint and nonadjacent Super IFM
Commitment Periods in pumping mode in the Trading Day is greater than
the relevant (i.e., pump) MDS of the resource, the MDT Extended RTM
Self-Commitment Periods in pumping mode must be extended in both
directions in time to fill first the smallest gap in time with the other disjoint
and nonadjacent MDT Extended RTM Self-Commitment Periods in
pumping mode or Super IFM Commitment Periods in pumping mode that
intersects the same Super RTM Commitment Period in pumping mode
until the number of MDT Extended RTM Self-Commitment Periods in
pumping mode and their disjoint and nonadjacent Super IFM
Commitment Periods in pumping mode in the Trading Day is equal to
relevant (i.e., pump) MDS.

Rule 30. After this MDS extension process for pump storage generating resources
in pumping mode, the MDT Extended RTM Self-Commitment Periods in
pumping mode are referred to as MDS Extended RTM Self-Commitment
Periods in pumping mode regardless of whether any extension was
made.
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The BCR RTM Self-Commitment Periods in pumping mode for a resource in a Trading

Day are constructed as follows:

Rule 31. If a MDS Extended RTM Commitment Period in pumping mode intersects
with a Super IFM Commitment Period in pumping mode, the intersection
is excluded from the MDS Extended RTM Commitment Period in pumping
mode; the remaining portion of the MDS Extended RTM Commitment
Period in pumping mode is the BCR RTM Self-Commitment Period in
pumping mode.

The BCR for Pump Shut-Down Cost will not be based on the BCR RTM Self-
Commitment Periods because the BCR RTM Self-Commitment Periods indicate that the
unit is in pumping mode because of self-schedules. For determination of the eligibility for
BCR of Pump Shut-Down Cost, one needs to determine whether the unit is transitioning
out of the pumping mode solely because of the unit's own decision and not CAISO’s
decision. Therefore, whether a RTM pump shut-down, is considered as "self

commitment”, is determined according to the following rules.

Rule 32. If the RTM Commitment Periods in pumping mode in a Trading Day
indicates a Pump Shutdown (i.e., end of a Super RTM Commitment
Period in pumping mode), and the unit does not have any Pump Cost Bid
Component or Pumping Self-Schedule Bid Component for the immediate
hour after the RTM Pump Shutdown, the RTM Pump Shutdown is BCR
RTM Self-Commitment.

Rule 33. If the RTM Commitment Periods in pumping mode in a Trading Day
indicates a Pump Shutdown (i.e., end of a Super RTM Commitment
Period in pumping mode), and the unit has a Basic RTM Self-
Commitment Period in generating mode starting within the relevant MDT
after the RTM Pump Shutdown, the RTM Pump Shutdown is BCR RTM

Self-Commitment.

D.6.4. Examples for RTM Commitment Type
Determination
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Example 20 — Generator Resource RTM Commitment type determination Rule # 4
@iy MUT

In this example, the following assumptions are made as shown in Figure .
e MUT =6 hours
e There resource was “On” in the period [23, 24) of the previous Trading Day
e Basic RTM Self-Commitment Period: [0, 4) in the current Trading Day.

e Super RTM Commitment Period: [0, 8) in the Current Trading Day.
According to Rule #4(i), since the length of the Basic RTM Self-Commitment Period (4
hours) is less than the MUT of the resource minus the ‘On time” (5 hours), the Self-
Commitment period must be extended to the minimum of 5 hours. This extension
process results in the MUT Extended RTM Self-Commitment Period [0, 5). This is
illustrated in Figure 20.

MUT = 6h
ON-TIME = 1h
MUT - ON-TIME = 5h

MUT extended RTM Self Commitment Extend to 5h

period

— 1

Super RTM Commitment
Period

I I o I
8 EEEERERERE

0 4 5 24

Basic RTM Self-Commitment
period

Figure 20: lllustration of Rule #4(i)

Example 21 — Generator Resource RTM Commitment type determination Rule # 4
(@ii)) MUT

In this example, the following assumptions are made as shown in Figure 21.
e MUT =6 hours
e The resource was OFF at the end of the previous Trading Day
e Basic RTM Self-Commitment Period: [0, 4) in the current Trading Day.

e Super RTM Commitment Period: [0, 10) in the Current Trading Day.
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According to Rule #4(ii), since the length of the Basic RTM Self-Commitment Period (4

hours) is less than the MUT of the resource (6 hours), the Self-Commitment period must

be extended by 2 hours to the minimum of 6 hours. This extension process results in the
MUT Extended RTM Self-Commitment Period [0, 6). This is illustrated in Figure 21.

MUT = 6h

. Extend to 6h
MUT extended RTM Self-Commitment

period

Super RTM Commitment

° 4 6 Period 24

10 RERRRRRR

Basic RTM Self-Commitment
period

Figure 21: lllustration of Rule #4(ii)

Example 22 — Generator Resource RTM Commitment type determination Rule # 4

(i) MUT

In this example, the following assumptions are made as shown in Figure 2.

e MUT =8 hours

e Basic RTM Self-Commitment Period: [3, 7) in the current Trading Day.

e On Time evaluated at the beginning of the Basic RTM Self-Commitment Period is

2 hours.

e Super RTM Commitment Period: [1, 11) in the Current Trading Day.

According to Rule #4(jii), since the length of the Basic RTM Self-Commitment Period (4
hours) is less than the MUT of the resource minus the “On Time” evaluated at the

beginning of the Basic RTM Self-Commitment Period (6 hours), the Self-Commitment

period must be extended by 2 hours to the minimum of 6 hours. This extension process
results in the MUT Extended RTM Self-Commitment Period [3, 9). This is illustrated in

Figure 22.
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MUT = 8h

ON-TIME = 2h

MUT - ON-TIME = 6h
MUT extended RTM Self Extend to 6h
Commitment period

Super RTM Commitment

-

103 79 oo 2

[

0 FrrrrrrrrrT
-

Basic RTM Self Commitment
period

Figure 22: lllustration of Rule #4(iii)

Example 23 — Generator Resource RTM Commitment type determination Rule # 4

(iv) MUT

In this example, the following assumptions are made as shown in Figure .

e MUT =8 hours

¢ Basic RTM Commitment Period: [7, 14) which is also a Super RTM Commitment

Period in the current Trading Day.

e On Time evaluated at the beginning of the Basic RTM Commitment Period is

zero.

According to Rule #4(iv), even though the length of the commitment period is less than

the MUT of the resource minus the “On time”, the Basic RTM Self-Commitment Period is
not extended, which results in a MUT Extended RTM Self-Commitment Period [7, 14)

even though no extension was made. The reason that no extension is made is because
the Basic RTM Commitment Period itself is a Super RTM Commitment Period; the MUT

was not observed either because the market participants bids were infeasible as to MUT

or the RTM application failed to comply with the MUT. The MQS as a post process

cannot extend the Basic Self-Commitment Period into intervals where the unit is “Off.”

This is illustrated in Figure 23.
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MUT =8h

ON-TIME = 1h
MUT extended RTM Self
Commitment period
-
‘ 7 14 24
I o
0 HEREREE
<>
Basic RTM SC period that is

also a Super RTM Self
Commitment period

Figure 23: lllustration of Rule #4(iv)

Example 24 — Generator Resource RTM Commitment type determination Rule

5Rute 5 MUT

In this example, the following assumptions are made as shown in Figure .
e MUT =12 hours

e On-time by 6/11/07 18:00 is 240 minutes (i.e., 4 hours)

e Super RTM Commitment Period [6/11/07 18:00, 6/11/07 24:00) in the RTM MUT
Backtrack Window

e MDS Extended Self-Commitment Period [6/11/07 21:00, 6/11/07 24:00)
e Super RTM Commitment Period [00:00, 06:00) in the Current Trading Day

(6/12/07)

According to Rule 5, since the length of the Super RTM Commitment period in the
Backtrack Window, which is 6 hours, is less than the (MUT - On-time) by X = 120
minutes or 2 hours, a MUT Extended Commitment period [00:00, 02:00) is defined in the
current Trading Day. The MUT Extended Commitment period [00:00, 02:00) is a portion
of the MUT Extended RTM Self-Commitment period [6/11/07 21:00, 6/12/07 02:00) that

fits in the current Trading Day. This is illustrated in Figure 24.

MUT =12h

ON-TIME (s) = 240 (mins)

Backtrack Window
-
MUT extended RTM Self- Commitment
period
24

1800 2100 0| 0200 0600 |
S m X e

Figure 24: lllustration of Rule 5
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Example 25 - Generator Resource RTM Commitment type determination Rule
8Rute8 MDT

In this example, the following assumptions are made as shown in Figure .
e MDT =9 hours
e Super RTM Commitment Period: [0, 24) in the current Trading Day.
e Disjoint and nonadjacent MUT Extended RTM Self-Commitment Periods : [0, 9)
and [14, 23)
According to Rule 8, since the two MUT Extended RTM Self-Commitment Periods are
apart from each other by less than the MDT of the resource, the two MUT extended

RTM Self-Commitment Periods are merged to form a MDT Extended RTM Self-
Commitment Period [0, 23). This is illustrated in Figure 25.

MDT = 9h
L=5h

MUT Extended Self-
-Commitment period-
2

o 9 14 23

MUT Extended RTM Self-
Commitment period 1

[TTT
<«—L—> Super RTM
——MDT Extended RTM Self-Commitment period—  commitment
period

Figure 25: lllustration of Rule 8

Example 26— Generator Resource RTM Commitment type determination Rule
9Rute-9 MDT

In this example, the following assumptions are made as shown in Figure .
e MDT =9 hours

e MUT Extended RTM Self-Commitment Period: [05:00, 12:00) in the current
Trading Day (6/12/07).
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e Super RUC Commitment Period: [6/11/07 14:00, 6/11/07 21:00) in the RTM MDT
Backtrack Window

e Super RTM Commitment Period: [6/11/07 14:00, 6/12/07 12:00)
According to Rule 9, since the MUT Extended RTM Self-Commitment Period is apart
from the disjoint, nonadjacent and earlier Super RUC Commitment Period by less than
the MDT of the resource, the start-time of the MUT Extended RTM Self-Commitment
Period is extended to the beginning of the Current Trading Day. This extension process
results in a MDT Extended RTM Self-Commitment Period [6/12/07 00:00, 6/12/07
12:00). This is illustrated in Figure 26.

MDT Extended RTM Self- MDT = 9h
Commitment period

MUT Extended
3 Self- .
Commitment
period

Super RUC
~Commitment-
Period

14 21 0 5 12
Super RTM
Commitment Period

Figure 26: Illustration of Rule 9

Example 27- Generator Resource RTM Commitment type determination Rule
10Rule-10 MDT

In this example, the following assumptions are made as shown in Figure .
e MDT =9 hours

¢ MUT Extended RTM Self-Commitment Period: [5, 12) in the current Trading Day
(6/12/07).

e Addisjoint, nonadjacent and earlier MDS Extended RTM Self-Commitment Period:
[6/11/07 14:00, 6/11/07 21:00) in the RTM MDT Backtrack Window

e Super RTM Commitment Period: [6/11/07 15:00, 6/12/07 20:00) which is
intersected by both the MUT Extended RTM Self-Commitment period and the
MDS Extended RTM Self-Commitment period.
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According to Rule 10, since the MUT Extended RTM Self-Commitment Period is apart
from the MDS Extended RTM Self-Commitment Period by less than the current MDT of
the resource, the start time of the MUT Extended Self-Commitment Period is extended

to the beginning of the current trading day. This extension process results in a MDT
Extended RTM Self-Commitment Period [6/12/07 00:00, 6/12/07 12:00). This is

illustrated in Figure 27.

MDS
Extended

period

-« RTM Self-
Commitment

-

MDT Extended RTM Self-
Commitment period

MUT Extended
3 Self- .
Commitment
period

5 12

commitment period

MDT = 9h

Super RTM

Figure 27: lllustration of Rule 10.

Example 28— Generator Resource RTM Commitment type determination le

11Rule 11 MDT

Ru

In this example, the following assumptions are made as shown in Figure .

e MDT =9 hours

¢ MUT Extended RTM Self-Commitment Period: [4, 12) in the current Trading Day.

e A disjoint, nonadjacent and later Super RUC Commitment Period in the Current

Trading Day: [20, 24)

e Super RTM Self-Commitment Period: [4, 24) which is intersected by both the
MUT Extended RTM Self-Commitment period and the Super RUC Commitment

period detailed previously.

According to Rule 11, since the MUT Extended RTM Self-Commitment Period is apart

from the Super RUC Commitment Period by less than the current MDT of the resource,

the end time of the MUT Extended Self-Commitment Period is extended to the start-time

of the Super RUC Commitment Period. This extension process results in a MDT
Extended RTM Self-Commitment Period [4, 20). This is illustrated in Figure 28.
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MDT Extended RTM Self-Commitment MDT = 9h
period
Super RUC
MUT Extended RTM Self- Commitment
Commitment period eriod

Super RTM
commitment period

Figure 28: lllustration of Rule 11
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Example 29 — Generator Resource RTM Commitment type determination Rule
12Rule-12 MDT

In this example, the following assumptions are made as shown in Figure
e MDT =9 hours

e MUT Extended RTM Self-Commitment Period: [6/11/07 06:00, 6/11/07 21:00) in

the current Trading Day.

e A disjoint, nonadjacent and later Super RUC Commitment Period in the RTM
MDT Forthcoming Window: [6/12/07 02:00, 6/12/07 08:00)

e Super RTM Self-Commitment Period: [6/11/07 06:00, 6/11/07 24:00).
According to Rule 12, since the MUT Extended RTM Self-Commitment Period is apart
from the Super RUC Commitment Period by less than the current MDT of the resource,
the end time of the MUT Extended Self-Commitment Period is extended to the end of
the current Trading Day. This extension process results in a MDT Extended RTM Self-
Commitment Period [6/11/07 06:00, 6/11/07 24:00). This is illustrated in Figure 29.
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MDT = 9h

MDT Extended RTM Self-Commitment
period

Super RUC
MUT Extended RTM Self- Commitment
Commitment period period
- -

Super RTM
commitment period

Figure 29: lllustration of Rule 12

Example 30 — Generator Resource RTM Commitment type determination Rule
15Rute-15 MDS

In this example, the following assumptions are made as shown in Figure
e MDS=1
e The resource was ON at the end of the previous Trading Day.
e Super RTM Commitment Period: [0, 24) in the current Trading Day.
e Super RUC Commitment Period: [0, 5) in the current Trading Day.
e MDT Extended RTM Self-Commitment Period: [7, 14) in the current Trading Day.

e MDT Extended RTM Self-Commitment Period: [17, 21) in the current Trading
Day.

According to Rule 15, since the total number of MDT Extended RTM Self Commitment
Periods and their disjoint and nonadjacent Super RUC Commitment Periods in the same
trading Day is 3 which is more than (MDS + 1) = 2, the MDT Extended RTM Self-
Commitment Period [7, 14) is extended to fill the smallest time gap [5, 7) with the
disjoint and nonadjacent Super RUC Commitment Period [0, 5) that intersect the same
Super RTM commitment Period. After this extension process, the number of MDT
Extended RTM Self-Commitment Periods or Super RUC Commitment Periods and their
disjoint and nonadjacent Super RUC Commitment Periods in the Trading Day is equal to
( MDS + 1) = 2.This extension process results in a MDS Extended Self-Commitment
Period [5, 14). This is illustrated in Figure 30.

Version-38Version 38 Last Revised: January 6, 2014January-6,2014 Page E-48

[Formatted: Font: Bold

[Formatted: Font: 8 pt, Not Italic




CAISO Business Practice Manual BPM for Market Operations

MDS =1
(MDS +1)=2

-aMDS Extended periodm-
-4RUCH» -4-MDT Extended- -aMDT Extm-
0 5 7 14 17 21 24

Sliper RTM
commitment
period

Figure 30: lllustration of Rule 15.

Example 31 - Generator Resource RTM Commitment type determination Rule
16Rule-16 MDS

In this example, the following assumptions are made as shown in Figure .

e MDS=2

e The resource was OFF at the end of the previous Trading Day.

e Super RTM Commitment Period: [0, 24) in the current Trading Day.

e Super RUC Commitment Period: [2, 7) in the current Trading Day.

e MDT Extended RTM Self-Commitment Period: [9, 15) in the current Trading Day.

e Super RUC Commitment Period: [18, 21) in the current Trading Day.
According to Rule 16, since the total number of MDT Extended RTM Self Commitment
Periods and their disjoint and nonadjacent Super RUC Commitment Periods in the same
trading Day is 3 which is more than the MDS (which is 2) of the resource, the MDT
Extended RTM Self-Commitment Period is extended to fill the smallest time gap [7, 9)
with the disjoint and nonadjacent Super RUC Commitment Period that intersect the
same Super RTM commitment Period [2, 7) to bring the number of MDT Extended RTM
Self-Commitment Periods and their disjoint and nonadjacent Super RUC Commitment
Periods in the Trading Day to MDS (which is 2). This extension process results in a MDS
Extended Self-Commitment Period [7, 15). This is illustrated in Figure 31.
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MDS =2
<MDS Extended periods
-4 RUCH» -4-MDT Extended-» -4—RUC—»
2 7.9 15 18 21 24
Super RTM
commitment
period

Figure 31: lllustration of Rule 16.

Example 32 — Generator Resource RTM Commitment type determination Rule 18
BCR

In this example, the following assumptions are made as shown in Figure .
e MDS Extended RTM Self-Commitment Period: [0, 15) in the current Trading Day.
e Super RUC Commitment Period: [12, 21) in the current Trading Day.

According to Rule 18, since the MDS Extended RTM Commitment Period intersects with
a Super RUC Commitment Period, the intersection is excluded from the MDS Extended
RTM Commitment Period and the remaining MDS Extended RTM Commitment Period is
the BCR RTM Self-Commitment Period i.e. [0, 12). This is illustrated in Figure 32.

-4MDS extended commitment periocHm

" «——Super RUC period— -
~«BCR RTM SC period LperRUC perio

|0 12 15 21

Overlap

Figure 32. Illustration of Rule 18.

Example 33 - BCR for Pump Shutdown Cost Determination, Rule 32Rule-32 BCR

In this example, a Super RTM Commitment Period in pumping mode comes to an end
and there is no Pump Cost Bid Component or Pump Self-Schedule Bid Component for
the immediate hour after the Pump shut-down. Therefore, the Pump shut-down is a BCR

RTM Self-Commitment. See Figure 33 for an illustration. This is illustrated in Figure 33.
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_Super RTM Commitment,_
Period in pumping mode
12

‘ 4
Pump Shutdown is BCR
RTM Self-Commitment

24

Figure 33: lllustration of Rule # 32

Example 34- BCR for Pump Shutdown Cost Determination, Rule 33R#e-33 BCR [Formatted: Font: Bold

In this example, a Super RTM Commitment Period in pumping mode comes to an end
and the unit has a Basic RTM Self-Commitment Period in generating mode starting
within the MDT after the pump shutdown. Therefore, the Pump shut-down is a BCR RTM

Self-Commitment. This is illustrated in Figure 34.

MDT =5

Basic RTM Self-Commitment
Period in generating mode
16 o1 2

] N

Pump Shutdown is BCR
RTM Self-Commitment

‘Super RTM Commltmemk
Period in pumping mode
4 12

Figure 34: lllustration for Rule #33

D.7. IFM/RUC/RTM Start-up Cost/Pump Shut-down
Cost and Minimum Load Cos/Pumping Cost Determination

After the determination of ISO commitment versus self commitment period, the eligible
Start-up Cost (SUC), eligible pump shut-down cost (PSDC), the eligible Minimum Load
Cost (MLC) and the eligible Pumping Cost (PC) for each CAISO committed interval in
either IFM, RUC, or RTM will need to be calculated. As a by-product, the SUC/PSDC
and MLC/PC eligibility flags for IFM, RUC, and RTM. The eligibility flag is a Y/N flag.
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The determination of commitment cost will include the generating resources including
Pumped-Storage Hydro Units as well as the participating loads (pumps that are

dispatchable) and tie generators.

D.7.1. Data Requirements
Inputs

-- The ISO versus self commitment periods are determined by business rules described

in sections D2 to D6.
ISO Commitment Period of IFM, RUC, RTM
Hourly in IFM, RUC, 15 minutes in RTM;

All generators except Pumped-Storage Hydro Units can be committed in on-line
or off-line in IFM, RUC, RTM;

All Pumped-Storage Hydro Units can be committed in pumping mode, generation
mode or offline mode in IFM, RUC, RTM except there is no pumping mode

commitment in RUC;

All Participating Loads can be committed in pumping mode or offline mode in IFM
and RTM.

Self-Commitment Period of IFM and RTM (no self commit in RUC)
Hourly in IFM, 15 minutes in RTM;

Same rules apply regarding various resources as ISO Commitment except that

there is no self-commit in RUC.
Start-up Time (All Generators)
Minimum Load Cost (All Generators)
Hourly $ value per resource
Startup Cost (All Generators)
$ value per startup
Pumping Cost (Pumped-Storage Hydro Units and Participating Loads)

Hourly $ value per resource
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Pump Shut-down cost (Pumped-Storage Hydro Units and Participating Loads)
$ value per pump shut-down

Real-time Start-up/Shut-down Instructions including exceptional dispatch commitment

instructions

RUC Start-up Instructions

Outputs

BCR Eligible SUC ($) per resource, per settlement interval, per market type
BCR Eligible MLC ($) per resource, per settlement interval, per market type
BCR Eligible PSDC ($) per resource, per settlement interval, per market type
BCR Eligible PC ($) per resource, per settlement interval, per market type
SUC Eligibility flag per resource, per settlement interval, per market type
PSDC Eligibility flag per resource, per settlement interval, per market type
MLC Eligibility flag per resource, per settlement interval, per market type

PC Eligibility flag per resource, per settlement interval, per market type

D.7.2. Some Background Information

Following description focuses on explanation of the difference between generation and

pumping.

Applicability

A start-up cost/minimum load cost settlement applies to generators and Pumped-
Storage Hydro Units in generation mode. Those resources can be committed in IFM,
RUC or RTM.
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A shutdown cost/pumping cost settlement applies to Pumped-Storage Hydro Units in
pumping mode and Participating Load (Pumps). Those resources can be committed in
IFM or RTM, not RUC.

Minimum Load Cost VS Pumping Cost

The concept of pumping cost is the same as minimum load cost except that the resource
runs at an energy consumption level. The business rules for determining the eligibility for
pumping load cost is the same as for minimum load cost. In the following business rules,
we will use the minimum load cost as the term representing both minimum load cost in

generation mode and pumping cost in pumping mode.

Start-Up Cost VS Shut down Cost

A start-up cost settlement applies to generators and Pumped-Storage Hydro Units in
generation mode. Those resources can be committed in IFM, RUC or RTM.

A shutdown cost settlement ONLY applies to Pumped-Storage Hydro Units in pumping
mode and Participating Load. In the following description, we will simply use the term
“Pump” to refer to a participating load (a real pump) or a Pumped-Storage Hydro Unit in
pumping mode. Pump shutdown cost is used to recover the cost associated with those
resources when they are committed to be shutdown by CAISO while they are in pumping
mode.

A shutdown of a pump differs from a startup of a generator in the following perspective:

1.A shutdown of Pump happens immediately and hence the “shutdown time period”

concept will not be applied;

2.The concept of minimum load cost to pump is really the pumping cost as described
before;
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3.There is no pump shutdown in RUC and hence there is no need to deal with RUC

shutdown cost.

A shutdown of a pump is similar to a startup of a generator in the following perspective:

1. A pump is associated with the shutdown cost as part of the bid just like the startup
cost. However, a shutdown cost is only one single value while a startup cost is an up to

three tiers of step functions based on cooling time;

2. CAISO only pays the pump shutdown due to CAISO commitment reason. CAISO wiill

not pay shutdown cost if the pump is self-committed.

Some clarifications related to Shut-down:
DA Shut-down:

For a pump, when we "turn off" a pump in DA, we do NOT explicitly have a pump Shut-
down instruction. The fact that a pumping mode hour followed by an offline mode hour

will implicitly tell that the pump was determined to be "shut down" in DA,

For a pumping storage resource, it is similar.

RT Shut-down:

For a pump, when we "turn off" a pump in RT, we do EXPLICITLY have a pump Shut-

down instruction;

For a Pumped-Storage Hydro Unit, it is the same except that it is also possible we see a
15-minute in pumping mode followed by a 15-minute interval in generation or off-line

mode.

Interim Participating Load modeling in MRTU release 1:

Since we model some of the pumps using a non-participating load and a pseudo-

generating resource in MRTU release 1, for these pumps, the pumping cost will be
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modeled as the minimum load cost of the pseudo-generator and the pump shutdown

cost will be modeled as the startup cost of the pseudo-generator.

Exceptional Dispatch Shut-down:
It is possible to issue an OOS (exceptional dispatch) commitment instruction to Shut-

down a pump in RTM.

D.7.3. Business Rules for Cost Calculation

For all start-up and shut-downs, CAISO will check the meter data to determine whether
this actually happens before applying appropriate BCR amount. This logic is described in
BPM section for settlement. Following rules describe how to calculate the “potential”
eligibility and $ amount for evaluation before comparison of the revenue meter data. For
Multi-Stage Generating Resources, the following rules apply at the MSG Configuration
level, and do so in conjunction with the Multi-Stage Generating Resource specific rules

described in section D7.4.

In following rules, when commitment periods are mentioned, it is always referring to 1ISO
commitment period. A self commitment period will be specified mentioned as self

commitment period.

Business Rules for IFM Start-Up Cost

The IFM Start-Up Cost for any IFM Commitment Period shall equal to the Start-Up Costs
submitted by the Scheduling Coordinator to the CAISO for the IFM divided by the
number of Settlement Intervals in the applicable IFM Commitment Period. For each
Settlement Interval, only the IFM Start Cost in a CAISO IFM Commitment Period is
eligible for Bid Cost Recovery. The following rules shall apply sequentially to qualify the
IFM Start-Up Cost in an IFM Commitment Period:

1. The IFM Start-Up Cost for an IFM Commitment Period shall be zero if it is overlapped

with or adjunction to an IFM Self-Commitment Period.
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2. The IFM Start-Up Cost for an IFM Commitment Period shall be zero if the Bid Cost
Recovery Eligible Resource is manually pre-dispatched under an RMR Contract prior to
the Day-Ahead Market or the resource is flagged as an RMR Dispatch in the Day-Ahead
Schedule in the Day-Ahead Market anywhere within the applicable IFM Commitment
Period.

3. The IFM Start-Up Cost for an IFM Commitment Period shall be zero if there is no
actual Start-Up at the start of the applicable IFM Commitment Period because the IFM
Commitment Period is the continuation of an IFM or RUC Commitment Period from the

previous Trading Day.

4. If an IFM Start-Up is terminated in the Real-Time within the applicable IFM
Commitment Period through an Exceptional Dispatch Shut-Down Instruction issued
while the Bid Cost Recovery Eligible Resource was Starting Up, the IFM Start-Up Cost
for that IFM Commitment Period shall be prorated by the ratio of the Start-Up time before
termination over the total IFM Start-Up time.

5. If a Short Start unit is commitment by the IFM and is started up in the Real-time
Market after the start of and before the end of the IFM Commitment Period, the IFM Start
Up cost shall be qualified. Any subsequent Start-Ups pursuant to a Shut-Down
Instruction the Short-Start Unit receives in the Real-Time Market that falls within the IFM
Commitment Period, the Start-Up Costs will be qualified as an RTM Start-Up Cost.

Business Rules for IFM Minimum Load Cost/Pumping Cost

The Minimum Load Cost for the applicable Settlement Interval shall be the Minimum
Load Cost/Pumping Cost submitted to the CAISO in the IFM divided by the number of
Settlement Intervals in a Trading Hour. For each Settlement Interval, only the IFM
Minimum Load Cost in a CAISO IFM Commitment Period is eligible for Bid Cost

Recovery.
The IFM Minimum Load Cost/Pumping Cost for any Settlement Interval is zero if:

1. The Settlement Interval is in an IFM Self Commitment Period for the Bid Cost

Recovery Eligible Resource;
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2. The Bid Cost Recovery Eligible Resource is manually pre-dispatched under an RMR
Contract prior to the Day-Ahead Market or the resource is flagged as an RMR Dispatch

in the Day-Ahead Schedule for the applicable Settlement Interval;

Business Rules for RUC Start-Up Cost

The RUC Start-Up Cost for any Settlement Interval in a RUC Commitment Period shalll
consist of Start-Up Cost of the Bid Cost Recovery Eligible Resource submitted to the
CAISO for the applicable RUC Commitment Period divided by the number of Settlement
Intervals in the applicable RUC Commitment Period. For each Settlement Interval, only
the RUC Start Cost in a CAISO RUC Commitment Period is eligible for Bid Cost
Recovery. The following rules shall be applied in sequence and shall qualify the RUC
Start-Up Cost in a RUC Commitment Period:

1. The RUC Start-Up Cost for a RUC Commitment Period is zero if it is overlapped with
or adjunction to an IFM Commitment Period within that RUC Commitment Period.

2. The RUC Start-Up Cost for a RUC Commitment Period is zero if the Bid Cost
Recovery Eligible Resource is manually pre-dispatched under an RMR Contract prior to
the Day-Ahead Market or is flagged as an RMR Dispatch in the Day-Ahead Schedule
anywhere within that RUC Commitment Period.

3. The RUC Start-Up Cost for a RUC Commitment Period is zero if there is no RUC
Start-Up at the start of that RUC Commitment Period because the RUC Commitment
Period is the continuation of an IFM or RUC Commitment Period from the previous

Trading Day.

4. If a RUC Start-Up is terminated in the Real-Time within the applicable RUC
Commitment Period through an Exceptional Dispatch Shut-Down Instruction issued
while the Bid Cost Recovery Eligible Resource is starting up the, RUC Start-Up Cost is
prorated by the ratio of the Start-Up Time before termination over the RUC Start-Up

Time.
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5. If a Short Start unit is committed by CAISO in Real Time as a result of its RUC
capacity but does not have a Day Ahead Schedule, the commitment type will also be
considered a CAISO RUC commitment.

6. If a Short Start unit is commitment by the RUC and is started up in the Real-time
Market after the start of and before the end of the RUC Commitment Period, the RUC
Start Up cost shall be qualified. Any subsequent Start-Ups pursuant to a Shut-Down
Instruction the Short-Start Unit receives in the Real-Time Market that falls within the
RUC Commitment Period, the Start-Up Costs will be qualified as an RTM Start-Up Cost.

Business Rules for RUC Minimum Load Cost
-- No Pumping Cost will be incurred in RUC

The Minimum Load Cost for the applicable Settlement Interval shall be the Minimum
Load Cost of the Generating Bid Cost Recovery Eligible Resource divided by the
number of Settlement Intervals in a Trading Hour. For each Settlement Interval, only the
RUC Minimum Load Cost in a CAISO RUC Commitment Period is eligible for Bid Cost

Recovery. The RUC Minimum Load Cost for any Settlement Interval is zero if:

1. The Bid Cost Recovery Eligible Resource is manually pre-dispatched under an RMR
Contract or the resource is flagged as an RMR Dispatch in the Day-Ahead Schedule in
that Settlement Interval;

2. The applicable Settlement Interval is included in an IFM Commitment Period.

Business Rules for RTM Start-Up Cost

For each Settlement Interval of the applicable Real-Time Market Commitment Period,
the Real-Time Market Start-Up Cost shall consist of the Start-Up Cost of the Generating
Bid Cost Recovery Eligible Resource submitted to the CAISO for the Real-Time Market

divided by the number of Settlement Intervals in the applicable Real-Time Market
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Commitment Period. For each Settlement Interval, only the Real-Time Market Start-Up
Cost in a CAISO Real-Time Market Commitment Period is eligible for Bid Cost
Recovery. The following rules shall be applied in sequence and shall qualify the Real-

Time Market Start-Up Cost in a Real-Time Market Commitment Period:

1. The Real-Time Market Start-Up Cost is zero if it is overlapped with or adjunction to a

Real-Time Market Self-Commitment Period.

2. The Real-Time Market Start-Up Cost is zero if the Bid Cost Recovery Eligible
Resource has been manually pre-dispatched under an RMR Contract or the resource is
flagged as an RMR Dispatch in the Day-Ahead Schedule or Real-Time Market anywhere
within that Real-Time Market Commitment Period.

3. The Real-Time Market Start-Up Cost is zero if there is no Real-Time Market Start-Up
at the start of that Real-Time Market Commitment Period because the Real-Time Market
Commitment Period is the continuation of an IFM or RUC Commitment Period from the

previous Trading Day.

4. If a Real-Time Market Start-Up is terminated in the Real-Time within the applicable
Real-Time Market Commitment Period through an Exceptional Dispatch Shut-Down
Instruction issued while the Bid Cost Recovery Eligible Resource is starting up the Real-
Time Market Start-Up Cost is prorated by the ratio of the Start-Up Time before
termination over the Real-Time Market Start-Up Time.

Business Rules for RTM Minimum Load Cost/Pumping Cost

The Real-Time Market Minimum Load Cost is the incremental Minimum Load
Cost/Pumping Cost of the Bid Cost Recovery Eligible Resource submitted to the CAISO
for the Real-Time Market divided by the number of Settlement Intervals in a Trading
Hour. The Real-Time Market Minimum Load Cost/Pumping Cost for any Settlement

Interval is zero if:

1. The Settlement Interval is included in a Real-Time Market Self Commitment period for

Bid Cost Recovery Eligible Resource;
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2. The Bid Cost Recovery Eligible Resource has been manually dispatched under an
RMR contract or the resource has been flagged as an RMR Dispatch in the Day-Ahead
Schedule or the Real-Time Market in that Settlement Interval;

3. That Settlement Interval is included in an IFM or RUC Commitment Period in

generation mode for MLC or pumping mode for PC

The Real-Time Market Minimum Load Cost for any Settlement interval is negative if:

1. The Resource is economically de-committed in Real-Time Market for periods the

resource has an IFM or RUC Commitment period

Business Rules for IFM Shut-down Cost
An IFM Shut-down Period is defined as the hour in which a pump Shut-down is to occur.

The Shut-down is implied and therefore the IFM Shut-down Period will be the immediate

hour following the last commitment hour in pumping mode before the “switch”;

The IFM Shut-down Cost for a settlement interval within an IFM Shut-down Period shall
equal to the Shut-down Costs submitted by the Scheduling Coordinator to the CAISO for
the IFM divided by the number of Settlement Intervals in the IFM Shut-down Period. For
each Settlement Interval, only the IFM Shut-down Cost in an IFM Shut-down Period is
eligible for Bid Cost Recovery. The following rules shall apply sequentially to qualify the
IFM Shut-down Cost in an IFM Shut-down Period:

1. The IFM Shut-down Cost for an IFM Shut-down Period shall be zero if it is
followed by an IFM or RT self commitment period in generation mode or offline
mode;

2. The IFM Shut-down Cost for an IFM Shut-down Period shall be zero if it is due to
a SLIC outage;

3. The IFM Shut-down Cost for an IFM Shut-down Period shall be zero if the Shut-
down is delayed by the Real-Time Market past the IFM Shut-down Period in

question or cancelled by the Real-Time Market before the shut-down process

[Formatted: Font: 8 pt, Not Italic

Version-38Version 38 Last Revised: January 6, 2014January-6,2014 Page E-61



CAISO Business Practice Manual BPM for Market Operations

has started. This can be detected by having the same hour in DA pumping mode
and RT Generation/Off-line, Or DA pumping mode followed by Real-time
pumping in the following hour.

Business Rules for RTM Shut-down Cost

A RTM Shut-down Period is defined as the hour within which a real-time shut down
instruction will occur if the shutdown time is within the hour, Or the immediate hour
following the instruction if the shutdown time is at an hourly boundary.

The RTM Shut-down Cost for a settlement interval within a RTM Shut-down Period shalll
equal to the Shut-down Costs submitted by the Scheduling Coordinator to the CAISO for
the RTM divided by the number of Settlement Intervals in the RTM Shut-down Period.
For each Settlement Interval, only the RTM Shut-down Cost in a RTM Shut-down Period
is eligible for Bid Cost Recovery. The following rules shall apply sequentially to qualify
the RTM Shut-down Cost in a RTM Shut-down Period:

1. The RTM Shut-down Cost for a RTM Shut-down Period shall be zero if it is
followed by a RTM self commitment period in generation mode or offline mode;

2. The RTM Shut-down Cost for a RTM Shut-down Period shall be zero if it is due to
a SLIC outage;

D.7.4. Business Rules for Cost Calculation for Multi-Stage Generating
Resources

Both “commitment type” determination and “AUX” process will be executed at the MSG
Configuration level for Multi-Stage Generating Resources. Below is an outline of the

logic for commitment type determination for resources:

e For MSG Configurations pertaining to CAISO Tariff sections 11.8.1.1, 11.8.1.2,
their commitment types will be determined using the existing logic for non MSG
resources described in Section D2, D3, D4 and D6. The application of the
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business rules is based on each individual MSG Configuration’s data with the

following specific rules for MSG Generating Resources:

o During a transition from one configuration to another configuration, the
transition period is considered as part of the “From” MSG Configuration’s

Commitment Period.

o For the “To” MSG Configuration, the commitment period does not include

the transition period. Instead it starts at the end of the transition period.

o For each MSG Configuration, the self-commitment period extension logic

is applicable only when it is active and the resource is online.

o When applying the self commitment period extension rules in D6.2, the
Minimum Run Time and Minimum Down Time for the Multi-Stage
Generating Resource plant level, individual MSG Configuration level, and

the configuration group level will be used.

Pertaining to CAISO Tariff sections 11.8.2.1, 11.8.3.1 and 11.8.4.1, the logic for the BCR

consideration and allocation of the Commitment Costs (Start-Up Cost, Minimum Load

Cost and Transition Cost) is as follows:

The logic in determining/distributing the Minimum Load Cost and Start-Up Cost
for Multi-Stage Generating Resources is the same as that for non-Multi-Stage
Generating Resources except that the Minimum Load Cost and Start-Up Cost will
be allocated to the qualified MSG Configuration’s CAISO Commitment Period..
The rules for BCR qualifications for the MSG Configuration’s CAISO

Commitment Period are shown below.

The Transition Cost will be determined based on whether the “To” MSG
Configuration is CAISO committed or not. The Transition Cost amount is the
Transition Cost registered for the transition related to the “From” MSG
Configuration and “To” MSG Configuration. Transition Cost is allocated to the
CAISO Commitment Period of the “To” MSG Configuration. The rules for BCR
qualifications for the MSG Configuration’s CAISO Commitment Period are shown

below.
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For the MSG Configurations, when starting up from offline to an MSG Configuration, the
Start-Up Cost pertaining to that MSG Configuration applies for BCR qualification, and
there are no Transition Costs applied.. When transitioning between any two MSG
Configurations, since the resources are not offline, the Transition Costs will apply for
BCR qualification, whereas Start-Up Costs will not apply. The rules for BCR
qualifications for CAISO Commitment Period MSG Configurations (applicable to Start-Up
Cost, Minimum Load Cost and Transition Cost), re-stated from the CAISO tariff section

11.8.1.3, are as follows:

For the settlement of the Multi-Stage Generating Resource Start-Up Cost, Minimum
Load Cost, and Transition Cost in the IFM, RUC, and RTM, the CAISO will select the
applicable Start-Up Cost, Minimum Load Cost, and Transition Cost based on the

following rules.

= (1) In any given Settlement Interval, the CAISO will first apply the following
rules to determine the applicable Start-Up Cost, Minimum Load Cost, and
Transition Cost for the Multi-Stage Generating Resources. For a Commitment

Period in which the:

€) IFM Commitment Period and/or RUC Commitment Period MSG
Configuration(s) are different than the RTM CAISO Commitment Period MSG
Configuration, the Multi-Stage Generating Resource’s Start-Up Cost, Minimum
Load Cost, and Transition Cost will be settled based on the RTM CAISO
Commitment Period MSG Configuration Start-Up Cost and Transition Cost as
described in Section 11.8.4.1. Minimum Load Cost will be settled based on the
difference between the RT MSG configuration MLC and the DA MSG
configuration MLC as described in Section 11.8.1.3.

Note that the RT MLC could be negative when the RT Configuration MLC is less
than the DA Configuration MLC.

(b) IFM CAISO Commitment Period and/or RUC CAISO Commitment Period
MSG Configuration(s) and there is a RTM Self-Commitment Period in any MSG
Configuration, the Multi-Stage Generating Resource’s Start-Up Cost, Minimum
Load Cost, and Transition Cost will be settled based on the IFM CAISO
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Commitment Period and/or RUC CAISO Commitment Period MSG
Configuration(s) Start-Up Cost, Minimum Load Cost, and Transition Cost, as
described in Sections 11.8.2.1 and 11.8.3.1, and further determined pursuant to

part (2) of this Section below.

(c) IFM CAISO Commitment Period and/or RUC CAISO Commitment Period
MSG Configuration is the same as the RTM CAISO Commitment Period MSG
Configuration, the Multi-Stage Generating Resource’s Start-Up Cost, Minimum
Load Cost, and Transition Cost will be settled based on the IFM CAISO
Commitment Period and/or RUC CAISO Commitment Period MSG
Configuration(s) Start-Up Cost, Minimum Load Cost, and Transition Cost for the ,
described in Sections 11.8.2.1 and 11.8.3.1, and further determined pursuant to

part (2) of this Section below.

(d) IFM and RUC Self-Commitment Period MSG Configuration(s) are the
same as the RTM CAISO Commitment Period MSG Configuration, then the
Multi-Stage Generating Resource’s Start-Up Cost, Minimum Load Cost, and
Transition Cost will be settled based on the RTM CAISO Commitment Period
MSG Configuration Start-Up Cost, Minimum Load Cost, and Transition Cost for
as described in Section 11.8.4.1.

= (2 In any given Settlement Interval, after the rules specified in part (1) above
of this Section have been executed, the 1ISO will apply the following rules to
determine whether the IFM or RUC Start-Up Cost, Minimum Load Cost, and
Transition Cost apply for Multi-Stage Generating Resources. For a Commitment
Period in which the:

(@) IFM Commitment Period MSG Configuration is different than the RUC
CAISO Commitment Period MSG Configuration than, then the Multi-Stage
Generating Resource’s Start-Up Cost, Minimum Load Cost, and Transition Cost
will be settled based on the RUC CAISO Commitment Period MSG Configuration
Start-Up Cost, Minimum Load Cost, and Transition Cost as described in Section
11.8.3.1.

(b) IFM CAISO Commitment Period MSG Configuration is the same as the
RUC Commitment Period MSG Configuration, the Multi-Stage Generating
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Resource’s Start-Up Cost, Minimum Load Cost, and Transition Cost will be
based on the IFM CAISO Commitment Period MSG Configuration Start-Up Cost,
Minimum Load Cost, and Transition Cost for the, as described in Section
11.8.2.1.

D.7.5. Business Rules Change for Convergence Bidding

Bid Cost Recovery costs related to Short Start Units committed by CAISO in the
Real-Time as a result of awarded RUC capacity will be included in RUC
Compensation Costs. The applicable Trading Hours are those for which the
Short Start Units have a non-zero RUC Award but no Day-Ahead Schedule.

Attachment E

E. Price Corrections Make Whole Payments

The following attachment presents further details in support of the CAISO Tariff section
Price Corrections Make Whole Payments, CAISO Demand and Exports. The following
attachment only describes the mechanism to calculate make whole payments for
physical demand and exports. Although Virtual Bids are also subject to make whole
payment using the same principle as described below, it is performed in a different
fashion. Refer to BPM for Settlement and Billing for the related charge code changes for
Virtual Bid make whole payments.
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Correction Overview

The “Make Whole” payment mechanism is designed to compensate market participants
for adverse financial impacts when prices are corrected in a way that is not consistent
with accepted Demand bids. If the LMP Price Correction team corrects an LMP in the
upward direction that impacts Demand in the Day-Ahead Market or RTM markets such
that the a market participant's Demand or Export Bid curve becomes uneconomic, then
the CAISO will calculate a Make Whole Price Correction. The Make Whole Price
Correction will be calculated as follows:
» The total cleared MWhs of CAISO Demand or Export in the Day-Ahead Schedule
or FMM Schedule, as applicable, multiplied by the Derived LMP (or corrected)
LMP, minus the make-whole payment amount, all of which is divided by the total
cleared MWhs of CAISO Demand or Export in the Day-Ahead Schedule or FMM
Schedule, as applicable.
Specifically, the Make Whole payment amount will be calculated on an hourly basis
determined by the area between the resource’s CAISO Demand or Export Bid curve and
the Derived LMP, which is calculated as the MWhs in each of the cleared bid segments
in the Day-Ahead Schedule or FMM Schedule for the affected resource, multiplied by
the maximum of zero or the corrected LMP (fifteen-minute LMP in the real-time) minus
the bid segment price.

The following summarizes the Make Whole Price Correction:

» Day Ahead price corrections performed by the LMP Price Correction team can
render an accepted bid uneconomic.

» Supply resources use the Bid Cost Recovery method to recoup any un re-
covered cost

» Make Whole will only apply if:
» Price increases
» Only for the portion of bid rendered uneconomic
» Applies to DA Demand and Exports and RTM Exports
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Make Whole Calculation Elements

The elements of the Make Whole Price Correction are described in this section.

Definition of Bid Portion Rendered Uneconomic

= For the portion of Bid that is rendered uneconomic, will be charged the equivalent

of “as-bid”, instead of the corrected price.

Figures 1 and 2 represent two

examples of Make Whole payments as defined by difference levels of price

corrections and different levels of where their bid is uneconomic:
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Figure 6. Price Correction from $20 to $80
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Figure 7. Price Correction from $20 to $60

Make Whole Price Correction Detailed Examples

Two examples of the Make Whole Price Correction are described in this section.

In Example 1, suppose the DA price is corrected from $23 to $85 and the original bid
was accepted for 500MW, and none of which was economic after price correction. The
following would occur:

» Demand resource will initially be set at the new LMP;

» The Make Whole Price Correction will calculate how much was “over charged”
(stripped area in Figure 1) and subtracted from settlement with new LMP;

» A Derived LMP will be set reflecting the uneconomic portion;

» The Derived LMP will be sent to Settlements in CC 6011 (or 6051) and reflected
on the Demand resource’s initial settlement statement.

Figures 3 represents the elements in this example:
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Figure 3. Example 1 Price Correction from $23 to $85 and Bid Curve

Example 1 calculation is performed as follows:

>

>

Charge from Ex-post LMP settlement = 300*$85=$25500

If the final energy schedule MW is greater than or equal to the higher end of the
bid segment MW range, then the entire bid segment counts:

Make Whole Payment $ = Max(0, (higher end of bid segment — lower end of the
bid segment) * (Ex-post LMP — bid price))
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> Calculate the $ = (50MW-OMW)* ($85-$80) + (100MW-50MW)*($85-$70) +
(150MW-100MW)*($85-$60) +  (200MW-150MW)*($85-$50) +  (250MW-
200MW)*($85-$40) + (300MW-250MW )*($85-$30)

» $9000 = $250+$750+$1250+$1750+$2250+$2750 = Make whole
payment

> Settlement minus Make-Whole payment: $25500-$9000 = $16500

» Implicit LMP = $16500/300MW = $55/MW

In Example 2, suppose the DA price is corrected from $23 to $55 and the original bid
was accepted for 500MW, and only a portion of which was economic after price
correction. The following would occur:
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Figure 4. Example 2 Price Correction from $23 to $55 and Bid Curve

Example 2 calculation is performed as follows:

>

>

Charge from Ex-post LMP settlement = 300*$55=$16500

If the final energy schedule MW is less than the higher end of the bid segment
MW range, then only the range between the lower end and the schedule MW
counts,

Make Whole Payment $ = Max(0, (Final schedule MW — lower end of the bid
segment MW) * (Ex-post LMP — bid price))
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> Calculate the $ = (200MW-150MW)*($55-$50) + (250MW-200MW)*($55-$40) +
(300MW-250MW)*($55-$30)

» $2250 = $250+$750+$1250 = Make whole payment
> Settlement minus Make-Whole payment: $16500-$2250 = $14250
» Implicit LMP = $14250/300MW = $47.50/MW
Make Whole Publishing and Reporting
Details on the publishing of Make Whole Corrections are described in this section.

» The correction Make Whole price will be available on OASIS for the given Pnode.
This is posted at T+5 as part of the existing T+5 price correction process.

» CMRI will display the Derived LMP at the resource level. This will also be
available at T+5.

» In Settlements, (CC6011 or 6051), the Derived LMP shall be utilized on the initial
Settlement Statement.

An aggregation by market of the correction amounts will be provided on the existing
Monthly ~ Market  Performance  Report. The report is located at
http://www.caiso.com/2424/2424d03b3f610.html.
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F. CRR Settlement Rule

The following attachment presents further details in support of the CAISO Tariff section
11.2.4.6.

F.1 Overview

The following “flow-based” approach was designed to provide a targeted way of limiting
CRR payments to entities that are also Convergence Bidding Entities when Virtual
Awards may increase their CRR payments. It has the following general features:

e Allows netting of results across all hours of each day corresponding to the entity’s
CRRs. Specifically, for peak period CRRs, results will be netted across hours 7 to
22, while results will be netted across hours 1 to 6 and 23 to 24 for off-peak CRRs.

e For each congested constraint that is found to be affected by the entity’s Virtual
Awards, the methodology will consider the aggregate (net) impact of this congestion
on all of the entity’s CRRs during each hour.

e The equations for calculating the impact of Virtual Awards on market flows exclude
Virtual Awards at any Default Load Aggregation Point (DLAP) and Trading Hub ,
since it is unlikely that it would be feasible or profitable for an entity to significantly
impact its CRR revenues (or payments) through virtual bidding at the DLAP or
Trading Hub level.

e Specific treatment for “counter flow” CRRs (i.e., CRRs in the opposite direction of
congestion that require the CRR Holder to pay congestion costs).

Section F.2 describes the CRR Settlement Rule.

F.2 CRR Settlement Rule

In the following CRR settlement rules, the term of “entity” is referring to the CRR Holders
that are also Convergence Bidding Entities.
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Step 1. Calculate combined impact of entity’s portfolio of Virtual Awards on flows
of constraint for each Trading Hour

Start by considering a constraint, k, which was binding in the Integrated Forward Market
(IFM), the relevant Real-Time Market, or both.? Also consider an entity, i, who owns a

portfolio of time period, p, CRRs ({C}p,i). The time period, p, specifies whether the
CRR, ce{C},,. is for the peak or off-peak set of hours. The first step in determining the

CRR settlement rule payment adjustment for entity, i, with respect to constraint, k, over
period, p, is to calculate the combined impact of the entity i's portfolio of Virtual Awards
on the IFM flows of constraint, k, for each hour, t, in the time period, p. The total
megawatt (MW) flow contribution from all the Virtual Awards of the entity CRR Holder to
the total MW flow on constraint, k, is calculated as follows:

FDA,k,t,i = ZSDA,k,j,IVBj,I,i

jE{‘] }i‘(
Where:

Spak.jt Is the IFM shift factor of constraint k with respect to Virtual Awards at node j
during hour t,

{3}, is the set of all nodes at which entity, i, has Virtual Awards for the hour t, and

VB;,; is the volume (MW) of Virtual Awards of the entity at node j. VB excludes

Virtual Awards at any DLAP and Trading Hub. This exclusion is provided since it is
unlikely that it would be feasible or profitable for an individual entity to significantly
impact its CRR revenues (or payments) through virtual bidding at the DLAP or Trading
hub level. This exclusion also creates a “safe harbor” for entities with CRRs to
participate in virtual bidding without the risk of triggering this CRR settlement rule’s
payment adjustment. Virtual Supply Awards are represented as positive values of VB

Jiti

juti
while Virtual Demand Awards are represented as negative values of VB, ; All the shift
factors are based on the default slack (load distributed slack).

If the constraint is binding in the RTM, but not in the IFM, then the average over the hour

of the real-time shift factors for a node will be used in place of the day-ahead shift
factors.

° Constraints that are binding in the Real-Time Market but not in the IFM must be considered in order to
adjust payments from/to holders of CRRs who may use Virtual Bids to profit from the elimination of
Congestion on a constraint in the IFM.
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Step 2. Determine hours where entity’s portfolio of Virtual Awards significantly
impacted constraint

The next step is to compare the net impact of the entity’s portfolio of Virtual Supply and
Demand Awards (Fp,, ;) to the total flow on the constraint for each Trading Hour. A
threshold percentage (L,) of the constraint's flow limit (K) is used to determine if
congestion on the constraint may have been significantly impacted by the CRR Holder’s
Virtual Awards over Trading Hour, t. Specifically, the constraint’s impact on the value of
the entity’s portfolio of CRR holdings will be considered in Step 3 for hours, t, where

Foaxe Passes two criteria:

A) Is Fpu,; In the direction that would increase the value of the entity’s
CRR portfolio?

The general statement of the criteria for a Trading Hour passing this Step 2A, is if
Foaxsi is in the same direction as F, . (whether direction of flow is identified by sign

or by a flag in a separate column), then (FDAMi *FDA,k,t) is positive, and if Fp,,.; isin
the opposite direction of F,, ., then (FDAMi *FDAM) is negative. With this general

definition, the equation (FDA,k,t,i * FDA,k,t{ ZQc,t,i *ARTvka >0 (terms defined in step 3
CE{C}p‘l

below) will identify that the entity’s portfolio of Virtual Awards were in the direction to

increase the value of the entity’s CRR portfolio at hour, t.  If k is binding in the IFM but

not in any interval of the appropriate RTM, (that is, if Ay, ., =0) then the direction of

flow test will be if(FDA,k,t,i * FDA,k,t{ ZQN,i *ADA'kNj > 0. If the direction of flow on the
CE{C}pI

constraint changes between DAM and RTM, then similar equations will determine if the
Entity’s Virtual Awards were in the direction to increase the value of the CRR portfolio.

B)Is ‘FDA,k,t,i‘ > (K *L)+(K _‘FDA,k,t‘)
Where F, s the total IFM flow on constraint, k, during Trading Hour, t.

If the flow impact of the entity’s Virtual Award is in the direction to increase the value of
the entity’s CRR portfolio (Step 2A), then Step 2B identifies if the magnitude of that flow
impact was sufficiently large. L is a parameter set to .10 (10 percent) for all constraints
as specified in Tariff section 11.2.4.6(b). Based on actual operating experience and off-
line studies of the potential price impacts resulting from different levels of Virtual Awards,
the threshold L may be adjusted for some or all constraints.

The result of Step 2 is the definition of the set {T}k,p,i as the set of hours, t, in time

period, p, that pass Step 2A and Step 2B. Step 2 identifies the hours where the entity’s
Virtual Award may have significantly impacted the shadow price of constraint, k; the
Virtual Award, therefore, may have had a significant positive impact on the value of the
entity’s CRR portfolio.
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Step 3. Compare constraint’s impact on day-ahead value of entity’s CRR portfolio
to the constraint’s impact on real-time value of entity’s CRR portfolio

In order to determine the CRR settlement rule payment adjustment for entity, i, and
constraint, k, for the time period, p, start by determining the constraint’s contribution to
the difference between the day-ahead value and real-time value of one of the entity’s
CRR holdings for one Trading Hour, t, that passed Step 2:

dk,c,t,i = Qc,t,i *(A DAk,c,t _ART,k,c,I)

Where :
A DAkt — ((_ SDA,k,Sinkc,t XiDA,k,t )_ (‘ SDA,k,Sourcg,t XADA,k,t ))
Hin Hsoura
z [(_ SRT,k,Sinkc,t,hs,,,k XJVRTJ«t,hsmk )] ZI_ SRT,k,Sourcg‘t,hm.me XﬂRT,k,t,hsom)
Agtker = a — Do
ke H H

sink source

Q. .;is the MW guantity of CRR, ¢, owned by the entity for Trading Hour, t.

Spaksink .« 1S the IFM shift factor of constraint k with respect to the sink node of c.

Apax: 1S the shadow price of the constraint k in the IFM for Trade Hour, t.

h designates the 15-minute interval during each Trading Hour, thus H=4 intervals for
each Trading Hour. A, , .. is the constraint k's contribution to the CRR’s per MW “day-
ahead” value for hour, t, and A . is the constraint k’'s contribution to the CRR’s per
MW “real-time” value for hour, t.

Finally, in order to determine the constraint’s impact on the value of an entity’s CRR
portfolio for the time period, p, add its impact on each CRR,C e <{C} for all Trading

Hours te {T}
portfolio for the time period, p, is:

Kpi — Z de,c,l,i

ts{T }k‘p,l CE{C}p‘i

p.i?

Kpi- Specifically, the constraint’s impact on the value of an entity’'s CRR

I

Step 4. Apply CRR payment adjustment

If over the Trading Day, the constraint contributed to the day-ahead value of the entity’s
CRR portfolio’s exceeding the real-time value of the entity's CRR portfolio
(L pi > 0),entity i's CRR payment will be charged Dy pi Ty pi < 0, there will not be a

CRR settlement rule payment adjustment for entity, i, with respect to constraint, k, for
period, p. A payment adjustment will be calculated for an entity for each constraint, time
period, and day. Specifically, the CRR settlement rule will calculate the following daily
payment adjustments for CRR Holders:

k,p,i

[Formatted: Font: 8 pt, Not Italic

Version-38Version 38 Last Revised: January 6, 2014January-6,2014 Page F-5



CAISO Business Practice Manual BPM for Market Operations

PAk,pyi = max(l“kvp,i ,0)

If the entity has more than one SCID that is used for CRRs, the payment adjustment will
have to be distributed amongst them. The following algorithm will be used to distribute
the total payment adjustment for i, PA, ,;, amongst the entity’s various CRR-mapped

SCIDs.

1. Perform all Step 3 and Step 4 calculations by SCID. Let OPA, ,; denote the payment
adjustment for SCID, is’s, CRR portfolio according to the Step 3 and 4 calculations.

2.1f OPA ,; =0= FPA =0where FPA
charged to SCID is

3. if OPA,,; >0=>i, €{Sjwhere{S} is the set of SCIDs, i's SCIDs that would get a
charge (as opposed to a credit) under Step 3.

4.Let G= ) OPA ,;

i;e{S}
OPA, ;.
- G
6. Vi, € {S},FPA ,, =R *PA,

denotes the “final” payment adjustment

K, p.is K, p.is

5 R

F.3 CMRI Data Publications

Market SCs can review data contributing to the CRR Settlement Rule on CMRI via three
reports. Please refer to the Market Instruments BPM, Section 10 for details on these
reports.

F.4 CRR Settlement Rule for Circular Schedule

The following presents further details in support of CAISO Tariff section 11.2.4.7.

The following approach was designed to provide a targeted way of limiting CRR
payments to entities that may increase their CRR payments or reduce their CRR
obligations through circular schedules.

The process flow for the CRR Settlement for circular schedules in the IFM market is
described below:

e |dentify circular schedules subject to settlement rule in section 11.33 of the CAISO
Tariff that have scheduled MW in IFM market.
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The data used for CRR Settlement Calculation:

a. Positive Power Transfer Distribution Factor (PTDF) Data from EDR
Production

b. Shadow Price Data from EDR Production

c. Circular Schedule MW.

e Start by considering constraint I, which was binding in the IFM market. Also consider
an entity, k who owns a CRR portfolio of time period t. The first step in determining
the CRR Settlement rule is to calculate the impact of the entity k’s circular schedules
on the IFM flows of constraint I, for each hour in the time period t.

e Determine whether CRR holder is receiving payment or faces obligations from CRRs
for the constraint I. If CRR holder is receiving payment or would face reduced
obligations from CRRs for the congested constraint |, then CRR Settlement would
apply.

e The total MW flow contribution from the segments of circular schedules of the entity

CRR holder to the total MW flow on constraint | is calculated as follows:

Femiok = Z max(SFey ;. ;,0) *min(MW, ., ,CRR _ Inj)
jE{‘]}k,(
Where SF, ; ;. is the positive PTDF of constraint | at node j during time t in the
direction of CRRs,
MW, Is the circular schedule of entity k during time t

e The Settlement rule for circular schedules in dollars would be calculated as:

CBAgy Qtk = {Z}:FWM ,i,t,kﬂ'IFM t
Jeu it

BA., i .. . .
Where CBARw i 1.k is the Settlement amount for circular schedules for constraint |

for time period t,

e is the shadow price in IFM of the congested element for time period t.
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G. Process for Addressing Market Issues

1. Reporting of Market Issues

1.1.1n the event that the 1SO discovers a possible Market Issue,'® the 1SO will
conduct a preliminary investigation and evaluation of the issue to
determine whether a Market Issue has occurred. If the ISO determines
that it is probable that a Market Issue did occur, as soon as reasonably
practicable, the 1SO will notify the ISO Department of Market Monitoring
(DMM).

1.2.1f the ISO determines that there is sufficient reliable information to believe
that it is probable that a Market Issue occurred the 1SO, in collaboration
with DMM as appropriate, will conduct a preliminary analysis of the
probable Market Issue.

1.3.1f the 1SO further confirms the observed event(s) consist(s) of a Market
Issue, to the extent that communication of the existence of the Market
Issue does not pose a breach of confidentiality and does not potentially
create incentives for adverse market behavior, the 1ISO will communicate
to Market Participants the occurrence of the Market Issue and a
description of the issue as known at that time, as soon as reasonably
practicable. This communication is likely to occur through the I1SO’s
market related participant conference calls, but may also occur through
market notices. To the extent that the Market Issue only affects specific
market participants and does not affect the market as whole, the 1SO will
communicate separately with the affected Market Participants.

1.4. As soon as reasonably practicable after the ISO makes a communication
as described in Section 1.3, based on the significance of the issue and
whether there is a material market impact, the ISO may post on its
website a Market Issue Bulletin that will include the information discussed

10 A Market Issue consists of but is not limited to market design flaws, software implementation and modeling
anomalies or errors, market data anomalies or errors, and economic inefficiencies that have a material
effect on the CAISO Markets. Market Issues may relate to, but are handled separately from: 1) Energy or
Ancillary Services prices found to be erroneous and corrected pursuant to the price correction process
within the Price Correction Time Horizon as described in Section 8 of the BPM for Market Operations; or
2) Market Participant disputes managed through the Settlements dispute process described in Section 11
and 13 of the ISO Tariff.
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in Section 1.5. The ISO will endeavor to post the Market Issue Bulletin
within one-hundred and eighty (180) days after the communication
specified in Section 1.3. In the event that the ISO is not able to complete
the report within one-hundred and eighty (180) days, the ISO will post a
status report on the one-hundred and eightieth (180™) day with an
expected completion date.

1.5.Subject to the confidentiality restrictions, the Market Issue Bulletin will
include, as appropriate:

1.5.1. A description of the Market Issue and tariff implications as
appropriate, as described further in Section 2.

1.5.2. A description of the time frame involved.

1.5.3. A description of financial effects of the Market Issue, as described
further in Section 2.

1.5.4. In the event that the Market Issue impacts 1ISO Market prices for
which the Price Correction Time Horizon as described in Section 8 of
the Business Practice Manual for Market Operations has expired, the
ISO will identify the impacted 1ISO Market prices in the Market Issue
Bulletin. The ISO also will identify whether there is good cause to
consider correcting such prices. The determination of good cause will
be based on the assessment, to the extent feasible, of the impact on
the market as a whole, the impact to individual Market Participants
and sectors of the market, and on the feasibility and administrative
burden of resettling based on the prices if they were to be corrected.

1.5.5. A description, including a time table as appropriate, of steps
planned or taken to address the Market Issue.

1.5.6. A description of any necessary tariff revisions or any other requests
for relief the ISO intends to pursue with the Federal Energy
Regulatory Commission, if applicable, as described in section 3.

2. Analysis of Probable Market Issue
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The depth and scope of any analysis conducted by the 1ISO will depend on
the feasibility of conducting a viable cause and financial analysis that provides
meaningful results. For example, in some instances it may not be technically
feasible to actually replicate market outcomes via an alternative method or
approach, in which case any feasible evaluation may be limited to mere
estimates based on limited information and not actual market results. Also, in
some cases while it may be technically feasible to replicate the market
outcome to evaluate the cause and financial impact, doing so may be so
administratively burdensome as to render the analysis impractical. The ISO
will evaluate these factors on a case by case basis to determine the optimal
level of analysis and will explain any limitations of the analysis conducted and
an assessment of the feasibility and administrative burden of potential
remedies if appropriate.

2.1.Market Issue Analysis. In the event that the ISO identifies a Market
Issue, the ISO will investigate and analyze the observed market results
and processes that are affected by the Market Issue. This analysis will
serve as the basis for the ISO’s actions to remedy the issue both from a
regulatory and production perspective. The conclusions of this analysis,
subject to confidentiality requirements and provided the disclosure of the
information does not potentially provide incentives for adverse market
behavior, will be included in the Market Issue Bulletin as discussed in
Section 1.5 above.

2.2.Financial effect. The CAISO will perform an analysis of the financial
effect of the Market Issue. To the extent feasible and practicable, this
analysis will be based on a number of factors including: the number of
impacted intervals, the number of impacted market participants, and the
value impact to market participants, as feasible.

3. ISO Actions

In the event that the ISO determines that a Market Issue exists, based on all
known and reliable information, the ISO will determine whether or not good
cause exists to seek regulatory relief from the Federal Energy Regulatory
Commission, including but not limited to a waiver of the applicable ISO Tariff.

3.1.Regulatory Actions

In the event that the 1ISO determines to seek regulatory relief from the Federal
Energy Regulatory Commission, including but not limited to a waiver of the
applicable ISO Tariff, if feasible, the ISO will inform its stakeholders of this
intent through the Market Issue Bulletin discussed in Section 1.5 above, or
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through a Market Notice. To the extent permissible and practical given the
circumstances of the Market Issue, the ISO will then solicit comments
regarding its intended course of action prior to submitting the appropriate
pleadings with the Federal Energy Regulatory Commission. In such cases,
the 1ISO will subsequently seek appropriate regulatory relief to implement
adjustments.

3.2.Non-Regulatory Actions

In the event that the ISO determines not to seek regulatory relief from the
Federal Energy Regulatory Commission, if feasible, the ISO will inform its
stakeholders of this intent through the Market Issue Bulletin discussed in
Section 1.5 above, or through a market notice. In such cases, the 1SO will
subsequently implement adjustments deemed appropriate and as permitted
pursuant to or consistent with the 1SO tariff to address the Market Issue.
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H. Circular Schedule Rule

The following attachment presents further details in support of the CAISO Tariff section
11.33 and 30.5.5

H.1 Overview

This document provides explanation of the settlement implications from engaging in a
prohibited practice known as “circular scheduling.” Circular scheduling refers generally
to the delivery of market import and export schedules that have a source and sink in the
same balancing authority area. Such schedules typically would involve transmission
segments in a second balancing authority area.

One type of circular schedule is illustrated through an example below. This example
consists of a market schedule to import power to the ISO using one intertie and export
this power at another intertie. In this case, an export is scheduled to Node B, and an
import is scheduled from Node C back to ISO. Node C can be in a different balancing
authority area than Node B.

Outside I1SO

Node C

CAISO
l\l ode B

Intertie 1

The actual circular nature of the combined import and export schedules awarded in the
ISO markets is not apparent based only on review of the bids or self-schedules
submitted in the ISO markets. Rather, it is necessary for the ISO to review the
corresponding e-Tags to confirm that the entity procured external transmission and thus
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created a closed loop of energy. The e-tags show the energy schedules exported from
the ISO actually being scheduled on the transmission market outside the ISO (from
Node B to Node C).

The power scheduled for export from the 1SO would be returned on a transmission
network outside the ISO back to the ISO causing the circular schedules to not produce
actual flow of power. However, a market participant could profit from the circular
schedules by earning the price difference between the points at which the energy was
scheduled to be imported to, and exported from, the 1SO.

Section F.2 describes how one type of circular schedule is addressed in the 1SO
markets.

H.2 Circular Schedule Rule

The purpose of the circular schedule settlement rule is to negate the incentive to submit
bids (including self-schedules) that would lead to such transactions. Specifically, the
import portion of a prohibited circular schedule will be settled at the lower of the: (a) LMP
of the scheduling point for the import portion of the schedule in the market in which the
import portion of the schedule was awarded; or (b) LMP of the scheduling point for the
export portion of the schedule in the market in which the export portion of the schedule
was awarded.

The process flow for identifying prohibited circular schedules and applying the settlement
rule is described below:

o Identify all single scheduling coordinator circular schedules sourcing and sinking in
the same balancing authority area.
¢ Identify single scheduling coordinator circular schedules meeting the following
exceptions. If one of these four conditions is met then the schedule will not be
subject to the settlement rule. If the exception were removed from consideration and
the resulting hypothetical schedule could have an E-Tag reflecting a source and sink
in the same BAA, then the circular schedule will still be subject to the settlement rule:
a. The circular schedule includes a transmission segment on a DC Intertie.
b. The circular schedule involves a Pseudo-Tie generating unit delivering
energy from its Native Balancing Authority Area to an Attaining Balancing
Authority Area.
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c. The circular schedule is used either to: (i) serve Load that temporarily has
become isolated from the CAISO Balancing Authority Area because of an
Outage; or (ii) deliver Power from a Generating Unit that temporarily has
become isolated from the CAISO Balancing Authority Area because of an
Outage.

d. The circular schedule involves a Wheeling Through transaction that the
Scheduling Coordinator can demonstrate was used to serve load located
outside the transmission and Distribution System of a Participating TO.

i. To qualify for this exception, the ISO will require that a representative
of the Scheduling Coordinator with the authority to bind the
company provide a signed document attesting to the fact that the
company serves load at the location that will be the ultimate sink of
the wheel. The 1ISO will then provide the entity with a special
resource ID to use for scheduling the wheel. If the e-Tag for a
wheeling transaction reflects such a resource ID as the sink of the
transaction, then the ISO’s systems will be configured not to apply
the settlement rules.

e Compare the output IFM and FMM bid LMPs for the respective schedules
e Settle the Import to the ISO at the lower of LMPs at scheduling points for import and
export for the MW in IFM and FMM
e Calculate the profit by computing the differences in prices between import and export
with the circular schedules in the market in which the import was scheduled.
The total profit is computed by taking the difference of export settlements and import
settlements.
For FMM Profit:
((MWRTM )* PRICEFMM ,Iast) - ((MWRTM )* PRICEFMM ,Tl)
For DA Profit:
((MWiey ) * PRICE ) = (MWigyy ) * PRICE i 1)

Where MW, is the circular schedule MW in FMM market.

PRICE cyy 1ast IS the price in FMM for the last segment, similarly PRICE,,, 1,is the
cleared price in FMM market for the schedules of the first segment.

e Compare the output IFM and FMM bid LMPs for the respective schedules

e Settle the Import to the ISO at the lower of LMPs at scheduling points for import and
export for the MW in IFM and FMM

e Calculate the profit by computing the differences in prices between import and export
with the circular schedules in the market in which the import was scheduled.
The total profit is computed by taking the difference of export settlements and import

settlements. [Formatted: Font: 8 pt, Not Italic
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For FMM Profit:

((MWRTM )* I:)RICEFMM ,Iast) - ((MWRTM )* F)RICEFMM ,Tl)
For DA Profit:

((MWIFM )* PRICE IFM ,Iast) - ((MWIFM )* PRICE IFM ,Tl)
Where MW, is the circular schedule MW in FMM market.

PRICE 1t IS the price in FMM for the last segment, similarly PRICE,,, ;,is the
cleared price in FMM market for the schedules of the first segment.

[Formatted: Font: 8 pt, Not Italic
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l. Implementation of Marginal Cost of Losses and Transmission
Losses for Facilities on the CAISO Controlled Grid outside the CAISO
Balancing Authority Area

1. Background
This attachment is based on CAISO Tariff Section 27.1.1.2.

Section 27.1.1.2 provides in part that:

For CAISO Controlled Grid facilities outside the CAISO Balancing
Authority Area, the CAISO shall assess the cost of Transmission Losses
to Scheduling Coordinators using each such facility based on the quantity
of losses agreed upon with the neighboring Balancing Authority multiplied
by the LMP at the PNode of the Transmission Interface with the
neighboring Balance Authority Area.

For the purposes of this discussion, facilities that are on the CAISO
Controlled Grid but are not in the CAISO Balancing Authority Area (CAISO
BAA) are referred to herein as the Subject Facilities. Section 27.1.1.2
ensures that scheduling coordinators are only charged for losses attributed to
schedules coming to the CAISO BAA through Subject Facilities based on the
quantity of losses agreed upon with the neighboring Balancing Authority
multiplied by the LMP at the PNode of the Transmission Interface with the
neighboring Balancing Authority Area.

This provision also ensures that the CAISO does not charge for the marginal
cost of losses (MCL) that reflects the resistive component of the losses on the
Subject Facilities to schedules that use the Subject Facilities. The LMP at
such locations will only reflect a MCL for the CAISO Controlled Grid that is in
the CAISO BAA and will not reflect the MCL on the Subject Facilities outside
the CAISO BAA.

2. Implementation

The location for the calculation of the Transmission Losses must be selected
at a Location where the external BAA ends and the CAISO BAA begins for
that power flow. This is based on the presumption and operational practice
that the external BAA is accounting for losses on the Subject Facilities, and
not the CAISO. In order to calculate losses at the correct location consistent
with this requirement, the CAISO uses the tie location at which losses are
scheduled back to the neighboring Balancing Authority Area. The external tie
point loss matrix shown below provides a mapping of such locations
depending on where the schedule is submitted to enter into the CAISO
Controlled Grid.
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The MCLs calculated for Locations within the CAISO Balancing Authority
Area shall not reflect the cost of Transmission Losses on Subject Facilities.
Because of this requirement, the CAISO calculates the LMPs for such
transactions by zeroing out the resistive component for power flows on the
Subject Facilities. This provision does not preclude the CAISO from applying
the MCLs attributed to such power flows on the CAISO Controlled Grid that is
within the CAISO BAA. Therefore, the Marginal Cost of Losses of the LMP
for transactions using the Subject Facilities is based on the same “border
location” approach. In summary, the CAISO calculates an LMP that includes
a MCL based on the assumption that the power is physically injected at the
CAISO border with the neighboring BAA who is owed the losses. This is
accomplished by calculating an LMP that is derived by replacing the MCL
component of the original LMP, with a MCL component from the LMP at the
injection location on the border of the CAISO BAA.

Note that the above loss adjustments will be made only to the resource
specific prices and not to the nodal prices in OASIS. Market participants will
be able to validate their settlements statements with CMRI reports.

[Formatted: Font: 8 pt, Not Italic
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Scheduling Points Matrix
Balancing | Scheduling Scheduling Point
Authority | Point TNAME Pnode TNAME Border | Border PNode
APS Four Corners | FOURCORNE345 | FOURCORN_5_N501 | NORTHGILAG9 | NGILA1_5 NO00O1
APS Moenkopi MOENKOPI500 MOENKOPI_5 N101 | NORTHGILAG9 | NGILA1_5_NO0O0O1
LDWP Gonder GONIPP GONDER_2_N501 SYLMAR SYLMARLA_2 N501
LDWP Intermountain | IPP INTERM1G_7_N501 | SYLMAR SYLMARLA_2_N501
LDWP Intermountain | IPPUTAH INTERMT_3_N506 SYLMAR SYLMARLA_2 N501
Marketplace
LDWP 500 MARKETPLACE | MARKETPL_5_N501 | SYLMAR SYLMARLA_2_N501
McCullough
LDWP 500 MCCULLOUG500 | MCCULLGX_5_N501 | SYLMAR SYLMARLA_2 N501
LDWP Mona MDWP MONA_3_N501 SYLMAR SYLMARLA_2_N501
LDWP NOB NOB SYLMARDC_2 N501 | SYLMAR SYLMARLA_2_N501
WALC Mead 230kv | MEAD2MSCHD MEADN_2_N501 MEAD230 MEADS_2_N101
WALC Mead 500kv MEAD5MSCHD MEAD_5 N501 MEAD230 MEADS 2 N101
Westwing
WALC 500 WESTWING500 | WESTWING_5_N501 | MEAD230 MEADS_2_N101
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3. Example

The following example demonstrates how the LMP is calculated for external
tie point transactions based on the matrix above.

A market participant schedules an import transaction at Westwing 500 using
‘SCID_WESTWING500_I_F_123456’ resource ID.

Scheduling Point Border Point
PNode PNode
WESTWING_5_N501 MEADS_2_N101
Energy: | 25 Energy: | 25
Congestion: | 8 Congestion:
Loss: | -1 Loss: | 3
LMP: | 32 LMP: | 30

The resource’s LMP will be constructed using the energy and congestion
components of the scheduling point PNode, and the marginal cost of losses
from the border PNode for any scheduled transaction.

Resource Specific Price
SCID_WESTWING500_|_F 123456

Energy: | 25
Congestion:
Loss:

LMP | 36

[Formatted: Font: 8 pt, Not Italic
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J. Calculation of Weekly Mileage Multipliers

J.1 Introduction

Procurement of the regulation up and regulation down ancillary services is based on a
capacity requirement and a Mileage requirement. The Mileage requirement represents the
expected amount of system-wide generation travel required to provide the service. For each
hour, the Mileage requirement is calculated as the minimum of three quantities, one of which
is the product of each regulating service’s capacity requirement and a System Mileage
Multiplier. The System Mileage Multiplier is the amount of total expected resource
movement (up or down), or Mileage, from 1 MW of Regulation Up or Down capacity,
respectively.

Resources certified for Regulation Up or Down have a resource-specific Mileage Up or
Down multiplier. The resource-specific Mileage multiplier is used by the market in
determining the maximum Mileage a resource could be awarded.

This attachment describes the process for calculating the System Mileage Multipliers and
resource-specific Mileage multipliers.

J.2 System Mileage Multiplier

The CAISO calculates hourly system Mileage multipliers from the actual Mileage over the
prior 7 days for each hour. The CAISO performs the calculation by summing the total
Mileage from all resources over the 7-day period for a given hour and dividing by the
Regulation capacity procured in that 7-day period in that hour. For example, in Table 1
below, the System Mileage Multiplier that will be used for HE 08 of the next Friday would be

3.61.
Table 1 — Example of calculation of System Mileage Multiplier for HE 08
HE 08 Friday Saturday Sunday Monday Tuesday Wednesday  Thursday Total
Capacity 350 400 375 350 375 375 350 2575
Resource A Mileage 800 600 400 100 250 500 600 3250
Resource B Mileage 500 500 500 250 300 400 300 2750
Resource C Mileage 700 600 700 100 500 200 500 3300
Total Mileage 2000 1700 1600 450 1050 1100 1400 9300
Mileage Multiplier 5.71 4.25 4.27 1.29 2.80 2.93 4.00 3.61

A resource’s hourly total Mileage Up or Down is the total movement while on Regulation.
Each Mileage increment is the absolute change in Automatic Generation Control set points

above or below the Dispatch Operating Points between 4 second intervals, with some [Formaued: Font: 8 pt, Not Italic
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adjustment for underperformance. A total movement is then calculated as the total of the
Automatic Generation Control set point changes over a 15-minute period. An hourly value is
calculated as the sum of four 15-minute periods applicable to the hour.

J.3 Calculation of resource specific Mileage multipliers

The resource-specific Mileage multiplier is based upon historical accuracy and the certified
ramp capability. The resource-specific expected Mileage quantity that is dependent on the
resource’s operational characteristics is calculated as follows:

Table 2 - An Example of Calculation of Resource-Specific Mileage Multiplier

Al System wide mileage multiplier based upon prior week 5 5 5 5 5 5

A2  System wide accuracy based upon prior week 90% 90% 90% 90% 90% 90%

A3 #of minutes to reach certified capacity (integer only, 1to 10) 1 10 1 10 1 10

A4 Historical Resource Accuracy (%) 100% 100% 50% 50% 90% 90%

A5  Certified regulation capacity (MW) 20 20 20 20 20 20

A6  Resource specific mileage multiplier= A1%*(10/A3)*(A4/A2) 55.6 5.6 27.8 28 50.0 5.0
Maximum mileage that can be awarded = A5*A6 1111 111 556 56 1000 100
Key Terms

10/A3 = Relative Movement between fast & slow resources
A4/A2 = Relative Accuracy of Resource & System

The relative ramp capability (10/A3) allows faster resources to be awarded additional
Mileage. Since all regulation capacity is certified using a 10 minute ramp, the relative ramp
capability allows a resource that can reach its full certified capacity sooner to be awarded
additional Mileage. In the example above, if we assume a resource can reach 20 MW in 4
seconds (round to 1 minute) and a second resource can reach its certified capacity in 9.5
minutes (round to 10 minutes), the faster resource can be awarded ten times more mileage
per 1MW of regulation capacity compared to the slower resource. The value A3 is based on
the best Operational Ramp Rate curves registered in the Master File.

The relative accuracy of a resource compared to the system accuracy from the prior 7 days
(A4/A2) allows more accurate resources to be awarded more Mileage per 1MW of regulation
capacity than less accurate resources. As illustrated above, when both the fast resource and
the slow resource have better accuracy than the system accuracy from the prior 7 days, both
resources have a resource-specific Mileage multiplier greater than the system wide Mileage
multiplier.

The ISO will calculate a resource’s Historic Regulation Performance Accuracy (A4) based on
a rolling thirty day simple average of 15 minute accuracy measurements. Separate accuracy
calculations will be made for Regulation Up and Regulation Down. For newly certified or
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recertified resources, it shall be set initially to the average 30-day Historic Regulation Up
Performance Accuracy among all certified resources. The last calculated value shall be
retained when the resource has not been scheduled for regulation up during the period of
the rolling 30 days at all. The CAISO will sum a resource’s Automatic Generation Control
set points for each four (4) second Regulation interval every fifteen (15) minutes and then
sum the total deviations from the Automatic Generation Control set point for each four (4)
second regulation interval during that fifteen (15) minute period, to compare the two for
calculating a 15-minute accuracy.

For purposes of its accuracy calculations, the 1ISO will count only those 4 second intervals in
which the I1SO provides a resource with an Automatic Generation Control signal to move in
an up or down direction. The ISO will exclude those 4 second intervals from its accuracy
measurements in which the ISO signals a resource to maintain operation at or near their last
dispatch operating point. Accordingly, for the Regulation Up accuracy calculation, the 1SO
will only count four (4) second intervals in which the Automatic Generation Control set point
value is higher than the dispatch operating point by a value equal to or greater than the
maximum of 0.1 percent of the resource’s Regulation Up award or 0.1 MW. The ISO will still
calculate instructed mileage for these intervals regardless of the tolerance band. For the
Regulation Down accuracy calculation, the 1SO will only count four (4) second intervals in
which the Automatic Generation Control set point is lower than the dispatch operating point
by a value equal to or greater than maximum of the 0.1 percent of the resource’s Regulation
Down award and 0.1 MW. The ISO will still calculate instructed mileage for these intervals
regardless of the tolerance band.

In the event that no Mileage occurs in a fifteen minute interval, the 1ISO will not include the 15
minute interval in calculating the resource’s historical accuracy

The system wide accuracy numbers (A2) for Regulation Up and Regulation Down is a 7-day
rolling average of the historical accuracy of all resources providing Regulation Up and
Regulation Down, respectively.
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