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Disclaimer

This document provides an overview of the proposed detailed design for the
Ontario Market Renewal Program (MRP) and must be read in the context of the
related MRP detailed design documents. As such, the narratives included in this
document are subject to on-going revision. The posting of this design document is
made exclusively for the convenience of market participants and other interested
parties.

The information contained in this design document and related detailed design
documents shall not be relied upon as a basis for any commitment, expectation,
interpretation and/or design decision made by any market participant or other
interested party.

The market rules, market manuals, applicable laws, and other related documents
will govern the future market.

© 2021, Independent Electricity System Operator
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1. Introduction

1.1.  Purpose

This document is a section of the Market Renewal Program (MRP) detailed design
document series specific to the Energy work stream. This document provides the
details of the business design and the requirements for market rules, market-facing
and internal procedures and the data flow required to support the Pre-Dispatch
(PD) Calculation Engine processes as related to the introduction of the future day-
ahead market and the real-time market. This design document will aid in the
coordinated development of business processes, market rules and supporting
systems.

As illustrated in Figure 1-1, this document is an integral part of the MRP detailed
design document series and will provide the design basis for the development of
the governing documents and design documents.

MRP High-Level Reference

Design (SSM, Documents
DAM, ERUC)

e —

MRP Detailed
Design Documents

Guiding

Principles Pre-Dispatch

Calculation Engine |
Detailed Design

Design Decision | As Needed
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Figure 1-1: Detailed Design Document Relationships
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1.2. Scope

This document describes the PD Calculation Engine process requirements in terms
of:

e detailed functional design;

e supporting market rule requirements;

e supporting procedure requirements, and

e business process and information flow requirements.

Various portions of this document make reference to current business practices,
rules, procedures and processes of the PD Calculation engine. However, this
document is not meant as a restatement of the existing design of the /ndependent
Electricity System Operator (IESO) process. Rather this document focuses on
existing components only to the extent that they might be used in the current or
amended form in support of the future day-ahead market and real-time market.

1.3. Who Should Use This Document

This document is a public document for use by the MRP project team, pertinent
IESO departments and external stakeholders. Portions of this document that are
only pertinent to /£SO internal processes and procedures may not be incorporated
into the public version.

1.4.  Assumptions and Limitations
Assumptions:

While this document makes references to specific parameters that might be used in
the PD Calculation Engine processes, this document does not impart any
assumptions as to what the value of those parameters might ultimately be. The
setting of such parameters will be a matter of /ESO policy to be determined at a
later date under the amended authority of the market rules.

Limitations:

The business process design presented in Sections 2 and Section 6 of this
document provides a logical breakdown of the various sub-processes described in
the detailed business design presented in Section 3. However, factors such as
existing and future system boundaries and system capabilities may alter the
ultimate design of these sub-processes.

Issue 2.0 — January 28, 2021 Public 2
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1.5. Conventions
The standard conventions followed for this document are as follows:
e Title case is used to highlight process or component names; and

e |talics are used to highlight market rule terms that are defined in Chapter
11 of the market rules.

1.6. Roles and Responsibilities

This document does not set any specific roles or responsibilities. This document is
intended to provide the design basis for development of the documentation
associated with the /ESO Project Lifecycle that will be produced in conjunction with
the MRP.

1.7. How This Document Is Organized
This document is organized as follows:

e Section 2 of this document briefly describes the current /ESO's pre-dispatch
Dispatch Scheduler and Optimizer (DSO) and the difference between that
engine and the future PD calculation engine.

o Section 3 of this document provides a detailed description of the functional
design inferred from sections relevant to the PD Calculation Engine in the
high-level designs for Single Schedule Market (SSM), Day-Ahead Market
(DAM) and Enhanced Real-time Unit Commitment (ERUC).

e Section 4 of this document describes how the PD Calculation Engine
processes will be enabled under the authority of the market rules in terms of
existing rule provisions, amended rule provisions and additional rule
provisions that will need to be developed.

e Section 5 of this document describes the requirements of the PD Calculation
Engine processes for a system of internal and market-facing procedures in
terms of existing procedures, amended procedures and additional procedures
that will need to be developed.

e Section 6 of this document provides an overview of the arrangement of /ESO
processes supporting the overall PD Calculation Engine processes described
in Section 3. This section also outlines the logical boundaries and interfaces
of the various sub-processes related to the PD Calculation Engine in terms of
existing processes, amended processes and additional processes that will
need to be developed.

— End of Section —

Issue 2.0 — January 28, 2021 Public 3
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2. Summary of the Current and Future
State

2.1.  The Calculation Engine in Today’s Pre-Dispatch
Scheduling Process

The core component of the current /ESO-administered markets is a calculation
engine referred to as the Dispatch Scheduler and Optimizer (DSO). The DSO
implements the dispatch algorithm as defined in the market rules to formulate
schedules for generation facilities, dispatchable loads and intertie transactions, and
to calculate market prices for energy and operating reserve.

The DSO operates in both the pre-dispatch timeframe and the real-time timeframe
and supports both pre-dispatch scheduling and real-time dispatch. The pre-dispatch
scheduling process uses an iterative run of the DSO looking at future dispatch
hours. Each iterative pre-dispatch DSO run uses updated market participant and
IESO inputs to find an optimal outcome by integrating market and reliability
priorities.

The pre-dispatch scheduling process is a means to transition from day-ahead
scheduling to real-time operations. While the day-ahead commitment process
(DACP) can commit resources to meet the following day’s expected demand,
conditions may change after the DACP is complete. Changes in Ontario supply and
demand can occur due to various factors related to the weather forecast, supply
from variable generators or system conditions. Bi/ds and offers from all resources
are evaluated in the pre-dispatch timeframe between the completion of the DACP
and the real-time dispatch. This evaluation is undertaken to reliably meet real-time
demand at the lowest possible cost.

Pre-dispatch scheduling determines advisory prices and schedules over a number of
future hours. It also determines schedules for imports and exports for the next
dispatch hour. Pre-dispatch scheduling combines with the real-time dispatch
process to form the /ESO’s real-time market.

The DSO pre-dispatch scheduling process is run hourly in the pre-dispatch
timeframe. It conducts two independent and simultaneous passes to produce two
schedules for the pre-dispatch advisory hours. These schedules are referred to as
the constrained pre-dispatch schedule and the unconstrained pre-dispatch
schedule.

Issue 2.0 — January 28, 2021 Public 4
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2.1.1. The Constrained Pre-Dispatch Schedule

To maintain the reliability of the IESO-controlled grid, a constrained pre-dispatch
schedule that takes into account the resource and system constraints is required.
DSO constrained pre-dispatch scheduling considers the detailed network model of
the /ESO-controlled grid, allowing it to account for losses associated with moving
electricity through the system, resource constraints and security constraints.

DSO constrained pre-dispatch scheduling produces advisory pre-dispatch schedules
for each pre-dispatch advisory hour, providing a forward looking view of future
operation for market participants and the /ESO.

2.1.2. The Unconstrained Pre-Dispatch Schedule

The DSO unconstrained pre-dispatch schedule is used to determine a uniform
hourly advisory price across the province and at each /ntertie zone every hour.
These prices ignore most resource and system constraints. Therefore, the uniform
price does not reflect the real cost of generating or consuming electricity at
different locations within Ontario.

The pre-dispatch hourly price is advisory in nature and is not used for market
settlement with one exception. The /ntertie congestion price (1CP) reflects
differences between the /ntertie zone price and the uniform hourly advisory price
determined in the unconstrained pre-dispatch schedule. 1t is added to the five-
minute real-time prices to determine the real-time /ntertie zonal prices used for
settlement of intertie transactions.

2.1.3. Single Hour Optimization Look-Ahead Period, Timing and
Frequency

The pre-dispatch DSO provides advisory schedules by performing optimization over
a single hour look-ahead period at specific timings and with a pre-defined
frequency.

2.1.3.1 Single Hour Optimization

The pre-dispatch DSO provides advisory schedules for all hours in the pre-dispatch
time horizon using a one-hour look-ahead period. This means that costs are
evaluated separately for each hour and physical limitations that span multiple hours
such as minimum generation block run time are not modelled.

2.1.3.2 Timing and Frequency

The timing of the pre-dispatch scheduling process for each dispatch day starts after
the DACP completes at 15:00 Eastern Standard Time (EST) of the pre-dispatch day
and encompasses all hours up to and including the last hour of the next dispatch

day. As such, the pre-dispatch DSO produces rolling hourly advisory schedules for a

Issue 2.0 — January 28, 2021 Public 5
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time horizon of 9 to 32 hours in advance of a dispatch hour. Both the pre-dispatch
DSO and the real-time DSO runs and the resulting schedules are produced on
Eastern Standard Time (EST) throughout the calendar year.

The pre-dispatch DSO runs hourly and provides advisory prices and schedules,

including binding /ntertie schedules for the next dispatch hour by 15 minutes past
the hour. The hourly run frequency and notification time facilitate the coordination
of /ntertie transaction schedules between the /ESO and neighbouring jurisdictions.

The timing also provides an opportunity for market participants to review advisory
schedules and prices and respond by revising bids or offers before the next pre-
dispatch DSO run, if desired. For most resources, the pre-dispatch scheduling
process does not produce any form of financial guarantee. Instead, it provides
information on how resources are likely to be dispatched, so that market
participants can prepare for real-time operation.

Finally, the timely provision of advisory schedules and prices inform registered
market participants for non-quick start (NQS) generation facilities of their eligibility
to self-commit under the existing Real-Time Generation Cost Guarantee (RT-GCG)
program.

Figure 2-1 illustrates the timing and the hours evaluated by each pre-dispatch DSO
run. The hour ending (HE) convention is used to number each hour in a day, from
HE1 to HE24. For example, HE2 runs from 01:01 to 02:00 EST. The pre-dispatch
DSO run that starts after 01:00 runs during HE2.

Current Day Next Day
HE [1]2]3]4]5]6[7[s]o]10[11[12[13]14]15]16]17]18]19] 20[ 21]22[23[2a| 1 [ 2] 3] 4[5 [ 6] 7 [ 8] o [10[11[12]13] 14 15[ 16] 17 18] 1] 20] 21 22] 23] 22
" Time of run =3 1.00
such as the 2:00
1:00 run occurs
. inHE2

DACP Commitments released by 15:00 Incorporated into PD

First run
considering all = 15:00|

hours of the 16:00
next day 17:00

Each hour is evaluated independently. Hour of PD DSO Run
. PD Time Horizon

Figure 2-1: Current PD Calculation Engine Run Timing and Single Hour Look-
Ahead Period
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2.1.4. Inputs to the Pre-Dispatch DSO

The pre-dispatch DSO requires data inputs from both market participants and the
IESO to calculate the constrained pre-dispatch schedules and unconstrained pre-
dispatch schedules.

2.1.4.1 Market Participant Inputs

Market participant inputs used by the pre-dispatch DSO include:

o Offers to supply energy and/or operating reserve from dispatchable
resources;

o [ntertie bids and offers for energy and operating reserve,

e Bids for the withdrawal of energy by dispatchable loads;

e Bids to reduce energy withdrawals by hourly demand response resources;
e Ramp rates;

o Self-schedules from non-dispatchable generation resources provided as an
offer for energy with a single price-quantity pair. This price-quantity pair
indicates both the schedule and the price below which the resource is
expected to reduce its output to zero;

o Daily energy limits for energy-limited resources; and

e (Outage information from all resources.

2.1.4.2 IESO Inputs
The /ESO provides data inputs to the pre-dispatch DSO that include:
e Demand forecasts;
o Operating reserve requirements;
o Variable generation forecasts;
e DACP and RT-GCG operational commitments;
o Hourly demand response resource schedules for the next two hours; and
e Network information such as transmission line data and constraints.

The /ESO currently produces a single, province-wide demand forecast that is used
to support scheduling decisions in the pre-dispatch scheduling processes. Hourly
forecasts are used in the DSO to calculate pre-dispatch schedules for the remaining
hours of the pre-dispatch day and dispatch day. The province-wide forecast is
generated using historical demand data and expectations of future load
consumption that are based on several factors, including weather forecasts.

Issue 2.0 — January 28, 2021 Public 7
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For each registered facility supplying variable generation, the /ESO provides
production forecasts for all remaining hours of the pre-dispatch day and dispatch
aay.

NQS operational commitments from the DACP and the RT-GCG program are
provided to both schedules of the pre-dispatch DSO. All other dispatchable
generation facilities and dispatchable loads are available for hourly scheduling in
the constrained pre-dispatch schedule without constraints imposed by the DACP or
previous runs of the pre-dispatch scheduling process.

2.1.5. Pre-Dispatch DSO Integration with the DACE and Real-Time
DSO

The pre-dispatch DSO runs independently from the day-ahead calculation engine
(DACE) with two exceptions.

o Offers and bids for energy and operating reserve submitted into the DACP
are carried over as inputs to the pre-dispatch scheduling process unless
updated by the market participant.

0 Offers from combined cycle facilities choosing to be represented as a
pseudo-unit are only used in the DACE and offers must be submitted on
a physical unit basis in the pre-dispatch timeframe.

e NQS generation facility operational commitments from the DACP are carried
over to the pre-dispatch DSO. These operational commitments provide
minimum operational constraints for the minimum loading point (MLP) and
for all hours in which the generation unit was scheduled by the DACE to at
least the unit’s MLP.

The pre-dispatch DSO also runs independently from the real-time DSO except for
NQS generation facility operational commitments and /ntertie schedules. The NQS
generation facility operational commitments considered by the pre-dispatch DSO
are provided to the real-time DSO. The constrained and unconstrained /ntertie
schedules calculated by the pre-dispatch DSO are provided to the real-time DSO,
subject to the /ntertie check-out procedure and curtailment in real time.

2.1.6. The Dispatch Algorithm

The constrained pre-dispatch schedule and unconstrained pre-dispatch schedule are
both calculated by a joint optimization in which the bids and offers in the energy
market and offers in the operating reserve market are evaluated at the same time.
Each hour in the pre-dispatch scheduling process for the remaining hours of the
pre-dispatch day and dispatch day is evaluated and optimized independently of all
other hours with the objective to maximize the gains from trade within the hour.

Issue 2.0 — January 28, 2021 Public 8
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The constrained pre-dispatch schedule considers key system operational constraints
in order to optimize and maintain system security. These constraints include
operating reserve requirements, transmission security constraints, /ntertie limits
and generation limitations.

The unconstrained pre-dispatch schedule does not consider all operational
constraints, but respects operating reserve requirements, /ntertie limits and ramp
rates.

2.1.6.1 Unit Commitment Process for NQS Generation Facilities

The pre-dispatch scheduling process provides information on how generation
resources are likely to be dispatched. It does not perform unit commitment of NQS
resources. This is because it does not recognize operational restrictions such as
minimum loading point (MLP) or minimum generation block run-time (MGBRT) and
does not take into account start-up costs and speed no-load costs. 1t schedules
NQS resources in the same manner as it does for other resources; hourly advisory
schedules are provided based on incremental energy offers.

Today’s unit commitment decisions in the pre-dispatch scheduling process are
voluntarily invoked by market participants through the RT-GCG program. Market
participants can invoke a unit commitment if their NQS resource has a pre-dispatch
advisory schedule at MLP or greater for at least half of its MGBRT hours. Once a
unit commitment has been invoked the pre-dispatch DSO respects operational
restrictions such as MLP and MGBRT.

2.1.7. Outputs from the Pre-Dispatch DSO

The pre-dispatch DSO receives inputs from market participants and the /ESO and
produces a set of results in the form of schedules and prices. Only /ntertie
schedules for the next dispatch hour are binding; internal resource schedules in the
next dispatch hour and schedules for all remaining hours of the pre-dispatch day
and dispatch day are advisory.

Figure 2-2 provides a high-level overview of the current calculation engine for the
pre-dispatch scheduling processes.
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Figure 2-2: Current PD Calculation Engine Processes

Scheduling Process

In the future market, the pre-dispatch DSO will be replaced by a redesigned PD
calculation engine that will incorporate several changes. The PD calculation engine

will:

The Calculation Engine in the Future Pre-Dispatch

be composed of one pass, Pre-Dispatch Scheduling Process. This pass will

take into account resource and system constraints to determine advisory
schedules, locational marginal prices (LMPs) and zonal prices;

schedule additional unit commitments as needed by assessing the energy

offers, start-up offers and speed-no-load offers from NQS generation
facilities;

hours of the day, and may include the next dispatch day; and

include an ex-ante Market Power Mitigation process.

The PD calculation engine will use some outputs from the DAM calculation engine
along with revised market participant and /£SO data inputs to determine pre-
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dispatch LMPs and schedules. These LMPs and schedules will be advisory only! and
will not be used for sett/ement. The PD calculation engine will continue to set
binding schedules for /intertie transactions in the last run before a given dispatch
hour.

2.2.1. Multi-Hour Optimization

The PD calculation engine will use multi-hour optimization that optimizes all bids,
offers and resource costs over a longer look-ahead period. This multi-hour
optimization will also consider resource operating restrictions for all applicable
resources. In addition, DAM financially binding schedules for NQS resources will be
provided with an initial commitment for their MGBRT and MLP operational
restrictions in all runs of the PD calculation engine.

2.2.2. Timing and Frequency

The PD calculation engine runs will continue to occur hourly to provide advisory
prices and schedules. It will occur within the period between clearing of the day-
ahead market and the real-time dispatch.

While the DAM financially binding schedules for the next dispatch day will be
provided daily on the current dispatch day at 13:30 EPT, the initial PD calculation
engine run for the next dispatch day will start with the 20:00 EST run in the current
dispatch day.

The 20:00 EST PD calculation engine run will have the longest look-ahead period,
optimizing over 27 hours, from HE22 of the current dispatch day until HE24 of the
next dispatch day, inclusive. The 19:00 EST evaluation has the shortest look ahead
period with four hours of optimization for HE21 to HE24 (inclusive) of that day.

By 15 minutes past the hour, schedules for all hours in the PD look-ahead period
will be provided to all dispatchable and non-dispatchable suppliers, loads that are
considered dispatchable in the pre-dispatch timeframe and /ntertie transactions.
These results will include notification of new NQS resource PD operational
commitments such as binding start-up instructions and extensions.

By 30 minutes past the hour, advisory LMPs and zonal prices will be provided. The
schedule information provided at 30 minutes past the hour will not change
information already provided at 15 minutes past the hour.

Figure 2-3 illustrates the timing and the hours evaluated by the future PD
calculation engine runs. All hours considered by the optimization are included in the
look-ahead period.

!0ne exception is that /ntertie congestion determined in the last run before a given dispatch hour will continue
to affect real-time sett/lement of intertie transactions.
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Figure 2-3: Future PD Calculation Engine Run Timing and Multi-Hour Look-Ahead
Period

2.2.3. Inputs to the Future Pre-Dispatch Calculation Engine

As with the DAM calculation engine, the PD calculation engine will use inputs from
market participants and the /ESO.

2.2.3.1 Market Participant Inputs

Similar to the current process, the PD calculation engine will require market
participants to submit dispatch data. The existing data submission constructs of
daily generator data (DGD) will be retired and replaced by the submission of hourly
and daily dispatch data parameters.

Market participants with NQS resources will be required to submit financial dispatch
data parameters in pre-dispatch that will include hourly energy offers, speed-no-
load offers, and start-up offers.

Market participants will continue to register applicable operational restrictions for
their resources. They will also be authorized to submit non-financial dispatch data
parameters into the market as daily dispatch data.

In addition to the common set of dispatch data parameters, NQS and hydroelectric
resources will have additional dispatch data parameters specific to the operational
characteristics of these generation resources. For a detailed description of the
changes to market participant inputs, refer to the Offers, Bids and Data Inputs
detailed design document.
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2.2.3.2 IESO Inputs

In addition to the /ESO inputs that the pre-dispatch DSO uses, the PD calculation
engine will utilize new /ESO data inputs.

Examples of these new data inputs include those associated with the enhanced
network model providing pricing locations for all delivery points associated with
dispatchable generation facilities, dispatchable loads, non-dispatchable generation
facilities, non-dispatchable loads and price responsive loads. Demand forecasts will
be produced as the sum of four separate area demand forecasts to better reflect
localized weather conditions and consumption patterns for each area. Similar to
today’s market, the PD calculation engine will use a demand forecast of the
forecast hourly peak demand for any hour where there is a significant difference
between forecast peak demand and forecast average demand quantity.

For a detailed description of the changes to /£SO inputs, refer to the Offers, Bids
and Data Inputs detailed design document.

2.2.4. PD Calculation Engine Integration with the DAM and RT
Calculation Engines

The PD calculation engine will run independently from the DAM calculation engine
with the following exceptions:

o Offers and bids for energy and operating reserve submitted into the DAM,
including offers from pseudo-units, are carried over as inputs to the pre-
dispatch scheduling process unless updated by the market participant.
Updates are subject to restrictions as described in the Grid and Market
Operations detailed design document;

o NQS generation facility operational commitments are carried over as
minimum operational constraints to the PD calculation engine. DAM
operational commitments are carried over to the PD calculation engine as
minimum operational constraints to the resource’s MLP for a length of the
resource’s MGBRT. DAM schedules for other dispatchable generation
resources are not input into the pre-dispatch scheduling process; and

e The DAM scheduled quantities for import and export transactions will limit
import and export schedules. Beyond the first two forecast hours of the pre-
disaptch look-ahead period, the PD engine will not consider import offer and
export bid laminations that are higher than a transaction's day-ahead market
schedule. Capacity imports/exports and imports to meet reliability needs are
not limited by their DAM scheduled quantities in all forecast hours of the
look-ahead period.

The PD calculation engine also runs independently from the RT calculation engine
with the following exceptions:
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o Hydroelectric generation facifity minimum daily energy limits when binding
and hourly must-run amounts are carried over from the PD calculation
engine to the RT calculation engine as minimum operational constraints;

o NQS generation facility DAM and PD operational commitments are carried
over from the PD calculation engine to the RT calculation engine as minimum
operational constraints; and

e The /ntertie schedules calculated by the PD calculation engine are provided
to the RT calculation engine, subject to the /ntertie check-out procedure and
curtailment in real time.

2.2.5. The Dispatch Algorithm

Consistent with the current market, security-constrained advisory schedules will be
produced by the PD calculation engine for market participants that offer and bid
into the market. A security-constrained optimization engine will consider key system
operational constraints in order to optimize and maintain system security. These
constraints will include operating reserve requirements, transmission security
constraints and generation limitations.

The future PD calculation engine will be composed of one pass, Pass 1: Pre-
Dispatch Scheduling Process, which calculates both constrained pre-dispatch
schedules and LMPs. Pass 1 will first calculate advisory schedules and prices by
determining the optimal unit commitment and economic dispatch over the pre-
dispatch look-ahead period for energy and operating reserves. Pass 1 will then
perform the ex-ante Market Power Mitigation processes, the results of which will be
applied to scheduling and pricing in subsequent PD calculation engine runs.

The following provides a description of the steps included in the PD calculation
engine pass:

e Pre-Dispatch Scheduling: Determines commitments for NQS resources and
schedules for all resources, including self-scheduling suppliers. It uses as-
offered dispatch data from market participants except for dispatch data that
was mitigated in ex-ante Market Power Mitigation in a previous run of pre-
dispatch. Pre-Dispatch Scheduling will perform a security-constrained unit
commitment and economic dispatch that maximize the gains from trade and
considers resource and system constraints. The commitments calculated will
serve as inputs into Pre-Dispatch Pricing. The schedules will be binding for
intertie transactions and NQS operational commitment extensions in the
upcoming dispatch hour, and will be used to issue binding start-up
instructions as required.

e Pre-Dispatch Pricing: Determines LMPs that account for resource and system
constraints. It uses the same dispatch data and the set of /ESO inputs as
used in Pre-Dispatch Scheduling with one exception. Instead of the

Issue 2.0 — January 28, 2021 Public 14



Pre-Dispatch Calculation Engine 2 Summary of the Current and Future State

constraint violation penalty curves for reliability, this step uses the constraint
violation penalty curves that are relevant for pricing. The LMPs produced are
advisory and not used for sett/lement. The prices determined will be used in
ex-ante Market Power Mitigation.

e Market Power Mitigation: After Pre-Dispatch Scheduling and Pre-Dispatch
Pricing are complete, the PD calculation engine will run the ex-ante Market
Power Mitigation process. For all forecast hours of the look-ahead period, it
will identify areas of restricted competition and the dispatch data parameters
submitted for resources in these areas that fail the conduct and price impact
tests. For hours beyond the first forecast hour, such dispatch data will be
replaced by their reference levels for all future PD calculation engine runs
containing such hours in their look-ahead period. The ex-ante Market Power
Mitigation process comprises the following steps:

e Constrained Area Conditions Test: The initiation of the ex-ante Market Power
Mitigation process is based on specific conditions corresponding to the
constrained area to which a resource belongs. When an area is constrained
from being supplied by additional resources, competition is reduced and this
creates the potential for the exercise of market power. The constrained area
conditions test will use the results of Pre-Dispatch Pricing to determine if the
conduct test of the ex-ante Market Power Mitigation process needs to be
initiated. For more information regarding the different types of constrained
areas, refer to the Market Power Mitigation detailed design document.

e Conduct Test (if necessary): If conditions related to the restriction of
competition are met, the conduct test will determine if financial dispatch
data parameter values submitted by a market participant for a resource
differ from their reference levels by more than the relevant conduct
threshold. If one or more dispatch data parameter values for any resource
fail the conduct test, then Reference Level Scheduling and Reference Level
Pricing will occur to facilitate the price impact test. If no financial dispatch
data parameter value fails the conduct test, then no further steps in the ex-
ante Market Power Mitigation process are necessary.

e Reference Level Scheduling (if necessary): Uses nearly all of the same inputs
and produces the same outputs as Pre-Dispatch Scheduling. The exception is
that any dispatch data parameter value that failed the conduct test will be
replaced by the reference level value for that dispatch data parameter.

o Reference Level Pricing (if necessary): Uses nearly all of the same inputs and
produces the same outputs as Pre-Dispatch Pricing with the following two
differences:
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0 The dispatch data parameter values that failed the conduct test will be
replaced by the reference level value for that dispatch data parameter;
and

0 The commitments and resource schedules that are inputs to this step
will be obtained from Reference Level Scheduling.

e Price Impact Test (if necessary): Compares the prices from Pre-Dispatch
Pricing to those from Reference Level Pricing. The price impact test is failed
if one or more prices in Pre-Dispatch Pricing is greater than the
corresponding price from Reference Level Pricing by a specified impact
threshold. If the Price Impact test is failed by a resource, then reference
levels will be used to replace the dispatch data parameters that failed the
conduct test for that resource and these mitigated parameters will be used in
future PD calculation engine runs.

An updated dispatch data set to be used in the next PD calculation engine run will
be determined, adding to the mitigation decisions from the previous PD calculation
engine runs. This updated dataset will also be passed to the RT calculation engine
for the following dispatch hour.

2.2.5.1 Enhanced Real-Time Unit Commitment for NQS Generation
Facilities

The dispatch algorithm described above is an enhanced unit commitment process
that takes into account many of the operating characteristics of NQS generation
facilities and uses a multi-hour optimization to make NQS commitment decisions.
This improved modelling will recognize and respect NQS operational restrictions
such as MLP, MGBRT and MGBDT that limit the resource’s ability to generate. The
enhanced unit commitment will also evaluate start-up offers and speed-no load
offers.

The PD calculation engine will commit NQS generation facilities and schedule them
to come online and reach MLP at a certain time based on their submitted dispatch
data. At the time of commitment, the PD calculation engine will provide a binding
start-up instruction that is based on energy offers, start-up offers and speed-no-
load offers and takes into account operational restrictions over multiple hours.

The PD calculation engine will not change a MLP and MGBRT operational constraint
set in respect of a DAM schedule. However, NQS generation facilities may receive a
PD operational commitment that is an advancement or extension to an existing
DAM commitment.

2.2.6. Outputs from the PD Calculation Engine

Pre-Dispatch Scheduling Process will produce a set of results in the form of hourly
schedules for all dispatchable and non-dispatchable generation facilities, intertie
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transactions, dispatchable loads and hourly demand response resources. It will also
produce hourly advisory LMPs and hourly zonal prices.

Intertie schedules for the next dispatch hour will continue to be binding. The NQS
operational commitment extensions will also be binding in the upcoming dispatch
hour, along with the NQS commitments in future hours that meet the criteria to
receive a binding start-up instruction.

Internal resource schedules in the next dispatch hour and schedules for all other
PD look-ahead period hours will continue to be advisory.

The output of the PD calculation engine includes private and public reporting to the
market participants and the /£SO including private notifications of information
relating to binding start-up instructions and operational constraints, specifically:

e Notification: the process and timing for notifying market participants of a
binding start-up instruction and operational constraints; and

¢ Confirmation: the process and timing of the confirmation the /£SO will need
to receive from market participants in response to any notification of
commitment, in order to ensure operational certainty.

Refer to the Publishing and Reporting Market Information detailed design document
for details of these outputs.

Figure 2-4 provides a high-level overview of the future PD calculation engine
processes. The notation “pdr (pre-dispatch run) n+1” indicates the approach to
applying the results from the market power mitigation tests to subsequent PD
calculation engine runs.
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— End of Section —
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3. Detailed Functional Design

3.1. Structure of this Section

For the purposes of this document, schedules and prices for a ‘resource’ refer to
schedules and prices for a resource within a generation facility or dispatchable load
facility for a registered market participant.

The design of the Pre-Dispatch (PD) calculation engine will be described in terms
of:

Objectives
e PD Calculation Engine Functions
e Inputs into the PD Calculation Engine
e Initialization
e Pass 1: Pre-Dispatch Scheduling Process
0 Pre-Dispatch Scheduling
0 Pre-Dispatch Pricing
0 Market Power Mitigation
= Constrained Area Conditions Test
= Conduct Test
= Reference Level Scheduling
» Reference Level Pricing
= Price Impact Test
e Security Assessment Function
e Pricing Formulas
e Data Generation for Settlement Mitigation
e The Pseudo-Unit Model

o Determination of the Non-Dispatchable Load Forecast
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3.2.  Objectives

The objective of this detailed functional design is to define the PD calculation
engine functions in terms of the scheduling and pricing algorithms used to
maximize gains from trade for energy and operating reserve while providing for the
necessary reliability and security of the IESO-controlled grid. This design also
defines the PD calculation engine functions that are required for the ex-ante Market
Power Mitigation process.

The high-level designs for MRP identify several objectives for the Ontario rea/-time
market for energy and operating reserve. These objectives, when achieved, will
provide the following improvements to the overall /ESO-administered markets:

e Ensuring the most cost-effective set of resources will be available to meet
demand in real-time when changes in system needs arise in the pre-dispatch
timeframe;

e Enhancing the real-time unit commitment process so that it considers all
offered costs and resource constraints to arrive at the most cost-effective
NQS resources available in real time by issuing operational commitments as
required; and

e Providing information to resources on how they are likely to be dispatched so
they can prepare for real-time operation.
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3.3. PD Calculation Engine Functions

Pre-dispatch scheduling and pricing will be driven by a PD calculation engine
composed of a single pass—Pre-Dispatch Scheduling Process—that calculates both
schedules and LMPs.

The PD calculation engine will perform a multi-hour optimization to calculate
advisory schedules and prices by determining the optimal unit commitment and
economic dispatch over the pre-dispatch look-ahead period. These schedules will be
binding for /ntertie transactions. NQS operational commitment extensions will be
binding in the upcoming dispatch hour, along with NQS commitments in future
hours that meet the criteria to receive a binding start-up instruction. The PD
calculation engine will then perform the Market Power Mitigation processes, the
results of which will be applied to Pre-Dispatch Scheduling and Pre-Dispatch Pricing
in subsequent PD calculation engine runs.

A scheduling algorithm will calculate hourly commitment statuses and resource
schedules to meet demand. It will perform a security-constrained unit commitment
and economic dispatch of available resources. This will be achieved by performing
multiple iterations between an optimization function and a security assessment
function.

The multiple iterations will be carried out as follows:

1. The optimization function will determine commitment status decisions and
the optimal economic scheduling of committed resources. To do this, the
optimization function will consider inputs from market participants and the
IESO, and also take into account resource and system constraints.

2. Each time the optimization function determines resource schedules, the
security assessment function will assess the security of the resulting
constrained dispatch by considering transmission and operating limits. If the
security assessment function identifies limit violations, an updated security
constraint set will be provided to the optimization function, and another
iteration will be performed.

3. The scheduling algorithm will conclude when the security assessment
function does not identify any additional security limits for the optimization
function to enforce.

The commitment statuses determine the eligibility of a resource for economic
scheduling within the scheduling algorithm and the corresponding pricing algorithm.
For each hour of the pre-dispatch timeframe, the commitment status of a resource
will either be “committed” or “not committed”, and the following will apply:

o If a resource is committed, then it will be scheduled to at least its MLP and
will be eligible for economic scheduling above its MLP; or
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e If a resource is not committed, it will not be eligible for economic
scheduling. It will receive a zero schedule, unless it is an hour where ramp
energy to MLP is scheduled.

A non-dispatchable resource or a quick-start resource will always be committed in
each hour when it has been offered because such resources do not have
commitment costs and have an MLP of zero. The commitment status of an eligible
NQS resource for any given hour will be determined by the scheduling algorithm.
The commitment statuses determined in Pre-Dispatch Scheduling will be used to
derive operational commitments.

A pricing algorithm will calculate LMPs. The pricing algorithm will primarily use the
same set of market participant inputs, /£SO inputs and resource and system
constraints as the scheduling algorithm. It will use the commitment statuses and
certain resource schedules from the scheduling algorithm to determine LMPs by
performing a security-constrained economic dispatch. Similar to the scheduling
algorithm, the pricing algorithm will perform multiple iterations between an
optimization function and a security assessment function. The pricing algorithm will
use the same security assessment function that is used in the scheduling algorithm.
However, the optimization function will be modified to:

¢ enforce the unit commitment statuses determined in the scheduling
algorithm;

e use the constraint violation penalty curves for determining market prices;

e not schedule /intertie transactions for emergency purchases that do not
support a sale; and

o allow an offer or bid lamination to set price in accordance with the price-
setting eligibility principle, which will be applied after taking the scheduling
algorithm results into account.

The PD calculation engine will use the security assessment function in the
scheduling and pricing algorithms to perform the following calculations and
analyses, and provide inputs to the subsequent optimization function iteration.

1. Base case power flow: A base case (also known as pre-contingency) power
flow will be prepared and solved for each hour. The base case solution will
use the resource schedules produced by the optimization function along with
planned transmission outages, load distribution factors and settings and
parameters such as normal breaker/switch statuses, transformer tap
positions, and desired voltages associated with the network model.

2. Pre-contingency security assessment: Continuous thermal limits for all
monitored equipment and OSLs will be assessed using the base case solution
for pre-contingency limit violations. Violated limits will be linearized and
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incorporated as constraints for use by the subsequent iteration of the
optimization function.

3. Loss calculation: The base case solution will be used to calculate the
marginal loss factors and loss adjustment that will be used in the energy
balance constraint of the optimization function.

4. Contingency analysis: A linear power flow will be used to simulate all valid
contingencies, calculate post-contingency flows and check for limited-time
(i.e. emergency) thermal limit violations. Violated limits will be linearized and
incorporated as constraints for use by the subsequent iteration of the
optimization function.

The inputs to the PD calculation engine are described in Section 3.4. Section 3.5
describes the initialization processes that the PD calculation engine will perform
before the execution of its pass. Section 3.6 provides mathematical formulations of
the optimization function for the scheduling algorithm and pricing algorithm. A
description of the security assessment function common to the scheduling and
pricing algorithms is provided in Section 3.7.
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3.4. Inputs into the PD Calculation Engine

The PD calculation engine requires various inputs for its optimization function, the
ex-ante Market Power Mitigation process and the security assessment function. The
inputs for each function and their notations are described in the following sections.

For more information on the nomenclature used for the variables and the
mathematical symbols used in the notations, refer to Appendix D.

3.4.1. Inputs into the Optimization Function
The optimization function requires:

o market participant inputs: This set will include bids and offers, in addition to
reference levels that were applied as a result of a failure of the market
power mitigation Price Impact test in a prior PD calculation engine run;

e inputs provided by the /ESO; and

o the security constraint sets, marginal loss factors and loss adjustment
provided by the security assessment function.

The optimization function for the pricing algorithm may also require the results of
the preceding scheduling algorithm execution as inputs. Such inputs will be
specified at the outset of the specific optimization function formulation.

34.1.1 Look-Ahead Period

The PD calculation engine will calculate resource schedules for the remaining hours
of the current dispatch day. Starting with the 20:00 EST run, the PD calculation
engine will also calculate schedules for all hours of the next dispatch day. Each
hour for which the PD calculation engine calculates schedules will be referred to as
a time-step. Time-steps are indexed by integers beginning at 1. Time-step 1
schedules are set based on the value determined by the /ESO’s energy
management system. Therefore, time-step 1 schedules are not part of the PD
calculation engine optimization.

For example, the 5:00 EST PD calculation engine run will have 19 hours in the look-
ahead period. Time-step 1 corresponds to the HE6 PD schedules, which are already
set, and time-step 2 corresponds to the HE7 PD schedules, which is the first
forecast hour to be scheduled.

As another example, the 22:00 EST PD calculation engine run will have 26 hours in
the look-ahead period. Time-step 1 corresponds to the HE23 PD schedules, which
are already set. Time-step 2 corresponds to the HE24 PD schedules, which is the
first forecast hour to be scheduled. HE6 of the next day is time-step 8. For more
details on time-step 1 schedules, see Section 3.4.1.6.

The following notation will be used for indexing the days of the look-ahead period:
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e DAYS shall designate the set of days in the look-ahead period. If the look-
ahead period spans one day, then DAYS= {tod}. If the look-ahead period
spans two days, then DAYS= {tod,tom}.

The following notation will be used for indexing time-steps:
o n;4p Shall designate the number of time-steps in the look-ahead period;

o T75={2.,n4p} shall designate the set of all time-steps in the look-ahead
period that are included in the PD calculation engine optimization; and

o TS,0S TSshall designate the time-steps in the look-ahead period that are
part of the current dispatch day.

If the look-ahead period spans two days, the following additional notation will be
used:

o TS, < TSshall designate the time-steps in the look-ahead period that are
part of the next dispatch day; and

o t,m€ TS, shall designate the first time-step of the next dispatch day.

3.4.1.2 Fundamental Sets and Location Identifiers

For the purpose of describing the PD calculation engine processes and the
constraints used by these processes, each internal resource whose bids and offers
are considered by the optimization function will be identified by a unique bus,
where:

¢ Bshall designate the set of buses within Ontario, corresponding to b/ds and
offers at locations on the /ESO-controlled grid.

If more than one internal resource is connected to the /ESO-controlled grid at the
same electrical location, they will be considered to be at separate buses for the
purposes of the optimization function.

Imports scheduled from and exports scheduled to each of the /ntertie zones will be
modelled in the PD calculation engine as though they are occurring at a proxy
location. Imports shall be modelled as though they are generation emanating from
sources at the proxy location, and exports shall be modelled as though they are
load occurring at sinks at the proxy location. The /ESO shall define a number of
source and sink buses in the Jintertie zones to be used by imports and exports. The
electrical location of these source and sink buses will be identical for all /ntertie
transactions at the same proxy location. However, transactions at the same proxy
location but specified as occurring at different /ntertie zones, subject to phase
shifter operation, will be modelled as flowing across independent paths.
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Each import offer will be identified by a unique /ntertie zone source bus and each
export bid will be identified by a unique /ntertie zone sink bus, where:

e A shall designate the set of all /ntertie zones;

e Dshall designate the set of buses outside Ontario, corresponding to b/ds,
offers and off-market transactions at /ntertie zones;,

e DXC Dshall designate the subset of buses outside Ontario that correspond to
exports;

e DIc D shall designate the subset of buses outside Ontario that correspond to
imports;

e D, c Dshall designate the set of all buses outside Ontario in /ntertie zone
aE€ A,

e DX, < D, shall designate the subset of buses outside Ontario that correspond
to exports in /ntertie zone a€ A; and

e DI, < D, shall designate the subset of buses outside Ontario that correspond
to imports in /ntertie zone a€ A.

Assume B and D are disjoint (i.e. have no elements in common). The optimization
function evaluates bids and offers for be BU D.

3.4.1.3 Load Inputs

Load inputs can belong to one of the following categories:
o Demand forecasts prepared by the /ESO;
o Dispatch data for dispatchable loads;,

o Dispatch data for hourly demand response resources. This includes both
physical hourly demand response resources for which a registered wholesale
meter and delivery point have been defined and virtual hourly demand
response resources aggregated within various zones in the distribution
system; and

e Bids to export energy.
Internal load buses of a specific resource type will be denoted as follows:
e BPLc Bshall designate the set of buses identifying dispatchable loads; and

e B"PRc Bshall designate the set of buses identifying hourly demand response
resources.

Bid for energy laminations and offer for operating reserve laminations at a load bus
will be denoted as follows:
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. /fb shall designate the set of bid for energy laminations for b€ Bu DX for
time-step te TS

o J:9% shall designate the set of synchronized ten-minute operating reserve
offer laminations at bus b€ B for time-step t€ 7§,

o /i?" shall designate the set of non-synchronized ten-minute operating
reserve offer laminations at bus b€ BU DX for time-step t€ 75; and

. 52’? shall designate the set of thirty-minute operating reserve offer
laminations at bus b€ BU DX for time-step ¢€ 78.

Demand Forecasts

The /ESO shall prepare hourly demand forecasts that are representative of
transmission losses and forecast consumption of all /oad facilities and hourly
demand response resources. These demand forecasts will be produced for each of
the /ESO’s demand forecast areas? and for each time-step of the look-ahead period.
Before the optimization function uses these forecasts, they will be adjusted as
described in Section 3.11 to arrive at a quantity that is representative of load that
is considered non-dispatchable and is inclusive of losses, where:

e FL,shall designate the hourly province-wide non-dispatchable demand
forecast for time-step t€ 75.

The distribution of forecasted load to load locations within each forecast area is
performed within the security assessment function. See Section 3.7.1.3 for more
detail.

Dispatch Data for Dispatchable Loads

Registered market participants representing dispatchable loads may submit a bid to
consume energy, offers to provide operating reserve and affiliated ramp rates. At
most 20 price-quantity pairs corresponding to 19 laminations may be submitted in
the b/d to consume energy. At most five price-quantity pairs corresponding to four
laminations may be submitted for each class of operating reserve the dispatchable
load is qualified to provide. The non-dispatchable portion of a dispatchable load,
i.e. the quantity of energy that is bid at MMCP, must always be scheduled. Table
3-1 lists the parameters for dispatch data submitted for a dispatchable load
identified by bus be B”L.

2In the future market, the /£SO will produce the existing province-wide demand forecast as the sum of
separate demand forecasts for four demand forecast areas. For more information on demand forecasts, refer to
the Offers, Bids and Data Inputs detailed design document.
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Table 3-1: Parameters for Dispatch Data Submitted for Dispatchable Loads

Parameter Description

shall designate an incremental quantity of energy consumption
QDL that may be scheduled in time-step t€ 7.5 in association with
bid lamination j€ J;,.

shall designate the b/d price to consume an incremental
guantity of energy in time-step te 7S in association with b/id
PDL,,,; lamination j€ jfb. The bid price indicates the lowest energy
price at which the dispatchable load prefers to forgo energy
consumption.

shall designate the synchronized ten-minute operating reserve

Q10S8DL,;,; guantity that may be scheduled in time-step t€ 7Sin

association with offer lamination ;€ /;9°.

shall designate the price of being scheduled to provide
P10SDLy;,; synchronized ten-minute operating reserve in time-step te 75 in
association with offer lamination ;€ /19°.

shall designate the non-synchronized ten-minute operating

QLONDL,;,; reserve quantity that may be scheduled in time-step t€ 7Sin

association with offer lamination ;€ /9"

shall designate the price of being scheduled to provide non-

PLONDLy, synchronized ten-minute operating reserve in time-step t€ 75 in

association with offer lamination j€ /9"

shall designate the thirty-minute operating reserve quantity
@30RDL,y,, that may be scheduled in time-step t€ 7S in association with
offer lamination je /)~.

shall designate the price of being scheduled to provide thirty-
P30RDLy,; minute operating reserve in time-step t€ 7S in association with
offer lamination je f)~.

shall designate the operating reserve ramp rate in MW per

ORRDL, _ _ _ .

minute for reductions in load consumption.

shall designate the maximum rate in MW per minute at which
URRDL,, the dispatchable load can increase its amount of energy

consumption.

shall designate the maximum rate in MW per minute at which
DRRDL, the dispatchable load can decrease its amount of energy
consumption.
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Parameter Description

shall designate the quantity of energy that is bid at MMCP in

DLFIRM,
Q L time-step te 7S.

As detailed in the Offers, Bids and Data Inputs detailed design document,
registered market participants representing dispatchable loads may submit up to
five ramp rates? for energy for each dispatch hour. The PD calculation engine will
evaluate the same energy ramp rates for each time-step in the look-ahead period.
The energy ramp rates used will correspond to the submitted energy ramp rates for
the first time-step in which the registered market participant has submitted an
energy bid. Similarly, the PD calculation engine will evaluate the same operating
reserve ramp rate for each time-step in the look-ahead period.

The PD calculation engine will respect the energy ramping constraints determined
by the submitted MW quantity (up to five), ramp up rate and ramp down rate value
sets. The optimization function formulations provided in this document assume one
ramp up rate and one ramp down rate apply across the entire operating range of a
dispatchable load. For more information, see the energy ramping constraints in
Section 3.6.1.5.

Dispatch Data for Hourly Demand Response Resources

An hourly demand response resource may submit an energy bid and affiliated ramp
rates. If the resource is an aggregator, its b/d will be identified with a proxy bus.
The electrical location of this proxy bus depends only on the zone in which the
hourly demand response resource has submitted a b/d. Table 3-2 lists the
parameters for dispatch data submitted for a physical or virtual Aourly demand
response resource identified by bus b€ B7PR,

Table 3-2: Parameters for Dispatch Data Submitted for Hourly Demand Response
Resources

Parameter Description

shall designate an incremental quantity of reduction in energy
QHDR,,; consumption that may be scheduled in time-step t€ 7Sin
association with b/d lamination j€ /;,.

shall designate the bi/d price to incrementally reduce energy
PHDR, consumption in time-step t€ 7S in association with bid
lamination j€ /£,. The bid price indicates the lowest energy

8 The ramp rates include MW quantity, ramp up rate and ramp down rate values.
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Parameter Description

price at which the resource prefers to forgo energy
consumption.

shall designate the maximum rate in MW per minute at which
URRHDR,, the hourly demand response resource can decrease its amount
of energy consumption.

shall designate the maximum rate in MW per minute at which
DRRHDR,, the hourly demand response resource can increase its amount
of energy consumption.

If an hourly demand response resource has been activated, the resource will be
scheduled to meet the corresponding obligation as per the Resource Minimum and
Maximum Constraints sub-section in Section 3.4.1.5.

Bids to Export Energy

Each bid to export designates the amount of energy that the registered market
participant wishes to schedule for export at a given price to an /ntertie zone and
boundary entity proxy location. Except for Quebec, exports to other jurisdictions
cannot be scheduled over individual /nterties. Several intertie zones are defined for
Quebec so that exports may be scheduled over individual /nterties between Quebec
and Ontario.

Market participants may submit bids to export energy along with offers to provide
operating reserve. A maximum of 20 price-quantity pairs corresponding to 19
laminations may be submitted in a b/d to export energy. A maximum of five price-
quantity pairs corresponding to four laminations may be submitted for each class of
operating reserve the exporter is qualified to provide.

Table 3-3 lists the parameters for dispatch data submitted for a b/d to export at an
intertie zone sink bus de DX

Table 3-3: Parameters for Dispatch Data Submitted for Export Bids

Parameter Description

shall designate the maximum quantity of energy for which the
QXL export to bus din time-step t€ 7S may be scheduled in
association with bid lamination j€ JZ,.

shall designate the b/d price of the exporter at bus 4 for an
incremental quantity of energy in time-step t€ 7S in association
with b/d lamination je/fd. The bid price indicates the highest
price at which the exporter is willing to be scheduled.

PXL g4,
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Parameter Description

shall designate the non-synchronized ten-minute operating

QLONXL,; reserve quantity that may be scheduled in time-step t€ 7Sin

association with offer lamination je /}3".

shall designate the price of being scheduled to provide non-

P1ONXL, 4, synchronized ten-minute operating reserve in time-step te 75in

association with offer lamination je /.%".

shall designate the thirty-minute operating reserve quantity
@BBORXLy 4, that may be scheduled in time-step t€ 75 in association with
offer lamination j€ £%".

shall designate the price of being scheduled to provide thirty-
P30RXL, 4, minute operating reserve in time-step t€ 7S in association with
offer lamination j€ %"

If an export bid lamination’s price is equal to the maximum market clearing price
(MMcCP), a price of &MMCP will be used in the optimization function for the
scheduling algorithm and a price of MMCP will be used in the optimization function
for the pricing algorithm.

The PD calculation engine will economically schedule DAM scheduled /ntertie
transactions and bids for export for non-DAM scheduled /ntertie transactions for the
first two forecast hours of the look-ahead period. The DAM scheduled quantities for
export transactions will limit export schedules beyond the first two forecast hours
of the look-ahead period to only DAM scheduled /ntertie transactions. For /intertie
zone sink bus de DX:

o SXLT™ shall designate the DAM scheduled quantity of energy for export to
bus din time-step t€ {4,.,n,4p};

° 5‘10NXL7£‘,4M shall designate the DAM scheduled quantity of non-synchronized
ten-minute operating reserve in time-step t€ {4,.,n;4p}; and

° SBORXLTZZ‘,“M shall designate the DAM scheduled quantity of thirty-minute
operating reserve in time-step t€ {4,.,n;4p}.

Export bids that are flagged as capacity exports are eligible for economic
scheduling beyond the first two forecast hours of the look-ahead period regardless
of their DAM schedules. For each time-step t€ {4,.,n;,4p}:

e DXAPEXC pXx shall designate the /ntertie zone sink buses identifying export
bids flagged as capacity exports in time-step ¢
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Export Bids in Wheeling Through Transactions

A wheeling through transaction consists of an individual b/d to export energy to an
intertie zone and an individual offer to import energy from another Jintertie zone in
the same hour. Both the export b/d and the import offer will be linked using the
same North American Energy Standards Board (NAESB) e-Tag identifiers. The PD
calculation engine will ensure that the export b/d and import offer of the wheeling
through transaction receive equal schedules. Wheeling through transactions will not
be eligible to provide operating reserve.

For each time-step te 7S:

o [,S DXxDIshall designate the set of linked /ntertie zone sink and source
buses corresponding to wheeling through transactions. Here, L, is a set with
elements of the form (dx di) where dxe€ DX and di€ DI.

3.4.1.4 Supply Inputs

Supply inputs can belong to one of the following categories:

o Dispatch data for self-scheduling generation facilities, transitional scheduling
generators and intermittent generators, known as non-dispatchable
generation facilities;

o Dispatch data for dispatchable generation facilities; and
o Offers to import energy and provide operating reserve.
Internal supply buses of a specific resource type will be denoted as follows:

e BYPGc Bshall designate the set of buses identifying non-dispatchable
generation resources; and

e BP%c Bshall designate the set of buses identifying dispatchable generation
resources. Dispatchable generation resources can be further categorized by
resource type as described in the Dispatch Data for Dispatchable Generation
Facilities sub-section below.

Offer for energy laminations and offer for operating reserve laminations at a supply
bus will be denoted as follows:

° be shall designate the set of offer for energy laminations for be BuU DI for
time-step te TS;

o K;2° shall designate the set of synchronized ten-minute operating reserve
offer laminations at bus b€ B for time-step t€ 7§,

. K},‘},N shall designate the set of non-synchronized ten-minute operating
reserve offer laminations at bus be BU DI for time-step te 7S, and
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. ;?;R shall designate the set of thirty minute operating reserve offer
laminations at bus b€ BU DI for time-step te TS.

Dispatch Data for Non-Dispatchable Generation Facilities

The PD calculation engine takes into account the forecast output from non-
dispatchable generation resources. The registered market participants of self-
scheduling generation facilities, transitional scheduling generators and intermittent
generators will provide dispatch data on forecast production and the lowest price at
which they wish to be scheduled. The forecast production and price will be treated
as an offer for energy with a single lamination. Table 3-4 lists the parameters for
dispatch data submitted for a non-dispatchable generation resource identified by
bus b€ BPC.

Table 3-4: Parameters for Dispatch Data Submitted for Non-Dispatchable
Generation

Parameter Description

shall designate the incremental quantity of energy generation
QNDG,x that may be scheduled in time-step t€ 75 in association with
offer lamination k€ Kz,

shall designate the offered energy price for incremental
generation in time-step t€ 75 in association with offer

PNDGp, lamination k€ Kf,,. The offered price indicates the lowest price
at which the non-dispatchable generation resource is willing to
be scheduled.

Dispatch Data for Dispatchable Generation Facilities

Registered market participants representing dispatchable generation facilities may
submit offers to supply energy, offers to provide operating reserve, and other
affiliated dispatch data. A maximum of 20 price-quantity pairs corresponding to 19
laminations may be submitted in the offer to produce energy. A maximum of five
price-quantity pairs corresponding to four laminations may be submitted for each
class of operating reserve a resource is qualified to provide. The other dispatch
data that may be submitted depend on the faci/lity type. For example, NQS
generation facilities may provide an offered value of starting a resource, operating
that resource at its minimum loading point, and increasing output above the
minimum loading point.

The following inputs are common to all dispatchable generation facilities. Table 3-5
lists the parameters for dispatch data submitted for a dispatchable generation
resource identified by bus b€ B?C.
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Table 3-5: Parameters for Dispatch Data Submitted for Dispatchable Generation

Parameter Description

shall designate the minimum loading point for day g€ DAYS.
The minimum loading point is the minimum MW output that a
resource must maintain to remain stable without the support of
ignition and therefore, the minimum amount of energy the
resource must be scheduled to produce in any time-step it is
committed by the PD calculation engine.

MinQDG,,

shall designate an incremental quantity of energy (above and
QDG i beyond the minimum loading point) that may be scheduled in
time-step te 7S in association with offer lamination k€ K%,.

shall designate the offered energy price for incremental
generation in time-step t€ 75 in association with offer
lamination k€ K7,. The offered price indicates the lowest
energy price at which the resource is willing to be scheduled.

PDG,p,

shall designate the offered quantity of synchronized ten-minute
Q10SDG, operating reserve in time-step t€ 75 in association with offer
lamination k€ K:9°.

shall designate the offered price of being scheduled to provide
P10SDGyp synchronized ten-minute operating reserve in time-step t€ 7Sin
association with offer lamination k€ K3)°.

shall designate the offered quantity of non-synchronized ten-
QLONDG, minute operating reserve in time-step t€ 75 in association with
offer lamination ke K:9V.

shall designate the offered price of being scheduled to provide
P1ONDG, non-synchronized ten-minute operating reserve in time-step
t€ TSin association with offer lamination k€ K;3".

shall designate the offered quantity of thirty-minute operating
Q30RDG,p reserve in time-step t€ 7S in association with offer lamination
ke KOF

shall designate the offered price of being scheduled to provide
P30RDGp thirty-minute operating reserve in time-step te 75in
association with offer lamination k€ K39%.

shall designate the maximum operating reserve ramp rate in

ORRDG,
b MW per minute.
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Parameter Description

shall designate the maximum rate in MW per minute at which
URRDG,, the resource can increase the amount of energy it supplies
(ramp rate up).

shall designate the maximum rate in MW per minute at which
DRRDG,, the resource can decrease the amount of energy it supplies
(ramp rate down).

shall designate the reserve loading point for thirty-minute
operating reserve in time-step t€ 7S indicating the minimum

RLP3OR,, _ e .
’ output level at which the resource can provide its full thirty-
minute operating reserve amount.
shall designate the reserve loading point for synchronized ten-
minute operating reserve in time-step te 7S indicating the
RLP10S,,

minimum output level at which the resource can provide its full
synchronized ten-minute operating reserve amount.

As detailed in the Offers, Bids and Data Inputs detailed design document,
registered market participants representing dispatchable generation facilities may
submit up to five ramp rates for energy for each dispatch hour. The PD calculation
engine will evaluate the same energy ramp rates for each time-step in the look-
ahead period. The energy ramp rates used will correspond to the offered energy
ramp rates for the first time-step in which the registered market participant has
submitted an energy offer. Similarly, the PD calculation engine will evaluate the
same operating reserve ramp rate for each time-step in the look-ahead period.

The PD calculation engine will respect the energy ramping constraints determined
by the offered MW quantity (up to five), ramp up rate and ramp down rate value
sets. The optimization function formulations provided in this document assume one
ramp up rate and one ramp down rate apply across the entire dispatchable range of
a dispatchable generation resource. For more information, see the energy ramping
constraints in Section 3.6.1.5.

Committed resources, which are scheduled to operate at or above their minimum
loading point, may be scheduled for all types of operating reserve. Uncommitted
resources will not be scheduled for any type of operating reserve. Quick start
resources will have a minimum loading point (MinQDG, ;) of zero. These resources
will be considered committed for all time-steps of the look-ahead period. See
Section 3.3 for more information.

In addition to the above inputs that are common to all dispatchable generation
resources, the PD calculation engine will evaluate additional inputs for the following
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generation resource types to further enable representation of their operating
characteristics:

o NQS resources: start-up offer, minimum generation costs, minimum
generation block run time, minimum generation block down time (MGBDT),
maximum number of starts per day and ramp up energy to MLP profile;

PSU resources: steam turbine share of MLP region, steam turbine share of
dispatchable region, ramp up energy to MLP profile for the combustion
turbine and steam turbine, indication of whether the PSU can provide ten-
minute operating reserve while scheduled in its duct firing region;

Variable generation resources: /ESO'’s centralized variable generation
forecast;

Energy-limited resources: maximum daily energy limit; and

Hydroelectric resources: forbidden regions, minimum daily energy limit,
minimum hourly output, hourly must run, maximum number of starts per
day, linked resources, time lag and MWh ratio.

Buses identifying resources of these types will be denoted as follows:
e BV c BPC shall designate the subset of buses identifying NQS resources;

e BUc BNOS ghall designate the subset of buses identifying PSU resources;

B"¢ < B¢ shall designate the subset of buses identifying variable generation
resources;

e BFIRc BPG shall designate the subset of buses identifying energy-limited
resources; and

B"E € BP¢ shall designate the subset of buses identifying hydroelectric
resources.

A resource may belong to more than one of the above sets. For example, a
hydroelectric resource may be energy-limited.

The following sections provide further detail on the notations that will be used to
represent the operational characteristics that are specific to a generation resource

type.

NQS Resources

As described in the Offers, Bids and Data Inputs detailed design document,
registered market participants representing NQS generation facilities may offer
some operational and cost parameters as a function of their thermal state (either
hot, warm or cold), where:
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o THERM={COLD WARMHOT} shall designate the set of thermal states for NQS
resources.

The parameters that depend on the thermal state are minimum generation block
down-time (used to determine the thermal state of a resource), lead time, start-up
cost and ramp up energy to MLP. The PD calculation engine will assess lead-time,
Start-up cost and ramp up energy to MLP values based on the thermal state
inferred from the scheduled resource down time.

Minimum generation cost, m/inimum generation block run time and maximum
number of starts do not depend on thermal state.

Table 3-6 lists the parameters for dispatch data submitted for an NQS resource
identified by bus b€ BV,

Table 3-6: Parameters for Dispatch Data Submitted for NQS Resources

Parameter Description

shall designate the offered minimum generation cost to operate
at minimum loading point in time-step t€ 7S. This parameter is
MGODG, calculated based on the speed no-load offer and energy
laminations up to the resource’s minimum loading point
submitted by the market participant.

shall designate the minimum generation block run-time — the
shortest period (in hours) the resource must be scheduled to
MGBRTDG,, operate to at least its minimum loading point if its offer to
generate is accepted and the resource reaches its minimum
loading point within dispatch day g€ DAYS.

shall designate the maximum number of times an NQS resource

MaXStartsDGq,, L .
’ can be scheduled to start within dispatch day g€ DAYS.

shall designate the minimum generation block down-time for a
hot thermal state. This parameter indicates the shortest period
(in hours) between the end of the last hour the resource is
MGBDTDG{;’ZT scheduled to operate at or above its minimum loading point
within dispatch day g€ DAYS and the beginning of the next hour
the resource is scheduled to operate at or above its minimum
loading point.

shall designate the minimum generation block down-time for a
warm thermal state. If the period of time between the hour the
MGBDTDG, ;"™ resource is scheduled to operate at or above its minimum
loading point in dispatch day q€ DAYS and the beginning of the
next hour the resource is scheduled to operate at or above its
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Parameter

Description

minimum loading point exceeds MGBDTDG,4* but does not
exceed MGBDTDGS?", then the resource’s thermal state is

considered to be warm.

MGBDTDGS?

shall designate the minimum generation block down-time for a
cold thermal state. If the period of time between the hour the
resource is scheduled to operate at or above its minimum
loading point in dispatch day g€ DAYS and the beginning of the
next hour the resource is scheduled to operate at or above its
minimum loading point exceeds MGBDTDGS'P, then the

qb
resource’s thermal state is considered to be cold.

SUDGY,

shall designate the start-up offer to start, synchronize and
reach minimum loading point in time-step t€ 7S for thermal
state me THERM.

shall designate the lead time indicating the number of hours it
takes the resource to start, synchronize and reach minimum
loading point from an offline state in dispatch day qe DAYS for
thermal state me THERM.

RampHrsg),

shall designate the number of hours it takes the resource to
ramp from 0 to its minimum loading point in dispatch day
g€ DAYS for thermal state me THERM.

RampkEy), ,

shall designate the quantity of energy injected w hours before
the resource reaches its minimum loading point in dispatch day
g€ DAYS for we {1,.,RampHrsg,} and thermal state m€ THERM.

SNLyy,

shall designate the speed no-load offer, which is the cost
required to operate in a synchronized status while injecting no
energy to the IESO-controlled grid in time-step t€ TS.

TMLP
K

shall designate the set of energy offer laminations for
guantities up to the minimum loading point in time-step te TS.

QLTMLE,},

shall designate an incremental quantity of energy generation
(up to the minimum loading point) that may be scheduled in
time-step te 7Sin association with offer lamination ke K7;"".

PLTMLP,

shall designate the offered energy price for incremental
generation in time-step t€ 75 in association with offer
lamination ke K;;""".

Certain daily dispatch data parameters will be fixed to one value across the look-
ahead period when the PD look-ahead period spans multiple dispatch days. This is
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because the engine would likely be unable to produce a solution if inconsistent
dispatch data across two dispatch days leads to conflicts within the optimization or
increases runtime outside of the required solution time. This will be discussed
further in Section 3.5.5, which also provides the affiliated notation.

The minimum generation cost for an NQS resource indicates the cost of operating
the resource at its minimum loading point in a specific hour. Although this cost is
not submitted directly by the registered market participant, it can be calculated
from the speed no-load offer and energy laminations up to the resource’s minimum
loading point. For an NQS resource identified by bus € BV, the minimum
generation cost in time-step t€ 75 can be calculated as follows:

MGODG,, = SNL,,, + Z PLTMLP, ;) - QLTMLP, , .

LTMLP
keK:]

For the purposes of market power mitigation, the component speed no-load and
energy laminations up to the resource’s minimum loading point will be compared
against their respective reference levels separately. Within the optimization
function of the PD calculation engine, the minimum generation cost as derived from
these offered parameters will be evaluated as a whole in determining a
commitment decision.

PSU Resources

For combined cycle facilities that have elected and are eligible to be represented as
a pseudo-unit resource, additional inputs are required to reflect the physical unit
loading as a function of the pseudo-unit schedules. For more information about
how the PSU model is derived from registration parameters and submitted dispatch
data parameters, see Section 3.10.

Table 3-7 lists the parameters for dispatch data submitted for a PSU resource
identified by bus b€ B™Y.

Table 3-7: Parameters for Dispatch Data Submitted for PSU Resources

Parameter Description
R shall designate the energy offer laminations corresponding to
Koy € K

the dispatchable region of the pseudo-unit in time-step te 75.

shall designate the energy offer laminations corresponding to

vh €Kiy o . .
’ ’ the duct firing region of the pseudo-unit in time-step te 75.
STShareMLP, shall designate the steam turbine share of the MLP region.
shall designate the steam turbine share of the dispatchable
STShareDR,,

region.
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Parameter Description

shall designate the quantity of energy injected w hours before
the resource reaches its minimum loading point in dispatch day

RampCTyy, ,, . .
" g€ DAYS and thermal state me THERM that is attributed to the
combustion turbine for we {1,.,RampHrsg),}.
shall designate the quantity of energy injected w hours before
the resource reaches its minimum loading point in dispatch day
RampSTy), ,,

g€ DAYS for thermal state me THERM that is attributed to the
steam turbine for we {1,.,RampHrs,),}.

To calculate the loading on a specific steam turbine, the combined cycle facility
must identify the PSU resources sharing a steam turbine, where:

e PSTshall designate the set of steam turbines being offered as part of a PSU;
and

o B7c BV shall designate the subset of buses identifying PSU resources with
a share of steam turbine pe PST.

At the time of registration, a combined cycle faci/l/ity will indicate using a flag that a
PSU resource may not provide ten-minute operating reserve from its duct firing
region, where:

o pNOWODEC pPSU ghall designate the subset of buses identifying a PSU resource
that cannot provide ten-minute operating reserve from its duct firing region.

The formulation provided in the optimization function assumes the PSU model
parameters are constant across the look-ahead period. However, logic will applied
be to handle changes in the single-cycle mode flag between dispatch days if:

o the look-ahead period spans multiple dispatch days;

o the single-cycle mode flag submitted by the market participant differs in
these days; and

o the PSU is currently in-service operating in the mode for the current dispatch
aay.

This treatment is also applicable if the single-cycle mode flag submitted by the
market participant differs between two dispatch days and the PSU remained in-
service across midnight between these days to satisfy a commitment or reliability
constraint. See Section 3.10.5 for more information.

Variable Generation Resources

For each registered facility supplying variable generation, the /ESO will continue to
provide an hourly production forecast for all time-steps of the look-ahead period
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which will serve to limit the amount of energy that the variable generation resource
may be scheduled to generate in each respective hour. This forecast is provided by
a forecasting entity and is based on meteorological and technical data provided
from variable generation resources. For the variable generation resource identified
by bus b€ B"¢ and time-step t€ TS

FG,p, shall designate the /ESO forecast for time-step ¢

Energy-Limited Resources

Energy-limited resources constitute a subset of generation resources that may be
limited in the amount of energy they can provide during each dispatch day.

For the energy-limited resource identified by bus b€ B?R:

e MaxDEL,; shall designate the daily limit on the amount of energy that the
resource may be scheduled to generate over the course of dispatch day
g€ DAYS. This limit does not apply to a shared hydroelectric resource.

e To improve the ability of the PD calculation engine to find a feasible
solution, it will be allowed to violate the MaxDEL constraints at a cost. See
Section 3.4.1.5 for details.

Hydroelectric Resources

Hydroelectric resources may optionally submit additional dispatch data reflecting
their operating characteristics. For resources choosing not to submit some or all of
these dispatch data, the corresponding constraints will not need to be enforced by
the PD calculation engine. Table 3-8 lists the parameters for dispatch data
submitted for a hydroelectric resource identified by bus b€ B

Table 3-8: Parameters for Dispatch Data Submitted for Hydroelectric Resources

Parameter Description

shall designate the hourly must-run value, which is the
minimum amount of energy that the resource is required to
produce in time-step te 7S to prevent the resource from
operating in a manner that, as a dispatch instruction,
MinHMR,, reasonably could be expected to endanger the safety of any
person, damage equipment, or violate any appl/icable law. This
minimum amount will be scheduled regardless of whether the
resource would be scheduled to operate based on its offer
price.
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Parameter

Description

Hourly must-run is a new hourly dispatch data parameter. For
more details on this parameter, refer to the Offers, Bids and
Data Inputs detailed design document.

MinHO,,

shall designate the minimum hourly output, which is the
amount of energy that the resource is required to produce in
time-step te 7§, if scheduled to operate, to prevent the
resource from operating in a manner that, as a dispatch
instruction, reasonably could be expected to endanger the
safety of any person, damage equipment, or violate any
applicable law.

Minimum hourly output is a new hourly dispatch data
parameter. For more details on this parameter, refer to the
Offers, Bids and Data Inputs detailed design document.

MinDELy,),

shall designate the minimum amount of energy that the
resource that is not a shared hydroelectric resource must be
scheduled to generate within dispatch day g€ DAYS to prevent
the resource from operating in a manner that, as a dispatch
instruction, reasonably could be expected to endanger the
safety of any person, damage equipment, or violate any
applicable law.

Minimum daily energy limit is a new daily dispatch data
parameter. For more details on this parameter, refer to the
Offers, Bids and Data Inputs detailed design document.

MaxStartsHE,;,

shall designate the maximum number of times the hydroelectric
resource can be scheduled to start within dispatch day
g€ DAYS.

StartMW,,; for
i €{1,.,NStartMW,}

shall designate the MW quantities for measuring unit starts;
one unit start is counted between time-step tand (¢+ 1) if the
schedule increases from below StartMW,; to at or above
StartMW, .

Start indication value is a new optional registration parameter
that represents the minimum quantity of energy a resource
must be scheduled to determine whether the generation units
associated with resource have used up one or more of their
maximum number of starts per day. For more details on this
parameter, refer to the Facility Registration detailed design
document.
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Parameter

Description

(Foqu,b,,-, Forl/q,b,i)
for 7/ € {1,.,NFor,,}

shall designate the lower and upper limits of the resource’s
forbidden regions indicating that the resource cannot be
scheduled strictly between Forl,,; and ForU,,; for all i €
{1,.,NFor,,} within dispatch day g€ DAYS.

Forbidden regions is a new daily dispatch data parameter used
to represent one or more operating ranges, in MW, within
which a hydroelectric generation unit cannot maintain steady
state operation without causing equipment damage. For more
details on this parameter, refer to the Offers, Bids and Data
Inputs detailed design document.

Market participants may register two or more hydroelectric resources as having a
shared daily energy limit when these resources are collectively limited in the
amount of energy they can or must provide during each day. Table 3-9 lists the
parameters for dispatch data submitted for hydroelectric resources with a shared

energy limit.

Table 3-9: Parameters for Dispatch Data Submitted for Hydroelectric Resources —

Shared Energy Limit

Parameter

Description

SHE

shall designate the set indexing the sets of hydroelectric
resources with a shared daily energy limit.

Shared daily energy limit will be a new registration parameter
that will indicate whether one or more resources registered by
the same market participant draw water from the same
forebay. For more details on this parameter, refer to the
Facility Registration detailed design document.

HE HE
Bc p

shall designate the subset of buses identifying hydroelectric
resources in set s€ SHE.

MaxSDEL,

shall designate the maximum daily energy limit shared by all
hydroelectric resources in set s€ SHE for dispatch day g€ DAYS.

Maximum daily energy limit is an existing dispatch data
parameter that has been enhanced so that registered market
participants will also be able to submit a single Max DEL value
for two or more dispatchable hydroelectric generation unit
resource types that are registered as sharing the same forebay.
For more details on this parameter, refer to the Offers, Bids
and Data Inputs detailed design document.
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Parameter Description

shall designate the minimum amount of energy that all
hydroelectric resources in set s€ SHE must be collectively
scheduled to generate within dispatch day g€ DAYS to prevent
the resources from operating in a manner that, as a dispatch
instruction, reasonably could be expected to endanger the
safety of any person, damage equipment, or violate any

MII]SDEL(],S app//cab/e law.

Minimum daily energy limit is a new dispatch data parameter
that represents the minimum amount of energy, in MWh, that a
set of generation units must be scheduled to supply within a
dispatch day. For more details on this parameter, refer to the
Offers, Bids and Data Inputs detailed design document.

Multiple hydroelectric resources owned by the same registered market participant
and located on a cascade river system may provide linkage inputs. These inputs are
used to represent physical operating characteristics where energy produced by one
or more upstream resources requires a proportional amount of energy to be
produced by one or more downstream resources after a period of time to prevent
the downstream resource from operating in a manner that, as a dispatch
instruction, reasonably could be expected to endanger the safety of any person,
damage equipment or violate any applicable law.

To calculate the energy produced by linked hydroelectric resources, the upstream
and downstream resources located on cascade river systems must be identified,
where:

e @(B"F) shall designate the power set (the set of all subsets) of the set B,

o BiFc p(B")shall designate the set of buses identifying all hydroelectric
resources on the upstream of cascade river systems.

o BHEc o(BHF) shall designate the set of buses identifying all hydroelectric
resources on the downstream of cascade river systems.

Linked resources, time lag and MWh ratio will be three new daily dispatch data
parameters used to represent the energy production and time lag relationship
between generation resources on a hydroelectric cascade river system. For more
information on this parameter, refer to the Offer, Bids and Data Inputs detailed
design document. Table 3-10 lists the parameters for dispatch data submitted for
linked hydroelectric resources.
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Table 3-10: Parameters for Dispatch Data Submitted for Linked Hydroelectric
Resources

Parameter Description

shall designate the set of linked hydroelectric resources for
LNK, < Bu”,fxBff,’f dispatch day q€ DAYS. Here LNK, is a set with elements of the
form (by, by) where b, € Bl and b, € Blj}.

shall designate the time lag in hours between upstream
Lagyp, », € {0,.,25} hydroelectric resources b, € Bu”,f and downstream hydroelectric
resources b, € BE for (by,b,) € LNK, and dispatch day q€ DAYS.

shall designate the MWh ratio between upstream hydroelectric
resources b, € BuH,f and downstream hydroelectric resources b, €
MWhRatio,, ,, BIE for (by,by) € LNK, and dispatch day q€ DAYS. For every MWh
scheduled at buses b, in a given hour, MWhRatio,,, ,,
scheduled at buses b, exactly Lag,, ,, hours later.

must be

To improve the ability of the PD calculation engine to find a feasible solution, it will
be allowed to violate certain hydroelectric constraints at a cost. See Section 3.4.1.5
for details.

Offers to Import Energy

Each offer to import designates the amount of energy that the registered market
participant is willing to schedule at a given price for an /ntertie zone and boundary
entity proxy location. Except for Quebec, imports to other jurisdictions cannot be
scheduled over individual /nterties. Several intertie zones are defined for Quebec so
that imports may be scheduled over individual /nterties between Quebec and
Ontario.

Market participants may submit offers to import energy along with offers to provide
operating reserve. A maximum of 20 price-quantity pairs corresponding to 19
laminations may be submitted in the offer to import energy. A maximum of five
price-quantity pairs corresponding to four laminations may be submitted for each
class of operating reserve the importer is qualified to provide.

Table 3-11 lists the parameters for dispatch data submitted for an /ntertie zone
source bus de DI.
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Table 3-11: Parameters for Dispatch Data Submitted for Import Offers

Parameter Description

shall designate the maximum quantity of energy for which an
QlG, 41 import from bus din time-step t€ 75 may be scheduled in
association with offer lamination k€ k7.

shall designate the offered price of the importer at bus 4 for an
incremental quantity of energy in time-step t€ 7S5 in association
with offer lamination k€ K%, The offered price indicates the
lowest price at which the importer is willing to be scheduled.

PIG, 4

shall designate the non-synchronized ten-minute operating
QLONIG, 44 reserve quantity that may be scheduled in time-step ¢t€ 7S in
association with offer lamination ke K:%".

shall designate the price of being scheduled to provide non-

P1ONIG, 4« synchronized ten-minute operating reserve in time-step te 7Sin

association with offer lamination k€ k%"

shall designate the thirty-minute operating reserve quantity
@30RIG, 44 that may be scheduled in time-step t€ 75 in association with
offer lamination ke K;%F.

shall designate the price of being scheduled to provide thirty-
P30RIG, 41 minute operating reserve in time-step t€ 75 in association with
offer lamination ke K%".

The PD calculation engine will economically schedule DAM scheduled /ntertie
transactions and offers for import for non-DAM scheduled /ntertie transactions for
the first two forecast hours of the look-ahead period. The DAM scheduled quantities
for import transactions will limit import schedules beyond the first two forecast
hours of the look-ahead period to only DAM scheduled /ntertie transactions. For
intertie zone source bus de DI

° S]GTZZ‘,“M shall designate the DAM scheduled quantity of energy for import
from bus d in time-step t€ {4,..n;4p};

. SIONIGTZ‘Z‘,“M shall designate the DAM scheduled quantity of non-synchronized
ten-minute operating reserve in time-step t€ {4,.,n;4p}; and

° SBORIGT;%,“M shall designate the DAM scheduled quantity of thirty-minute
operating reserve in time-step t€ {4,.,n;4p}

For the purposes of reliability, import offers at certain /ntertie zones in certain
time-steps with no DAM schedule may be evaluated beyond the first two forecast
hours of the look-ahead period. See the Grid and Market Operations Integration
detailed design for more information. For /ntertie zone source bus de DI
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o SIGTZ{™ shall designate the extra quantity of energy for import from bus d
in time-step t€ {4,.,n;4p} that may be considered for reliability purposes;

o SIONIGTE™4 shall designate the extra quantity of non-synchronized ten-
minute operating reserve for import from bus d in time-step t€ {4,.,n;4p} that
may be considered for reliability purposes; and

o S30RIGTE™ shall designate the extra quantity of thirty-minute operating
reserve for import from bus d in time-step t€ {4,.,n;,4p} that may be
considered for reliability purposes.

Additionally, import offers that are flagged as capacity imports are eligible for
economic scheduling beyond the first two forecast hours of the look-ahead period
regardless of their DAM schedules. For each time-step t€ {4,.,n;4p}:

e DIFPEXc pshall designate the intertie zone source buses identifying import
offers flagged as capacity imports in time-step t€ {4,..,n;4p}.

Import Offers in Wheeling Through Transactions

As mentioned in Section 3.4.1.3, wheeling through transactions consist of an
individual bid to export energy to an intertie zone and an individual offer to import
energy into another /ntertie zone in the same hour. Both the export b/id and the
import offer will be linked using the same e-Tag identifiers. The PD calculation
engine will ensure that the export b/d and the import offer of the wheeling through
transaction receive equal schedules. Wheeling through transactions are not eligible
to provide operating reserve. For each time-step te 7S

o [,C DXxDIshall designate the set of linked /ntertie zone sink and source
buses corresponding to wheeling through transactions. Here L, is a set with
elements of the form (dx di) where dxe DX and die DI.

3.4.1.5 Additional IESO Data Inputs

This section describes the additional inputs that the /ESO will provide to the PD
calculation engine to enable system refliability when a solution is determined.
Operating Reserve Requirements

The /ESO will input minimum operating reserve requirements for each time-step.
Operating reserve requirements will include minimum requirements for the total
amount of synchronized ten-minute operating reserve, the total amount of ten-
minute operating reserve and the total amount of thirty-minute operating reserve.
For each time-step te TS:

e TOT10S,shall desighate the synchronized ten-minute operating reserve
requirement;

o TOTI10R,shall designate the ten-minute operating reserve requirement; and
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o TOT30R;shall designate the thirty-minute operating reserve requirement,
which may also include an increase to account for the flexibility operating
reserve requirement.

In addition, the /£SO will define a number of regions within Ontario that will have
their own regional operating reserve minimum requirements and maximum
restrictions. Each region shall consist of a set of buses at which operating reserve
scheduled may be used to satisfy the minimum requirement for that region and is
limited by the maximum restriction for that region, where:

e ORREG shall designate the set of regions for which regional operating reserve
limits have been defined;

e BFEGc Bshall designate the set of internal buses in operating reserve region
r€ ORREG,

e DREGc Dpshall designate the set of /intertie zone buses in operating reserve
region re ORREG,

e REGMin10R,, shall designate the minimum requirement* for total ten-minute
operating reserve in region re ORREG in time-step te TS

e REGMin30R,, shall designate the minimum requirement® for thirty-minute
operating reserve in region re ORREG in time-step te TS

e REGMax10R,, shall designate the maximum amount of total ften-minute
operating reserve that may be provided in region re ORREG in time-step
te TS: and

e REGMax30R,, shall designate the maximum amount of tAirty-minute operating
reserve that may be provided in region re ORREG in time-step te€ 7§.

Intertie Limits

The /ESO will establish /ntertie limits based on its assessment of the amount of
energy and operating reserve that can be imported into Ontario, or the amount of
energy that can be exported from Ontario during the look-ahead period. These
limits will belong to one of the following two categories:

1. Flow limits:

0 Import limit: Limits on the sum of the total net scheduled inflow of
energy (imports minus exports) into Ontario from one or more /intertie
zones and scheduled operating reserve from one or more /ntertie zones
in each time-step.

4 These minimum limits could be set at zero.

5 These minimum limits could be set at zero.
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0 Export limit: Limits on the total net scheduled outflow of energy
(exports minus imports) from Ontario into one or more /ntertie zones in
each time-step.

2. Net interchange scheduling limit (NISL): Limit on the change in total
scheduled energy flows over all the /nterties between Ontario and the
intertie zones from time-step to time-step.

Flow Limits

The /ESO will define flow limit constraints by specifying the flow limit, the /ntertie
zones contributing to the constraint and the contribution of each /ntertie zone to
the constraint. Let Zg, contain all the import and export flow constraints that the
/ESO has defined.

For each such constraint ze Z,:

e EnCoeff,, shall designate the coefficient for calculating the contribution of
scheduled energy flows and operating reserve inflows for /intertie zone a€ A.
A coefficient of + 1 will describe flows into Ontario while a coefficient of -1
will describe flows out of Ontario; and

e MaxExtSch,, shall designate the maximum flow limit in time-step ¢€ 75.

Net Interchange Scheduling Limits

The net interchange scheduling limit constraint limits time-step to time-step
changes in net interchange. For time-step t€ 7S:

o ExtDSC, shall designate the maximum decrease in net flows over all /nterties
from time-step (¢— 1) to time-step ¢ and

o ExtUSC, shall designate the maximum increase in net flows over all /nterties
from time-step (¢— 1) to time-step ¢

Time-step to time-step increases in net interchange from all the /ntertie zones
should not exceed ExtUSC; and time-step to time-step decreases in net interchange
from all /ntertie zones should not exceed ExtDSC,.

Resource Minimum and Maximum Constraints

Dispatchable Load

The minimum and maximum consumption of a dispatchable load may be limited for
the following reasons:

e Reliability constraints: a constraint imposed as a result of a control action
may limit the minimum or maximum consumption of a dispatchable load.
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The PD calculation engine will accordingly enforce the minimum and maximum
constraints on the consumption of a dispatchable load. For time-step te TS

MinDL,, shall designate the most restrictive of the above minimum
consumption limits for the dispatchable load at bus be B”L; and

MaxDL,, shall designate the most restrictive of the above maximum
consumption limits for the dispatchable load at bus b€ B"..

Non-Dispatchable and Dispatchable Generation Resources

The minimum and maximum output of an internal generation resource may be
limited for the following reasons:

Reliability constraints: The /ESO will identify resources that must operate for
reliability purposes. The /ESO may, as required, place minimum or maximum
constraints on these resources to support reliability must-run contracts,
reactive support service contracts or other reliability needs, to enable the
reliable operation of the system.

Regulation: The /ESO will continue to enter into contracts with market
participants for certain dispatchable generation resources to provide
regulation. Resources providing automatic generation control (AGC) will be
flagged as must-commit in all hours in which they are designated as AGC
providers and such generation facilities must submit energy offers in these
hours. A resource providing AGC will be scheduled to at least the more
restrictive of its minimum AGC limit and its minimum loading point plus the
designated AGC range. It will be scheduled to at most the more restrictive of
its maximum AGC limit and its maximum offered energy quantity minus the
designated AGC range. Generation resources nominated to provide AGC are
not allowed to supply operating reserve into the real-time market.

DAM and Prior PD commitments: Operational commitments for NQS
resources will lead to a minimum constraint forcing the resource to its
minimum loading point in the time-steps of the commitment.

Outages and De-rates: Outages or de-rates from the /£SO’s Outage
Coordination and Scheduling System (OCSS) limit a generation resource’s
maximum output.

The PD calculation engine will accordingly enforce minimum and maximum
constraints on the output of an internal generation resource. For time-step t€ 7S

MinNDG,, shall designate the most restrictive of the above minimum output
limits for the non-dispatchable generation resource at bus b€ BVP¢;

MaxNDG,, shall designate the most restrictive of the above maximum output
limits for the non-dispatchable generation resource at bus b€ B'P¢;
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e MinDG,;, shall designate the most restrictive of the above minimum output
limits for the dispatchable generation resource at bus »€ B”“; and

e MaxDG,, shall designate the most restrictive of the above maximum output
limits for the dispatchable generation resource at bus b€ B”C.

PSU Resources

Within the optimization function of the PD calculation engine, most minimum and
maximum limits on the output of a PSU resource will be enforced in the same way
minimum and maximum limits on the output of other dispatchable generation
resources are enforced. However, the minimum and maximum limits may be input
to the PD calculation engine on a physical-unit basis and then converted to a
constraint on the corresponding PSU resources before the execution of the PD
calculation engine pass. Such minimum and maximum limits for the PSU resource at
bus b€ BUfor time-step t€ TS will be represented by MinDG,, and MaxDG,; as
described above. The logic to perform the conversion of physical-unit limitations to
PSU limitations is described in Section 3.10.3.

Special logic will apply when a de-rate is submitted on the combustion turbine. To
model this logic, the dispatchable and duct firing capacity of the PSU resource will
be calculated as described in Section 3.10.2. For time-step t € TS and for the PSU
resource at bus be B™V:

e MaxMLF,, shall designate the maximum output limit in time-step ¢for the
MLP region;

e MaxDR,, shall designate the maximum output limit in time-step ¢ for the
dispatchable region; and

e MaxDF,, shall designate the maximum output limit in time-step ¢ for the duct
firing region.

HDR Activation and Non-Activation

Activated hourly demand response resources will be scheduled to provide a specific
level of load reduction in a given hour. Hourly demand response resources deemed
not activated in a given hour cannot be scheduled to provide load reduction.
Activation and non-activation decisions for a given dispatch hour are made in the
pre-dispatch scheduling process three hours prior to that hour. The PD calculation
engine will receive this information in the form of minimum and maximum limits for
an hourly demand response resource schedule. For each time-step te 7§ and each
bus be BIPR:

e MinHDR,, shall designate the minimum load reduction level that may be
scheduled in time-step t€ 7S, and
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e MaxHDR,, shall designate the maximum load reduction level that may be
scheduled in time-step t€ 7S.

The minimum and maximum values will coincide in time-steps for which the Aourly
demand response resource will be fixed to a specific schedule as determined by
activation/non-activation decisions. In time-steps for which a decision is not yet
made, no corresponding limit will be imposed on the resource schedule.

Off-Market Transactions

The following off-market transactions will be modelled at their respective buses
within the optimization function and security assessment function. These
transactions are fixed and therefore have an affiliated quantity as for b/ds to export
and offers to import but no affiliated b/d/ offer price considered in the objective
function.

Inadvertent Payback

The /intertie transactions that correspond to inadvertent payback transactions will
be identified and such transactions must receive a schedule equal to the specified
guantity. For time-step te TS

e DXV c DXshall designate the /ntertie zone sink buses corresponding to
inadvertent payback transactions for time-step ¢t€ 75; and

e DINPc pIshall designate the /ntertie zone source buses corresponding to
inadvertent payback transactions for time-step t€ 76.
Emergency Energy

The /intertie transactions that correspond to emergency energy transactions will be
identified and such transactions must receive a schedule equal to the specified
guantity. For time-step te 7S

e DXEMc pxshall designate the /ntertie zone sink buses corresponding to
emergency sale transactions for time-step ¢t€ 7S, and

e DIMc DIshall designate the /ntertie zone source buses corresponding to
emergency purchase transactions for time-step te 7.

In the case of an emergency energy purchase that does not support a sale, the
corresponding transaction must be fully scheduled in the scheduling algorithm and
not considered in the pricing algorithm, where:

e DIFMNSc DIEM shall designate the intertie zone source buses flagged as
emergency purchases that do not support sales in time-step te 7§
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Intertie Curtailments

Intertie curtailments limit the schedules of specific /ntertie transactions when
restrictions on /ntertie schedules are not recognized by the /ESO market tools.

For intertie zone sink bus de DX and time-step te 7§S:

e [CMaxXL,, shall designate any maximum limit on the quantity of energy
scheduled for export to bus 4 in time-step tas the result of an /ntertie
curtailment; and

e [/CMinXL,, shall designate any minimum limit on the quantity of energy
scheduled for export to bus din time-step ¢ as the result of an /ntertie
curtailment.

e For /ntertie zone source bus de D/ and time-step te 7§:

e [CMaxlG,; shall designate any maximum limit on the quantity of energy
scheduled for import from bus din time-step tas the result of an /ntertie
curtailment;

o [CMax10NIG,; shall designate any maximum limit on the quantity of non-
synchronized ten-minute operating reserve scheduled for import from bus
in time-step tas the result of an /ntertie curtailment;

e [/CMax30RIG,, shall designate any maximum limit on the quantity of zAirty-
minute operating reserve scheduled for import from bus din time-step tas
the result of an /ntertie curtailment;

e [CMinlG, 4 shall designate any minimum limit on the quantity of energy
scheduled for import from bus din time-step tas the result of an /intertie
curtailment;

e /CMin10NIG, 4 shall designate any minimum limit on the quantity of non-
synchronized ten-minute operating reserve scheduled for import from bus d
in time-step tas the result of an /ntertie curtailment; and

e /CMin30RIG,; shall designate any minimum limit on the quantity of thirty-
minute operating reserve scheduled for import from bus din time-step tas
the result of an /ntertie curtailment.

Constraint Violation Penalties

In some situations, the PD calculation engine might be unable to resolve all system
constraints. For example, the PD calculation engine would fail to produce a solution
when insufficient generation is offered to meet the forecast demand unless the
engine is permitted to serve only a portion of the forecast demand. To ensure the
PD calculation engine can always find a feasible solution, it will be allowed to
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violate certain system constraints at a cost.® This will be achieved via constraint
violation penalty curves that establish the value placed on satisfying a constraint
and indicate the relative priority of satisfying a certain constraint compared to
other constraints. The constraint violation penalty curves used by the scheduling
algorithm to produce constrained schedules may differ from the constraint violation
penalty curves used by the pricing algorithm to calculate market prices in order to
produce sett/ement-ready prices.

The constraints described in this section include constraint violation variables with
affiliated penalty price terms appearing in the objective function. The number of
violation variables required for the scheduling algorithm and pricing algorithm may
differ depending on the number of segments in the applicable constraint violation
penalty curve. For notational purposes, the scheduling and pricing penalty curves
for each constraint will be assumed to have the same number of segments and any
segments that are not required will be assigned a quantity of zero. The notation for
the affiliated prices and quantities is described below.

The energy balance constraint may be violated for both reasons of under
generation and over generation. For time-step te TS:

e (PLdViolSch,;,QLdViolSch;) for i€ {1,., N4y} shall designate the price-quantity
segments of the penalty curve for under generation used for scheduling to
meet the /ESO's reliability requirements;

e (PLdViolPrc,;,QLdViolPrcy) for i€ {1,.,N,qyi0,} Shall designate the price-quantity
segments of the penalty curve for under generation used for calculating
market prices;

e (PGenViolSchy,QGenViolSchy;) for i€ {1,.,Ngenvior} Shall designate the price-
guantity segments of the penalty curve for over generation used for
scheduling to meet the /ESO's reliability requirements; and

e (PGenViolPrc.;,QGenViolPrc,;) for i€ {1,.,Ngenyip,} shall designate the price-
guantity segments of the penalty curve for over generation used for
calculating market prices.

The synchronized ten-minute operating reserve constraint may be violated to allow
a shortfall. For time-step t€ 7§:

e (P10SViolSch,;,Q10SViolSchy;) for i€ {1,.,Nyosvip,} Shall designate the price-
guantity segments of the penalty curve for the synchronized ten-minute
operating reserve requirement used for scheduling to meet the /ESO's
reliability requirements; and

6 Under such conditions, system reliability will be maintained by /£SO control actions.
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(PL0SViolPrc,;,; Q10SViolPrc,;) for i€ {1,.,Niosyi0,} Shall designate the price-
guantity segments of the penalty curve for the synchronized ten-minute
operating reserve requirement used for calculating market prices.

The total ten-minute operating reserve constraint may be violated to allow a
shortfall. For time-step t€ 7S:

(PLORViolSch, Q10 RViolSch,;) for i€ {1,.,Nioryio,} Shall designate the price-
guantity segments of the penalty curve for the total ten-minute operating
reserve requirement used for scheduling to meet the /ESO's reliability
requirements; and

(PLORViolPrc,;, Q10RViolPrcy)) for i€ {1,.,Nyoryio,} Shall designate the price-
guantity segments of the penalty curve for the total ten-minute operating
reserve requirement used for calculating market prices.

The thirty-minute operating reserve constraint may be violated to allow a shortfall.
For time-step t€ 7§:

(P30RViolSch, ;@30 RViolSch,;) for i€ {1,.,N3pyi0,} Shall designate the price-
guantity segments of the penalty curve for the total thirty-minute operating
reserve requirement and, when applicable, the flexibility operating reserve
requirement used for scheduling to meet the /ESO's reliability requirements;
and

(P30RViolPrcy;, BB0RViolPrcy)) for i€ {1,.,N3rp;,} shall designate the price-
guantity segments of the penalty curve for the total thirty-minute operating
reserve requirement and, when applicable, the flexibility operating reserve
requirement used for calculating market prices.

Area minimum and maximum operating reserve requirements may be violated. For
time-step te 7§:

(PREG10RViolSch,, QREG10RViolSch,;) for i€ {1,.,Nggiorvios,} Shall designate the
price-quantity segments of the penalty curve for area total ten-minute
operating reserve minimum requirements used for scheduling to meet the
IESO’s reliability requirements;

(PREG10RViolPrc,;, QREG10RViolPrc,;) for i€ {1,.,Nggeiorvios,} Shall designate the
price-quantity segments of the penalty curve for area total ten-minute
operating reserve minimum requirements used for calculating market prices;

(PREG30RViolSch,, QREG30RViolSchy;) for i€ {1,.,Nggiorvio} Shall designate the
price-quantity segments of the penalty curve for area thirty-minute operating
reserve minimum requirements used for scheduling to meet the /ESO's
reliability requirements;
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(PREG30RViolPrc,;, QREG30 RViolPrc,;) for i€ {1,.,Ngggorvio,} Shall designate the
price-quantity segments of the penalty curve for area thirty-minute operating
reserve minimum requirements used for calculating market prices;

(PXREG10RViolSch,;, QXREG10 RViolSch,;) for i€ {1,.,Nxreciorvios} Shall designate
the price-quantity segments of the penalty curve for area total ften-minute
operating reserve maximum restrictions used for scheduling to meet the
1ESO's reliability requirements;

(PXREG10RViolPrc,;, QXREG10RViolPrc,)) for i€ {1,.,Nxgrciorvior} Shall designate
the price-quantity segments of the penalty curve for area total ten-minute
operating reserve maximum restrictions used for calculating market prices;

(PXREG30RViolSch,;, QXREG30 RViolSch,;) for i€ {1,.,Nyreezorvies} Shall designate
the price-quantity segments of the penalty curve for area total thirty-minute
operating reserve maximum restrictions used for scheduling to meet the
1ESO's reliability requirements; and

(PXREG30RViolPrc,;,QXREG30RViolPrc,;) for i€ {1,.,Nxgrczorvior,} Shall designate
the price-quantity segments of the penalty curve for area total thirty-minute
operating reserve maximum restrictions used for calculating market prices.

Pre-contingency and post-contingency internal transmission limits may be violated.
As described in Section 3.4.1.7, transmission constraints may be identified for any
facility (or group of facilities) within Ontario. The set of facilities (or groups of
facilities) for which transmission constraints may be identified shall be designated
by F. For time-step te TS:

(PPrelTLViolSchg;, QPrelTLViolSchy;) for i€ {1,.,NprerrLviol,} shall designate the
price-quantity segments of the penalty curve for exceeding the pre-
contingency limit of the transmission constraint for facility fe Fused for
scheduling to meet the /ESO's reliability requirements;

(PPrelTLViolPrcy,;, QPrelTLViolPrcg,;) for 1€ {L,.,NprerrLviol,} Shall designate the
price-quantity segments of the penalty curve for exceeding the pre-
contingency limit of the transmission constraint for facility fe Fused for
calculating market prices. As described in the Offers, Bids and Data Inputs
detailed design document, the quantity will be based on a percentage of the
applicable transmission security /imit. As the percentage and limit do not
depend on the optimization function decisions, the quantity can be
precomputed and treated as fixed within the PD calculation engine
optimization function;

(PITLViolSche g, QITLViolSch ;) for i€ {1,.,Niyi, .} shall designate the price-
guantity segments of the penalty curve for exceeding the contingency ce C
post-contingency limit of the transmission constraint for facility fe Fused for
scheduling to meet the /ESO's reliability requirements; and
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(PITLVioIPrc. sy, QITLVioIPrc z,;) for 1€ {1,.,Nizyio,, } shall designate the price-
guantity segments of the penalty curve for exceeding the contingency ce C
post-contingency limit of the transmission constraint for faci/lity fe Fused for
calculating market prices. Similar to pre-contingency limits, the penalty curve
guantities are based on a percentage of the applicable transmission security
/imit and are fixed within the PD calculation engine optimization function.

Intertie scheduling limits may be violated. For time-step t€ 7§:

(PPreXTLViolSchy;, QPreXTLViolSchy;) for i€ {1,.,Nprexrivio,} Shall designate the
price-quantity segments of the penalty curve for exceeding the flow limit
specified by ze Zg,, used for scheduling to meet the /ESO’s reliability
requirements;

(PPreXTLViolPrc,, QPreXTLViolPrc,.;) for i€ {1,.,Np.xrrvior, } Shall designate the
price-quantity segments of the penalty curve for exceeding the flow limit
specified by z€ Zg,, used for calculating market prices;

(PNIUViolSchy;, @QNIUViolSch,;) for i € {1,.,Nyuvio,} shall designate the price-
guantity segments of the penalty curve for exceeding the time-step ¢ net
interchange increase constraint between time-steps (¢1) and tused for
scheduling to meet the /ESO’s reliability requirements;

(PNIUViolPrc,;,@NIUViolPrc,;) for i € {1,.,Nywyio,} shall designate the price-
guantity segments of the penalty curve for exceeding the time-step ¢ net
interchange increase constraint between time-steps (¢1) and tused for
calculating market prices;,

(PNIDViolSch,;, @QNIDViolSchy,) for i € {1,.,Nyspyie,} shall designate the price-
guantity segments of the penalty curve for exceeding the time-step ¢ net
interchange decrease constraint between time-steps (¢1) and tused for
scheduling to meet the /ESO’s reliability requirements; and

(PNIDViolPrc,;, @QNIDViolPrc;) for i € {1,.,Nypyie,} shall designate the price-

guantity segments of the penalty curve for exceeding the time-step ¢ net
interchange decrease constraint between time-steps (¢1) and tused for

calculating market prices.

Maximum and minimum daily energy limits for individual resources and shared
maximum and minimum daily energy limits may be violated. For time-step t€ 7S

(PMaxDelViolSch,;,QMaxDelViolSch,;) for i € {1,.,Nyxpevios,} Shall designate the
price-quantity segments of the penalty curve for exceeding a resource’s
maximum daily energy limit used for scheduling to meet the /ESO's reliability
requirements;
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(PMaxDelViolPrc,, @QMaxDelViolPrc,;) for i € {1,.,Nuypxpewio} Shall designate the
price-quantity segments of the penalty curve for exceeding a resource’s
maximum daily energy limit used for calculating market prices;,

(PMinDelViolSchy, @QMinDelViolSch,;) for i € {1,.,Ny;upeivios,} Shall designate the
price-quantity segments of the penalty curve for under-scheduling a
resource’s minimum daily energy limit used for scheduling to meet the
1ESO's reliability requirements;

(PMinDelViolPrc,;, QMinDelViolPrc,;) for i € {1,.,Nyipevios} Shall designate the
price-quantity segments of the penalty curve for under-scheduling a
resource’s minimum daily energy limit used for calculating market prices;

(PSMaxDelViolSchy;, @QSMaxDelViolSch,;) for i € {1,.,Nsyaxpeior,} Shall designate the
price-quantity segments of the penalty curve for exceeding a shared
maximum daily energy limit used for scheduling to meet the /ESO's reliability
requirements;

(PSMaxDelViolPrc,;, QSMaxDelViolPrc,;) for i € {1,., Nyxpevios,} Shall designate the
price-quantity segments of the penalty curve for exceeding a shared
maximum daily energy limit used for calculating market prices;

(PSMinDelViolSch,, @QSMinDelViolSch,,) for i € {1,.,Noyinpevios,} Shall designate the
price-quantity segments of the penalty curve for under-scheduling a shared
minimum daily energy limit used for scheduling to meet the /ESO's reliability
requirements; and

(PSMinDelViolPrc,;, @QSMinDelViolPrcy;) for i € {1,.,Nsyinpeior,} Shall designate the
price-quantity segments of the penalty curve for under-scheduling a shared
minimum daily energy limit used for calculating market prices.

The downstream resource of a hydroelectric linkage may be violated for both
reasons of under generation and over generation. For time-step t€ 7S

(POGenLnkViolSch,;,Q0GenLnkViolSchy;) for i € {1,.,Nogenrnkvios,} Shall designate
the price-quantity segments of the penalty curve for over generation on a
downstream resource used for scheduling to meet the /ESO's reliability
requirements; and

(PUGenLnkViolSch,;, QUGenLnkViolSchy;) for i € {1,.,Nygenrnkviol} Shall designate
the price-quantity segments of the penalty curve for under generation on a
downstream resource used for scheduling to meet the /ESO's reliability
requirements.

Tie-Breaking

When there exist two or more equivalent bids or offers for energy or offers for
operating reserve that do not create differences in the optimization, tie-breaking
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rules will be used by the PD calculation engine. Two tie-breaking methods will be
used.

The first tie-breaking method pertains to only variable generation resources and its
application is facilitated by pre-processing variable generation offers within the
initialization processes of the PD calculation engine. The intent of this method is to
break ties when two or more energy offers from variable generation resources are
such that there is no difference in the cost to the market of using either offer. In
such instances, the schedules for these offers shall be determined using the daily
dispatch order for variable generation, where:

o NumVG, shall designate the number of variable generation resources in the
daily dispatch order for time-step te 7S, and

e TBM,,€{1,.,NumVG,3} shall designate the tie-breaking modifier for the variable
generation resource at bus b€ B"¢ for time-step t€ 7.

The second tie-breaking method pertains to all b/ds and offers for energy and
offers for operating reserve and is applied using a quadratic penalty within the
optimization function of the PD calculation engine. The intent of this method is to
break ties when two or more bids or offers are such that there is no difference in
the cost to the market of using either b/d/offer. In such instances, the schedules
for these bids or offers shall be pro-rated based on the amount of energy offered
and available at the corresponding price. No additional input to the PD calculation
engine is required to perform this pro-rata tie-breaking.

3.4.1.6 Initial Scheduling Assumptions

The PD calculation engine will use data specifying the initial schedules and
commitment of resources for the first time-step of the look-ahead period, which is
not scheduled by the optimization function. This data is described in the following
sections.

Initial Schedules

By default, initial schedules (i.e. schedules for time-step 1 of the look-ahead
period) will be based on the value determined by the /ESO’s energy management
system. The initial schedules for NQS resources may be determined differently to
align with the commitment status logic described below. NQS resources that are not
committed in time-step 1 will receive an initial schedule of zero. NQS resources that
are committed in time-step 1 will receive an initial schedule consistent with the
advisory schedule calculated by the RT calculation engine.

For notational convenience, the initial resource schedules will be denoted using the
scheduling variables in Section 3.6.1.2 with the time-step set to 1. For example,
SDGy i shall denote the initial schedule of the dispatchable generation resource at
bus b€ B¢ affiliated with offer lamination k€ be .
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Initial Commitment Status, Number of Hours in Operation and Number of Hours
Down

The NQS commitment status for time-step 1 will be determined from the previous
PD calculation engine run commitment status for its time-step 2. An exception to
this is if the RT calculation engine has kept the resource at or above its MLP to
respect a reliability constraint. In cases of a reliability constraint, the RT calculation
engine advisory schedule will determine the commitment status.

Thus, for bus be BVCS:

e 0DG, p shall designate the commitment status for the resource at bus b as
determined by the logic described above.

Additionally, the remaining mi/inimum generation block run-time and minimum
generation block down-time based on the resource’s time up or time down at the
end of time-step 1 must be respected. £nergy management system data determined
based on telemetry, along with the anticipated schedule for time-step 1 of the look-
ahead period, will be used to determine this data. For bus b€ BV¢:

o [nitOperHrs, shall designate the number of consecutive hours at the end of
time-step 1 for which the resource at bus b€ B has been, and is anticipated
to be, operating at or above its MLP. It shall be set to zero for resources
with 0DG, , = 0 ; and

e [nitDownHrs, shall designate the number of consecutive hours at the end of
time-step 1 for which the resource at bus b€ B has not been, and is not
anticipated to be, operating at or above its MLP. It shall be set to zero for
resources with 0DG, , =1

Initial Net Interchange Schedule

The PD calculation engine requires the initial net /interchange schedule. This value
is the difference between all imports to Ontario and all exports from Ontario, for
the first hour of the look-ahead period (time-step 1). By default, this value will be
based on fixed schedules for imports and exports from the RT calculation engine.
For notational convenience, this value will be inferred from the initial resources
schedules for imports and exports using the scheduling variables in Section 3.6.1.2
with the time-step set to 1.

Number of Starts for NQS Resources

The number of starts scheduled for NQS resources must respect the number of
starts already incurred in the current dispatch day as determined by the actual

Issue 2.0 — January 28, 2021 Public 60



Pre-Dispatch Calculation Engine 3 Detailed Functional Design

operation of the resource, plus any anticipated starts indicated by time-step 1
initial conditions, where:

e NumStarts, shall designate the number of starts the resource at bus b€ BN
has incurred in the current dispatch day, plus any anticipated starts
indicated by time-step 1 initial conditions.

When the look-ahead period spans two dispatch days, only starts that have
occurred in the current dispatch day will have been observed and therefore this
parameter is only required for one day.

Number of Starts for Hydroelectric Resources

Similarly, the number of starts for hydroelectric resources must respect the number
of starts already incurred as determined by the actual operation of the resource,
plus any anticipated starts in time-step 1 of the look-ahead period, where:

e NumStartsHE,, shall designate the number of starts the resource at bus b€ B
has incurred in the current dispatch day, plus any anticipated starts in time-
step 1 of the look-ahead period.

Cumulative Energy Production for Energy-Limited and Hydroelectric Resources

The actual energy produced up to the current hour in the current dispatch day, plus
the energy scheduled in time-step 1 of the look-ahead period, will limit the
schedule of an energy-limited resource for the remainder of the current dispatch
day. This quantity will also offset the amount of energy that must be scheduled to
satisfy a hydroelectric resource’s minimum daily energy limit. For the resource at
bus be BELRy BIE:

e EngyUsed, shall designate the MWh of generation already provided in the
current dispatch day, plus the MWh of generation scheduled in time-step 1
of the look-ahead period.

Similarly, the actual energy produced up to the current hour in the current dispatch
day, plus the energy scheduled in time-step 1 of the look-ahead period, will limit
the schedule of resources with a shared maximum daily energy limit. This quantity
will also offset the amount of energy that must be scheduled to satisfy the shared
minimum daily energy limit. For the set of hydroelectric resources sharing a daily
energy limit se€ SHE:

o EngyUsedSHE; shall designate the MWh of generation already provided in the
current dispatch day by resources sharing the daily energy limit plus the
MWh of generation scheduled in time-step 1 of the look-ahead period.
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Past Hourly Production for Linked Hydroelectric Resources

For linked hydroelectric resources, the past hourly energy production of upstream
resources will be used to schedule downstream resources for time-steps in the
look-ahead period within the time lag. These past hourly production schedules will
be equal to the output determined by the /ESO’s energy management system based
on real-time telemetry less any production scheduled as part of an operating
reserve activation. For all linked hydroelectric resources (by,b,) € LNKC and all time-
steps t€ TS such that ¢ < LagC, ;"

e PastMWh,, shall designate the total MWh of generation provided by resource
by exactly Lag(y, 5, hours prior to time-step ¢

As time-step 1 is not scheduled within the PD calculation engine optimization, the
schedules of downstream resources linked to time-step 1 upstream resource
schedules will be pre-determined. For this purpose, an upstream resource schedule
in time-step 1 will be the average value of its advisory schedules from the last RT
calculation engine run that successfully completed before the PD calculation engine
run commenced. If the advisory schedule reflects an operating reserve activation
for an upstream resource, then the schedule determined by the RT calculation run
prior to the operating reserve activation will be used. For all linked hydroelectric
resources (by,bz) € LNKC and all time-steps t€ 7S such that t= LagC), ,, + 1:

e PastMWh,, shall designate the total MWh of generation determined for
resource b, for time-step 1 to be used for scheduling downstream resources
in time-step ¢

3.4.1.7 Inputs Provided by the Security Assessment Function

Transmission inputs to the optimization function are calculated by the security
assessment function based on information prepared by the /£SO to enable the PD
calculation engine to evaluate the security of the I1ESO-controlled grid.

Transmission Constraints

A set of linearized transmission constraints will be provided by the security
assessment function. Operating security limits and thermal limits for both pre-
contingency and post-contingency conditions will be considered, where:

o Fshall designate the set of facilities (or groups of facilities) in Ontario for
which transmission constraints may be identified; and

"As described in Section 3.5.5, the PD calculation engine will use one set of hydroelectric linkage parameters
across the look-ahead period where LNVKC denotes the linkages and LagC,,;, denotes the time lag for
(b1, b;)ELNKC.
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e ('shall designate the set of contingency conditions that are considered in the
security assessment function.

For each time-step te€ 7§, if the pre-contingency limit on facility fe Fis violated, the
security assessment function will calculate a linearization of the constraint in the
optimization function scheduling variables and provide the affiliated coefficients and
limit. Let F.CSF designate the set of facil/ities whose pre-contingency limit was
violated in time-step tof a preceding security assessment function iteration. For a
facility fe F;:

e PreConSF), shall designate the pre-contingency sensitivity factor for bus
be BU Dindicating the fraction of energy injected at bus b which flows on
facility fduring time-step tunder pre-contingency conditions; and

e AdjNormMaxFlow,,shall designate the corresponding limit indicating the
maximum flow allowed on facility fin time-step t under pre-contingency
conditions.

For each time-step t€ 7S and contingency ce C, if the post-contingency limit on
facility fe Fis violated, the security assessment function will calculate a
linearization of the constraint in the optimization function scheduling variables and
provide the affiliated coefficients and limit. Let F,. S F designate the set of faci/lities
whose post-contingency limit for contingency ¢ was violated in time-step tof a
preceding security assessment function iteration. For a facility f€ F; ..

e SF,.¢p Shall designate the post-contingency sensitivity factor for bus b€ Bu D
indicating the fraction of energy injected at bus b which flows on facility f
during time-step ¢t under post-contingency conditions for contingency ¢; and

o AdjEmMaxFlow,.rshall designate the corresponding limit indicating the
maximum flow allowed on faci/lity fin time-step tunder post-contingency
conditions for contingency c.

Transmission Losses

Losses will be modelled in the PD calculation engine using marginal loss factors and
a loss adjustment. As described in Section 3.7.2.3, the marginal loss factors for
each time-step will be calculated using a base case power flow from the security
assessment function based on the schedules determined for that time-step by the
optimization function.

Therefore, the marginal loss factors will be calculated dynamically and can be
different in distinct time-steps, where:

e MgllLoss,, shall designate a marginal loss factor and shall reflect the marginal
impact on transmission losses resulting from transmitting energy from the
reference bus to serve an increment of additional load at resource bus
be BU Din time-step t€ 7S. When determining marginal loss factors, the
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impact of local branches (e.g. load step-down transformers) between the
resource bus and the resource connection point to the IESO-controlled grid
will be excluded; and

o LossAdj, shall designate any adjustment needed for time-step t€ 7S to correct
for any discrepancy between Ontario total system losses calculated using a
base case power flow from the security assessment function and linearized
losses that would be calculated using the marginal loss factors.

A discrepancy may arise because a linear equation based on marginal loss factors is
used to represent losses, but losses are not a linear function of load. The
adjustment required may be positive or negative and will depend on the location of
the reference bus. For the purposes of the optimization function formulation, the
convention will be that a positive value for the loss adjustment term reflects the
need for less generation to cover losses.

3.4.1.8 Inputs Provided by the Ex-Ante Market Power Mitigation
Process in Prior PD Calculation Engine Runs

The following offers may be subject to the ex-ante Market Power Mitigation process
when a resource is located in an area of restricted competition:

o Offers for energy from a dispatchable generation resource;

o Offers for operating reserve from a dispatchable load or a dispatchable
generation resource; and

¢ NQS commitment costs, including start-up offer, speed no-load offer and
energy offer for the energy to MLP.

If such offers are mitigated to their respective reference levels within a prior PD
calculation engine run, these reference levels will be used as inputs to the current
PD calculation engine run. In cases where a resource provides updated offers that
are priced lower than the respective reference levels, the updated offers will be
used for the current PD calculation engine run.

3.4.2. Inputs into the Ex-Ante Market Power Mitigation Process

Inputs to the ex-ante Market Power Mitigation process will include inputs to the
constrained area conditions test, conduct test and price impact test.

3.4.2.1 Condition Testing Inputs

The ex-ante Market Power Mitigation process in the PD calculation engine will apply
to areas of restricted competition within the /ESO-controlled grid. The constrained
area to which a resource belongs is a reflection of the extent to which competition
is restricted for that resource. The /£SO will apply conduct tests using conduct
thresholds specific to the constrained area that meets the conditions.
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Constrained Area Designations

Depending on how frequently the transmission constraints bind in an area, that
area will be classified as one of the following: narrow constrained area (NCA),
dynamic constrained area (DCA) or broad constrained area (BCA). A list of NCAs
and DCAs, along with facilities leading to the formation of and resources located in
an NCA or a DCA, will be provided as inputs to the PD calculation engine, where:

e N(CA shall designate the set of narrow constrained areas;
e DCA shall designate the set of dynamic constrained areas;

e FV“c Fshall designate the set of facilities whose pre-contingency
transmission limit is expected to be binding, resulting in an NCA n;

. Ff}CA C Fshall designate the set of facil/ities whose pre-contingency
transmission limit is expected to be binding, resulting in a DCA d,

e BMAc Bshall designate the set of all resources in NCA, n, that could
potentially meet the conditions for Market Power Mitigation testing; and

o BYc Bshall designate the set of all resources in DCA, d, that could
potentially meet the conditions for Market Power Mitigation testing.

e BCAs will be determined for time-step in the look-ahead period according to
the evaluated grid configuration, where:

e BCACondThresh shall designate the threshold for the congestion component of
a resource’s LMP, above which the resource will meet the BCA condition.

Conditions to test for global market power in the energy and operating reserve
markets will be determined for each time-step within the PD calculation engine
look-ahead period and will consider the following inputs:

o [BPThresh shall designate the /ntertie border price (IBP) threshold;

e DEMPRec D shall designate the set of Global Market Power Reference
Interties, and proxy locations associated with those /nterties; and

e ORGCondThresh shall designate the threshold for a resource’s operating
reserve LMP, above which the resource will meet the Global Market Power
(operating reserve) condition.

3.4.2.2 Conduct Test Inputs

If the conditions for ex-ante market power mitigation are met, the identified set of
resources will be subject to a conduct test. The /ESO will use reference levels and
conduct thresholds to test for the potential for the exercise of market power.
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Reference Levels

Reference levels will be the /ESO's estimate of the competitive offer of a resource.
For the purposes of the PD calculation engine, there will be reference levels for the
following offered values:

e PDGRef,;; shall designate the energy offer reference level for lamination k€
be of the offer from the resource at bus e B?¢ in time-step te TS

e P10SDGRef,,; shall designate the synchronized ten-minute operating reserve
offer reference level for lamination k€ K}y® of the offer from the resource at
bus b€ B¢ in time-step t€ TS,

e PIO0NDGRef,;; shall designate the non-synchronized ten-minute operating
reserve offer reference level for lamination k€ K},‘},N of the offer from the
resource at bus b€ B¢ in time-step t€ TS:

o  P30RDGRef; ), shall designate the thirty-minute operating reserve offer
reference level for lamination k€ K39% of the offer from the resource at
bus b€ B¢ in time-step t€ TS,

e SUDGRef,, shall designate the start-up offer reference level for the resource
at bus be BV in time-step t€ TS:

e SNLRef,, shall designate the speed no-load offer reference level for the
resource at bus b€ BV in time-step t€ TS and

e PLTMLPRef,;; shall designate the energy offer for the energy to MLP
reference level for lamination k€ K7/"*" of the offer from the resource at
bus b€ B¢ in time-step t€ TS.

Conduct Thresholds

Conduct thresholds will be used in conjunction with reference levels to determine if
resources that are tested for economic withholding have failed the conduct test.
Conduct thresholds will be provided for every dispatch data parameter for which
there exists a reference level, and will vary by constrained zone designation. For
the purposes of the PD calculation engine, the following conduct thresholds will be
provided:

e CTEnThresh1™4 shall designate the energy offer conduct threshold,
pertaining to allowable percent increase above the reference level, to be
used for resources that are subject to the NCA conduct test;

e CTEnThresh2V“4 shall designate the energy offer conduct threshold,
pertaining to allowable $/MWh increase above the reference level, to be
used for resources that are subject to the NCA conduct test;
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e CTSUThresh™“ shall designate the start-up offer conduct threshold,
pertaining to allowable percent increase above the reference level, to be
used for resources that are subject to the NCA conduct test;

e CTSNLThresh"“ shall designate the speed no-load offer conduct threshold,
pertaining to allowable percent increase above the reference level, to be
used for resources that are subject to the NCA conduct test;

e CTEnThresh1”“4 shall designate the energy offer conduct threshold,
pertaining to allowable percent increase above the reference level, to be
used for resources that are subject to the DCA conduct test;

e CTEnThresh2’““ shall designate the energy offer conduct threshold,
pertaining to allowable $/MWh increase above the reference level, to be
used for resources that are subject to the DCA conduct test;

e CTSUThresh’“ shall designate the start-up offer conduct threshold,
pertaining to allowable percent increase above the reference level, to be
used for resources that are subject to the DCA conduct test;

e CTSNLThresh”“ shall designate the speed no-load offer conduct threshold,
pertaining to allowable percent increase above the reference level, to be
used for resources that are subject to the DCA conduct test;

e CTEnThresh15“ shall designate the energy offer conduct threshold, pertaining
to allowable percent increase above the reference level, to be used for
resources that are subject to the BCA conduct test;

e CTEnThresh2%““ shall designate the energy offer conduct threshold, pertaining
to allowable $/MWh increase above the reference level, to be used for
resources that are subject to the BCA conduct test;

e CTSUThresh®“ shall designate the start-up offer conduct threshold, pertaining
to allowable percent increase above the reference level, to be used for
resources that are subject to the BCA conduct test;

e CTSNLThresh®“ shall designate the speed no-load offer conduct threshold,
pertaining to allowable percent increase above the reference level, to be
used for resources that are subject to the BCA conduct test;

e CTEnThresh1“™f shall designate the energy offer conduct threshold,
pertaining to allowable percent increase above the reference level, to be
used for resources that are subject to the Global Market Power (energy)
conduct test;

e CTEnThresh2°MF shall designate the energy offer conduct threshold,
pertaining to allowable $/MWh increase above the reference level, to be
used for resources that are subject to the Global Market Power (energy)
conduct test;
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e CTSUThresh®™? shall designate the start-up offer conduct threshold,
pertaining to allowable percent increase above the reference level, to be
used for resources that are subject to the Global Market Power (energy)
conduct test;

e CTSNLThresh®™” shall designate the speed no-load offer conduct threshold,
pertaining to allowable percent increase above the reference level, to be
used for resources that are subject to the Global Market Power (energy)
conduct test;

e CTORThresh1°FL shall designate the operating reserve offer conduct
threshold, pertaining to allowable percent increase above the reference
level, to be used for resources that are subject to the Local Market Power
(operating reserve) conduct test;

e CTORThresh2°F! shall designate the operating reserve offer conduct
threshold, pertaining to allowable $/MW increase above the reference level,
to be used for resources that are subject to the Local Market Power
(operating reserve) conduct test;

e CTEnThresh1°RL shall designate the energy offer for energy to MLP conduct
threshold, pertaining to allowable percent increase above the reference
level, to be used for resources that are subject to the Local Market Power
(operating reserve) conduct test;

e CTEnThresh2°% shall designate the energy offer for the energy to MLP
conduct threshold, pertaining to allowable $/MWh increase above the
reference level, to be used for resources that are subject to the Local Market
Power (operating reserve) conduct test;

e CTSUThresh®! shall designate the start-up offer conduct threshold,
pertaining to allowable percent increase above the reference level, to be
used for resources that are subject to the Local Market Power (operating
reserve) conduct test;

e CTSNLThresh®? shall designate the speed no-load offer conduct threshold,
pertaining to allowable percent increase above the reference level, to be
used for resources that are subject to the Local Market Power (operating
reserve) conduct test;

e CTORThresh1°kC shall designate the operating reserve offer conduct
threshold, pertaining to allowable percent increase above the reference
level, to be used for resources that are subject to the Global Market Power
(operating reserve) conduct test;

e CTORThresh2°F¢ shall designate the operating reserve offer conduct
threshold, pertaining to allowable $/MW increase above the reference level,
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to be used for resources that are subject to the Global Market Power
(operating reserve) conduct test;

e CTEnThresh1°R¢ shall designate the energy offer for energy to MLP conduct
threshold, pertaining to allowable percent increase above the reference
level, to be used for resources that are subject to the Global Market Power
(operating reserve) conduct test;

e CTEnThresh2°R¢ shall designate the energy offer for energy to MLP conduct
threshold, pertaining to allowable $/MWh increase above the reference level,
to be used for resources that are subject to the Global Market Power
(operating reserve) conduct test;

e CTSUThresh®R¢ shall designate the start-up offer conduct threshold,
pertaining to allowable percent increase above the reference level, to be
used for resources that are subject to the Global Market Power (operating
reserve) conduct test; and

e CTSNLThresh°R¢ shall designate the speed no-load offer conduct threshold,
pertaining to allowable percent increase above the reference level, to be
used for resources that are subject to the Global Market Power (operating
reserve) conduct test.

For more details on the conduct thresholds that the /£SO will use, refer to
Appendix E in this document.
Other Inputs

Other inputs required for the PD calculation engine to perform the conduct test
include:

e (CTEnMinOftfer shall designate the minimum energy offer value for the offer
lamination to be included in the conduct test. Energy offer laminations below
this value are excluded from the conduct test; and

o (CTORMinOffer shall designate the minimum operating reserve offer value for
the offer lamination to be included in the conduct test. Operating reserve
offer laminations below this value are excluded from the conduct test.

3.4.2.3 Price Impact Test Inputs

Resources with dispatch data parameters that fail the conduct test will be tested
ex-ante for potential price impact.

Price Impact Thresholds

Impact thresholds will be used to determine whether market participant offers have
a significant enough effect on energy or operating reserve prices to warrant
intervention. Impact thresholds will be provided to the PD calculation engine for
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energy and operating reserve LMPs, and will vary for each constrained zone
designation.

For the purposes of the PD calculation engine, the following price impact thresholds
will be provided:

ITThresh1V4 shall designate the price impact threshold, pertaining to
allowable percent increase in the energy LMP from Pre-Dispatch Pricing
above the energy LMP from Reference Level Pricing, to be used for resources
that were subject to the NCA price impact test;

ITThresh2V4 shall designate the price impact threshold, pertaining to
allowable $/MWh increase in the energy LMP from Pre-Dispatch Pricing
above the energy LMP from Reference Level Pricing, to be used for resources
that were subject to the NCA price impact test;

ITThresh1P“4 shall designate the price impact threshold, pertaining to
allowable percent increase in the energy LMP from Pre-Dispatch Pricing
above the energy LMP from Reference Level Pricing, to be used for resources
that were subject to the DCA price impact test;

ITThresh2”“4 shall designate the price impact threshold, pertaining to
allowable $/MWh increase in the energy LMP from Pre-Dispatch Pricing
above the energy LMP from Reference Level Pricing, to be used for resources
that were subject to the DCA price impact test;

ITThresh15“4 shall designate the price impact threshold, pertaining to
allowable percent increase in the energy LMP from Pre-Dispatch Pricing
above the energy LMP from Reference Level Pricing, to be used for resources
that were subject to the BCA price impact test;

ITThresh25“4 shall designate the price impact threshold, pertaining to
allowable $/MWh increase in the energy LMP from Pre-Dispatch Pricing
above the energy LMP from Reference Level Pricing, to be used for resources
that were subject to the BCA price impact test;

ITThresh1“MF shall designate the price impact threshold, pertaining to
allowable percent increase in the energy LMP from Pre-Dispatch Pricing
above the energy LMP from Reference Level Pricing, to be used for resources
that were subject to the Global Market Power (energy) price impact test;

ITThresh2°MP shall designate the price impact threshold, pertaining to
allowable $/MWh increase in the energy LMP from Pre-Dispatch Pricing
above the energy LMP from Reference Level Pricing, to be used for resources
that were subject to the Global Market Power (energy) price impact test;

ITThresh19%¢ shall designate the price impact threshold, pertaining to
allowable percent increase in the operating reserve LMP from Pre-Dispatch
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Pricing above the operating reserve LMP from Reference Level Pricing, to be
used for resources that were subject to the Global Market Power (operating
reserve) price impact test; and

e [TThresh2°%¢ shall designate the price impact threshold, pertaining to
allowable $/MW increase in the operating reserve LMP from Pre-Dispatch
Pricing above the operating reserve LMP from Reference Level Pricing, to be
used for resources that were subject to the Global Market Power (operating
reserve) price impact test.

For more details on the conduct thresholds that the /£SO will use, refer to
Appendix E in this document.

3.4.3. Inputs into the Security Assessment Function

The PD calculation engine security assessment function will use the outputs of the
optimization function, security /imits and the network model to perform security
analysis of the /ESO-controlled grid. Section 3.7.1 provides further details on how
these inputs are used by the security assessment function in the PD calculation
engine.

3.4.3.1 Inputs Provided by the Optimization Function

The optimization function will provide the security assessment function with
schedules for load and supply resources (withdrawals and injections), which will be
represented at their corresponding electrical buses in the network model.

3.4.3.2 Security Limits

The security assessment function will continue to apply a set of equations, known
as operating security limits (OSLs). OSLs help ensure that power flows remain
within North American Electric Reliability Corporation (MERC) and Northeast Power
Coordinating Council (NPCC) reliability criteria both pre-contingency and following
contingency events. The security assessment function will also continue to use pre-
contingency and post-contingency thermal ratings to help ensure that schedules
result in transmission flows that respect the thermal limits.

3.4.3.3 Network Model

The security assessment function will continue to use data related to the power
system model, load distribution factors, contingencies and monitored equipment.
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3.5. Initialization

Before commencing its pass, the PD calculation engine will perform any necessary
initialization processes. These processes produce required engine inputs that are

not provided by market participants or the /ESO directly. Initialization is required

prior to the first optimization function iteration to:

e assess network inputs to select a reference bus and determine islanding
conditions;

o enforce any assumptions on the evaluation of dispatch data when the look-
ahead period spans two dispatch days; and

e pre-process data that must be adjusted before evaluation by the optimization
function, including data pertaining to:

0 variable generation resource tie-breaking logic;

0 minimum and maximum generation constraints that apply to pseudo-
units; and

0 Start-up costs and first hour available to start for NQS resources.

3.5.1. Reference Bus

The optimization function will use a fixed reference bus as a starting point to
determine all LMPs. By default, this reference bus will be the Richview Transformer
Station. If the reference bus is out of service, then an alternative station will be
determined as per the prevailing system conditions.

3.5.2. Islanding

In the case of a network split, only the island with the largest number of /ESO-
controlled grid buses will be considered, and the following will apply:

e Resources, imports and exports that are not in the largest island will be
assumed to neither inject nor withdraw and, therefore, will be disregarded
by the optimization function;

e The load forecasts used by the optimization function will only include
demand forecast areas in the largest island; and

o If necessary, the reference bus will be updated to a bus within the largest
island.

For any nodes outside the largest island, prices will be determined as per the
methodology detailed in Section 3.8.3.
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3.5.3. Variable Generation Resource Tie-Breaking

As described in the Tie-Breaking sub-section in Section 3.4.1.5, variable generation
resource energy offer prices will be modified prior to the PD calculation engine pass
for the purposes of tie-breaking. For each time-step te TS, each variable generation
resource bus b€ B"¢ and each offer lamination k€ K%,, the offer price PDG,, shall

be updated to PDGEhk-(;iW;g)pwhere pis a small nominal value of order 10*.
t

3.5.4. PSU Constraints

For a combined cycle facility that has elected to be represented as a pseudo-unit,
any minimum or maximum generation constraint applied to a corresponding
physical unit will be pre-processed to determine an appropriate constraint for the
PSU resources. The logic for determining the appropriate constraints is described in
Section 3.10.

3.5.5. Evaluation of Daily Dispatch Data Across Two Dispatch Days

When the pre-dispatch look-ahead period spans two dispatch days (i.e. the 20:00
EST to 23:00 EST PD calculation engine runs of the current dispatch day) certain
daily dispatch data parameters will be evaluated across the entire look-ahead
period using the daily dispatch data submitted for the second day. The daily
dispatch data parameters that will be evaluated in this manner include:

e Linked resources (LNK, for g€ DAYS), time lag (Lag,y, , for g€ DAYS and
(b1,by) € LNK,;) and MWh ratio (MWhRatio,, 5, for g€ DAYS and (by,b,) € LNK,);

e Minimum loading point (MinQDG,, for be B”“ and g€ DAYS);
e Minimum generation block run-time (MGBRTDG,, for be BN% and ge DAYS);

e Minimum generation block down time (MGBDTDG), for b€ B"%, me THERM
and g€ DAYS);

o Lead time (LT}, for b€ B, me THERM and q € DAYS);

e Ramp up energy to MLP (RampE}),, for b€ BY%, me THERM, q€ DAYS and
we€ {1,.,RampHrsg,}) and Ramp up hours to MLP (RampHrsg), for be
B me THERM, and g€ DAYS); and

e Ramp up energy to MLP for CT (RampCT}),,, for be BV, me THERM, q€ DAYS
and we {1,.,RampHrs},}) and ST portion (RampST}), , for be BV, me THERM,
g€ DAYS and we {1,.,RampHrsg)}).

Parameters will be introduced within the formulation of the optimization function
that represent the fixed values for this daily dispatch data. When the look-ahead
period spans two dispatch days, these will be equal to the second day value. When
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the look-ahead periods spans one dispatch day, these parameters will equal to the
value for that day, where?:

e LNKC shall designate the linked resources and is defined by

_ (LNK;oq if DAYS = {tod}
LNKC = {LNKtom if DAYS = {tod,tom}’
e LagCy, ,, shall designate the time lag between resources (by,b;) € LNKC and is
defined by
Lagtod,b1,b2 lf DAYS = {tOd}
LagCy, b, =1, £ DAYS = ftod .
Gtom,b b, if {tod, tom}

e MWhRatioCy, ,, shall designate the MWh ratio for resources (by,b,) € LNKC and
is defined by

MWhRatiOtOd,bl,bz lf DAYS = {tOd}

MWhRatloCbl_bz = {MWhRatiOtom,bl,bz if DAYS = {tod,tom}’

o  MinQDGC, shall designate the minimum loading point for dispatchable
generation resource b€ B”¢ and is defined by

MinQDGeoqp if DAYS = {tod}

MinQDGC, = {MinQDGtom,b if DAYS = {tod,tom}’

o  MGBRTDGC), shall designate the minimum generation block run time for NQS
resource b€ BV and is defined by

MGBRTDG o4, if DAYS = {tod}

MGBRTDGC), = {MGBRTDGwm,b if DAYS = {tod, tom}

e  MGBDTDGCY shall designate the minimum generation block down time for
NQS resource b€ BV for thermal state me THERM and is defined by

MGBDTDG 4, if DAYS = {tod}

m _
MGBDTDGC," = {MGBDTDGng_b if DAYS = {tod, tom}’

e LTCP shall designate the lead time for NQS resource b€ BV for thermal
state me THERM and is defined by

b \LT s if DAYS = {tod,tom}’

e RampHrsC} shall designate the ramp up hours to MLP for NQS resource b€
BV for thermal state me THERM and is defined by

8«C” will be added to parameter notations to indicate a parameter which takes the same value across the entire
look-ahead period.
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RampHrs{y if DAYS = {tod}

m __
RampHrsCy _{Rampmsg;m,b if DAYS = {tod, tom}

e RampECy, for we {1,.,RampHrsCy’} shall designate the ramp up energy to MLP
for NQS resource b€ BV for thermal state me THERM and is defined by

RampE{yg p if DAYS = {tod}

m _
RampECb,w - {RampEg)lm,b,W lf DAYS = {tod, tom}

e RampCTCy, for we {1,.,RampHrsCy;'} shall designate the ramp up energy to
MLP for the CT of the PSU resource at bus b€ B”Y for thermal state
me€ THERM and is defined by

RampCT{py if DAYS = {tod}

m _
RampCTCb’W - {RampCTtr(r)lm,b,w lf DAYS = {tOd’ tom}.

e RampSTCy, for we {1,.,RampHrsCy'} shall designate the ramp up energy to
MLP for the ST portion of the PSU resource at bus b€ B™? for thermal state
me€ THERM and is defined by

RampST{3 4 pw if DAYS = {tod}

m _
RampSTC,, = {RampSTZSm,b,w if DAYS = {tod,tom}’

An exception to the assignment of values described above is made when an NQS
resource receives a commitment prior to the 20:00 EST PD calculation engine run
but that commitment is not yet complete. In this case, MinQDG,,;, and MGBRTDG 4
will continue to be applied until the commitment is complete, even if this
commitment extends into the next dispatch day. Any new commitments made in the
20:00 EST PD calculation engine run or later will use MinQDG,,,,, and MGBRTDG,,, p.

Other than the single-cycle mode flag, all other daily dispatch data will be
evaluated using the current day value for all dispatch hours in the current dispatch
day and the next day value for all dispatch hours in the next dispatch day.

3.5.6. Evaluation of Start-up Cost for NQS Advancements

Some NQS resources may have secured operational commitments in the day-ahead
market that fall within the PD look-ahead period. As described in the Grid and
Market Operations Integration detailed design document, the pre-dispatch
scheduling process may issue an advancement of such DAM operational
commitments. Any advancement is advisory until such time a binding start-up
instruction is issued.

The PD calculation engine will evaluate start-up costs for the advancement of NQS
resource commitments to align with the sett/ement outcomes described in the
Market Settlement detailed design document. These sett/ement outcomes depend
on whether the operational commitment is extended inside or outside of the so-
called advancement period. The advancement period is the set of hours before the
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DAM commitment equaling the sum of the resource’s minimum generation block run
time and hot minimum generation block down time. 1t is defined so that if the NQS
resource is scheduled to start in the advancement period, then the resource must
be scheduled at or above its m/inimum loading point to the conclusion of its DAM
operational commitment to respect the resource’s operational parameters and
existing commitment. Each PD calculation engine run will evaluate advancements
according to the start-up cost used in settlement as follows.

1. When considering advancing a DAM operational commitment to an hour
within the advancement period:

a. If the start-up costin the hour is greater than the DAM start-up cost,
then the increase in start-up costs will be considered.

b. If the start-up cost in the hour is less than the DAM start-up cost,
then the decrease in start-up costs will not be considered. This is
because the start will be settled against the DAM start-up cost.

2. When considering advancing a DAM operational commitment to an hour
outside the advancement period: the start-up cost in the hour will replace
the DAM start-up cost.

For each commitment scheduled in the DAM, the start-up cost evaluated by the
DAM calculation engine will be used to determine the appropriate start-up cost for
an advancement of the commitment. For NQS resource bus b€ BVeS:

o TSC,< TSshall designate the set of time-steps representing the first hour of
a DAM operational commitment for the resource. A resource can have
multiple operational commitments from the DAM within the look-ahead
period. A time-step will be included in this set for each such commitment;
and

° SUDGfg‘M shall designate the start-up cost used to evaluate the DAM
commitment starting in time-step t€ 75C,.

For each time-step tp4y € 7SC, such that t,,,, falls in dispatch day g€ DAYS, the
resource must be committed in time-steps {¢paps.,min(tpay + MGBRTDG, ,-1,n;,4p)}. The
PD calculation engine will enforce this commitment constraint as described in the
Resource Minimum and Maximum constraints section of Section 3.4.1.5.

To evaluate the start-up costs for NQS resources, the start-up costs used in the
objective function of the PD optimization will be determined in respect of fixed DAM
operational commitments. For the NQS resource at bus b€ BVeS:

e SUAdJDGY), shall designate the start-up cost that the optimization function will
evaluate in time-step te 7S under thermal state m.

The value for SUAd/DGY), for the NQS resource at bus b€ BY% under thermal state
me THERM is determined for time-step t€ 7S as follows.

Issue 2.0 — January 28, 2021 Public 76



Pre-Dispatch Calculation Engine 3 Detailed Functional Design

1. If the time-step falls in the advancement period of a DAM operational
commitment, then the start-up cost for the DAM operational commitment will
be considered whenever it is higher than the offered start-up cost. That is, if
there exists tp € TSC, in day g€ DAYS such that t€ {max(tpsp-

(MGBRTDG,,;, + MGBDTDG,Y"), 2),...tpa} then:

a. If SUDG, > SUDGH™, set SUAdjDGY, = SUDGY,.
b. Otherwise, SUAd/DGY, = SUDGZ™.
2. Otherwise, the offered start-up cost will be used:

a. Set SUAd/DG;}, = SUDGY},.

3.5.7. Evaluation of NQS First Time-Step Available to Start

Based on when an NQS resource was last at its MLP before desynchronization, the
PD calculation engine will determine the first time-step the resource can next reach
MLP. This time-step must respect the resource’s hot minimum generation block
down time and must also respect the lead time associated with the resource’s
anticipated thermal state for the hour it reaches MLP. It will be assumed that the
resource can be started in all future time-steps beyond this time-step.

For the NQS resource at bus b€ BY?S that has been offline /nitDownHrs;, hours:

e If 0< InitDownHrs,+ t —1 < MGBDTDGCIT then the unit cannot be scheduled
to reach MLP in time-step te TS since hot minimum generation block down
time cannot be respected. The following steps will apply to time-steps not
excluded for this reason.

e If /nitDownHrsy + LTCIOT + 1 < MGBDTDGC)*®M, then a lead time of L7CHT will
be applied to the next start and the resource can be scheduled to reach MLP
in time-step t€ 7Sif and only if ¢> LTCIT + 2.

o Else if /nitDownHrs, + LTC)"R™ + 1 < MGBDTDGC,?*”, then a lead time of
LTCYARM il be applied to the next start and the resource can be scheduled
to reach MLP in time-step t€ TS if and only if > LTC/R"M + 2.

e Else a lead time of LTC%? will be applied to the next start and the resource
can be scheduled to reach MLP in time-step ¢€ 7Sif and only if t>
LTCSP"P + 2.

If a resource is currently online, a decision to shut down the resource in a specific
time-step dictates the anticipated thermal state in future time-steps for which a
decision to restart the resource may be made. These decisions are made
simultaneously. The lead time parameter can be ignored for the later start since
any schedule satisfying the resource’s hot MGBDT will necessarily satisfy lead time.
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3.6.  Pass 1: Pre-Dispatch Scheduling Process

Pass 1 will use market participant and /ESO inputs along with resource and system
constraints to determine a set of resource schedules and commitments. These
schedules and commitments are calculated to meet the /£ESO’s hourly non-
dispatchable forecast demand and the demand from dispatchable loads, hourly
demand response resources and exports. Pass 1 will also determine LMPs consistent
with these scheduling and commitment decisions.

Pass 1 will assess whether certain conditions related to transmission congestion
have been met, and if the steps related to ex-ante Market Power Mitigation need to
be performed. If Pass 1 performs ex-ante Market Power Mitigation and the Price
Impact test is failed for a resource, then the specific dispatch data inputs for that
resource that failed the conduct test are identified. As discussed in Section 3.4.1.8,
reference levels for the dispatch data that failed the conduct and price impact tests
will be used in the subsequent runs of Pre-Dispatch Scheduling and Pre-Dispatch
Pricing through to the real-time timeframe.

3.6.1. Pre-Dispatch Scheduling

Pre-Dispatch Scheduling will perform a security-constrained unit commitment and
economic dispatch to meet the /ESO's hourly non-dispatchable demand forecast
and /ESO-specified operating reserve requirements. Pre-Dispatch Scheduling will
also evaluate demand from dispatchable loads, hourly demand response resources
and bids to export energy.

Pre-Dispatch Scheduling will use bids and offers submitted by market participants
to maximize the gains from trade. The gains from trade is the difference between
the total price of b/ds that are scheduled and the total price of offers that are
scheduled. The optimization is subject to the constraints accompanying those bids
and offers, and constraints imposed by the /£SO to maintain reliability.

Pre-Dispatch Scheduling will determine commitment statuses and schedules based
on the inputs described in Section 3.4. These commitments will serve as inputs into
Pre-Dispatch Pricing.

The following sections describe the formulation of the optimization function for Pre-
Dispatch Scheduling.

3.6.1.1 Inputs

All applicable inputs identified in Section 3.4.1 will be evaluated.

3.6.1.2 Variables and Objective Function

The PD calculation engine will solve for the following variables:
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e SDLy,; shall represent the amount of dispatchable load scheduled at bus be
BPL in time-step te TSin association with lamination j€ /7,;

e S10SDLy, shall represent the amount of synchronized ten-minute operating
reserve that a qualified dispatchable load is scheduled to provide at bus b€

B in time-step te TSin association with lamination j€ /;9°;

e SI0NDL.;; shall represent the amount of non-synchronized ten-minute
operating reserve that a qualified dispatchable load is scheduled to provide
at bus b€ BPL in time-step ¢€ 7S in association with lamination j€ /;3";

e S30RDL.;,; shall represent the amount of thirty-minute operating reserve that
a qualified dispatchable load is scheduled to provide at bus € B in time-
step t€ TSin association with lamination j€ /7%

e SHDR,,;shall represent the amount of hourly demand response reduction
scheduled at bus b€ BPR in time-step t€ TS in association with lamination
e 7E -
/Eft,br

e SXL.q; shall represent the amount of exports scheduled to /intertie zone sink
bus de DXin time-step ¢t€ 7Sin association with lamination je /fd;

e SI0NXL.4; shall represent the amount of non-synchronized ten-minute
operating reserve scheduled from /ntertie zone sink bus de DX in time-step

te TSin association with lamination j€ 29"

e S30RXL.,; shall represent the amount of thirty-minute operating reserve
scheduled from /ntertie zone sink bus de DX in time-step ¢t€ 75 in association
with lamination j€ £9%;

o  SNDG,,; shall represent the amount of non-dispatchable generation
scheduled at bus b€ B¢ in time-step t€ TSin association with lamination

k€ K%y,

o SDG.p shall represent the amount of dispatchable generation scheduled at
bus b€ B in time-step t€ 7Sin association with lamination k€ K7,. This is
in addition to any MinQDGC,, the minimum loading point, which must be
committed before any such generation is scheduled;

e 0DG,, shall represent whether the dispatchable generation resource at bus
be B¢ has been scheduled at or above its minimum loading point in time-
step te TS,

e IDG;), shall represent whether the dispatchable generation resource at bus
be B¢ has been scheduled to start (reach its minimum loading point) in
time-step te TS;

o S51085DG,p, shall represent the amount of synchronized ten-minute operating
reserve that a qualified dispatchable generation resource is scheduled to
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provide at bus b€ B¢ in time-step t€ 7Sin association with lamination k€

e S10NDG,,; shall represent the amount of non-synchronized ten-minute
operating reserve that a qualified dispatchable generation resource is
scheduled to provide at bus »€ B”“ in time-step t€ 7Sin association with

lamination k€ K33

e S30RDGk shall represent the amount of thirty-minute operating reserve
that a qualified dispatchable generation resource is scheduled to provide at

bus b€ B¢ in time-step t€ TS in association with lamination k€ K397,

e SCT,, shall represent the schedule of the combustion turbine associated with
the PSU resource at bus b€ B™” in time-step t€ TS:

e S5T,, shall represent the schedule of steam turbine p€ PST in time-step
te TS,

e 010R,, shall represent whether the PSU resource at bus b€ BV01%PF has been
scheduled for ten-minute operating reserve in time-step te 7§,

e OHO,, shall represent whether the hydroelectric resource at bus b€ BF has
been scheduled at or above MinHO,; in time-step t€ TS,

e OFRy;; for i€ {1,. NFor,,} shall represent whether the hydroelectric resource
at bus be B has been scheduled at or below ForL,,, or, at or above
ForUy,,; in time-step t€ TS,

e [HE,,; shall represent whether the hydroelectric resource at bus be B
registered a start between time-step (¢— 1) and tas result of its schedule
increasing from below StartMW,; to at or above StartMWj; for
i€ {1,., NStartMW,};

o SIG,4 shall represent the amount of imports from /ntertie zone source bus
de DI scheduled in time-step t€ 7S in association with lamination k€ K’f

e S10NIG, 4 shall represent the amount of non-synchronized ten-minute
operating reserve scheduled from /ntertie zone source bus de D/ in time-

step t€ TSin association with lamination k€ K;J";

o  S30RIG, 4 shall represent the amount of thirty-minute operating reserve
scheduled from /ntertie zone source bus de DIin time-step ¢t€ 7Sin

association with lamination k€ k35"

e TB,shall represent any adjustment to the objective function to facilitate pro-
rata tie-breaking in time-step te 7S, as described in Section 3.4.1.5 and this
section; and
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o ViolCost, shall represent the cost incurred in order to avoid having the
schedules for time-step te TS violate certain constraints, as described in
Section 3.4.1.5 and this section.

Within the optimization function formulation provided in the document, 7;, € THERM
shall represent the thermal state used to evaluate the start-up cost and ramp
energy to MLP profile for the resource at bus b€ BY% in time-step t€ 7S. This
thermal state will be evaluated dynamically within the optimization function as it
relates to the variables 0DG,, for ts€ TS. For more information, see the NQS
Resource constraints in Section 3.6.1.5.

To maximize the gains from trade, the objective function in Pre-Dispatch
Scheduling will maximize the value of the following expression:

Z (ObjDLt — ObjHDR, + ObjXL, — OijDGt)

teTs

where:

2 SDLt,b’j-PDLt,b,j — 2 SlOSDLt,b_j -P105DLt,b_j —
ObjDL; = 2 & TRk ;
bephL Z S10NDLygy, ; - PIONDL, ; — z S30RDL¢yp, ; - P3ORDLy ),

; 10N ; 30R
J€Jlip J €ltp

ObjHDR, = Z Z SHDR,;, ;" PHDR,; |;

beBHDR \ j eJE,

Z SXLtqj PXLtgj — Z S10NXL¢g,j - PIONXL¢ g

ObjXL, = Z Ieea el :
t — )
& - 2 S30RXLq g, - P30RXLe g,

. ~T30R
J€Jta

ObjNDG, = Z z SNDG¢py " PNDGyp i |

NDG E
beB keKg)

Z SDGt,b,k " PDGt,b,k + Z SlOSDGt’b’k " PlOSDGt'b'k +

. kekE, kek S
0bjDG, = ' '
beBDG z SlONDGt,b’k : PlONDGt,b’k + z S3ORDGt’b,k : PSORDGt,b’k
kekpN kek R
+ Z (0DG., - MGODG,, + IDG,, - SUAdJDG,E");
peENos
and
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z SIGeqy - PlGrgy + z SlONIGt,d,k-PloNIGt,d,k\

ObilG z | kekE, kek 2N |
JIiGe = .
deDI \ + Z S3ORIGt,d,k : PSORIGt’d’k /

30R
keK3

The tie-breaking term - 7B, - is obtained by adding a term for each bid or offer
lamination. For each lamination, this term is the product of a small penalty cost and
the quantity of the lamination scheduled. The penalty cost is calculated by
multiplying a base penalty cost of 7BPen by the amount of the lamination scheduled
and then dividing by the maximum amount that could have been scheduled. When
this penalty cost is multiplied by the amount scheduled from that lamination, a
guadratic function that increases as the amount scheduled increases is obtained.
This effectively increases the b/d or offer price by zero if nothing is scheduled from
the lamination, but by 7BPen if the maximum amount that could have been
scheduled is scheduled. This slight price gradient, which is smaller than the
minimum step size of bid or offer prices, will ensure that two otherwise tied
laminations will be scheduled to the point where their modified costs are identical,
effectively achieving a pro-rated result.

ViolCost,calculates the total constraint violation cost and depends on the constraint
violation variables. The constraint violation variables for time-step te 75 are:

e SLdViol,; is the violation variable affiliated with segment /€ {1,.,N 4y} Of the
penalty curve for the energy balance constraint (allowing under-generation);

e SGenViol,; is the violation variable affiliated with segment 7€ {1,.,Ngeppio,} Of
the penalty curve for the energy balance constraint (allowing over-
generation);

e S10S8Viol,; is the violation variable affiliated with segment /€ {1,., Ny} Of
the penalty curve for the synchronized ten-minute operating reserve
requirement;

e S10RViol,;is the violation variable affiliated with segment /€ {1,.,Niogpjo;,} Of
the penalty curve for the total ten-minute operating reserve requirement;

e S30RViol,; is the violation variable affiliated with segment /€ {1,.,N3ozp;o,} Of
the penalty curve for the thirty-minute operating reserve requirement and,
when applicable, the flexibility operating reserve requirement;

e SREG10RViol,,; is the violation variable affiliated with segment
1€ {1,.,Nggiorvios} OF the penalty curve for violating the area total ten-minute
operating reserve minimum requirement in region re ORREG,

e SREG30RViol,.;is the violation variable affiliated with segment
1€ {1,.,Nreaorvios,} OF the penalty curve for violating the area thirty-minute
operating reserve minimum requirement in region r€ ORREG,
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e SXREG10RViol,.,.;is the violation variable affiliated with segment
1€ {1,.,Nxreciorvios,} OF the penalty curve for violating the area total ten-minute
operating reserve maximum restriction in region r€ ORREG,

e SXREG30RViol,..;is the violation variable affiliated with segment
1€ {1,.,Nyrecorvio,} OF the penalty curve for violating the area thirty-minute
operating reserve maximum restriction in region re ORREG;,

e SPrelTLViols;is the violation variable affiliated with segment
1€ {1,.,Nprerrivios,} OF the penalty curve for violating the pre-contingency
transmission limit for facility f€ F;

e SITLViol. s, is the violation variable affiliated with segment 7€ {1,., Ny .} Of
the penalty curve for violating the post-contingency transmission limit for
facility fe Fand contingency ce€ C,

e SPreXTLViol,,;is the violation variable affiliated with segment
1€ {1,.,Nprextrvior, } Of the penalty curve for violating the import/export limit
affiliated with /ntertie limit constraint z€ Zg.;

e SNIUViol,; is the violation variable affiliated with segment 7€ {1,., Nyypio;,} Of
the penalty curve for exceeding the net interchange increase limit between
time-steps (#1) and ¢ and

e SNIDViol; is the violation variable affiliated with segment /€ {1,.,Ny;py;s,} Of
the penalty curve for exceeding the net interchange decrease limit between
time-steps (¢1) and ¢

e SMaxDelViol,;; is the violation variable affiliated with segment
1€ {1,.,Nyaxpervios,} OF the penalty curve for exceeding the maximum daily
energy limit constraint for a resource at bus b€ B¥R,

e SMinDelViol,,; is the violation variable affiliated with segment
1€ {1, Nyinpevios,} O the penalty curve for violating the minimum daily energy
limit constraint for a resource at bus b€ B,

e SSMaxDelViol,; is the violation variable affiliated with segment
1€ {1,..,Nopaxpevio,} OF the penalty curve for exceeding the shared maximum
daily energy limit constraint for hydroelectric resources in set s€ SHE.

e SSMinDelViol,; is the violation variable affiliated with segment
1€ {1, Nsyinpemvio,} Of the penalty curve for violating the shared minimum daily
energy limit constraint for hydroelectric resources in set s€ SHE.

e SOGenLnkViol,y, 5, ;1S the violation variable affiliated with segment
1€ {1, NoGenrnkvios,} OF the penalty curve for violating the linked hydroelectric
resources constraint by over-generating the downstream resource, for
(b1,bz) € LNK such that b, € Bi% and by € Bjf.
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e SUGenLnkViol,, s, ;is the violation variable affiliated with segment
1€ {1,..,Nycenrnikvior,} OF the penalty curve for violating the linked hydroelectric
resources constraint by under-generating the downstream resource, for
(byb2) € LNK such that b, € Bif and b, € B,.

From these variables, the violation cost is computed as follows:

ViolCost, = Z SLdViol.; - PLdViolSchy;
i=1.NLaviol;

- 2 SGenViol,; - PGenViolSchy;
i=1.NgGenviol;

+ Z S§10SViol, ; - P10SViolSchy;
i=1.N1osviol;

+ z S10RViol,; - P10RViolSchy
i=1.N1oRviol;

+ z S30RViol,; - P30RViolSchy

i=1.N3oRviol;

+ Z Z SREG10RViol,.,; - PREG10RViolSch;

T€ORREG \i=1.NREG10RViol;

+ Z Z SREG30RViol,., ; - PREG30RViolSch, ;

T€ORREG \i=1.NREG30RViol;

+ Z Z SXREG10RViol, . ; - PXREG10RViolSch,

T€ORREG \i=1.NXREG10RViol;

+ Z Z SXREG30RViol,.; - PXREG30RViolSchy

T€ORREG \i=1.NXREG30RViol;

+ Z z SPrelTLViols ;- PPrelTLViolSchs

fE€Ft \i=1.NprerrLvioly,

4 Z Z Z SITLViolg . - PITLViolSche ;.

CEC fE€Ftc \I=L.NiTLViol, f,

+ Z Z SPreXTLViol,.; - PPreXTLViolSch,;

2€Zsch \i=1.NprexTLviol,;

+ Z SNIUViol,; - PNIUViolSch, ;
i =1.NNjyviol;

+ Z SNIDViol.; - PNIDViolSchy;

i=1.NNIpviol;
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+ 2 SMaxDelViol ) ; - PMaxDelViolSchyp ;

beBELR \ | =1.Npaxpeltviol;

SMinDelViol;j ; - PMinDelViolSchyp ;

beBHE (l =1.Npinpelviols

SSMaxDelViol, ;; - PSMaxDelViolSchy g ;
SESHE i=1 NSMaxDelVlolt
SSMinDelViol, ;; - PSMinDelViolSchy g ;
SESHE i=1 NSMmDelVlolt
+ Z Z SOGenLnkViolt,(bI,bz)li - PSOGenLnkViolSchy p, p,),i
(bl,bz)ELNK i =1..Nt
+ 2 Z SUGenLnkViolyp, p, i - PSUGenLnkViolSchy p, b,),i
(bl,bz)ELNK l :1..Nt

This maximization will be subject to the constraints described in the next sections.

3.6.1.3 Constraints Overview
The constraints that apply to the optimization can be divided into three categories:

1. Single hour constraints to ensure that the schedules determined in the
optimization do not violate the parameters specified in the dispatch data
submitted by registered market participants;

2. Inter-hour and multi-hour constraints to ensure that the schedules
determined in the optimization do not violate the parameters specified in the
dispatch data submitted by registered market participants, and

3. Constraints to ensure that those schedules do not violate the reliability
inputs established by the /E£SO.

3.6.1.4 Bid/Offer Constraints Applying to Single Hours

Scheduling Variable Bounds and Commitment Status Variables

As described in Section 3.3, a dispatchable generation resource is said to be
committed in a specific time-step if it is scheduled at or above its minimum loading
point in that time-step. A Boolean variable 0DG,, indicates whether the resource at
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bus b€ B”¢ is committed in time-step t€ TS. A value of zero indicates that a
resource is not committed, while a value of one indicates that it is committed.
Therefore, for all time-steps t€ 7S and all buses b€ B¢

0DG,, € {0,1}.

Reliability must-run resources will be considered committed for all must-run hours.
Regulating units will be considered committed for all the hours that they are
regulating. As described in Section 3.3, a dispatchable generation resource with
zero commitment cost (i.e., its minimum loading point, start-up offer, speed no-
load offer, minimum generation block run-time and minimum generation block down
time are zero) will be considered committed for all hours. If the dispatchable
generation resource at bus € B”C is considered committed according to these rules
in time-step t€ 7S then:

ODG,,= 1.

No schedule can be negative, nor can any schedule exceed the quantity offered for
the respective market (energy and operating reserve). Therefore, for all time-steps
te TS

0 < SDLyy,; < QDLyy, for all be B”, je iy

0 < S10SDLy;,; < QL0SDL,y,; for all be BPL, je 7%
0 < SIONDL.p,; < QLONDLy,; for all be BPL, je /1%,
0 < S30RDLp; < Q30RDL¢) for all b € BPL, j € J20%;
0 < SHDR,;,; < QHDR,,; for all b € BHPR, je J,:
0 < SXLyy; < QXLyg; for all de DX, j€ Jiy

0 < SIONXL,4; < QLONXL,4; for all de DX, je 1.%";

0 < S30RXL,q; < QBORXL, 4, for all de DX, je B

0 < SNDGypi < QNDGyy for all be BYP¢, ke K}
0 = SlGyqp = QG for all de DI, ke K%

0 < S10NIGyyi < QLONIG, 4y for all de DI, ke K;y"; and
0 < SBORIG, 41 < Q3ORIG, for all de DI, ke K3,

In addition to restrictions on their schedules similar to those above, the schedules
for dispatchable generation resources must be consistent with their commitment
status. Dispatchable generation resources can be scheduled to produce energy and
operating reserve only if their commitment status variable is equal to 1. Therefore,
for all time-steps t€ 7§:

0 < SDGypi < ODGpQDGyp i for all be B”, ke K3y
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0 < 85108DG i < ODGypQ10SDGyp i for all be B¢, ke Kégs;
0 < SLONDGyp i < ODGy QLONDGy i for all be B”, ke Kp"; and
0 < S30RDGyp, i < ODGyp,"@30RDGp i for all be B, ke K",

Resource Minimums and Maximums

The schedule of an internal resource may be limited depending on the impact of the
constraints detailed in Resource Minimum and Maximum constraints within Section
3.4.1.5.

Dispatchable Load

A constraint is required to limit dispatchable loads within their minimum and
maximum consumption for a time-step. Therefore, for all time-steps t€ 75 and all
buses be BP:

MinDL, < Z SDLypj < MaxDLyy,.
J€IED
The non-dispatchable portion of a dispatchable /load must always be scheduled.

Therefore, for all time-steps € 7S and all buses b€ BP.:

Z SDL.p j = QDLFIRM,,.
JEJ tE b
Non-Dispatchable Generation Resources

A constraint is required to limit non-dispatchable generation resources within their
minimum and maximum output for a time-step. Therefore, for all time-steps te 7§
and all buses be B"PC:

MinNDG,, < z SNDGypyx < MaxNDG,.

E
kekE,

Dispatchable Generation Resources

A constraint is required to limit dispatchable generation resources within their
minimum and maximum output for a time-step. The maximum output of a
dispatchable variable generation resource will additionally be limited by its forecast.
For all time-steps ¢t€ 7S and all buses b€ BPC et

Min(MaxDG,,,FG,,) if b € BYC

AdjMaxDG) = {MaxDGt,b otherwise

and

AdjMinDG., = Min(MinDG,p, AdjMaxDGyp).
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Then, for all time-steps t€ 7S and all buses b€ BPG:

AdjMinDG,, < MinQDGCy, - ODG,, + Z SDG,py < AdjMaxDGyy,.

kekE,

If the commitment status of the resource is fixed to 1 (i.e. 0DG,, = 1) and if this is
inconsistent with the adjusted minimum and maximum constraints (i.e.
MinQDGC,>AdjMaxDG,p), then the commitment status will be relaxed. If the total

offered quantity does not exceed the minimum
(ManDGCb + ZkEKtEb QDGt,b,k <Ad]M1nDthb)

then the resource will receive a schedule of zero.

Maximum constraints are also respected in hours where an NQS resource is
ramping to its minimum loading point. In the case where an operational
commitment has not yet been issued, a resource will not be scheduled to reach
minimum loading point for a number of hours immediately following outages that
make the resource grid-incapable. The number of hours will correspond to the
number of ramp-to-MLP hours associated with the resource’s warm state. In the
case where an operational commitment has already been issued, the PD calculation
engine will schedule ramp energy in respect of the maximum constraint.

HDR Activation and Non-Activation

Any minimum and maximum limits placed on hourly demand response resource
schedules for the purposes of reflecting activation/non-activation decisions must be
respected. For all time-steps t€ 7S and all buses b€ BPk:

MinHDR, ) < z SHDR;;, j < MaxHDR, .
jeffb
Off-Market Transactions

Intertie schedules will account for off-market transactions as detailed in Off-Market
Transactions within Section 3.4.1.5.

Inadvertent Payback

A constraint is required to schedule inadvertent payback transactions. For all time-
steps te TS and all /ntertie zone sink buses corresponding to an inadvertent
payback transaction de€ DX/

For all time-steps t€ 7S and all /ntertie zone source buses corresponding to an
inadvertent payback transaction de D/I/VP:
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z SIGt,d,k= z Qth,d,k-

E E
kekE, kekE,

Emergency Energy

A constraint is required to schedule emergency energy. For all time-steps t€ 75 and
all /intertie zone sink buses corresponding to an emergency energy sale d€ DX:M:

For all time-steps ¢t€ 7S and all /ntertie zone source buses corresponding to
emergency energy purchase de DIFM:

z SIGt,d,k= z Qth,d,k-

E E
kekE, kekE,

Intertie Minimum and Maximum Constraints

Intertie schedules may be limited by DAM schedules beyond the first two forecast
hours of the look-ahead period, or by /ntertie curtailments as detailed within
Section 3.4.1.5.

Import and Export Limits Beyond the First Two Forecast Hours

Z SXLyq; < SXLTEM,
J€lta

S10NXL;q; < SIONXLTZ/MM;

. ToN
J€Jta

and

S30RXL;q; < S30RXLT M.

. ~T30R
J€Jta

Except for transactions flagged as capacity imports or off-market transactions, the
DAM scheduled quantities for import transactions plus any additional offered
quantities permitted for reliability reasons will limit import schedules beyond the
first two forecast hours of the look-ahead period. For time-step t€ {4,.,n;4p} and
intertie zone source bus de€ DI such that dgDI“PEXy pIEM y DINVP -
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S10NIGy gy < S1IONIGT ™ + S1ONIGTES™R4,;

kek 29N
and

S30RIGyq < S3O0RIGTSH™M + S30RIGTE™A,

30R
KkeK3Y

Intertie Curtailments

Intertie schedules must respect any limits placed on transactions as the result of
intertie curtailments.

For intertie zone sink bus de DX and time-step te 7§:
ICMinXLy g < Z SXLtqj < ICMaxXLyg.
jeffd
For /intertie zone source bus de€ DI and time-step t€ 7S:

ICMinlG, g4 < Z SIGyqx < ICMaxIGy g;

keKE,

ICMin10NIG, 4 < 2 S10NIGy g < ICMax10NIG, 4;

10N
keK; 4
and

ICMin30RIG, 4 < Z S30RIG, 4 < ICMax30RIG, 4.

kek3R
Operating Reserve Scheduling

Dispatchable Load

The total operating reserve (10-minute synchronized, 10-minute non-synchronized
and 30-minute) from a dispatchable load cannot exceed its ramp capability over 30
minutes. It cannot exceed the total scheduled load less the non-dispatchable
portion. Lastly, it cannot exceed the remaining portion of its capacity that is
dispatchable after considering minimum load consumption constraints. These
conditions can be enforced by the following constraints for all time-steps ¢t€ 7.5 and
all buses be B

S10SDLyy,; + Z S10NDLy, + Z S30RDL,,; < 30 - ORRDLy;

77108 T . “T30R
JE€Itp J€Jtp JE€JEp

S10SDLyy,; + Z S10NDLg; + Z S30RDL.y; < Z SDL. ), j — QDLFIRM, ;

77108 T . “T30R ‘TE
J€Jth JE€ltp J€Jtp JETEp

Issue 2.0 — January 28, 2021 Public 90



Pre-Dispatch Calculation Engine 3 Detailed Functional Design

and

Z S10SDLyp; + Z S1ONDLyy,; + Z S30RDLyy,; < 2 SDLyy, -MinDLy.

i ~110S :~110N :~130R i ~1E
i€lcp i€lcp €lip i€eb

The amount of synchronized ten-minute operating reserve plus the non-
synchronized ten-minute reserve that a dispatchable load is scheduled to provide
cannot exceed the amount by which it can decrease its load over 10 minutes, as
limited by its operating reserve ramp rate. This condition can be enforced by the
following constraint for all time-steps t€ 7S and all buses b€ B

S10SDLyy,; + Z S10NDL.,; < 10 - ORRDLy,.

. _10S :~ 710N
J€Jtp J€Jtp

Exports

The total operating reserve (10-minute non-synchronized and 30-minute) from an
hourly export cannot exceed the total scheduled export.

This condition can be enforced by the following constraint for all time-steps te 7§
and all /ntertie zone sink buses de€ DX:

Z S10NXL¢q; + 2 S30RXL¢q; < Z SXLt g j-

. 10N . 30R . E
J€lta J€lta

Dispatchable Generation Resources

The total operating reserve (10-minute synchronized, 10-minute non-synchronized
and 30-minute) from a committed dispatchable generation resource cannot exceed
its ramp capability over 30 minutes. It cannot exceed the remaining capacity
(maximum offered generation minus the energy schedule). Lastly, it cannot exceed
its unscheduled capacity. These conditions can be enforced by the following
constraints for all time-steps t€ 7S and all buses b€ B”“:

S10SDGyp s + Z S10NDG,, ; + Z S30RDG, px < 30 - ORRDG);

10S 10N 30R
KEKE) kekl) KEK)

S10SDGep . + Z S10NDG:p  + z S30RDGpf < Z (QDGp —SDGepk);
kek}pS kex N kekpR kekE,
and
S10SDGp . + Z S10NDG:p  + z S30RDGy p
KeKEDS kex N kekpR
< AdjMaxDG ) — 2 SDG¢p — MinQDGC,,.

kekE,
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The amount of ten-minute operating reserve, both synchronized and non-
synchronized, that a dispatchable generation resource is scheduled to provide
cannot exceed the amount by which it can increase its output over 10 minutes, as
limited by its operating reserve ramp rate. This condition can be enforced by the
following constraint for all time-steps t€ 7S and all buses b€ B¢:

S10SDG,p 1 + Z S10NDG, < 10 - ORRDG),.

10S 10N
KEKE) kekl)

The amount of synchronized ten-minute operating reserve that a dispatchable
generation resource is scheduled to provide is limited by its synchronized ten-
minute operating reserve loading point. This condition can be enforced by the
following constraint for all time-steps t€ 7S and all buses b€ B”¢ with RLP10S,;,>0:

S10SDGyp x

10S
KEKL)

1
S ManDGCb . ODGl',b + 2 SDGt,b_k ' <RLP105 b)
L,

kekE,

min{ 10 - ORRDG,, z Q10SDG,

108
keKE)

The amount of thirty-minute operating reserve that a dispatchable generation
resource is scheduled to provide is limited by its thirty-minute operating reserve
loading point.

This condition can be enforced by the following constraint for all time-steps t € TS
and all buses b€ B”¢ with RLP30R,,>0:

S30RDG, px

30R
KeKS)

1
< | MinQDGCp - ODGy, + 2 SDGepye '<RLP30R b)
L,

kekE,

min{30- ORRDG,, Z Q30RDG

30R
KkeKZ)

Imports

The total operating reserve (10-minute non-synchronized and 30-minute) from an
hourly import cannot exceed the remaining capacity (maximum import offer minus
scheduled energy import). This condition can be enforced by the following
constraint for all time-steps te 7S and all /ntertie zone source buses de DI
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S10NIG g + Z S30RIG g, < Z QIGegr — SIGeq)-

kekgN kekoR keKE,
PSU Resources

De-rates

De-rates are enforced on the operating region to which they apply as described in
Section 3.10.2. These constraints apply to both energy and operating reserve
schedules. For all time-steps t€ 7S and PSU resource buses b€ B™V:

MinQDGCy, - ODG, ), < MaxMLP, ,,

SDGt,b,k S MaxDRt‘b,

kekBF
SDGt,b,k S MaxDFt'b,
kekDf
and
2 SDGypy + Z S10SDGyp . + Z S10NDGy ) + 2 S30RDGy
kekE, kek}9s keklpN kekZpR
< MaxDR;p, + MaxDF,,.
Translation Between PU and PSU Schedules

Physical unit schedules can be calculated from the pseudo-unit schedules using the
PSU model and sharing percentages.

For all time-steps t€ 7S and PSU resource buses be B™V:

SCTt,b = (1 - STShaTeMLPb) ' ManDGCb ' ODGt’b

+(1 — STShareDR)y) z SDGepk |

kekPR
and for all time-steps ¢t€ 75 and steam turbines p€ PST:
STShareMLP, - MinQDGCp, - ODGp, +

S5Tep = Z STShareDRy, - Z SDGepe | + Z SDGeb,

ST
b<Pp KeRDF keRPF
Transmission constraint sensitivity factors and loss factors are provided on a
physical unit basis. Accordingly, the combustion turbine and steam turbine
schedules will be used in the energy balance constraint and the transmission
constraints described in Section 3.6.1.6.
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For the purposes of such constraints, the combustion turbine schedule for the PSU
resource at bus b€ BV in time-step t€ TS will be equal to:

e SCT,, if the PSU resource is scheduled at or above MLP;

e RampCTCy, if the resource is schedule to reach MLP in thermal state
m€ THERM in time-step ¢+ wfor we {1.,RampHrsC}'}; or

e (otherwise.

For the purposes of such constraints, the steam turbine schedule for pe PST will be
equal to SS7;, plus any contribution from PSU resources b€ B;ZT ramping to MLP as
given by RampSTCy, for a resource scheduled to reach MLP in thermal state

me€ THERM in time-step (¢+ w) for we {1,.,RampHrsC}'}.

The PD calculation engine will evaluate effective sensitivity and loss factors as a
function of the unit loading as determined above. For the purposes of the
formulations, the energy balance and transmission constraints expressed in this
document assume that a PSU’s effective sensitivity and loss factors are constant
across its operating range.

Duct Firing Operating Reserve Limitations

For a PSU resource that cannot provide ten-minute operating reserve from its duct
firing region, constraints are required to limit the resource from being scheduled in
its duct firing region whenever the resource is scheduled for ten-minute operating
reserve. For all time-steps t€ 7S and PSU resource buses b€ BVO100F:

O10R,, €{0,1},
and
2 SDGypx + Z S10SDGe p i + 2 S10NDGy p i,

kekE, kek29S kek 1IN

< MaxDR;p + (1 — O10R;}) - MaxDF,,
For all time-steps t€ TS, PSU resource buses b€ BV1°0F and laminations k€ K;)*:

S10SDGyy i < O10R,,QL0SDG, 0
For all time-steps t€ TS, PSU resource buses b€ BVO10PF and laminations k€

SLONDGyp i < OL0R,,"QLONDG, 1.

10N.
Kip:

Hydroelectric Resources

A hydroelectric resource must be scheduled for its hourly must-run amount. For all
time-steps t€ 7S and hydroelectric resource buses b€ BE:

0DG,, - MinQDGCj, + Z SDG,py = MinHMR,,.

keKE,
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Either a hydroelectric resource must be scheduled to 0 or its minimum hourly
output must be respected. For all time-steps t€ 75 and all hydroelectric resources
buses be B

OHO,, € {01} ;
ODGt’b . ManDGCb + z SDGt,b,k = MinHOt’b . OHOt,b 5
kekE,
and for all k€ K7,

A hydroelectric resource cannot be scheduled within its forbidden regions. For all
dispatch days g€ DAYS, all time-steps t€ 7Sin dispatch day g, all hydroelectric
resource buses be B and all i€ {1,.,NFor,}:

OFR.5,; € {0,1};

0DG,, - MinQDGC,, + Z SDGyp

keKE,

< OFRt,b,i . FOTLq’b’i + (1 - OFRt,b,i) . ManDGCb + z QDGt,b,k )
kekE,
and
0DG, ;, - MinQDGCy + Z SDGepye = (1 — OFRyy ;) - ForlUg .

kekE,

Wheeling Through Transactions

In the case of wheeling through transactions, the amount of scheduled export
energy must be equal to the amount of scheduled import energy. Therefore, for all
time-steps te 7S and all linked /intertie zone sink and source buses (dxdi) € L;:

je]fdx kerdi
3.6.1.5 Bid/Offer Inter-Hour/Multi-Hour Constraints

Energy Ramping

In the following ramping constraints, a single ramp up rate and a single ramp down
rate (URRDG, and DRRDG, for dispatchable generation resources, URRDL; and
DRRDL, for dispatchable loads) are used. That is, the ramp rates are considered to
be constant over the full operating range of the dispatchable generation resource
or dispatchable load. However, the PD calculation engine will respect the ramping
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restrictions determined by the (up to five) offered MW quantity, ramp up rate and
ramp down rate value sets.

In all ramping constraints, the schedules for time-step 1 are obtained from the
initial scheduling assumptions. For all time-steps te 7S the ramping rates in all
ramping constraints must be adjusted to allow the resource to:

e Ramp down from its lower limit in time-step (¢ — 7) to its upper limit in time-
step ¢, and

e Ramp up from its upper limit in time-step (¢ — 7) to its lower limit in time-
step ¢

This will allow a solution to be obtained when changes to the upper and lower
limits between time-step are beyond the ramping capability of the resources.

Dispatchable Load

Energy schedules for a dispatchable load cannot vary by more than an hour’s
ramping capability for that resource. This is enforced by the following constraint for
all time-steps t€ 7S and buses b€ B

Z SDL;_15; — 60 DRRDL, < 2 SDLyy; < Z SDL;_y,,; + 60 - URRDL).

JE€Jt-1p J€lth JE€IE-1p

Hourly Demand Response Resources

Energy schedules for an hourly demand response resource cannot vary by more
than an hour’s ramping capability for that resource. This is enforced by the
following constraint for all time-steps t€ 7S and all buses b€ BPR:

z (QHDRt—l,b,j — SHDRt—l,b,j) —60-URRHDR,, < Z (QHDRt’b,j —SHDRt,bJ)
J'Elf_l,b ]'Elgb
< Z (QHDRt—l,b,j _SHDRt—l,b,j) + 60 - DRRHDR,,.

.
JE€Jt—1,p

Dispatchable Generation Resources

Energy schedules for each dispatchable generation resource cannot vary by more
than an hour’s ramping capability for that resource. The following three-part
constraint handles ramping for a resource when it is committed. The constraint
covers incremental change above the resource’s minimum loading point (MLP) in
the hours where:

e the resource first reaches MLP (Start Up);

e the resource stays on at or above MLP (Continued On); and
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e the last hour the resource is scheduled at or above MLP before being
scheduled off (Shut Down).

Only the “Continued On” constraint applies to quick-start resources because they
are always committed.

For all time-steps t€ 7S and all buses b€ B¢
1. Start Up Scenario (ODG.,=1,0DGy.1,=0):
0< Z SDGypx < 30 URRDG,
keKE,
2. Continued On Scenario (ODG,=1,0DG.,=1):
Z SDG;_1p — 60 - DRRDG, < 2 SDGypy < 2 SDG;_1 px + 60 - URRDG,

keKE |, kekE, keKE |,
3. Shut Down Scenario (0DG.,= 1,0DG,, ;5= 0):
0< z SDGyp < 30 DRRDG,
kekE,

In time-steps where NQS resources are ramping up to MLP, energy will be
scheduled using the submitted ramp up energy to MLP profile. This is described in
the equation for injections at a dispatchable generation resource bus in Section
3.6.1.6. In time-steps where NQS resources are ramping down from MLP, no energy
will be scheduled.

Operating Reserve Ramping

Dispatchable Loads

In addition to energy ramping limitations, the total reserve (10-minute synchronized,
10-minute non-synchronized and 30-minute) from a dispatchable load cannot exceed
the dispatchable load’s ramp capability to decrease load consumption.

For all time-steps t€ 7S and all buses b€ B”:

S10SDLyy,; + Z S10NDL,, ; + Z S30RDLey,

jeItss jerggN jeIgk
< z SDLey,; — Z SDL;_1p; + 60 - DRRDL,,
jE/Eb je]f—Lb

Dispatchable Generation Resources

In addition to energy ramping limitations, the total reserve (10-minute
synchronized, 10-minute non-synchronized and 30-minute) from a committed
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dispatchable generation resource cannot exceed its ramp capability to increase
generation. For all time-steps t€ 7S and all buses b€ B

S10SDG,p 1 + Z S1ONDG, . + Z S30RDGy px

kek}pS kek N kekpR
< Z SDGy—1 i — z SDGy . + 60 - URRDG),;
E E
kEKt—l,b kEKt,b

S10SDGep i + Z S10NDGgp . + z S30RDGypx + Z SDGpx
kek}pS kex N kekpR kekE,

< [(t —n) - 60 + 30] - URRDGy, - ODGy ),

where n is the time-step of the last start before or in time-step t; and

S10SDGep . + Z S10NDG:p  + z S30RDG.p ) + Z SDGyp
kek}pS kekpoN kekpR kekE,

< [(m —t) - 60 + 30] - DRRDG,, - ODG, ,

where m is the time-step of the last shutdown in or after time-step ¢

NQS Resources

Schedules for NQS resources must observe minimum generation block run-times,
minimum generation block down times and maximum number of starts per day.

In the first forecast hour of the look-ahead period (time-step 2), a resource’s
current hours on determines any remaining minimum generation block run-time to
enforce. If 0< [nitOperHrs, < MGBRTDG 4, then the resource at bus b€ BV has yet
to complete its minimum generation block run-time, and:

0DG,,0DG3 ..., ODGmin(nLA pMGBRTDG 5 p-InitOperHrsy + 1),b = 1

During the look-ahead period, if 0ODG,;,= 0and 0ODG,, = 1 for time-step f€ 75, then
the resource at bus b€ BV has been scheduled to start up during time-step ¢ It
must be scheduled to remain in operation until it has completed its m/inimum
generation block run-time or to the end of the look-ahead period. Therefore:

ODGy y 15, 0DGry 21, ODG iy ypt + MGBRTDGCy-1),6 = 1-

In the first forecast hour of the look-ahead period (time-step 2), the number of
hours a resource has been down for determines any remaining minimum generation
block down time to enforce. The MGBDT for a hot thermal state must always be
respected. If 0< InitDownHrs, < MGBDTDG 4, then the resource at bus b€ BY¢ has
yet to complete its minimum generation block down time, and:

ODG3,0DG3p,..,OD Gmin(n 14pMGBDTDGHI), — mitDownHrsy, + 1), —

0.
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During the look-ahead period, if 0ODG,;,= 1 and 0ODG,, = 0 for time-step f€ TS, then
the resource at bus b€ BV has been scheduled to shut down during time-step ¢ It
must be scheduled to remain off until it has completed its hot minimum generation
block down time or to the end of the look-ahead period. Therefore:

ODGt 1,5,0DGy 2-,0DG ) ek MGBDTDGC= 10,6 = O

A Boolean variable /DG,, indicates that the NQS resource at bus b€ BV is
scheduled to reach its minimum loading point in time-step t€ 7S after being
scheduled below its minimum loading point in the preceding time-step. A value of
zero indicates that a resource is not scheduled to reach its minimum loading point,
while a value of one indicates that it is scheduled to reach its minimum loading
point. Therefore, for all time-steps t€ 7S and all buses be BV:

1 I'fODGt_Lb= 03Hd0065b= 1

IDG, ={
tb 0 otherwise.

To ensure that NQS resources are not scheduled to be cycled on and off more than
their specified maximum number in a day, the following constraint is defined for all
buses be BVeS:

IDG. ), < MaxStartsDGygp — NumStartsiyg p.
tE€TStod

and if the look-ahead period spans two dispatch days then:

IDG. ), < MaxStartsDGeom p-
t€TSrom

Modelling of NQS Resource Thermal State

If a resource is currently offline, each future time-step can be assigned a
thermal state (hot/warm/cold) based on the number of hours the resource has
been offline (i.e. below MLP) and the resource’s submitted hot, warm and cold
minimum generation block down time parameters. The Start-up cost to bring the
resource online again from its current offline status is determined by the
assigned thermal state.

As detailed in the Offers, Bids and Data Inputs detailed design document:

e MGBDT(hot) represents the minimum number of hours a resource must
remain offline before it may be scheduled to generate at or above its MLP
when the resource is considered to be in a hot operating state. The
resource can no longer be scheduled in the hot operating state after it has
been offline greater than or equal to the number of hours submitted for
MGBDT(warm);

e MGBDT(warm) represents the minimum number of hours a resource must
remain offline before it may be scheduled to generate at or above its MLP
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when the resource is considered to be in a warm operating state. The
resource can no longer be scheduled in the warm operating state after it
has been offline greater than or equal to the number of hours submitted for
MGBDT(cold); and

e MGBDT(cold) represents the minimum number of hours a resource must
remain offline before it may be scheduled to generate at or above its MLP
when the resource is considered to be in a cold operating state.

Based on the example in Figure 3-1 the resource must remain offline for four hours
to satisfy the minimum generation block down time hot operational constraint. After
the resource has been offline for four hours, the PD calculation engine will evaluate
the resource using all of the associated hot dispatch data values as submitted by
the registered market participant. The PD calculation engine will use all
corresponding hot dispatch data submitted for the resource until the warm MGBDT
has been reached. At that time, the corresponding warm dispatch data will be used
to determine a schedule or operational commitment for the resource.

Hot DiSpaFCh Cold Dispatch
Data Applies Data Applies

|

MGBDT Hot

MGBDT cold

Figure 3-1: MGBDT and Thermal State Dispatch Data Relationship

In the PD calculation engine, the following formulation is used to assign a start-up
cost and ramp energy to MLP profile for NQS resources based on thermal state.

For the NQS resource at bus be BYP that has been offline InitDownHrs, hours, and
for future MLP time-step t€ {2,...,n.4p}:

e If 0< InitDownHrs,+ t— 1< MGBDTDGCJT, then the unit cannot be
scheduled in time-step ¢ because hot minimum generation block down time
cannot be respected;

o If MGBDTDGC®" < InitDownHrsy, + t— 1< MGBDTDGC})*®™, then the unit will
be assigned a “HOT” thermal state for time-step t and the start-up cost
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SUDGIPT will apply. The ramp energy to MLP profile will be RampEC,9! for
wE€ {1,.,RampHrsC}'};

o If MGBDTDGCIY*RM™ < [nitDownHrs, + t— 1 < MGBDTDGCS*, then the unit will
be assigned a “WARM” thermal state for time-step t and the start-up cost
SUDGLZ®™ will apply. The ramp energy to MLP profile will be RampEC} %" for
we {1.,RampHrsC;}; and

o If MGBDTDGCSPLP < InitDownHrs,, + t— 1 then the unit will be assigned a
“COLD” thermal state for time-step ¢and the start-up cost SUDG:S™” will
apply. The ramp energy to MLP profile will be RampEC;% for
w€ {1,.,RampHrsCy'}.

If a resource is currently online, a decision to shut down the unit in a specific hour
dictates the anticipated thermal state in future hours in which a decision to restart
the unit may be made. These decisions are made simultaneously. Ramp energy to
MLP and start-up cost will be associated with the future thermal state and must
respect the rules laid out above.

Energy-Limited Resources

Energy-limited resources cannot be scheduled to provide more energy than they
have indicated they are capable of providing. The submitted energy limit both limits
the total amount of energy scheduled over the course of a dispatch day and
prevents operating reserve schedules which, when activated, would result in an
exceedance of the submitted daily energy limit. If the look-ahead period spans two
dispatch days, constraints are required for both days. The constraints for the
current dispatch day must consider the amount of energy already provided by the
resource. A violation variable is provided for these constraints to improve the ability
of the PD calculation engine to find a solution.

Given these factors, for all buses b€ B.X where an energy-limited resource is
located and all time-steps T€ 7TS;,,:

ODGt,b ) ManDGCb + z SDGt,b,k
t=2.T ke[(fb

+100RConv Z S10SDGr p i + Z S10NDGy

keKyS kekpoN
+ 300RConv Z S30RDGrpk | — Z SMaxDelViolr ;
kEK%’%R i=1--NMaxDelViolT

< MaxDEL.,qp — EngyUsed,,.

If the look-ahead period spans two dispatch days, for all buses b€ BF:R where an
energy-limited resource is located and all time-steps T€ TS,,,,:
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0DG, - MinQDGCj, + Z SDGypx

t=ttom-T kEbe

+100RConv Z S10SDGy p i + Z S10NDGy

keKyS kek N
+ 300RConv Z S30RDGrpk | — Z SMaxDelViolr ;
kEK%’%R i=1--NMaxDelViolT

< MaxDELym p-

The factors 100RConv and 300RConv are applied to scheduled ten-minute operating
reserve and thirty-minute operating reserve for energy-limited resources to convert
MW into MWh.

As implicitly indicated by the constraints formulated above, ramp energy to MLP will
not be counted against the daily energy limit by the PD calculation engine.

Hydroelectric Resources

A hydroelectric resource must be scheduled for at least its minimum daily energy. If
the look-ahead period spans two dispatch days, a constraint is required for both
days. The constraint for today must consider the amount of energy already
provided by the resource. A violation variable is provided for these constraints to
improve the ability of the PD calculation engine to find a solution.

For all hydroelectric resource buses b€ BE:

z ODGt’b ' ManDGCb + Z SDGt,b,k

t€TStod kekE,

+ 2 SMinDelVioly ) ; | = MinDELyq ), — EngyUsed,,.

i=1.NpminDelViol;

If the look-ahead period spans two dispatch days, for all hydroelectric resource
buses be B

Z ODG,, - MinQDGC,, + Z SDGypx

teTStom kEKtE’b

+ z SMinDelViolyp, ; | = MinDELyp, p.

i=1.Nminpelviol;

A Boolean variable /HE,,; indicates that a start for the hydroelectric resource at bus
be B"E was counted in time-step t€ 7S as a result of the resource schedule
increasing from below its ith start indication value to at or above its /th start
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indication for 7€ {1,.,NStartMW,}. A value of zero indicates that a start was not
counted, while a value of one indicates that a start was counted. Therefore, for all
time-steps t€ TS, buses b€ BE and start indication values 7€ {1,.,NStartMW}:

1 if | 0DGi_1p-MinQDGC, + z SDGy_q1 p < StartMWy;
kekE |,

IHE; p; = A

and | ODG;p - MinQDGCp, + Z SDGyp = StartMWy, ;

E
kekE,

0 otherwise.

Hydroelectric resources cannot be scheduled to be started more times than
permitted by their maximum number of starts per day value. If the look-ahead
period spans two dispatch days, a constraint is required for both days. The
constraint for today must consider the number of starts already incurred by the
resource. For all hydroelectric resource buses b€ B7E:

IHE. },; | < MaxStartsHE.,q , — NumStartsHE),.
tE€TStoq \i=1.NStartMwy,

If the look-ahead period spans two dispatch days, for all hydroelectric resource
buses b€ B

IHE; ), ; | < MaxStartsHE,n, p.
tE€TStom \i=1.NStartMWp

The schedules for hydroelectric resources must respect shared maximum daily
energy limits. If the look-ahead period spans two dispatch days, constraints are
required for both days. The constraints for today must consider the amount of
energy already provided by resources with the shared daily energy limit. A violation
variable is provided for these constraints to improve the ability of the PD
calculation engine to find a solution.

For all sets se SHE and all time-steps T€ TS;,,:
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Z Z ODG,, - MinQDGC, + Z SDGyp

t=2.T \p eBHE kekE,

+ Z 100RConv z S10SDGyrpy + Z S10NDGrp

beBHE keK29S kekFoN

+ 300RConv z S30RDGrpx
kek3OR
— z SSMaxDelViolr;

i= 1..N5MaxDelVL'0lT

< MaxSDELyqs — EngyUsedSHE;.

If the look-ahead period spans two dispatch days, then for all sets se SHE and all
time-steps 7€ 7S,,,:

z z ODGt’b ManDGCb + Z SDGt,b,k

t=ttom-T \b EB;IE kEbe

+ Z 100RConv Z S10SDGyp e + Z S10NDGy

beBHE kek:9S kekFON

+ 300RConv Z S30RDGrp i

30R
keKZY)

_ z SSMaxDelVioly s ; < MaxSDEL oy s.

i= 1..N5MaxDelViDlT

The factors 100RConv and 300RConv are applied to scheduled ten-minute operating
reserve and thirty-minute operating reserve for energy-limited resources to convert
MW into MWh.

The schedules for hydroelectric resources must respect shared minimum daily
energy limits. If the look-ahead period spans two dispatch days, a constraint is
required for both days. The constraint for today must consider the amount of
energy already provided by resources with the shared daily energy limit. A violation
variable is provided for these constraints to improve the ability of the PD
calculation engine to find a solution.

For all sets s€ SHE:
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Z Z 0DG,, - MinQDGCj, + Z SDGypx

t€TStoa \b eBLE keKE,

+ z SSMinDelViol, s; | = MinSDELyq s — EngyUsedSHE.

i=1.NsMinDelviol;

If the look-ahead period spans two dispatch days, then for all sets s € SHE:

ODGt,b ManDGCb + Z SDGt,b,k

t€TStom \b EB;IE kEbe

+ Z SSMinDelViol,s; | > MinSDELom s.

i=1.NsminDelviol;

For linked hydroelectric resources, energy scheduled at the upstream resources in
one time-step will result in a proportional amount of energy being scheduled at the
linked downstream resources in the time-step determined by the time lag. In time-
steps for which the upstream resources schedule is not determined in the PD
calculation engine optimization, the constraint will link either the historical or time-
step 1 anticipated production for the upstream resources to the schedule for the
downstream resources. Violation variables for both over and under generation at
the downstream resource are provided for these constraints to improve the ability
of the PD calculation engine to find a solution. For all linked hydroelectric resources
between upstream resources b; € B{};,E and downstream resources b, € BAE for

(by,by) € LNKC and all time-steps ¢€ 7S such that ¢< LagCy, ,,+1:

O0DGyp, - MinQDGC, + Z SDGyp, k
b,eBYE kerbz
- SOGenLnkViolHLagbl'bz,(bl,bz),l-

i=1--NOGenLnkViolt+Lagb1 by

+ Z SUGenLnkVLolHLagbl’bz_(bl_bz)_i
i:1--NUGenLnkViolHLagb1 by

= MWHhRatioCy, p, - PastMWhy, .

= In time-steps for which both the upstream and downstream resource schedules
are determined in the PD calculation engine optimization, the constraint will link the
scheduling variables for both the upstream and downstream resources.

For all linked hydroelectric resources between upstream resources b; € BZ‘,E and
downstream resources b, € B4E for (b,,b,) € LNKC and time-steps t€ TS such that ¢+

LagCl, p, < np4p:
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ODGe11agcy, pyi - MINQDGC, + D' SDGrriagey,  ba
HE E
bZEBdn kEKC+Lang1’b2,b2
- 2 SOGenLnleolHLagbl'bz‘(bl’bz),i

i:1--NOGenLnkViolt+Lagb b
1,02

+ z SUGenLnkViolHLagbl’bz,(bllbz),i

i=1--NUGenLnkVL'ol“,Lagb1 by

= MWhRatiOCb1’b2 ) Z ODGt,bl ) 1\4”’1.QDGCD1 + Z SDGt,bl,k

b,eBE KEKE,,

3.6.1.6 Constraints to Ensure Schedules Do Not Violate Reliability
Requirements

Energy Balance

For each time-step of the look-ahead period, the total amount of energy scheduled
on supply resources, including scheduled imports, must be equal to the forecast
demand and energy scheduled on load resources, including scheduled exports. This
constraint will also account for transmission losses and is described further in terms
of its constituent parts.

Define the total amount of withdrawals scheduled at load bus b€ Bin time-step
te TS, With,,, as either:

e all dispatchable load scheduled at bus b if be B”%; or

o the hourly demand response quantity bid at bus b, net the amount of
reduction scheduled if b€ B7PR

so that
z SDLyp if b € BPL
i 1E
Wltht'b = ]E]t'b .
2 (QHDR,,; — SHDRq ;) if b € BHDR
J€IED

Define the total amount of withdrawals scheduled at /ntertie zone sink bus de DX in
time-step t€ TS, With,, as the exports from Ontario to the /ntertie zone sink bus.

Thus,

Witht’d = z SXLt,d,j'

J'Elfd
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Define the total amount of injections scheduled at internal generation resource bus
b€ Bin time-steps t€ TS, Inj, as the sum of:

either:
e non-dispatchable generation scheduled at that bus if b€ BYP¢; or
e dispatchable generation scheduled at that bus if »€ B”“; and

e ramp up energy to minimum loading point if be BV,

Let

Z SNDGyp,k if b € BNPC

kekE,

Of ferInj ) =
ODG, ;- MinQDGC),, + z SDGyp i if b € BP¢
kekE,
and
_ Z RampEC}}, - IDGpyy if b € BNCS
RampInj,, = w=1.min(RampHrsC'nyap—t)
0 otherwise

so that

Inj,, = Offerinj,, + Ramplnj, .

Define the total amount of injections scheduled at /ntertie zone source bus de DIin
time-step t€ TS, Inj4 as the imports into Ontario from that /ntertie zone source
bus. Thus

Ijeg= ) SlGea.

keKE,

Injections and withdrawals at each bus must be multiplied by one plus the marginal
loss factor to reflect the losses or reduction in losses that result when injections or
withdrawals occur at locations other than the reference bus. These loss-adjusted
injections and withdrawals must then be equal to each other, after taking into
account the adjustment for any discrepancy between total and marginal losses.
Load or generation reduction associated with the demand constraint violation will
be subtracted from the total load or generation to ensure that the PD calculation
engine will always produce a solution. The resulting energy balance constraint for
time-step te 7TSis
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FL, + Z (1+ MglLossgp) - With, , + z (1+ MglLoss; q) - With, 4

beBDPLypHDR deDnx
- z SLdViol,;
i=1..Npqviol;
= (1+ MglLoss;p) - Injep + 2 (1+ MglLoss;q) - Injq
beBNDGypDG deDI
- Z SGenViol,; + LossAdj.
i=1.NgGenviol;

Operating Reserve Requirements

Sufficient operating reserve must be scheduled to meet system-wide requirements
for synchronized ten-minute operating reserve, total ten-minute operating reserve,
and thirty-minute operating reserve plus, when applicable, flexibility operating
reserve. All applicable regional minimum requirements and maximum restrictions
for operating reserve must also be respected. Constraint violation penalty curves
will be used to impose a penalty cost for not meeting the /ESO's system-wide
operating reserve requirements, not meeting a regional minimum requirement, or
not adhering to a regional maximum restriction. The /£SO will therefore meet its
full operating reserve requirements unless the cost of doing so would be higher
than the applicable penalty cost.

Therefore, the following constraints are required for each time-step te 7S:

Z Z S10SDLyy; |+ Z Z S10SDGypx |+ Z S10SViol,;

beBPL \ jes19s beBPE \kek})S i=1.N1osviol,
> TOT10S;
z Z S10SDLyp; | + Z z S10SDGep i |+ z Z S10NDLy ) j
beBPL \ jej19s beBPG \kek}pS beBPL \ jejioN
+ Z Z S10NXL¢g; | + Z Z S10NDGp
deDx je]égN beBDG kEKtl,gN

+ z z S10NIGe 4y | + z SlORViolt,i = TOT10Ry;
deDI kng_gN i=1..N1oRviol;
and
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Z Z S10SDLy,; |+ Z Z S10SDGypy |+ Z Z S10NDLy ) ;

beBPL \ jej19s beBPC \kek}pS beBPL \ jejipN
+ Z z S10NXLyq; | + z Z S10NDG,
deDx jE]tl,gN beBDG knggN
+ Z Z S10NIGe gk | + 2 2 SSORDLt_b‘j
deDI kEKtl'gN peBDL ]e]ggR
+ Z Z S30RXLyq | + Z Z S30RDGy
deDx jejggR beBDG kexggR

+ Z Z S30RIGeqy | + Z S30RViol,; = TOT3O0R,.

deDI \kekIR i=1.N3oRviol;

The following constraints are required for each time-step t€ 7.5 and each region
r€ ORREG:

S10SDL¢p,; | + Z 2 S10SDGyp i
beBRECNBDL \ jejips beBFEGNBDPG \kek DS
b S (Y s )+ Y [ stomng,
beBFEGNBDL \ jej1oN aepFEGnpx \jejioN
b Y (Y s+ Y (Y s1onG,
beBFEGNBDPG \kek )N dedfECnpr \kek N

+ Z SREG10RViol,.,; = REGMin10R,;

i=1.NREG10RViol;

Z S10SDL,,; | + z Z S10SDGy %

beBREGNBDL \ je 1S beBRECNBDG \kek}pS
+ 2 Z S10NDLyy; | + Z Z S10NXL; g
beBRECNBDL \ jejipN aepfEGnpx \jestey
b S [ Y s )+ S (Y s1onGe
beBFEGNBDPG \kek )N deDdfECnpr \kek N
- z SXREG10RViol,;; < REGMax10R, ,;

i=1.NXREG10RViol;
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S10SDL¢p,; | + Z 2 S10SDGyp i
beBRECNBDL \ jejips beBFEGNBDPG \kek}DS
+ Z z S10NDLyp; | + z z S10NXL; g j
beBFEGNBDL \ jejloN aepfEGnpx \jejioN
+ Z Z S1IONDG:py | + 2 Z S10NIG 4
beBRECNBPG \kek PN aebdfECnpr \kek [N
+ Z z S30RDLyp; | + Z z S30RXL; g j
beBFEGNBDL \ je 3R aepFEGnpx \jeji 9k
+ Z 2 S30RDGp . | + Z 2 S30RIG: g
beBRECNBDPG \kek PR aeDFECnDI \kekZ3R
+ Z SREG30RViol,;; = REGMin30R;,;
i=1.NREG30RViol;
and
S10SDLyp,; | + Z 2 S10SDGyp i
beBRECNBDL \ jejips beBFEGNBDPG \kek DS
+ Z z S10NDLyp; | + z z S10NXL; g j
beBFEGNBDL \ jej1oN aepfEGnpx \jejioN
+ Z Z S1IONDG:py | + 2 Z S10NIG 4
beBRECNBPG \kek [PV aebdfECnpr \kek [N
+ Z z S30RDLyp | + z Z S30RXL¢ g j
beBREGNBDL \ je 3R aepfEGnpx \jeji9R
+ Z 2 S30RDGp i | + Z 2 S30RIG: g
beBRECNBDPG \kek )R aeDfECnDI \kekZ3R
- z SXREG30RViol,;; < REGMax30R,,.

i=1.NxXREG30RViol;

IESO Internal Transmission Limits

The /ESO must ensure that the set of PD schedules produced would not violate any
security limits in either the pre-contingency state or after any contingency. To
develop the constraints to ensure that this occurs, the total amount of energy
scheduled to be injected at each bus and the total amount of energy scheduled to
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be withdrawn at each bus as developed for the energy balance constraint will be

used.

The security assessment function of the PD calculation engine will linearize violated
pre-contingency transmission limits on facilities within Ontario. For all time-steps
te TS and facilities f€ F,, the linearized constraints will take the form:

PreConSFy s p - INjypp — Z PreConSFyfp - Withg,

beBNDGyRDG beBDLyBHDR

+ Z PreConSFy ¢4 Injiq — 2 PreConSF s 4 - With; 4
deDI deDX

- z SPrelTLViols.; < AdjNormMaxFlow, ;.

{=1.NpreITLViols,

Similarly, for all time-steps t€ 7S, contingencies c€ C, and facilities f€ F,, the
linearized constraints will take the form:

> SFeps M= ) SFeepy Withyy+ ) SFuera-Injeg
beBNDPGypDG beBPLypHDR depl
- Z SFicfra Witheg — Z SITLViol; s
deDnx I=1.NiTLViol,

< AdjEmMaxFlow, .

Intertie Limits

The /ESO must make sure that the set of PD schedules produced will not violate
any security limits associated with /nterties between Ontario and /ntertie zones. In
each time-step, the net amount of energy scheduled to flow over each /ntertie and
the amount of scheduled operating reserve that would be delivered across the
intertie must be calculated. For each flow limit constraint, these energy and
operating reserve quantities (if applicable) will be summed over all affected
interties and the result will be compared to the limit associated with that
constraint. Therefore, for all time-steps t€ 7S and all constraints z€ Zg,,:

a€A: EnCoef fq z#0

EnCoeff,, Z Z SIGgx — z z SXL¢q,j
d€Dlq kekE, d€DXa jejfy
YD S10NGau+ Y S30RIGa |+
deDlg \keKION keKZGR
+0.5: (EnCoeff,, +1) ’ ’
Z Z S10NXL¢ g + Z S30RXLy,q,
deDXq \ jesioN jeria®
— Z SPreXTLViol,,; < MaxExtSchy ,.

{=1.NpreconXTLViol,
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To model an /ntertie as out-of-service, the /ntertie transmission limits will be set to
zero and all import offers, export bids and operating reserve offers will receive a
zero schedule.

Changes in the net energy schedule over all /nterties cannot exceed the limits set
forth by the /ESO for hour-to-hour changes in those schedules. The net import
schedule is summed over all /nterties for a given time-step to obtain the net
interchange schedule for the time-step, and:

= It cannot exceed the net /nterchange schedule for the previous time-step
plus the maximum permitted hourly increase.

= |t cannot be less than the net /nterchange schedule for the previous time-
step minus the maximum permitted hourly decrease.

Violation variables are provided for both the up and down ramp limits to ensure
that the PD calculation engine will always find a solution. Therefore, for all time-
steps t€ TS:

Z Z SIGe_1qx — Z Z SXLy_14; — ExtDSC, — Z SNIDViol, ;

deDI kEKt'E—l,d deDX jE]tE—l,d i:1"NNIDVi0lt
deDI kEKEd deDx je]fd
< Z Z SIGe 1y — Z Z SXLe_yq; + ExtUSC,
deDI kEKtE—l,d deDx jejf—l,d

+ Z SNIUVioly;.
i =1.NN1uviol;
Penalty Price Variable Bounds

The following constraints restrict the penalty price variables to the ranges
determined by the penalty price curves. For all time-steps te TS:

0< SLdViol,; < QLdViolSch,; for all 7€ {1,.,Nyqvio1}:

0< SGenViol,; < QGenViolSch,, for all 7€ { 1., Ngenviol,p;

0< S10S8Viol,; < QL0SViolSch,; for all 7€ {1, Nosvior};

0< S10RViol,; < QLO0RViolSch,; for all 7€ {1,.,Niogviol, /s

0< S30RViol,; < Q30RViolSch,; for all 7€ {1, N30 gvios}

0< SREG10RViol,.; < QREG10RViolSch,; for all re ORREG, i€ {1,.,Nrggiorviol ;
0 < SREG30RViol,.; < QREG30RViolSch, for all r€ ORREG, i€ {1,.,Ngegorviol J;
0< SXREG10RViol,.; < QXREG10RViolSch,, for all r€ ORREG, i€ {1,.,Nxggciorviol };
0< SXREG30RViol,.; < QXREG30RViolSch,; for all re ORREG, i€ {1..,Nygeorviol}:
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0< SPrelTLViolg,; < QPrelTLViolSch,

0< SITLViol ¢.; < QITLViolSch

0< SPreXTLViol,,; < QPreXTLViolSch,,
0< SNIUViol,; < @NIUViolSchy;

0< SNIDViol,; < QNIDViolSch,

0< SMaxDelViol,,; < QMaxDelViolSchy, ;

0 < SMinDelViol,,; < @QMinDelViolSchy, ;

0 < SSMaxDelViol,;; < QSMaxDelViolSch,
0< SSMinDelViol,; < QSMinDelViolSch,

0< SOGenLnkViol, byi S QO0GenLnkViolyp, byi
/€ {Jf'vNOGenLnkViol }; and

0< SUGenLnkVioly L S QUGenLnkViol,, b2y

3.6.1.7 Outputs

for
for
for
for
for
for
for
for

for

for

3 Detailed Functional Design

for all £€ F,, 1€ {1.,Nprerryviol };
all ce G fe Fy, 1€{1..NirLviol, .}
all ze Zgy, 1€ {1, Nprexrivion, 33
all 7€ {Z,.,Nyuyior};
all 7€ {1,..,NN]DWO[t}};
all be BR, i€ {1,.,Nyaxperviol, };
all be B, i€ {1,.,Nyimperwio};
all s€ SHE, 1€ {1,.,Nspaxperviol, }:
all s€ SHE, i€ {1,.,Nsympervior,}:

all (b,b,) € LNK,

all (by,b2) € LNK, 1€ {1,.,NyGensnikviol, }-

Pre-Dispatch Scheduling will produce schedules and unit commitment statuses for
all resources. For each variable SXX, SXX?S shall designate the value determined in

Pre-Dispatch Scheduling.

For example:

. SDL‘Z% shall designate the schedule computed for lamination j of the
dispatchable load bid at bus b€ B°" in time-step t€ TS: or

. OHOffZS shall designate whether the hydroelectric resource at bus b€ B7F was
scheduled at or above MinHO,, in time-step t€ TS.

In particular, the unit commitment statuses and affiliated start-up decision
determined in Pre-Dispatch Scheduling will be denoted as follows:

o O0DGIP® € {01} shall designate whether the dispatchable generation resource
at bus b€ B¢ was scheduled at or above its minimum loading point in time-

step te 7S, and

. IDfose {01} shall designate whether the dispatchable generation resource
at bus be B¢ was scheduled to start (reach its minimum loading point) in

time-steps te 7§.

The PD calculation engine will record all such values for informational purposes.
Internal resource schedules are provided to market participants at a 0.1 MW
granularity. /ntertie schedules are provided at a 1 MW granularity.
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Advisory Schedules, Intertie Schedules and Operational Commitments

The schedules determined by Pass 1, Pre-Dispatch Scheduling, as described above,
will be the pre-dispatch advisory schedules for the pre-dispatch scheduling process.
For each scheduling variable, SXX? shall designate the Pass 1 scheduling results.
These schedules will be published by 15 minutes past the hour. These schedules
will determine binding /ntertie schedules for the next hour, extensions of NQS
operational commitments and binding start-up instructions for NQS resources.

3.6.2. Pre-Dispatch Pricing

Pre-Dispatch Pricing will perform a security-constrained economic dispatch to meet
the non-dispatchable forecast demand and /ESO-specified operating reserve
requirements. Pre-Dispatch Pricing will also evaluate demand from dispatchable
loads, hourly demand response resources and bids to export energy. Pre-Dispatch
Pricing will use the commitment statuses and resource schedules determined in
Pre-Dispatch Scheduling to calculate prices in accordance with the principle for
price-setting eligibility.®

Pre-Dispatch Pricing will use bids and offers submitted by market participants to
maximize the gains from trade. Like Pre-Dispatch Scheduling, the optimization is
subject to the resource constraints accompanying those bids and offers, and system
constraints enforced by the /£SO to maintain refiability. However, the objective
function and constraints will reflect the set of constraint violation penalty curves for
market pricing.

Pre-Dispatch Pricing will determine a set of prices based upon the inputs described
in Section 3.4 and applicable outputs provided by Pre-Dispatch Scheduling. The
LMPs and related shadow prices will be used in ex-ante Market Power Mitigation.
The prices produced will not be financially binding.

The following sections describe the formulation of the optimization function for Pre-
Dispatch Pricing.
3.6.2.1 Inputs

All applicable inputs identified in Section 3.4.1 will be evaluated. Table 3-12 lists
the outputs of Pre-Dispatch Scheduling that will also be used in Pre-Dispatch
Pricing.

® The marginal price at each location is set by the offer or bid that is able to supply the next increment of
demand at that locale. Resources are able to meet that demand when they can be scheduled without restriction
due to a system constraint or an operational constraint of a resource.
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Table 3-12: Outputs of Pre-Dispatch Scheduling as Input to Pre-Dispatch Pricing

Input

Description

SDGE%

The amount of dispatchable generation scheduled at bus b€
BPRy BME in time-step t€ TS in association with lamination
ke Kf,,. This is in addition to any MinQDGC,,, the minimum
loading point, which must be committed before any such
generation is scheduled.

ODG}pS

Designates whether dispatchable generation at bus b€ B’ was
scheduled at or above its minimum loading point in time-step
te TS.

S10SDGY;

The amount of synchronized ten-minute operating reserve that
a qualified dispatchable generation resource is scheduled to
provide at bus b€ BFRu B in time-step t€ TS in association
with lamination k€ K35°

SIONDGLES,

The amount of non-synchronized ten-minute operating reserve
that a qualified dispatchable generation resource is scheduled
to provide at bus b€ BfRy B"F in time-step t€ TS in association
with lamination k€ K.3".

S30RDG,15,

The amount of thirty-minute operating reserve that a qualified
dispatchable generation resource is scheduled to provide at bus
be BFLRy BHE in time-step t€ TS in association with lamination
ke (3

th -

OHOL)S

Designates whether the hydroelectric resource at bus b€ B
has been scheduled at or above MinHO,, in time-step t€ 7.

3.6.2.2 Variables and Objective Function

The variables used are mostly the same as those used in Pre-Dispatch Scheduling.
However, the variables representing unit commitment decisions and hydroelectric
minimum hourly output and start decisions are not needed as these decisions are
fixed. Violation variables for the linked hydroelectric resource constraints are not
needed in Pre-Dispatch Pricing. This is because the schedules of linked
hydroelectric resources will largely be fixed from Pre-Dispatch Scheduling. That is,
the same variables will be used except:

e IDG,, for bus be BP¢ and time-step t€ 7S will no longer appear in the

formulation;

e 0DG,, for bus be B”C and time-step te TS will be fixed to a constant value as
described in Section 3.6.2.3;
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e OHO,, for bus be B"F and time-step ¢t€ TS will be fixed to a constant value as
described in Section 3.6.2.3; and

e [HE,,; for be B, time-step t€ TSand start indication value /€ {1,.,NStartMW,}
will no longer appear in the formulation because hydroelectric resources with
a limited number of starts will be scheduled in respect of their eligibility to
set prices as described in Section 3.6.2.3.

e SOGenLnkViolyy, 4, for (by,bz) € LNK such that b; € BZ‘,E and b, € B, time-step
te 7S and i€ {1,.,Nogenrnkvio,} Will No longer appear in the formulation.

e SUGenLnkVioly, 1, for (by,by) € LNK such that b; € Bu”,f and b, € BYE, time-step
te 75 and i€ {1,.,Nygenrnkvio,} Will No longer appear in the formulation.

Similar to Pre-Dispatch Scheduling, the objective function will be to maximize the
gains from trade. However, any start-up costs and costs to operate at m/inimum
loading point are not evaluated since the corresponding unit commitment decisions
are fixed within Pre-Dispatch Pricing. The objective function is the same as in Pre-
Dispatch Scheduling except:

e the start-up and minimum generation costs are constants and thus are
dropped from the objective; and

e the violation cost is calculated using the set of constraint violation penalty
curves for determining market prices.

Thus, Pre-Dispatch Pricing will maximize the value of the following expression:

Z (ObjDLt — ObjHDR, + ObjXL, — OijDGt)
— ObjDG, — ObjIG, — TB, — ViolCost,
teTs

where:

z SDLyp,j* PDLyy; — Z S10SDL¢p,j - P10SDLyy ; —

€Ity jeiy’

ObjDL, = Z ;
pemhL Z S10NDL,,, ; - PIONDL,, ; — Z S30RDL, ;- P3ORDL ), ;

10N 30R

J€ltp J€Jfp

ObjHDR, = Z 2 SHDR:y, ;- PHDRyp, ; |;

beRPDR \ j'elE,

Z SXLtqj PXLtgj — Z S10NXL¢g,j - PIONXL¢ 4

ObjXL, = 2 j€lta jertd .
t — )
& - § S30RXLeg ;- P3ORXLeq

. ~T30R
J€Jta
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ObjNDG, = Z Z SNDG¢py * PNDGip i |

NDG E
beB keKE,

Z SDGt,b,k : PDGt,b,k + z S].OSDGt,b,k : PlOSDGt’b’k +

. kekE, kek}9S
Ob]DGt - ’ ’
B e Z S10NDGy i - PIONDG, 1 + Z S30RDGy - P30RDG, p i
kek N kek PR
Z SIGt,d,k " PIGt,d,k + Z SlONIGt’d'k " PlONIGt’d'k
0bjIG. = ) et et ;
deDI + 2 S3ORIGt’d‘k " PBORIGt'd'k
kek3R
and
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ViolCost, =

i=1.NLaviol;

)

3 Detailed Functional Design

Z SLdViol;; - PLdViolPrc.;

SGenViol,; - PGenViolPrc,;

i= 1.Ngenviol,

+

S§10SViol, ; - P10SViolPrc

i=1.N1osviol;

+

S10RViol;; - P1ORViolPrcy;

i=1.N1oRviol;

)

S30RViol,; - P30RViolPrcy ;

i=1.N3oRviol;

+
T€EORREG

+

TEORREG

T€EORREG

TEORREG

+

SREG10RViol, . ; - PREG10RViolPrc,

i=1.NREG10RViol;

SREG30RViol,.. ; - PREG30RViolPrc, ;

i=1.NREG30RViol;

SXREG10RViol, . ; - PXREG10RViolPrc,

i=1.NXREG10RViol;

2.

i=1.NXREG30RViol;

SXREG30RViol,.; - PXREG30RViolPrc,

SPrelTLViolg ;- PPrelTLViolPrcy

fE€Fe \i =L.NprerrLviols,

3

2.

SITLViol, s * PITLViolPre, sy

CEC fE€Fc \I=L.NiTLViol, f,

)

ZEZsch

)

2.

SPreXTLViol, ;- PPreXTLViolPrc,

i=1.NprexTLViol;

SNIUViol,; - PNIUViolPrc, ;

i =1.NNjyviol,

+

SNIDViol, ; - PNIDViolPrc,;

i=1.Nn1pviol;

+

beBELR

+
beBHE
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SMaxDelViol, ) ; - PMaxDelViolPrc,, ;

i= 1..NMaxDelViolt

SMinDelViol,y ; - PMinDelViolPrc,, ;

2.

i =1.NMinDelviol;
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+ 2 2 SSMaxDelViol, ;; - PSMaxDelViolPrc,
SESHE \{ =1.Nsmaxpelviols

+ Z 2 SSMinDelViol,  ; - PSMinDelViolPrc,
se€SHE \i=1.Nsminpelviol;

The tie-breaking term 7B, is defined as in Pre-Dispatch Scheduling. The
maximization will be subject to the constraints described in the next sections.

3.6.2.3 Constraints Overview

The prices determined by Pre-Dispatch Pricing are intended to be a reflection of the
marginal value of the dispatch and commitment decisions made in Pre-Dispatch
Scheduling. Therefore, many of the constraints enforced in Pre-Dispatch Pricing are
analogous to the constraints enforced in Pre-Dispatch Scheduling. However,
additional constraints are required to ensure the eligibility of an offer or bid
lamination to set price is appropriately reflected. The following list describes the
additional constraints required.

Commitment Status Variables

Commitment decisions are fixed to the commitment statuses of resources calculated
in Pre-Dispatch Scheduling. Therefore, for all time-steps t€ 7S and all buses b€ B

ODG,,= ODG.".

Energy-Limited Resources

For energy-limited resources with a maximum daily energy limit that was binding in
Pre-Dispatch Scheduling, the schedules calculated in Pre-Dispatch Scheduling will
determine the price-setting eligibility of the resource’s energy and operating
reserve offer laminations. In each time-step, energy or operating reserve
laminations up to the total amount of energy and operating reserve scheduled in
Pre-Dispatch Scheduling will be eligible to set prices.

For bus b€ BPLR if there exists a time-step T€ TS,,, such that

ODG{PS - MinQDGC), + Z SDGEP%

t=2.T kekE,

+ 100RConv Z S10SDGLD5 + Z S10NDGFY5

10S 10N
KEKF; ke

+ 300RConv z S3ORDG713_Db_Sk = MaxDEL,qp — EngyUsed,,

30R
keK3Y!
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then the maximum daily energy limit constraint is considered to be binding for the
current dispatch day in Pre-Dispatch Scheduling. In such circumstances, the
following constraint must hold for bus b€ B¥%for all time-steps t€ TS,

Z SDGypx + z S10SDGpx + z S10NDGyp s + z S30RDG, p x

kekE, keKEDS kekpN kek:pR
< 2 SDGEDy + Z S10SDGLP% + Z S10NDG[D}
kekE, kek}pS keklpN
+ ) S30RDGPES.
kekZR

If the look-ahead period spans two dispatch days, then for bus be BELE if there
exists a time-step Te€ TS, such that

2 ODG[pS - MinQDGC), + Z SDGEDS

t=ttom-T kEbe

+ 100RConv Z S10SDG13% + Z S10NDGLDS,
keKzy KkeKEN

+ 300RConv Z S30RDGEDS, | = MaxDELyom,p,

30R
keK3Y)

then the maximum daily energy limit constraint is considered to be binding for the
next dispatch day in Pre-Dispatch Scheduling. In such circumstances, the following
constraint must hold for bus b€ BfRfor all time-steps t€ TS,,,,:

Z SDGypy + Z S10SDG,px + Z S10NDG, . + Z S30RDGyjx

keKE, kek}pS kek N kekZPR
< > SDGERL+ ) S10SDGIRS+ ) STONDGERS
kekE, keKEDS ke N
+ 2 S30RDGEPy.
kek PR

Hydroelectric Resources

For hydroelectric resources, the following constraints will be used to reflect the
eligibility of offer laminations to set prices in the energy and operating reserve
markets. For certain operational constraints, a resource will only be limited in its
ability to set prices in the energy market because the resource is still eligible to be
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scheduled for operating reserve when its energy schedule is limited by such a
constraint.

Minimum Hourly Output

When a hydroelectric resource is scheduled for energy at or above its minimum
hourly output in Pre-Dispatch Scheduling, the hydroelectric resource will also be
scheduled at or above its minimum hourly output in Pre-Dispatch Pricing. The
energy offer laminations corresponding to the minimum hourly output amount will
be ineligible to set prices. When a hydroelectric resource with a minimum hourly
output amount receives a zero schedule in Pre-Dispatch Scheduling, the
hydroelectric resource will also receive a zero schedule in Pre-Dispatch Pricing and
will be ineligible to set prices in the energy market. Thus, for all time-steps te TS
and hydroelectric buses b€ BE:

ODGEPS - MinQDGCy, + Z SDGypy = MinHO, ), - OHOLP®

kekE,

and for all k€ K%
0 < SDGyyi < OHOS-QDGy

That is, the variable OHO,, used in Pre-Dispatch Scheduling will be set equal to the
constant OHO.”.

Limited Number of Starts

Hydroelectric resources with a limited number of starts will be scheduled so that
the resource is limited to set prices within an operating range consistent with the
number of starts utilized by the resource’s schedule determined by Pre-Dispatch
Scheduling. To achieve this, the resource’s schedule will be restricted to fall
between the same start indication values as it fell between in Pre-Dispatch
Scheduling. Thus, for all hydroelectric buses b€ B and all time-steps t€ TS:

If 0 < ODG" - MinQDGCy + Xyeyr, SDGipi < StartMWs,y, then
0 < ODG{p" - MinQDGCy, + z SDGypy < StartMW,, ; — 0.1

E
kekE,

If StartMW,,; < ODG[P® - MinQDGC,, + Lkek®, SDGEP; < StartMW, ;44 for i €
{1,.., (NStartMW, — 1)}, then
StartMW,; < ODG{p*® - MinQDGC, + Z SDGpy < StartMWy, ;1 — 0.1

E
keKE,

If ODGPS - MinQDGC,, + Ve, SDG[P3 = StartMWy, ysearemw,» then
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ODGLP® - MinQDGC), + z SDGepy = StartMWy, ysearemw,-

E
kekE,

Minimum Daily Energy Limit

For hydroelectric resources with a minimum daily energy limit that was binding in
Pre-Dispatch Scheduling, the energy schedules calculated in Pre-Dispatch
Scheduling will be treated as fixed blocks and will be ineligible to set prices. Thus,
for all hydroelectric buses b€ B such that MinDEL,,;,> 0 and

Z ODGEP® - MinQDGC,, + Z SDGFPy | < MinDEL.yq ), — EngyUsedy,
teTStod kekE,

the following constraints must hold for all time-steps t€ 75,,; and offer laminations
k€ Ky

SDGyp, i > SDGLY;.

If the look-ahead period spans two dispatch days, for all hydroelectric resource
buses be B such that MinDELy,,,,> 0 and

ODG[P® - MinQDGC), + Z SDGER3 | < MinDELyop, p,

t€TStom kEbe

the following constraints must hold for all time-steps te 7S,,, and offer laminations
k€ Ky

SDG, 1 = SDGLP5.

Shared Minimum Daily Energy Limit

A similar constraint holds for all sets of hydroelectric resources with a shared
minimum daily energy limit that was binding in Pre-Dispatch Scheduling. In each
hour, the sum of energy schedules calculated in Pre-Dispatch Scheduling for all
resources in each set will be ineligible to set prices. Energy schedules for
individual resources in each set may be changed compared to schedules in Pre-
Dispatch Scheduling, but the sum of energy scheduled in each set will be at least
equal to the sum of energy scheduled in Pre-Dispatch Scheduling.

Thus, for all sets s€ SHE such that:

ODG{p* - MinQDGCy, + Z SDG{py
t€TStoa \b €BIE kekE,
< MinSDELyq s — EngyUsedSHE,
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the following constraints must hold for all time-steps ¢t€ 7S,,; €:

ODGt’b ) ManDGCb + z SDGt,b,k

b eBHE kekE,

> Z ODGFPS - MinQDGC, + Z SDGEDS

b eBHE kekE,

If the look-ahead period spans two dispatch days, then for all sets se SHE such
that:

z z ODGLP® - MinQDGC), + z SDGERy | | < MinSDEL o s

t€TStom \b EB;IE kEbe

the following constraints must hold for all time-steps t€ 7S;,,,:

ODG,, - MinQDGC, + Z SDGy

b eBHE kekE,

> Z ODGEPS - MinQDGC, + z SDGEDS

b eBHE kekE,

Shared Maximum Daily Energy Limit

Hydroelectric resources with a binding maximum daily energy limit are constrained
as per the energy-limited resource constraints described above. Similar constraints
hold for all sets of hydroelectric resources with a shared maximum daily energy
limit that was binding in Pre-Dispatch Scheduling. In each hour, the sum of energy
schedules calculated in Pre-Dispatch Scheduling for all resources in each set will be
eligible to set prices. Energy schedules for individual resources in each set may be
changed compared to schedules in Pre-Dispatch Scheduling, but the sum of energy
scheduled in each set will be less than or equal to the sum of energy scheduled in
Pre-Dispatch Scheduling.

For all sets se SHE, if there exists Te TS,,; such that
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Z 2 ODG[PS - MinQDGC), + Z SDGED3

t=2.T \peBHE kekE,

+ Z 100RConv z S10SDG13% + Z S10NDGFD5,

beBHE keK29S kekFoN

+ 300RConv z SBORDG%J_DZ,_S,c
kek3R
= MaxSDELyqs — EngyUsedSHE;.

then the maximum daily energy limit constraint is considered to be binding for the
current dispatch day in Pre-Dispatch Scheduling.

In such circumstances, the following constraint must hold for all time-steps t€
TStUd:

Z Z SDGypy + Z S10SDG,p 1 + Z S1ONDG, . + Z S30RDGy px

beBHE \kekf, kek}pS kek N kekpR
PDS PDS PDS
< 2 Z SDGpy + Z S$10SDG; py + Z S10NDGy %
beBHE \kekf, kek}pS kek N

+ ) S30RDGEES |

30R
keK3)

If the look-ahead period spans two dispatch days, if there exists a time-step Te
7S,,m Such that

ODG/PS - MinQDGC), + Z SDGED3

t=ttom-T bEBSHE kEKtE’b

+ Z 100RConv Z S10SDGFD5 + 2 S10NDGER5

beBHE kek:9S kekFON

+ 300RConv Z S30RDGEDS, | | = MaxSDELyypms,

30R
keK3Y)

then the maximum daily energy limit constraint is considered to be binding for the
next dispatch day in Pre-Dispatch Scheduling.
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In such circumstances, the following constraint must hold for all and time-steps te
TStom:

Z Z SDGyp + Z S10SDG,p i + Z S1ONDG, . + Z S30RDGy px

beBHE \kekf, kek}pS kek N kekpR
PDS PDS PDS
< 2 Z SDGpy + Z S$10SDG; py + Z S10NDGy %
beBHE \kekf, kek}pS kek N

+ ) S30RDGEES |

30R
keK3)

Linked Hydroelectric Resources

Energy offer laminations for linked hydroelectric resources on a cascade river
system will be eligible to set prices consistently with the schedules calculated in
Pre-Dispatch Scheduling. For all downstream resources for which a MWh ratio was
respected in Pre-Dispatch Scheduling, the resource will be scheduled between its
schedule from Pre-Dispatch Scheduling plus or minus A for some small tolerance A.
For all upstream resources for which a MWh ratio was respected in Pre-Dispatch
Scheduling, the resource will be scheduled between its schedule from Pre-Dispatch
Scheduling plus or minus A for some small tolerance A. Each resource schedule will
continue to be limited by its offer quantity bounds and any applicable resource
minimum or maximum constraints.

For all linked downstream hydroelectric resources b, such that (b,b,) € LNKC where
b, € B and by € Bljfand all time-steps t€ TS

ODGERS - MinQDGCy, + z SDGEpY — A < ODG{P® - MinQDGCy, + Z SDGep, k
kEKEbZ kEbez
< 0DG[}® - MinQDGC,, + Z SDG{RS + A
kEbez

For all linked upstream hydroelectric resources b; such that (b;,5,) € LNKC where
b; € Bu”,f and b, € Bfand all time-steps t€ 7S such that ¢+ LagCy, p, < Npgp:

ODGFPS - MinQDGC,. + SDGFPS, — A < ODGPPS - MinQDGC,, + SDGyp. x
t,bl 1 t,bl,k t,bl 1 W1,
kEKEbl kEbel
< 0DG[}® - MinQDGCp,, + Z SDG{RS + A

kEKEy,
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3.6.2.4 Bid/Offer Constraints Applying to Single Hours

Scheduling Variable Bounds and Commitment Status Variables

No schedule can be negative, nor can any schedule exceed the quantity offered for
the respective market (energy and operating reserve). Therefore, for all time-steps
te TS

0 < SDL,j,; < QDL for all be B, je Jy;
0 < S10SDL,),; < Q10SDL,,; for all be B™, je J;13°;
0 < SIONDLy;,; < QLONDLyy,; for all be B, je

0 < S30RDL,;,; < Q30RDL,,; Jip"; for all be B, je j;
0 < SHDR.,; < QHDR,,, for all be BPR, je JE,;

0 < SXLy; < QXLyy; for all de DX, jejfd;

0 < SIONXLyy; < QLONXL,,; for all de DX, je J;3";
0 < S30RXL,q; < Q30RXL,y; for all de DX, je B9
0 < SNDGypie < QNDGyy for all be BYP¢, ke K}

0 = SlGyqr < QGyqk for all de DI, ke K%

0 < S10NIGyyi < QLONIG, 4y for all de DI, k€ K. }9,”, and
0 = S30RIGyqr = QBORIG for all de DI, ke

The schedules for dispatchable generation resources must also be consistent with
their commitment status. Dispatchable generation resources can be scheduled to
produce energy and operating reserve only if the generation resources are
committed. Therefore, for all time-steps t€ 7&:

0 < SDGpi < ODGLY* QDG for all be B¢, ke K%,

0 < S105DGy i < ODGL"-QL0SDGyp i for all be B®, ke K197

0 < SIONDG,;,; < ODGYS-QLONDG, for all be B”, ke k9", and
0 < S30RDGpi < ODGyy°-QBORDGyp i for all be B, ke K}~

Resource Minimums and Maximums

The constraints are the same as in Pre-Dispatch Scheduling. Resource minimum and
maximum constraints limit a resource’s ability to set prices to within the operating
region defined by such constraints.
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Off-Market Transactions

The constraints are the same as in Pre-Dispatch Scheduling, with the exception of
emergency energy.

Emergency Energy

A constraint is required to schedule emergency energy. These transactions are fixed
and therefore have no offer price considered in the objective function.

For all time-steps t€ 7S and all /ntertie zone sink buses corresponding to an
emergency sale transaction de DX?M:

z SXLt,d,j = z QXLt,d,j'
J€lta ]'Elgd

For all time-steps ¢t€ 7S and all /ntertie zone source buses corresponding to an
emergency energy purchase that supports a sale de DIF™ such that dgDprFMVs:

> Slbrax= ) QlGea
keKE, keKE,

Given that emergency energy purchases that do not support a sale should not be
scheduled in the pricing algorithm, the following constraint will be respected in Pre-
Dispatch Pricing. For all time-steps t€ 75 and all /ntertie zone source buses
corresponding to an emergency energy purchase that does not support a sale de

DIfMS:
z SIGt,d,k =0.

E
kekE,

Intertie Minimum and Maximum Constraints

The constraints are the same as in Pre-Dispatch Scheduling.

Operating Reserve Scheduling

The constraints are the same as in Pre-Dispatch Scheduling.

PSU Resources

The constraints are the same as in Pre-Dispatch Scheduling. A PSU resource that
cannot provide ten-minute operating reserve from its duct firing region will be
eligible to set prices within an operating range consistent with the schedules
calculated. If the resource is scheduled for energy within the duct firing region, it
will eligible to set prices in the energy and thirty-minute operating reserve markets.
If the resource is not scheduled for energy within its duct firing region, it will be
eligible to set prices in the energy and all operating reserve markets.
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Hydroelectric Resources
A hydroelectric resource must be scheduled for its hourly must-run amount. For all
time-steps t€ 7S and hydroelectric resource buses b€ B"E:

ODGEP® - MinQDGCp, + Z SDGypj = MinHMR, ;.

E
keKE,

The energy offer laminations corresponding to the hourly must-run amount will be
ineligible to set prices.

The minimum hourly output constraints as described in Pre-Dispatch Scheduling are
not required as they are replaced by the corresponding constraints in Section
3.6.2.3.

A hydroelectric resource cannot be scheduled within its forbidden regions. For all
dispatch days ge DAYS, all time-steps t€ 7Sin dispatch day g, all hydroelectric
resource buses b€ B and all i€ {1,.,NFor,}:

OFR.,; €{0,1};

ODGLP® - MinQDGC), + Z SDGgp 1

E
keKE,

< OFRt,b,i . Foqu,b,i + (1 — OFRt,b,i) . ManDGCb + 2 QDGt,b,k ;

keKE,
and
ODGEP® - MinQDGC, + z SDGypy = (1= OFRyp;) - ForUyp;.

E
kekE,

A hydroelectric resource will be scheduled in respect of its forbidden regions, and
therefore the resource is limited to set prices within the operating range
determined by the adjacent forbidden regions between which the resource was
scheduled.

Wheeling Through Transactions

These constraints are the same as in Pre-Dispatch Scheduling.

3.6.2.5 Bid/Offer Inter-Hour/Multi-Hour Constraints

Energy Ramping

These constraints are the same as in Pre-Dispatch Scheduling.

Operating Reserve Ramping

These constraints are the same as in Pre-Dispatch Scheduling.
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NQS Resources

The variables associated with commitment of NQS resources are held fixed and
therefore these constraints are no longer required.

Energy-Limited Resources

These constraints are the same as in Pre-Dispatch Scheduling. Schedules of energy-
limited resources with a maximum daily energy limit that was binding in Pre-
Dispatch Scheduling are additionally constrained as per Section 3.6.2.3.

Hydroelectric Resources

A hydroelectric resource must be scheduled for at least its minimum daily energy. If
the look-ahead period spans two dispatch days, a constraint is required for both
days. The constraint for today must consider the amount of energy already
provided by the resource. A violation variable is provided for these constraints to
improve the ability of the PD calculation engine to find a solution. For all
hydroelectric resource buses b€ B

Z ODGEP® - MinQDGC, + z SDGy

t€TStod kekE,

+ Z SMinDelViol;); | = MinDEL;yq ), — EngyUsed,,.
i=1.NMinDelViol;

If the look-ahead period spans two dispatch days, for all hydroelectric resource
buses be BE:

z ODG[P® - MinQDGC), + Z SDG¢p

t€TStom kEbe

+ Z SMinDelViol,,; | = MinDELypm,p-

i=1.NMinDelViol;

For hydroelectric resources with a binding minimum daily energy limit in Pre-
Dispatch Scheduling, the constraints in Section 3.6.2.3 imply the above constraint.

The maximum number of starts constraints are no longer required as they are
replaced by the corresponding constraints in Section 3.6.2.3.

The schedules for hydroelectric resources must respect shared maximum daily
energy limits. If the look-ahead period spans two dispatch days, constraints are
required for both days. The constraints for today must consider the amount of
energy already provided by resources with the shared daily energy limit. A
violation variable is provided for these constraints to improve the ability of the PD
calculation engine to find a solution. For all sets se€ SHE and all time-steps T€ 75,4
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Z Z ODGLP® - MinQDGC,, + Z SDGyp

t=2.T \p eBHE keKE,

+ Z 100RConv z S10SDGyrpy + Z S10NDGrp

beBHE keK29S kekFoN

+ 300RConv z S30RDGrpx
kek3OR
— z SSMaxDelViolr;

i= 1..N5MaxDelVL'0lT

< MaxSDELyqs — EngyUsedSHE;.

If the look-ahead period spans two dispatch days, then for all sets se SHE and all
time-steps T€ TS;,,,:

ODGLP® - MinQDGC,, + Z SDGyp

t=ttom-T \b EBEE kEbe

+ Z 100RConv Z S10SDGyp e + Z S10NDGy

beBHE kek:9S kekFON

+ 300RConv z S30RDGrpx
kek3R
— z SSMaxDelViolr g; < MaxSDEL¢yp, s

i= 1..N5MaxDelVL'0lT

The factors 100RConv and 300RConv are applied to scheduled ten-minute operating

reserve and thirty-minute operating reserve for energy-limited resources to convert
MW into MWh.

The schedules for hydroelectric resources must respect shared minimum daily
energy limits. If the look-ahead period spans two dispatch days, a constraint is
required for both days. The constraint for today must consider the amount of
energy already provided by resources with the shared daily energy limit. A
violation variable is provided for these constraints to improve the ability of the PD
calculation engine to find a solution.
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For all sets se SHE,,; and all time-steps t€ 75,4

Z Z ODG[P® - MinQDGC), + Z SDG¢p

t€TStoa \b €BIHE kekE,

+ Z SSMinDelViol;s; | 2 MinSDELyq s — EngyUsedSHE.

i=1.NsminDelviol;

If the look-ahead period spans two dispatch days, then for all sets se€ SHE:

Z Z ODGLP® - MinQDGC,, + Z SDGyp

t€TStom \b EBEE kEbe

+ z SSMinDelViol, s; | = MinSDEL;yy, s

i=1.NsMinpelviol;

Analogous to maximum daily energy limits and minimum daily energy limits for a
single resource, additional constraints will be applied when shared daily energy
limits are binding as described in Section 3.6.2.3.

3.6.2.6 Constraints to Ensure Schedules Do Not Violate Reliability
Requirements
Energy Balance

The constraint is the same as in Pre-Dispatch Scheduling. The marginal loss factors
used in the energy balance constraint in Pre-Dispatch Pricing will be fixed to the
marginal loss factors used in the last optimization function iteration of Pre-Dispatch
Scheduling.

Operating Reserve Requirements

The constraints are the same as in Pre-Dispatch Scheduling.

IESO Internal Transmission Limits

The constraints are the same as in Pre-Dispatch Scheduling. The sensitivities and
limits considered are those provided by the most recent security assessment
function iteration.

Intertie Limits

The constraints are the same as in Pre-Dispatch Scheduling.
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Penalty Price Variable Bounds

The following constraints restrict the penalty price variables to the ranges
determined by the penalty price curves. For all time-steps te TS:

0< SLdViol,; < QLdViolPrc,; for all 7€ {1,..,Nqvio1}:

0< SGenViol,; < QGenViolPrc,; for all 7€ {1,.,Ngepvios}:

0< 510SViol,; < Q10SViolPrc,; for all 7€ {1,., Mosviol};

0< S10RViol,;< QLORViolPrc,; for all 7€ {1,.,Niorpre}

0 < S30RViol,; < @30RViolPrc,, for all 7€ {1,.,N0rpre,};

0< SREG10RViol,,; < QREG10RViolPrc,; for all r€ ORREG, i€ {1,.,Nrgciorpre,}s
0< SREG30RViol,.,.; < QREG30RViolPrc,; for all r€ ORREG, i€{1,..Nggg3orpere, )3
0< SXREG10RViol,,; < QXREG10RViolPrc,; for all r€ ORREG, i€ {1,.,Nxggciorpere,)s
0< SXREG30RViol,,; < QXREG30RViolPrc,; for all re ORREG, i€ {1,.,Nxgrc3orpre,}s
0< SPrelTLVioly,; < QPrelTLViolPrcg,; for all feF,, 7€ {1.,Nprerrirre,,};
0< SITLViolg,,; < QITLViolPrcg, for all ce € fe F,, 1€ {1.,Npiriprc, .}
0< SPreXTLViol,,; < QPreXTLViolPrc,,; for all z€ Zgy, 1€ {1, Nprexripre, )

0< SNIUViol,; < QNIUViolPrc,; for all 7€ {1..,Nyuwprc,}:

0 < SNIDViol,; < QNIDViolPrc:; for all /€ {1,.,Nyppre,};

0< SMaxDelViol,,; < QMaxDelViolPrc, ; for all be BER, i€ {1,.,Nypaxpewviol};
0< SMinDelViol,,; < QMinDelViolPrc,,; for all be B, i€ {1,.,Nympewiot};

0< SSMaxDelViol, ;< QSMaxDelViolPrc,; for all s€ SHE i€ {1,.,Ngyaxpervioy,}, @and
0< SSMinDelViol,; < QSMinDelViolPrc,, for all s€ SHE, 1€ {1,..,Nsyinpetvior, }-

3.6.2.7 Outputs

Pre-Dispatch Pricing will produce shadow prices for all constraints contributing to
locational prices. A shadow price for a constraint reflects the cost savings achieved
by relaxing that constraint a small amount and measuring the marginal response.
LMPs will be calculated using the pricing formulas provided in Section 3.8, which
specify how constraint shadow prices, marginal loss factors and constraint
sensitivities are used to determine an LMP and its components.

Table 3-13 lists the shadow prices outputs of Pre-Dispatch Pricing constraints that
will be produced for each time-step te 7§:
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Table 3-13: Shadow Pricing Outputs of Pre-Dispatch Pricing

Output Description
SpIPOP shall designate the shadow price for the energy balance
¢ constraint.
shall designate the shadow price for the pre-contingency
SPNormTZ}DP . . . .
transmission constraint for facility f€ Fin time-step ¢
shall designate the shadow price for the post-contingency
SPEm M,D,f transmission constraint for facility fe Fin contingency c€ Cin
time-step ¢
SPERETIOP shall designate the shadow price for the import or export limit
X tz

constraint z€ Zg,, in time-step ¢

shall designate the shadow price for the net interchange
SPNIUExtBwdT{P? | scheduling limit constraint limiting increases in net imports
between time-step (¢— 7) and time-step ¢

shall designate the shadow price for the net interchange
SPNIDExtBwdT{”" | scheduling limit constraint limiting decreases in net imports
between time-step (¢— 7) and time-step ¢

shall designate the shadow price for the net interchange
SPNIUExtFwdT!P" | scheduling limit constraint limiting increases in net imports
between time-step tand time-step (¢+ 1).

shall designate the shadow price for the net interchange
SPNIDExtFwdT{”" | scheduling limit constraint limiting decreases in net imports
between time-step tand time-step (¢+ 7).

shall designate the shadow price for the total synchronized

SP10SEPP ten-minute operating reserve requirement constraint in time-
step ¢
SPLORPP shall designate the shadow price for the total ten-minute
‘ operating reserve requirement constraint in time-step ¢
PDP shall designate the shadow price for the total thirty-minute
SP30R;

operating reserve requirement constraint in time-step ¢

shall designate the shadow price for the minimum ten-minute
SPREGMI'I]lORfQP operating reserve constraint for region re ORREG in time-step
.

shall designate the shadow price for the minimum thirty-
SPREGMJ'IBOR’;QP minute operating reserve constraint for region re ORREG in
time-step ¢
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Output Description

shall designate the shadow price for the maximum ten-minute
SPREGMaX10R§QP operating reserve constraint for region r€ ORREG in time-step
t.

shall designate the shadow price for the maximum thirty-
SPREGMaXBORI;QP minute operating reserve constraint for region re ORREG in
time-step ¢

Table 3-14 lists the LMPs and components for each time-step t€ 7S calculated using
the pricing formulas in Section 3.8.

Table 3-14: LMP Outputs of Pre-Dispatch Pricing

Output Description
PReffPP i i i
el; shall designate the time-step ¢ energy reference price.
LMHZDP shall designate the time-step #LMP for bus b€ 5.
PLos. ,;5” shall designate the time-step tloss component for bus b€ B.
DP shall designate the time-step ¢ congestion component for bus
PCong,,
’ bEB.
PPDP . . . .
ExtLMF, ; shall designate the time-step ¢ LMP for /ntertie zone bus de D.
shall designate the time-step ¢ /ntertie border price (I1BP) for
’ intertie zone bus de D.
DP shall designate the time-step tloss component for /ntertie
PLoss, 4

zone bus de D.

shall designate the time-step tinternal congestion component

PintCongty” . )
’ for intertie zone bus de€ D.

shall designate the time-step t /ntertie congestion component

PExtCongt” . )
’ for intertie zone bus de D.
PDP shall designate the time-step ¢ net interchange scheduling
PN[SLt’d . . . .
limit congestion component for /ntertie zone bus de D.
pPDP shall designate the time-step ¢ thirty-minute operating reserve
L30R th .
price for bus b€ B.
DP shall designate the time-step ¢ non-synchronized ten-minute
L10NP

operating reserve price for bus b€ B.

Issue 2.0 — January 28, 2021 Public 134



Pre-Dispatch Calculation Engine 3 Detailed Functional Design

Output Description

shall designate the time-step ¢synchronized ten-minute

L10sPPr , .
’ operating reserve price for bus b€ B.

shall designate the time-step ¢ thirty-minute operating reserve

ExtL30RP"PP _ S
’ price for intertie zone bus de D.

shall designate the time-step ¢ non-synchronized ten-minute

ExtL10NP™?P ) ) o
’ operating reserve price for intertie zone bus de D.

The PD calculation engine will record all such values for informational purposes.

Advisory Prices and Intertie Congestion Prices

The LMPs and shadow prices determined by Pre-Dispatch Pricing, as described
above, will be the pre-dispatch advisory prices for the pre-dispatch scheduling
process. For each pricing output, a superscript of 1, e.g. SPXX?, shall designate the
Pass 1 pricing results. These prices will be published by 30 minutes past the hour.

3.6.3. Market Power Mitigation

The /ESO will assess resources for market power following Pre-Dispatch Pricing.
Market Power Mitigation will use outputs from Pre-Dispatch Pricing to assess
whether certain conditions related to transmission congestion have been met. The
constrained area conditions test will determine the set of resources (if any) that
need to be tested for Market Power Mitigation. The conduct test will then check if
those resources offered within the conduct thresholds. Market participant offers
that failed the conduct test will be replaced by their reference level for Reference
Level Scheduling and Pricing. The price impact test will compare the LMPs from
Pre-Dispatch Pricing with those from Reference Level Pricing. If a resource fails the
price impact test, reference levels for the dispatch data parameters that failed the
conduct test will be used in the subsequent runs of Pre-Dispatch Scheduling and
Pre-Dispatch Pricing for that hour through to the real-time timeframe.

3.6.3.1 Constrained Area Conditions Test

The /ESO will implement a conduct and impact testing methodology that will
identify exercises of market power only when competition is restricted. The /ESO
will use a specific set of conditions to determine if competition is restricted. These
conditions are categorized into local market power conditions and global market
power conditions. If no conditions are met than the conduct test is not applied.

The following list identifies the /ESO-defined conditions that would meet mitigation
testing for energy and operating reserve. Refer to the Market Power Mitigation
detailed desigh document for more details. Each of these conditions will be tested
for separately, as detailed below.
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Local Market Power (£Energy), including:
o0 Narrow Constrained Area (NCA)
o0 Dynamic Constrained Area (DCA)
0 Broad Constrained Area (BCA)

Global Market Power (£Energy)

Global Market Power (Operating Reserve)

Local Market Power (Operating Reserve)

The outputs of the conditions test are the set of resources that will be subject to
the conduct test. A different set of resources will be identified for each market
power condition as the conduct test depends on the condition triggered. The
resource sets identified will be denoted as follows:

BCondY“4 shall designate the resources in an NCA that must be checked for
Local Market Power for energy in time-step te 75.

BCondP®? shall designate the resources in a DCA that must be checked for
Local Market Power for energy in time-step te 76.

BCond?“ shall designate the resources in a BCA that must be checked for
Local Market Power for energy in time-step te TS.

BCond®™? shall designate the resources that must be checked for Global
Market Power for energy in time-step t€ 75.

BCond:®® shall designate that resources that must be checked for Local
Market Power for synchronized ten-minute operating reserve in time-step
te TS.

BCond{®N shall designate that resources that must be checked for Local
Market Power for non-synchronized ten-minute operating reserve in time-
step te€ 75.

BCond?°% shall designate that resources that must be checked for Local
Market Power for thirty-minute operating reserve in time-step te 7§.

BCond“™P195 shall designate that resources that must be checked for Global
Market Power for synchronized ten-minute operating reserve in time-step
te T8S.

BCond®™P19V shall designate that resources that must be checked for Global
Market Power for non-synchronized ten-minute operating reserve in time-
step te 7S.

BCond®™P3OR shall designate that resources that must be checked for Global
Market Power for thirty-minute operating reserve in time-step t€ 78.
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Inputs into the Constrained Area Conditions Test

The constrained area conditions test will use the applicable inputs identified in
Section 3.4.2. Table 3-15 lists the Pre-Dispatch Pricing outputs that will be also be
used by the constrained area conditions test.

Table 3-15: Outputs of Pre-Dispatch Pricing as Input to the Constrained Area

Conditions Test

Input Description
LMP;;,DP The LMP for bus b€ Bin time-step te T5.
The congestion component of the LMP for bus b€ B
PComg‘ff,”D o g P
. in time-step te 7§.
ExtLM, t’fp The LMP for intertie bus de D in time-step te 7S.

PExtCong, np

The /ntertie congestion component of the LMP for
intertie bus de D in time-step te€ TS.

PintCon 55’)

The internal congestion component of the LMP for
intertie bus de D in time-step te€ TS.

The /ntertie border price (IBP) for /ntertie bus de D

IntLMPL?? o
. in time-step te 7§.
The shadow price associated with the rate of change
of the objective function for a change in the limit,
SPNormTffDP AdjNormMaxFlow, on flows over transmission facilities
in normal conditions for facility fe Fin time-step
te TS.
shall designate the shadow price for the post-
SPEm h}gfc’ contingency transmission constraint for facility f€ Fin
contingency c€ Cin hour A.
The shadow price for the net interchange scheduling
SPNIUExtBwdT!PP limit constraint limiting increases in net imports
between time-step (¢— 1) and time-step ¢
I30RPPP The thirty-minute operating reserve price at bus be B
&b in time-step te 7S.
I10NPFPP The non-synchronized ten-minute operating reserve
&b price at bus b€ Bin time-step t€ TS.
PDP The synchronized ten-minute operating reserve price
L10SP;

at bus b€ Bin time-step te TS.
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Conditions Test for Local Market Power (Energy) Constrained Areas

The following sections describe the conditions that must be met for resources
located within an NCA, DCA or BCA to qualify for Local Market Power (energy)
mitigation testing.

NCA and DCA

If at least one transmission constraint for the NCA or DCA is binding in Pre-Dispatch
Pricing, all resources identified as within that constrained area will qualify to
undergo the conduct test.

NCAs or DCAs that meet this criterion will be assigned to the following subsets:
e NCA, shall designate the NCAs that qualify for MPM in time-step t€ 7S: and
e DCA,' shall designate the DCAs that qualify for MPM in time-step t€ TS.

The process for identifying resources in NCAs and DCAs that qualify for MPM is as
follows:

For each n€e NCA and time-step te TS

e For each transmission facility that transmits flow into n, f€ F,’,VCA, check if
SPNormT;F*#0 or SPEmT;%f #0 for the inbound flow limit. If true, place nin
the set NCA,; and assign the resources in n to the set BCondY“.

For each de DCA and time-step te€ 7§:

e For each transmission facility that transmits flow into d, f€ fng, check if
SPNormT;F*#0 or SPEmT;%f #0 for the inbound flow limit. If true, place din
the set DCA,’ and assign the resources in n to the set BCond?“.

BCA

A BCA will be identified where the congestion component of the resource’s LMP is
greater than BCACondThresh, and the resource is not part of an NCA or DCA that has
a binding transmission constraint.

The process for identifying BCAs that qualify for MPM is as follows:
For each time-step t€ 7S:
e For each bus b€ B?C such that bgBCondY4 U BCond?“*, check if
PCong!!{’>BCACondThresh. 1f true, then place resource b in the set BCond?“A.
Conditions Test for Global Market Power (Energy) Constrained Areas

There are two conditions that must both be present to test energy resources for
global market power. The PD calculation engine will check for these conditions, and
if met, perform the conduct test on applicable resources. Conditions and applicable
resources are discussed below.
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Condition 1: Unable to schedule incremental imports

The first two forecast hours in the look-ahead period will be assessed for this
condition, while the remainder of the time-steps in the look-ahead period will not.
Therefore, for time-steps ¢= {23}, the condition will be assessed and is indicated by
one of the following:

e Import congestion, represented by a negative /ntertie congestion component,
is present on all of the Global Market Power Reference Interties. This
condition is indicated by:

PExtCongty" < 0 for bids and offers, de D“MPRe corresponding to the
reference /nterties proxy location

o Net Intertie Scheduling Limit (NISL) is binding for imports, represented by a
non-zero NISL shadow price for incremental imports. This condition is
indicated by:

SPNIUExtBwdTPF #0
Condition 2: Pricing

If the /intertie border price (IBP) at the reference /nterties is greater than the
specified threshold value, then condition 2 will be met. This condition is indicated in
time-step te TS by:

IntLMPL?" >IBPThresh for bids and offers, de D“MPRel, corresponding to the reference
interties proxy location.

Resources Tested

If both conditions 1 and 2 are met, the PD calculation engine will test financial
dispatch data from resources that can meet incremental load within Ontario for
global market power. Resources with a congestion component at least $1/MWh
below the internal congestion component at all of the Global Market Power
Reference Interties will be exempted from testing for global market power. The
process for identifying resources that qualify for the conduct test for global market
power in the energy market is as follows:

For each time-step t€ 7§, if condition 1 and 2 to trigger global market power for
energy testing are met:
1. Place all b€ B¢ in the set BCond™".

2. Next, for each transmission facility, check if SPNormT}/¢"#0 or SPEmT; % #0. If
true, then remove all resources that have positive sensitivity factor on that
transnsmission facility from the set BCond§™”.
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. . 1
{And, for all resources b€ B” in all zones, if PCong(p’ <PIntCongig" —ﬁ where de€

DEMPRef (must be true for all Global Market Power Reference /nterties), then remove
resource from the set BCond“™.

Conditions Test for Local Market Power (Operating Reserve) Constrained Areas

Conditions to test for local market power in the operating reserve market occur
when there are reserve areas with a minimum requirement greater than zero.
Resources offering operating reserve in these areas will be subject to the conduct
test unless the resource is also located in a reserve area with a binding maximum
restriction constraint. In that case, the resource would be exempt from mitigation
testing for local market power in the operating reserve market.

The process for identifying the resources that qualify for mitigation testing for local
market power for operating reserve is as follows.

For each b€ BP¢u BPfand time-step t€ TS:

e If pisin a region with a binding area reserve maximum restriction
constraint, then b is exempt from the conduct test.

e Otherwise, if bis in a region with a non-zero area reserve minimum
requirement, then b is subject to the conduct test and is placed in the set
BCond'S, BCond:*",or BCond3°%.

Conditions Test for Global Market Power (Operating Reserve) Constrained Areas

Conditions to test for global market power in the operating reserve market occur
when there is an operating reserve LMP greater than ORGCondThresh. All resources
offering in that class of operating reserve will be tested, except resources in a
reserve area with a binding maximum restriction constraint.

The process for identifying the resources that qualify for mitigation testing for
global market power in operating reserve is as follows:

For each b€ B”¢u BPfand time-step t€ TS:

e If pisin a region with a binding max constraint, then 5 is exempt from the
conduct test;

Otherwise:

o Check if L10SP/?">O0RGCondThresh. If true, then add resource b to
BCond®P1o5,;

o Check if LIONP”>0RGCondThresh. If true, then add resource b to
BCond®™P1OV; and

e Check if L30RP/P’>0RGCondThresh. If true, then add resource b to
BCondiMP30R,

Issue 2.0 — January 28, 2021 Public 140



Pre-Dispatch Calculation Engine 3 Detailed Functional Design

3.6.3.2 Conduct Test

All resources that meet the constrained area conditions test criteria will undergo a
conduct test. If no such resources are identified, the Market Power Mitigation
process is complete and the conduct test will not occur.

In the conduct test, the dispatch data parameters submitted by market participants
for their resources will be evaluated against reference levels. The conduct test
checks whether financial dispatch data parameter values are within a set threshold
level of the reference level. If a resource qualifies for more than one conduct test
in either energy or operating reserve, the test with the most stringent threshold
levels will be performed.

If all resource financial dispatch data parameters pass the conduct test, the Market
Power Mitigation process is complete and no mitigation is required. If one or more
financial dispatch data parameter fail the conduct test, the PD calculation engine
will perform Reference Level Scheduling, Reference Level Pricing and the Price
Impact Test.

Inputs into the Market Power Mitigation Conduct Test

The conduct test will use the applicable inputs identified in Section 3.4.2.

Variables

A set of resources that failed the conduct test for at least one financial dispatch
data parameter will be identified for each condition, where:

e BCTM“4 shall designate the resources in an NCA that failed the conduct test
for at least one dispatch data parameter in time-step t€ 7§,

e BCTP“ shall designate the resources in a DCA that failed the conduct test for
at least one dispatch data parameter in time-step t€ 75;

e BCT?“ shall designate the resources in a BCA that failed the conduct test for
at least one dispatch data parameter in time-step te 7§

e BCTf™? shall designate the resources that failed the Global Market Power
(energy) conduct test for at least one dispatch data parameter in time-step
te TS,

e BCTPRL shall designate the resources that failed the Local Market Power
(operating reserve) conduct test for at least one dispatch data parameter in
time-step te 7TS; and

e BCTPR¢ shall designate the resources that failed the Global Market Power
conduct test for operating reserve for at least one dispatch data parameter
in time-step te 78
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The conduct test will also identify the following sets of dispatch data parameters
for all time-steps te 7§:

e PARAME,, shall designate the set of dispatch data parameters that failed the
energy conduct test for bus b€ {BCTY4 u BCTP“Y U BCTP4 U BCTEMPY in time-
step £, and

e PARAMOR,, shall designate the set of dispatch data parameters that failed
the operating reserve conduct test for bus b€ {BCTPRL U BCTPRSY in time-step
t.

For any resource at bus b€ B?“, the following dispatch data parameters may be
identified in PARAME, :

e EnergyOfter; indicating a non-zero quantity of the energy offer above MLP
lamination k€ be failed the conduct test;

o FnergyToMLR, indicating a non-zero quantity of the energy offer for energy to
MLP lamination k€ K%;"“" failed the conduct test;

e SUOffer indicating the start-up offer failed the conduct test; and
e SNLOfferindicating the speed no-load offer failed the conduct test.

For any resource at bus b€ B’ u B"L, the following dispatch data parameters may
be identified in PARAMOR, .

e (OR10SO0ffer; indicating a non-zero quantity of the ten-minute synchronized
operating reserve offer lamination k€ Kiy° failed the conduct test;

e OR10NOffer; indicating a non-zero quantity of the ten-minute non-
synchronized operating reserve offer lamination k€ KgZN failed the conduct
test;

o OR30ROffer; indicating a non-zero quantity of the thirty-minute operating
reserve offer lamination k€ K29 failed the conduct test;

e SUOffer indicating the start-up offer failed the conduct test;
e SNLOffer indicating the speed no-load offer failed the conduct test; and

o FnergyToMLP, indicating a non-zero quantity of the energy offer for the
energy to MLP lamination k€ be failed the conduct test.

Commitment cost dispatch data parameters will be tested for all hours prior to and
including the last hour where conditions are met for both the energy and operating
reserve conduct test.

Conduct Test for Energy

Resources that qualify for testing for market power mitigation in the energy market
will have the following dispatch data parameters evaluated:
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e Energy offer, including offers up to and above MLP (only applicable if energy
offer is greater than CTEnMinOfter),

e Start-up offer, and
e Speed no-load offer.

The /ESO will perform the conduct test for resources that were selected in the
constrained area conditions test for NCAs as follows.

For each time-step t€ 7Sand b€ BCond'“*:

o Evaluate energy offer above MLP: For all ke be,if PDG, p, ,>CTEnMinOffer and
PDG, > min (PDGRef; ;. (1 + CTEnThresh1¥?), PDGRef;},; + CTEnThresh2V¢4) |
then conduct test failed for resource at bus b. Assign resource to subset
BCTY4 and add EnergyOffer; to PARAME,},.

o Evaluate energy offer for the range of production up to MLP: For all time-steps
prior to and including the time-step that meets the conditions test, for all k€
KiME i PLTMLP, ), >CTEnMinOffer and
PLTMLP,, ;> min (PLTMLPRef, ;,, (1 + CTEnThresh1VY), PLTMLPRef;},; + CTEnThresh2V¢4)
then conduct test failed for resource at bus 5. Assign resource to subset BCT}Y¢4
and add EnergyToMLF, to PARAME,,.

o Evaluate start-up offer. For all time-steps prior to and including the time-
step that meets the conditions test, if SUDG,,> SUDGRef;,"(1+ CTSUThresh"4),
then conduct test failed for resource at bus b. Assign resource to subset
BCTY4 and add SUOffer to PARAME,,.

o Evaluate speed no-load offer: For all time-steps prior to and including the time-
step that meets the conditions test, if SNL,,> SNLRef;,"(1+ CTSNLThresh™?),
then conduct test failed for resource at bus b. Assign resource to subset BCTY4
and add SNLOffer to PARAME;.

The conduct test for DCA, BCA, and Global Market Power (energy) would take the
same form, while referencing resources in BCond?“4, BCond?“4, and BCond‘™" and
using the appropriate conduct test thresholds. Additionally, resources will be
assigned to the subsets BCTP“, BCTP4, and BCTEMP,

Conduct Test for Operating Reserve

Resources that qualify for operating reserve market power mitigation will have the
following parameters evaluated:

o Operating reserve offer (only applicable if operating reserve offeris greater
than CTORMinOffer),

e Start-up offer,

e Speed no-load offer; and
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e Energy offers for the range of production up to MLP.

As noted above, if a resource qualifies for more than one operating reserve conduct
test, the test with the most stringent threshold levels will be performed.

The /ESO will perform the conduct test for resources that were selected in the
Local Market Power operating reserve constrained area conditions test as follows.

For each time-step t€ 7Sand b€ BCond:®S U BCond:°" U BCond>°%:
o Evaluate operating reserve offer:

o For all k€ K:9° such that PLOSDG,,;>CTORMinOffer and
PL0SDG, , > min(PLOSDGRef, (1 + CTORThresh1°%), PL0SDGRef, ;. +
CTORThresh2°fh), then conduct test failed for resource at bus b. Assign
resource to subset BCTPRL and add OR10SOffer, to PARAMOR,,.

o For all ke K:9" such that P10NDG,,,;,>CTORMinOffer and
PLONDG, ;> min(PLONDGRef,, (1 + CTORThresh1°fY), PLONDGRef, ;. +
CTORThresh2°fY), then conduct test failed for resource at bus b. Assign
resource to subset BCTPRL and add OR10NOffer; to PARAMOR,y,.

o For all kerj%R such that P30RDG, >CTORMinOffer and

P30RDG, ;> min(P30RDGRef, (1 + CTORThresh1°RY), P3SORDGRef, ;, +
CTORThresh2°fh), then conduct test failed for resource at bus b. Assign
resource to subset BCTP* and add OR30ROffer; to PARAMOR,,,.

o Evaluate start-up offer: For all time-steps prior to and including the time-
step that meets the conditions test, if SUDG,,> SUDGRef,,"(1+ CTSUThresh°Rb),
then conduct test failed for resource at bus 6. Assign resource to subset
BCTPRL and add SUOffer to PARAMOR,,,.

o Evaluate speed no-load offer: For all time-steps prior to and including the time-
step that meets the conditions test, if SNL,,> SNLRef;,"(1+ CTSNLThresh®r"),
then conduct test failed for resource at bus b. Assign resource to subset BCTR:
and add SNLOffer to PARAMOR,,.

o Evaluate energy offers for the range of production up to MLP: For all time-steps
prior to and including the time-step that meets the conditions test, for all k€
KEPMEP it PLTMLP, ), >CTEnMinOffer and
PLTMLP,y, > min (PLTMLPRef, (1 + CTEnThresh1°RY), PLTMLPRef;,,; + CTEnThresh29RL)
then conduct test failed for resource at bus b. Assign resource to subset BCTOR
and add EnergyToMLF, to PARAMOR,.

The conduct test for global market power operating reserve would take the same
form, while referencing resources in BCond?™™%S, BCond¢™™V, and BCond¢™P°F and
using the appropriate conduct test thresholds. Additionally, resources will be
assigned to the subset BCTPRC.
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Outputs
The outputs of the conduct test will include the following for each time-step te 7§:

e The set of resources that failed the conduct test for at least one parameter
by condition type (i.e. resources included in the sets BCTY4, BCTP“, BCTP,
BCTMP, BCTPRE, BCTPRC).

o The dispatch data parameters that failed the conduct test for the resource at
bus b (i.e. dispatch data parameters included in the sets PARAME,,
and PARAMOR,;), and

o A revised set of financial dispatch data parameters for resources that failed a
conduct test with dispatch data parameters that failed the conduct test
replaced reference levels. This set is referred to as the reference level
dispatch data. For energy and operating reserve offers with multiple
laminations:

o If one or more lamination in the energy offer for the range of
production up to MLP fails the conduct test, the PD calculation engine
will replace all laminations in the energy offer for the range of
production up to MLP.

o If one or more lamination in the energy offer for the range of
production above MLP fails the conduct test, the PD calculation engine
will replace all laminations in energy offers for the entire range of
production (up to and above MLP).

o If one or more lamination in the operating reserve offer fails the
conduct test, the PD calculation engine will replace all laminations in
the operating reserve offer.

3.6.3.3 Reference Level Scheduling

Reference Level Scheduling will perform a security-constrained unit commitment
and economic dispatch similar to that performed by Pre-Dispatch Scheduling.
Reference Level Scheduling only differs from Pre-Dispatch Scheduling in that it will
use reference level dispatch data for any financial dispatch data from registered
market participants that failed the conduct test.

Reference Level Scheduling will determine commitment statuses and schedules.
These commitments will serve as inputs into Reference Level Pricing. The schedules
produced will not be financially binding and will only be used within ex-ante Market
Power Mitigation.

The following sections describe the formulation of the optimization function for
Reference Level Scheduling.
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Inputs

All applicable inputs identified in Section 3.4.1 will be used. Reference level
dispatch data will be used for any financial dispatch data parameters from
registered market participants that failed the conduct test in the current PD
calculation engine run.

Additionally, if an NQS resource start-up offer failed the conduct test, the
evaluation of the start-up cost for an NQS resource advancement (described in
Section 3.5.6) must be performed, with the appropriate start-up offer considered by
the optimization function in each time-step.

Variables, Objective Function, and Constraints

The variables, objective function and set of constraints are the same as those used
in Pre-Dispatch Scheduling.

Outputs

Reference Level Scheduling will produce schedules and unit commitment statuses
for all resources.

For each scheduling variable SXX, SXX*.S shall designate the value determined in
Reference Level Scheduling.

In particular, the unit commitment statuses and affiliated start-up decision
determined in Reference Level Scheduling will be denoted as follows:

o 0DGHS €{0,1} shall designate whether the dispatchable generation resource
at bus b€ B¢ was scheduled at or above its minimum loading point in time-
step te 7S, and

. IDGfﬁse {01} shall designate whether the dispatchable generation resource at
bus b€ B¢ was scheduled to start (reach its minimum loading point) in time-
step te TS.

The PD calculation engine will record all such values for informational purposes.

3.6.3.4 Reference Level Pricing

Reference Level Pricing will perform a security-constrained economic dispatch
similar to that performed by Pre-Dispatch Pricing. Reference Level Pricing differs
from Pre-Dispatch Pricing in that it will use reference level dispatch data for any
inputs from registered market participants that failed the conduct test in the
current PD calculation engine run. Reference Level Pricing also differs from Pre-
Dispatch Pricing in that the principle for price-setting eligibility will be applied by
taking into account the Reference Level Scheduling results.

Reference Level Pricing will determine an initial set of LMPs. The LMPs will be used
in the price impact test. The prices produced will not be financially binding.
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The following sections describe the formulation of the optimization function for
Reference Level Pricing.

Inputs

All applicable inputs identified in Section 3.4.1 will be evaluated. Reference level
dispatch data will be used for any inputs from registered market participants that
failed the conduct test in the current PD calculation engine run.

Table 3-16 lists the outputs of Reference Level Scheduling that will also be used for
Reference Level Pricing.

Table 3-16: Output of Reference Level Scheduling as Input to Reference Level
Pricing

Input Description

The amount of dispatchable generation scheduled at bus
be BFLRy BHE in time-step t€ TS in association with
SDGfIf’f{ lamination k€ K7,. This is in addition to any MinQDGj, the
minimum loading point, which must be committed before
any such generation is scheduled.

Designates whether dispatchable generation at bus b€ B¢
ODG‘%S was scheduled at or above its minimum loading point in
time-step te 7S.

The amount of ten-minute synchronized operating reserve
that a qualified dispatchable generation resource is

S10SDGHS, . -
thk scheduled to provide at bus b€ B#Ry B#f in time-step te TS
in association with lamination k€ K;3°.
The amount of non-synchronized ten-minute operating
RLS reserve that a qualified dispatchable generation resource is
S1ONDG; % : ELR | | BHE i ti
scheduled to provide at bus b€ B*** U B" in time-step te TS
in association with lamination k€ K;3".
The amount of thirty-minute operating reserve that a
RLS qualified dispatchable generation resource is scheduled to
‘SBORDGL‘,b,k i ELR HE i ti i
provide at bus b€ B*"U B" in time-step t€ 7Sin
association with lamination ke A3)".
Designates whether the hydroelectric resource at but b€
OHO%S B"F has been scheduled at or above MinHO,, in time-step

te TS.
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Variables, Objective Function, and Constraints

The variables and objective function are the same as those used in Pre-Dispatch
Pricing. Many of the constraints enforced in Reference Level Pricing are the same
as those enforced in Pre-Dispatch Pricing. However, the constraints used to
determine prices must be modified to take into account the Reference Level
Scheduling results. That is, for the additional constraint listed in Section 3.6.2.3,
the Pre-Dispatch Scheduling results are replaced by the Reference Level Scheduling
results as follows:

o SDGY% is replaced by SDGHS for all t€ TS be BELRu BHE k € K% ;

o 0DGIY’ is replaced by ODGL® for all te TS, be B,

o DG is replaced by IDGYS for all te TS, be BYS,

o S10SDGLY% is replaced by ﬂOSDGfé for all te 7 be BELR Y B, ke K},

o SIONDGP} is replaced by SLONDGLS, for all te TS, be BELR y B, ke K%Y,

o S30RDG.; is replaced by 530120055 for all te TS be BELRy B ke K3%F; and
o OHOYY is replaced by OHOS for all te TS, be BE.

Additionally, the marginal loss factors used in the energy balance constraint in
Reference Level Pricing will be fixed to the marginal loss factors used in the last
optimization function iteration of Reference Level Scheduling.

Outputs

Table 3-17 lists the shadow prices for Reference Level Pricing constraints that will
be produced for each time-step t€ 78.

Table 3-17: Shadow Price Outputs of Reference Level Pricing

Output Description
SpIRLP shall designate the shadow price for the energy balance
t constraint.
LP shall designate the shadow price for the pre-contingency
SPNormTZ’Rf o . . -
transmission constraint for facility f€ Fin time-step ¢
shall designate the shadow price for the post-contingency
SPEm m« transmission constraint for 7facility fe Fin contingency c€ Cin
time-step ¢
shall designate the shadow price for the import or export limit
SPExtTRLF . .
constraint z€ Zg,, in time-step ¢
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Output Description
shall designate the shadow price for the net interchange
SPNIUExtBwd TP | scheduling limit constraint limiting increases in net imports
between time-step (£—1) and time-step ¢
shall designate the shadow price for the net interchange
SPNIDExtBwdT[" | scheduling limit constraint limiting decreases in net imports
between time-step (¢— 1) and time-step ¢
shall designate the shadow price for the net interchange
SPNIUExtFwdTR? | scheduling limit constraint limiting increases in net imports
between time-step ¢tand time-step (¢+ I).
shall designate the shadow price for the net interchange
SPNIDExtFwdT["" | scheduling limit constraint limiting decreases in net imports
between time-step ¢and time-step (¢+ I).
SPLOSRLP shall designate the shadow price for the total synchronized ten-
t minute operating reserve requirement constraint in time-step ¢
P10 RRLP shall designate the shadow price for the total ten-minute
t operating reserve requirement constraint in time-step ¢
P30 RRLP shall designate the shadow price for the total thirty-minute
t operating reserve requirement constraint in time-step ¢
, shall designate the shadow price for the minimum ten-minute
SPREGMin10 RELY _ _ : .
operating reserve constraint for region re ORREG in time-step ¢
, shall designate the shadow price for the minimum thirty-minute
SPREGMin30 RELY , _ : o
operating reserve constraint for region re ORREG in time-step ¢
shall designate the shadow price for the maximum ten-minute
SPREGMax10 RELP , : : o
operating reserve constraint for region re ORREG in time-step ¢
shall designate the shadow price for the maximum thirty-minute
RLP
SPREGMax30R;;

operating reserve constraint for region re ORREG in time-step t.

Table 3-18 lists the LMPs and components for each time-step t€ 7S calculated using
the pricing formulas in Section 3.6.2.

Table 3-18: LMP Outputs of Reference Level Pricing

Output Description
PReffLP shall designate the time-step ¢ energy reference price.
LMPR? shall designate the time-step ¢LMP for bus b€ B.
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Output Description
PlLos. t,ll;P shall designate the time-step ¢loss component for bus b€ B.
LP shall designate the time-step ¢ congestion component for bus
PCongtt
’ beE B.
ExtLMPR? shall designate the time-step ¢LMP for /intertie zone bus de€ D.
shall designate the time-step ¢ /ntertie border price (I1BP) for
IntLMPRF : lesig p price (IBP)
’ intertie zone bus de D.
LP shall designate the time-step tloss component for /ntertie
PLoss;

zone bus de D.

shall designate the time-step tinternal congestion component

PintCong®L?f ) ;
’ for intertie zone bus de€ D.

shall designate the time-step t /ntertie congestion component

PExtCong®L? . )
’ for intertie zone bus de D.
PN[SLRf,P shall designate the time-step ¢ net interchange scheduling
b limit congestion component for /ntertie zone bus de D.
I30R tbLP sh_aII designate the time-step t thirty-minute operating reserve
’ price for bus b€E B.
LlON}ﬁLP shall designate the time-step ¢ non-synchronized ten-minute
’ operating reserve price for bus b€ B.
LP shall designate the time-step ¢synchronized ten-minute
L105F,

operating reserve price for bus b€ B.

shall designate the time-step ¢ thirty-minute operating reserve

ExtL30RPRLP _ S
’ price for intertie zone bus de D.

shall designate the time-step ¢ non-synchronized ten-minute

ExtL10 NPRP , . o
, operating reserve price for intertie zone bus de D.

3.6.3.5 Price Impact Test

If one or more dispatch data parameters fail a conduct test for economic
withholding, then the ex-ante price impact test will be run.

The ex-ante price impact test will compare the Pre-Dispatch Pricing LMPs for
energy or operating reserve prices with the Reference Level Pricing LMPs for energy
or operating reserve prices, respectively. If prices in the Pre-Dispatch Pricing

results are greater than the prices from the Reference Level Pricing results by more
than the relevant impact threshold, the resource will be considered to have failed
the price impact test.
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The resources which fail the price impact test in a given hour will be added to the
accumulated set of resources from previous PD calculation engine runs with failed
the price impact test in the same future hour. All the parameters that failed the
conduct test for those resources in that hour will be replaced by their reference
levels.

Inputs into the Market Power Mitigation Price Impact Test

The price impact test will use the applicable inputs identified in Section 3.4.2. Table
3-19 lists the Pre-Dispatch Pricing and Reference Level Pricing outputs that will be
also be used by the price impact test.

Table 3-19: Outputs of Pre-Dispatch Pricing and Reference Level Pricing as Input
to the Price Impact Test

Input Description
LM, é)p The LMP for bus b€ Bin time-step te 75 from Pre-Dispatch
b Pricing.
I30R té)p The thirty-minute operating reserve price at bus b€ Bin time-
’ step t€ TS from Pre-Dispatch Pricing.
I10N, ”f;p The non-synchronized ten-minute operating reserve price at
’ bus be Bin time-step t€ 7S from Pre-Dispatch Pricing.
1105, té)p The synchronized ten-minute operating reserve price at bus
’ beE Bin time-step te TS from Pre-Dispatch Pricing.
LM}%LP The LMP for bus b€ Bin time-step te 75 from Reference Level
b Pricing.
LSORHBRZ,LP The thirty-minute operating reserve price at bus b€ Bin time-
’ step t€ 7S from Reference Level Pricing.
LlONPtI;LP The non-synchronized ten-minute operating reserve price at
’ bus b€ Bin time-step te 7S from Reference Level Pricing.
LIOSH’%P The synchronized ten-minute operating reserve price at bus
’ be Bin time-step te 75 from Reference Level Pricing.
Variables

A set of resources that failed the impact test will be identified for each condition for
all time-steps te 7S, where:

e BIT“ shall designate the resources in an NCA that failed the price impact
test for energy LMP.
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BITP“ shall designate the resources in a DCA that failed the price impact
test for energy LMP.

BIT?“ shall designate the resources in a BCA that failed price impact test for
energy LMP.

BITEMP shall designate the resources that failed the Global Market Power
(energy) price impact test for energy LMP.

BITPRL shall designate the resources that failed the Local Market Power
(operating reserve) price impact test for at least one type of operating
reserve LMP.

BITPRC shall designate the resources that failed the Global Market Power
(operating reserve) price impact test for at least one type of operating
reserve LMP.

LMPIT,, shall designate the LMP that failed the price impact test for bus b€
BITMN4 u BITP4 U BIT? U BITEMP U BITPRL U BITPRCMP in time-step t€ T5.

For any resource at bus b€ B’“u B, the following LMPs may be identified in
LMPIT,

EnergylL.MP indicating that the energy LMP failed the price impact test.

OR10SLMP indicating that the synchronized ten-minute operating reserve LMP
failed the price impact test.

OR10NLMP indicating that the non-synchronized ten-minute operating reserve
LMP failed the price impact test.

OR30RLMP indicating that the thirty-minute operating reserve LMP failed the
price impact test.

Price Impact Test for Energy

The /ESO will perform the price impact test for resources that were selected in the
corresponding conduct test for energy as follows.

Local Market Power (Energy):

Check NCA: For each time-step t€ 7Sand b€ BCTV4, if

LMPLPP >Min(LMPSY (1 + ITThresh1VeY), LMPSY + ITThresh2Ve), price impact
test failed for resource at bus 5. Assign resource to subset B/7}¥4 and add
EnergyLMP to LMPIT, .

Check DCA: For each time-step t€ 7Sand b€ BCTP“, if

LMP)? >Min(LMPS" (1 + ITThresh1”?), LMPS® + ITThresh2P“Y), price impact
test failed for resource at bus b. Assign resource to subset B/7P?“4 and add
EnergyLMP to LMPIT,y,
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e Check BCA: For each time-step t€ TSand b€ BCTP, if
LMPLPP >Min(LMPSY (1 + ITThresh1%“Y), LMPRLY + ITThresh25¢Y), price impact
test failed for resource at bus 5. Assign resource to subset B/77“ and add
EnergyLMP t0 LMPIT, .

Global Market Power (Energy):

For each time-step t€ 7Sand be BCTFMP, if LMP">Min(LMPS" (1 + ITThresh1MP),
LMPEI? + ITThresh2“MP), price impact test failed for resource at bus b. Assign
resource to subset B/T{MF and add EnergyLMP to LMPIT,

Price Impact Test for Operating Reserve

The /ESO will perform the price impact test for resources that were selected in the
corresponding conduct test for operating reserve as follows.

Local Market Power (Operating Reserve)
For each time-step t€ 7Sand b€ BCTPR:

o If L3ORPIPP>L30RASY, price impact test failed for resource at bus b. Assign
resource to subset B/TPRL and add OR30RLMPto LMPIT,,.

o If LIONAPP>L1I0NES®, price impact test failed for resource at bus b. Assign
resource to subset B/TPR and add ORLONLMP to LMPIT,y.

o If L10SPIPP>L10SP5F, price impact test failed for resource at bus b. Assign
resource to subset B/TPR and add OR10SLMPto LMPIT,,.

Global Market Power (Operating Reserve)
For each time-step t€ 7S and b€ BCTPRC:

o If L30RPIP >min(L30RPE" (1 + ITThresh19R), L30RPRLY + ITThresh29RC), price
impact test failed for resource at bus b. Assign resource to subset B/7T%¢ and
add OR30RLMP to LMPIT,.

o If LIONPY" >min(LIONPE A1 + ITThresh19R¢), LIONPS + ITThresh29%%), price
impact test failed for resource at bus b. Assign resource to subset BIT??¢ and
add OR10NLMP to LMPIT,.

o If L10SPIPP >min(L10SPR" (1 + ITThresh19R), L10SPRLY + ITThresh29RC), price
impact test failed for resource at bus b. Assign resource to subset B/7¢%¢ and
add OR10SLMP to LMPIT,,.
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Outputs
The outputs of the price impact test will include:

1. The set of resources that failed the price impact test in each time-step te 7§
by condition type (i.e. resources included in the sets BITV, BITP“A, BITF,
B]TZ—GMP, B]T;—URL, BITtORG);

o These resources will be included in the set of resources that have failed
the impact test for a given future hour;

2. The LMPs (energy and operating reserve) that failed the price impact test in
each time-step te 7S for each resource at bus b (i.e. parameters included in
the set LMPIT,;); and

3. The dispatch data for future PD calculation engine runs, which consists of a
revised set of offer data for resources that failed the price impact test and is
derived as follows:

o For such resources, the dispatch data parameters that failed the
conduct test will be replaced with their reference levels; and

0 These dispatch data parameters will remain mitigated in the failed hour
throughout subsequent PD calculation engine runs.

More detail on the revised set of offer data that must be output by the price impact
test is provided below:

o If a resource has failed a price impact test for energy and falls in one of the
sets BITMA, BITP“, BITP, or BITCMF, the dispatch data parameters in
PARAME, , will be used to determine which dispatch data parameters should
be replaced.

o If a resource has failed a price impact test for operating reserve and is
included in one of the sets BITPR: or BITPRC, the dispatch data parameters in
PARAMOR,, will be used to determine which dispatch data offer parameters
should be replaced.

o If an NQS resource has failed a price impact test in any hour, commitment
cost parameters that failed the conduct test in that hour and any hour prior
will have their values replaced with the reference level for those hours. This
is expressed as:

o For each time-step teTS and all b€ BV n (BITV4 U BIT?“ u BITP“4 U
BITEMPy, for hours prior to and including the hour that failed the price
impact test, T€{1,.,8, if be BCTY4u BCTZ“4 u BCTE u BCTEMP and
PARAMET,, contains any of the commitment cost parameters SUOffer,
SNLOfter, or EnergyToMLP, replace these parameters with reference
levels.

Issue 2.0 — January 28, 2021 Public 154



Pre-Dispatch Calculation Engine 3 Detailed Functional Design

0 The same formulation is true for Local Market Power and global market
power in the operating reserve market, except PARAMOR, must be
checked.

e When a resource in an NCA or a DCA fails the price impact test, all other
resources in that constrained area that failed the conduct test in that hour
for at least one parameter will also be subject to market power mitigation
(regardless of whether or not the resource failed the price impact test). For
NQS resources, commitment cost parameters that failed the conduct test in
any hour prior will also have their values replaced with reference levels for
those hours. This can be expressed as:

o For each time-step t€ 75, if BIT*4 includes one or more resource in
NCA, n, all resources b€ BCTY for NCA, n, will have the parameters in
PARAME, , replaced with reference levels. Additionally, for all hours up
to the hour in which a resource failed the price impact test for n, for all
be BCTM4, if PARAME,;, contains any of the commitment cost
parameters SUOfter, SNLOffer, or EnergyToMLF,, replace these
parameters with reference levels.

o For each time-step t€ TS, if B/ITP“4 includes one or more resource in
DCA, d, all resources, b€ BCTP“ for DCA, d, will have the parameters in
PARAME, , replaced with reference levels. Additionally, for all hours up
to the hour in which a resource failed the price impact test for d, for all
be BCTP, if PARAME,, contains any of the commitment cost
parameters SUOfter, SNLOffer, or EnergyToMLF,, replace these
parameters with reference levels.

e When a resource fails the operating reserve local market power price impact
test, all other resources in the same reserve area with a non-zero reserve
minimum requirement that failed the conduct test for at least one parameter
will also be subject to market power mitigation (regardless of whether or not
the resource failed the price impact test). NQS resources, commitment cost
parameters that failed the conduct test in any hour prior will also have their
values replaced with reference levels for those hours. This can be expressed
as:

o For each time-step t€ TS, if BITPR" includes one or more resource in
reserve area, r, all resources, b€ BITPRL for reserve area, r, will have
the parameters in PARAMOR,; replaced with reference levels.
Additionally, for all hours up to the hour in which a resource failed the
price impact test for r, for all b€ BCTPRL, if PARAME,;, contains any of
the commitment cost parameters SUOfter, SNLOffer, or EnergyToMLF,,
replace these parameters with reference levels.
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3.6.4. Outputs for Energy and Operating Reserve Settlement

Table 3-20 lists the constrained schedules and prices calculated by the PD
calculation engine that will be used to determine the NQS Generator Failure charge.

Table 3-20: PD Output used to Determine NQS Generator Failure Charge

Output Description

The amount of dispatchable generation scheduled at bus € BY% in
time-step te 7Sin association with lamination k€ K7,. This is in

SDG!
Lhk addition to any MinQDG,, the minimum loading point, which must
be committed before any such generation is scheduled.
LMPL, The time-step ¢LMP for node b€ BV,

The first hour of the commitment for which a binding-start up instruction must be
issued as well as the evaluated offers are also required to settle the NQS Generator
Failure charge. For more information, see the Market Settlement detailed design
document.

Table 3-21 and Table 3-22 list the PD calculation engine outputs that will be used
to determine the binding /ntertie schedules and Intertie Failure Charge,
respectively.

Table 3-21: PD Output used to Produce Binding Intertie Schedules

Output Description

The amount of exports scheduled to /ntertie zone sink bus de DX in

SXLiq . . - tion with lamination fe /£
L] time-step ¢€ 75in association with lamination j€ //,.

The amount of imports from /ntertie zone source bus de DI

SIGL ;4 o : B o
" scheduled in time-step ¢€ 7S in association with lamination k€ K7,,.

Table 3-22: PD Output used to Determine Intertie Failure Charge

Output Description
EXtLMPfd The time-step ¢ LMP for /ntertie zone bus de D.
]CPl;Id The time-step ¢t /ntertie congestion price for /ntertie zone bus de D.
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3.7. Security Assessment Function

The security assessment function assesses power system security using the
schedules produced by the optimization function. As indicated in Section 3.3, the
scheduling and pricing algorithms of the PD calculation engine will include multiple
iterations between the optimization function and the security assessment function
described here. Information about the /ESO-controlled grid such as operating
security limits (OSLs), thermal ratings, the network model, loop flow and the status
of power system equipment will be used by the security assessment function to
evaluate the security of the schedules provided by the optimization function against
the expected transmission system capability. As part of its evaluation, the security
assessment function will create the following information to provide to the next
optimization function iteration:

e A security constraint set corresponding to violated thermal and/or operating
security limits;

e Marginal loss factors; and
e A loss adjustment.

For each identified security constraint, the security assessment function will provide
the coefficients and limits of a linear constraint in the optimization function
variables to be enforced by the optimization function.

The following sections describe the inputs, the process and the outputs of the
security assessment function.

3.7.1. Inputs

3.7.1.1 Inputs Provided by the Optimization Function

The optimization function will continue to provide the security assessment function
with schedules for load and supply resources. With the exception of PSU resources,
such schedules will be represented at their corresponding electrical buses in the
network model. The security assessment function will use the physical unit
representation of combined cycle 7acilities that have elected to be represented as a
PSU.

The following outputs of the optimization function are used by the security
assessment function:

e The schedules for dispatchable loads and hourly demand response resources;
e The schedules for non-dispatchable and dispatchable generation; and

o The schedules for boundary entity resource sources and sinks at each
intertie zone.
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3.7.1.2 Security Limits

Security limits are OSLs and thermal limits. OSLs are associated with transient
stability limits, voltage stability limits, dynamic stability limits and voltage decline
limits. They also include limits based on equipment ratings such as thermal ratings
and short-circuit capabilities. The PD calculation engine will use OSLs and thermal
limits to perform a security analysis of the /ESO-controlled grid.

The /ESO defines OSLs as a set of equations along with their activation plans. Each
OSL equation is applicable for a specific area of the /1ESO-controlled grid under all
elements in-service and/or specific outage conditions. An activation plan specifies
which OSLs are applicable for a time period.

The security assessment function of the PD calculation engine will create a
linearized constraint when it determines that an OSL is violated. The linearized
constraints are passed to the optimization function and are included as new
constraints in the next iteration of optimization function.

An OSL equation will continue to be a function of any of the following network
variables:

e Any transformer, line, branch group, or phase shifter MW flow;
e Any generation resource MW outputs;

e Any load MW; and

e The primary demand.

The line, transformer, branch group and phase shifter MW flows in the OSL
equations will be replaced with the sum of the pre-contingency sensitivity factors
multiplied by scheduling variables.

If it is determined that an OSL is violated, the linearized constraint passed to the
optimization function will include the schedules of load and generation resources as
scheduling variables with their corresponding sensitivity factors.

The PD calculation engine will use pre-contingency and post-contingency thermal
ratings so that PD schedules result in transmission flows that respect the thermal
limits. The ratings used by the PD calculation engine will be based on lookup table
limits provided by transmitters and forecasted weather data. The security
assessment function will create a linearized constraint when it determines that a
thermal limit is violated.

3.7.1.3 Network Model

The security assessment function will use the following data from the network
model:

¢ Power system model data;
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Load distribution factors;
A list of contingencies; and

A list of monitored elements.

Power System Model Data

The power system model is a topology representation of the /ESO-controlled grid
and a simplified representation of power systems in neighbouring jurisdictions. The
power system model data will continue to include attributes and parameters for the
following power system equipment and their controls:

Buses, breakers, switches, mid-span openers and line jumpers;
High-voltage AC and DC transmission lines;
Switchable and fixed shunt devices including:
o Capacitors;
0 Reactors;
o SVCs; and
0 STATCOMs
Series capacitors and reactors;
Transformers, including:
o Two-winding, three-windings and autotransformers;

0 Voltage and VAr regulators and phase shifters with impedance
correction tables as a function of angle or voltage tap positions; and

o0 Tap changers: Fixed, manual, automatic, off-load and on-load
Synchronous condensers, generation resources, and load resources;

Regulation modes, VAr capability curves, target voltages, target
MWs/percentages, voltage/MW ranges, tap ratio ranges, and angle ranges as
applicable to controlling devices;

Attributes such as voltage levels and assignment to zones and areas;

Branch groups and the power system equipment that make up each branch
group; and

Boundary Entity Resources (BERs) (i.e. sources/sinks) used for interchange
scheduling purposes.

The normal tap positions for angle and voltage taps, the regulation modes of
voltage taps, reactors, capacitors, phase shifters and the desired low limit/high
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limit voltages at buses, and normal breaker and disconnect switch statuses will
continue to be obtained from the power system model data.

For each hour, based on outage information, breaker and switch statuses will be
modified from normal status to reflect power system equipment outage conditions.

Loop flows resulting from the dispatch within other control areas or transactions
between other control areas that are not recorded as imports or exports within
Ontario (or both) will affect the loading on transmission within Ontario. The /ESO
will continue to model loop flows into or out of Ontario at various /ntertie zones as
though they were generation or load that exist at given buses or combinations of
buses in the control areas containing those /ntertie zones.

Load Distribution Factors

Load distribution factors define the load pattern that will be used to distribute the
1ESO demand forecast for each demand forecast area. The security assessment
function will use load distribution factors to determine forecasted MW quantities at
non-dispatchable load locations, price responsive load locations, and no bid
dispatchable loads based on the /ESO demand forecast.

List of Contingencies

The list of contingencies will continue to include contingency name, description of
contingencies and configuration settings/flags such as priority setting and flags to
indicate whether 115 kV equipment should be monitored when a contingency is
simulated.

List of Monitored Equipment

The list of monitored equipment indicates the equipment to be monitored for
violation of thermal limits and/or voltage limits. It will continue to include the
following information:

e The power system equipment name;
e The equipment type; and

¢ The monitoring type, i.e. thermal, voltage or no monitoring.

3.7.2.  Security Assessment Function Processing

The security assessment function will perform the following calculations and
analysis:

e Prepare a base case power flow solution for each time-step of the look-
ahead period;
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e Perform a pre-contingency security assessment on the base case power flow
solution using pre-contingency thermal limits and operating security limits;

e Prepare linearized constraints using sensitivity factors for any violated pre-
contingency thermal limits and operating security limits;

e Calculate total losses, marginal loss factors, and the loss adjustment. The
loss adjustment is required to account for the difference between the total
losses and the linearized losses calculated using the marginal loss factors;

e Simulate the specified contingencies to perform a post-contingency security
assessment on the post-contingency state of the base case power flow
solution using post-contingency thermal limits; and

e Prepare linearized constraints using sensitivity factors for any violated post-
contingency thermal limits.

3.7.2.1 Base Case Power Flow

An AC power flow solution will continue to be prepared for each time-step. If the
AC power flow solution fails to converge for any time-step, a non-linear DC power
flow will continue to be used for that time-step. If the non-linear DC power flow
solution fails to converge for any time-step, a linear DC power flow will be used for
that time-step.

The power flow solution will have features to model adjustments of phase shifters,
voltage regulating transformers, reactors and capacitors, and MVAr output of
generating units and synchronous condensers. In case of a network split, only the
island with the largest number of /ESO-controlled grid buses will continue to be
considered.

3.7.2.2 Pre-contingency Security Assessment

When the AC or non-linear DC power flow solution is used, the pre-contingency
security assessment will continue to check all monitored equipment for violation of
their pre-contingency thermal limits. It will also check for violation of any
applicable OSL equations. For every violated limit, a linearized constraint will be
generated.

When the linear DC power flow solution is used, the pre-contingency security
assessment may develop linear constraints to help the AC or non-linear DC power
flow solution converge in the subsequent iterations.

These linearized constraints will be expressed in terms of scheduling variables and
sensitivity factors so they can be provided to the optimization function to be used
in the next optimization function iteration.
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The sensitivity factors will continue to be derived based on the power flow Jacobian
matrix. The sensitivity factor for a resource with respect to a line flow for example,
indicates the fraction of energy injected at the resource bus which flows on the
line.

The pre-contingency security assessment will continue to use the following inputs:
e OSL equations;
e Pre-contingency thermal limits;
e List of monitored equipment; and

e Base case power flow solution which also includes calculated MW flows on
lines, transformers, phase shifters, and branch groups.

The line, transformer, branch group and phase shifter MW flows in the OSL
equations will continue to be replaced with the sum of the pre-contingency
sensitivity factors multiplied by scheduling variables. The minimum and maximum
limits of OSL equations will be adjusted to reflect the difference between the
calculated MW flows and the linearized MW flows using the sensitivity factors.

For an /intertie zone connected to Ontario through regulating phase shifters that
receive shares of the /ntertie schedule, the effective sensitivity factor of boundary
entities in the Jintertie zone will continue to be calculated using the Jacobian matrix,
shares of phase shifters in the /ntertie schedule and phase shifter sensitivities.

3.7.2.3 Loss Calculation

The security assessment function will calculate total losses, marginal loss factors
and a loss adjustment for each time-step using the base case power flow solution.
All of these loss related quantities can continue to vary from time-step to time-step.

In the future, the static marginal loss factors used today will no longer be used. In
the scheduling algorithm, the security assessment function will pass the marginal
loss factors it calculates for each time-step to the optimization function. In the
pricing algorithm, the optimization function will use the marginal loss factors used
in the last optimization function iteration of the corresponding scheduling
algorithm.

Total losses will exclude losses in Ontario’s neighboring jurisdictions. When
determining marginal loss factors, the impact of losses on local branches (e.g. load
step-down transformers) between the resource bus and the resource connection
point to the I1ESO-controlled grid and losses on branches in Ontario’s neighboring
jurisdictions will be excluded.
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3.7.2.4 Contingency Analysis

The contingency analysis function will continue to use a linear power flow analysis
and consists of the following sub-functions:

e Post-contingency connectivity analysis;
e Post-contingency MW flow calculation; and

e Checking of post-contingency thermal limit violations and building of
linearized constraints for violated limits.

The contingency analysis will continue to use a linear power flow analysis based on
the base case power flow solution, the list of contingencies to be simulated, the list
of monitored equipment and the post-contingency thermal limits. The contingencies
will continue to be defined as outages to branches (lines, transformers and phase
shifters), outages to injections, or outages to withdrawals.

The contingency analysis function will be able to model post-contingency control
actions such as automatic angle tap adjustments.

The calculated post-contingency MW flows will continue to be compared to the
post-contingency branch thermal limits for all the monitored equipment. For each
monitored equipment, up to a pre-defined configurable number of the most severe
violations will be linearized and passed to the optimization function as a linear
constraint.

The calculation of the post-contingency sensitivity factors will be similar to that of
the pre-contingency sensitivity factors. The updated power flow Jacobian matrix
and post-contingency system states will continue to be used in the calculation of
the sensitivity factors.

3.7.3. Outputs

The following outputs of the security assessment function will be provided to the
optimization function:

e Marginal loss factors of resources, which represent the marginal impact on
1ESO-controlled grid losses resulting from transmitting energy from the
reference bus to serve an increment of additional load at a resource in a
specific time-step.

e Loss adjustment quantity for each time-step which is needed to correct for
any discrepancy between total losses in the /ESO-controlled grid obtained
from the base case power flow and the linearized losses calculated using the
marginal loss factors. Total losses will exclude losses in Ontario’s
neighboring jurisdictions.
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e The linearized constraints for all violated pre-contingency limits for each
time-step.

e The linearized constraints for all violated post-contingency thermal limits for
each time-step.

The following outputs of the security assessment function are required to calculate
LMPs as described in Section 3.8:

e Marginal loss factors;
e Pre-contingency sensitivity factors; and

e Post-contingency sensitivity factors.
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3.8.  Pricing Formulas

The PD calculation engine will calculate LMPs for all pricing nodes using shadow
prices, constraint sensitivities and marginal loss factors.

LMPs for energy will be calculated for the following pricing nodes:
o Dispatchable and non-dispatchable generation resource buses;
o Dispatchable load and hourly demand response resource buses;
o Non-dispatchable load and price responsive load buses; and
e Intertie zone source and sink buses.
LMPs for operating reserve will be calculated for the following pricing nodes:
o Dispatchable generation resource buses;
o Dispatchable load buses; and
e [ntertie zone source and sink buses.
The set of internal pricing nodes will be designated by Z and will include:

e Resources scheduled by the PD calculation engine optimization function
(designated B as per Section 3.4.1.2), and

o Non-dispatchable load locations and other internal locations without an
active bid or offer.

The set of external pricing nodes will be designated by D as in Section 3.4.1.2.

Prices will be calculated using the shadow prices determined by the pricing
algorithm. If a price is not within the maximum clearing price and the sett/ement
floor price (the sett/lement bounds), the price and its components will be modified.
The following parameters will be used when performing price modification:

o FEngyPrcCeil shall designate the maximum energy price and be set equal to
the maximum market clearing price of $2,000/MWh;

e FEngyPrcFir shall designate the sett/ement floor price and be set equal to -
$100/MWh;

e ORPrcCeil shall designate the maximum operating reserve price for any class
of operating reserve and be set equal to the maximum market clearing price
of $2,000/MW;

e ORPrcFir shall designate the minimum operating reserve price for any class of
operating reserve and be set equal to $0/MW; and

e NISLPen shall designate the net interchange scheduling limit constraint
violation penalty price for market pricing.
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A weighted average of the above prices will be used to determine informational
zonal prices for the following pricing locations:

e Virtual transaction zonal trading entities; and

o Non-dispatchable load zones, including the Ontario Zone. Other non-
dispatchable load zones are sub-zones of the Ontario Zone.

Non-dispatchable load zones will only contain non-dispatchable load buses, whereas
virtual transaction zonal trading entities will be assigned buses for all load types.
The PD calculation engine will receive virtual transaction trading zone and rnon-
dispatchable load zone definitions specifying the buses whose LMPs will contribute
to the zonal prices.

The weight assigned to each bus in contributing to the zonal price for a virtual
transaction zonal trading entity will be equal to the weighting factors used to
calculate the virtual zonal price in the day-ahead market for the applicable hour,
where:

o M shall designate the set of virtual transaction zonal trading entities within
Ontario;

e [VIRTc I shall designate the buses contributing to the virtual transaction
zonal trading entity price for virtual transaction zonal trading entity me M,
and

o WF/I shall designate the weighting factor for bus b€ L/*" used to calculate
the price for virtual transaction zonal trading entity me€ M for time-step
te TS.

The load distribution pattern as provided to the security assessment function will be
used to determine the weight assigned to each bus in contributing to the zonal
price for a non-dispatchable load zone. The weighting factors will be obtained by
renormalizing the load distribution factors so that the sum of weighting factors for
an individual zone is one, where:

o Yshall designate the non-dispatchable load zones in Ontario;

o IJPLc L shall designate the buses contributing to the zonal price for non-
dispatchable load zone ye€ Y, and

o WF)V} shall designate the weighting factor for bus b€ Ly* used to calculate
the price for non-dispatchable load zone ye€ Y for time-step te 76.

If there is insufficient information to calculate an accurate price, or if the process
fails to produce a price for any other reason, this will be flagged for further review
by the /ESO.
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3.8.1. Locational Marginal Prices for Energy

The LMP at a bus in a time-step measures the offered cost of meeting an
infinitesimal change in the amount of load at that bus in that time-step, or
equivalently, measures the value of an incremental amount of generation at that
bus in that time-step.

3.8.1.1 Energy LMPs for Internal Pricing Nodes

For each time-step te TS, energy LMPs and components will be calculated for every
node b€ L where a non-dispatchable or dispatchable generation resource, a
dispatchable load, an hourly demand response resource, or a non-dispatchable load
is sited, where:

. LMPgb shall designate the Pass 1 time-step ¢ LMP;

e PRef! shall designate the Pass 1 time-step t energy reference price;

. PLossgb shall designate the Pass 1 time-step ¢loss component; and

° PCongflb shall designate the Pass 1 time-step tcongestion component.
The Pass 1 LMP at bus b€ L in time-step te TS will be initially calculated as follows:

InitLMPY, = InitPRef} + InitPLoss,, + InitPCongy,,
where
InitPRef! = SPIL;
Ini tPLossg p= Mg]Lossg -SPLL;

and

InitPCongt, = Z PreConSF, s, - SPNormT/; + Z Z SFycrp  SPEMT], ;.

fEF: cec fEFC,C

The reference price and loss component together reflect the marginal cost of
meeting load at bus b, exclusive of congestion, the effect of marginal losses and
reflect the quantity of energy that must be injected at the reference bus to meet
additional load at bus 4. The congestion component reflects the cost of
transmission congestion between the reference bus and bus b and is calculated by
adding the individual incremental congestion costs for the binding transmission
constraints on all electrical paths between the reference bus and bus b. Each
congestion cost is obtained by multiplying the shadow price for the binding
transmission constraint by the corresponding sensitivity factor for bus 5.

An energy LMP can fall outside the sett/ement bounds provided by EngyPrcFir and
EngyPrcCeil as a result of joint optimization or constraint violation pricing. When this
occurs, the LMP and its components (reference, loss and congestion) will be
modified so that the LMP is within the sett/ement bounds.
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The reference price will be modified if it is not within the sett/ement bounds. For
time-step te TS:

a. |f InitPRef! >EngyPrcCeil , set PRef! = EngyPrcCeil .
b. If InitPRef! < EngyPrcFlr, set PRef! = EngyPrcFIr.
c. Otherwise, set PRef! = InitPRef!.

The LMP and components at internal bus o€ L in time-step t€ 7S will be modified as
follows:

1. Modify the LMP to be within sett/lement bounds.
a. If InitLMP},>EngyPrcCeil, set LMP;, = EngyPrcCelil.
b. If InitLMPL, < EngyPrcFlr, set LMPL, = EngyPrcFIr.
c. Otherwise, set LMPY, = InitLMP},.

2. If the reference price has been modified (i.e. PRef! #InitPRef}), recalculate
the loss component.

a. |f PRef! #InitPRef!, set PLossgb = Mg][,ossg »-PRef}.
b. Otherwise, set PLossgb= lnitPLossgb.

3. Modify the congestion component so the relationship between LMP,
reference price, loss component and congestion component holds, provided
the congestion component does not change mathematical signs as a result.
If the congestion component changes its mathematical sign, set it to 0 and
modify the loss component to maintain the relationship.

a. If LMP, -PRef!-PLoss}, and InitPCongl, have the same mathematical
sign, then set PCong|,= LMP;, -PRef{-PLoss,,.

b. Otherwise, set PCongl,= 0and set PLoss/,= LMP.,-PRef}.

If PRef! = InitPRef!, then the LMP and components for nodes with prices within the
settlement bounds will not be modified. If PRef! #InitPRef!, then the LMP for nodes
with prices within the sett/ement bounds will not be modified, but the components
will be modified.

3.8.1.2 Energy LMPs for Intertie Zone Source and Sink Buses

For each time-step te 7S, energy LMPs and components will be calculated for
intertie zone bus de€ D, where:

° ExtLMPgd shall designate the Pass 1 time-step ¢t LMP;
. lntLMPfd shall designate the Pass 1 time-step ¢ /ntertie border price (IBP);

. ICde shall designate the Pass 1 time-step ¢ /ntertie congestion price (1CP);
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e PRef! shall designate the Pass 1 time-step ¢ energy reference price;
. PLossgd shall designate the Pass 1 time-step tloss component;

° PlntCongfld shall designate the Pass 1 time-step tinternal congestion
component;

° PExtCong{’d shall designate the Pass 1 time-step t /ntertie congestion
component; and

° PN[SLﬁld shall designate the Pass 1 time-step ¢ net interchange scheduling
limit congestion component.

The LMP will be the same for all buses at the same proxy location and /intertie zone.
Intertie transactions associated with the same proxy location, but specified as
occurring at different /ntertie zones, subject to phase shifter operation, will be
modelled as flowing across independent paths. Pricing of these transactions will
utilize shadow prices associated with the internal transmission constraints,
interchange scheduling limits and transmission losses applicable to the path
associated to the relevant /intertie zone. The Pass 1 LMP at /ntertie zone bus de€ D,
in /ntertie zone a€ A in time-step twill be initially calculated as follows:

InitExtLMP), = InitIntLMP}; + InitlCP;
where

InitPRef! = SPIL%;

lnitPLossg J= Mg]Lossg 4SPLL;

InitPIntCong}, = 2 PreConSF,f 4 -SPNormTtllf + 2 2 SFicfa 'SPEmTtl,C,f;
fEF; CEC fEF,

InitlntLMPL, = InitPRef} + InitPLoss],+ InitPIntCongy ;

InitICE; = InitPExtCongl,+ InitPNISL] ;

IitPExtCongty = Z EnCoeffa, - SPExtT, ;

ZEZsch

and
InitPNISLL; = SPNIUExtBwdT!- SPNIUExtFwdT} - SPNIDExtBwdT} + SPNIDExtFwdT..

The components comprising the /ntertie border price for a proxy location in an
intertie zone are analogous to the components of the energy LMP for an internal
pricing node. The marginal loss factor used to calculate the loss component will not
account for losses in Ontario’s neighbouring jurisdictions. The /ntertie congestion
component reflects the cost of congestion at the /ntertie and is calculated by
adding the individual congestion costs for the binding import and export
transmission limits that affect transactions scheduled at the /ntertie zone. The NISL
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congestion component reflects the cost of congestion due to hour-to-hour
limitations on changes in net flows over all /nterties. The intertie and NISL
congestion components may be zero outside the first two forecast hours of the
look-ahead period. This is because bids and offers from intertie transactions
without a corresponding DAM scheduled quantity are not considered, subject to the
exemptions described previously, and therefore are ineligible to set price.

To model an /ntertie as out-of-service, the /ntertie transmission limits will be set to
zero and all import offers and export bids will receive a zero schedule. In this case,
the LMP will be set to the /ntertie border price.

An energy LMP can fall outside the sett/ement bounds provided by EngyPrcFir and
EngyPrcCeil as a result of joint optimization or constraint violation pricing. When this
occurs, the LMP at the /ntertie zone bus and its components (reference loss,
internal congestion, /ntertie congestion, and NISL congestion) will be modified so
that the LMP to within the sett/ement bounds.

The modification of the IBP, reference price, loss component and internal
congestion component to obtain /ntLMPL;, PRef!, PLoss/,and PlntCong}, will follow
the procedure for price modification for internal nodes as specified in Section
3.8.1.1. The LMP, /CP, external congestion component and NISL congestion
component at /ntertie zone bus de D in time-step t€ 7S will then be modified as
follows:

1. Revise the LMP to within sett/ement bounds.
a. If InitExtLMPL,>EngyPrcCeil, set ExtLMPL; = EngyPrcCelil.
b. If [nitEXtLMPgd< EngyPrcFir, set EXZ‘LMPt’Jd= EngyPrcHir.

c. Otherwise, set ExtLMPL, = InitExtLMPL,.

2. If the modified LMP and IBP coincide, set the external and NISL congestion
components to zero.

a. If ExtLMPL,= IntLMPL, set PExtCongl,;= 0 and PNISLL,= 0.

3. Otherwise, modify the /ntertie congestion and NISL congestion components
pro-rata to maintain the relationship between LMP and price components,
capping the NISL congestion component at the NISL penalty price.

a. If ExtLMP}; # IntLMP;,, set
PNISL, ;= (ExtLMP.; — IntLMPL,) (

InitPNISL}, 4
InitPNISLL ;+ InitPExtCongl ;)

i.  If PNISLL,>NISLPen, set PNISLL,= NISLPen.
ii.  If PNISL,,< (-1)-NISLPen, set PNISL.,= (-I)-NISLPen
b. Then set PExtCongl,;= ExtLMPL-IntLMP.-PNISL. ,.
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4. Calculate the ICP as the sum of the modified /ntertie congestion and NISL
congestion components.

a. ICPL= PExtCongl;+ PNISLL,

3.8.1.3 Zonal Energy Prices

For each pricing zone (including zones for non-dispatchable load and virtual
transactions), the affiliated zonal energy price for an hour will be calculated as the
sum of the hourly reference price, the load distribution-weighted loss component
within the zone, and the load distribution-weighted congestion component within
the zone.

For each time-step ¢, the Pass 1 energy price for virtual transaction zonal trading
entity me M will be calculated as follows:

VZona]E‘,% = PRef! + VZonalPLOSSg mT+ VZona/PCongg m

where

VZonalPLosst, = WF/IRL - PLosst),

peLYIRT
and
VZonalPCongt,, = z WF/RE - PCongtp.

VIRT
beLY!

For each time-step ¢, the Pass 1 energy price for non-dispatchable load zone ye€ Yis
calculated as follows:

ZonalP}, = PRef! + ZonalPLossl,+ ZonalPCongl,
where
ZonalPLosst,, = z WF}} - PLosst,
beL)PL
and

ZonalPCongt, = z WEF{); - PCongtp.

NDL
beLy

3.8.2. Locational Marginal Prices for Operating Reserve

The LMP for a category of operating reserve at a bus in a time-step measures the
offered cost of meeting an infinitesimal change in the reserve requirement for that
category of operating reserve in that time-step. This is determined while also
accounting for binding constraints associated with the reserve areas to which the
bus belongs. Operating reserve prices will continue to be calculated by co-
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optimizing energy and the three categories of operating reserve, as implied by the
formulation of the optimization function.

3.8.2.1 Operating Reserve LMPs for Internal Pricing Nodes

For each time-step ¢, operating reserve LMPs and components will be calculated for
every bus b€ B where a dispatchable generation resource or dispatchable load is
sited, where:

. LSORbe shall designate the Pass 1 time-step ¢ thirty-minute operating
reserve price;

e P30RRef! shall designate the Pass 1 time-step t thirty-minute operating
reserve reference price;

. P_’,ORCong{,b shall designate the Pass 1 time-step ¢ thirty-minute operating
reserve congestion component;

. L10Nbe shall designate the Pass 1 time-step ¢ non-synchronized ten-minute
operating reserve price;

e P10NRef! shall designate the Pass 1 time-step ¢non-synchronized ten-minute
operating reserve reference price;

. PlONCongflb shall designate the Pass 1 time-step ¢t non-synchronized ten-
minute operating reserve congestion component;

. L105be shall designate the Pass 1 time-step tsynchronized ten-minute
operating reserve price;

e Pl0SRef! shall designate the Pass 1 time-step ¢synchronized ten-minute
operating reserve reference price; and

. PlOSConggb shall designate the Pass 1 time-step ¢synchronized ten-minute
operating reserve congestion component.

For each bus b€ B, define ORREG, S ORREG as the subset of ORREG consisting of
regions that include bus b.

The Pass 1 thirty-minute operating reserve LMP at bus b€ Bin time-step te 7S5 will
be initially calculated as follows:

InitL30RB;, = InitP30 RRef! + InitP30 RCongy,,
where
InitP30 RRef! = SP30R!

and

InitP30RCong}, = Z SPREGMin30R;}, — Z SPREGMax30R¢,.
TEORREG) TEORREG)
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The reference price reflects the cost of meeting an infinitesimal change in the
thirty-minute operating reserve requirement at the reference bus. The congestion
component reflects the cost of binding constraints associated with reserve areas to
which the bus belongs. Such constraints in turn reflect transmission limits that
prevent the delivery of activated operating reserve into or out of a reserve area.

The Pass 1 non-synchronized ten-minute operating reserve LMP at bus b€ Bin
time-step t€ 7S will be initially calculated as follows:

InitLI0 NP, = InitPLONRef} + InitP10NCong},

where
InitP10NRef! = SP10R! + SP30R!
and
InitP10NCongyi,
= Z (SPREGMin10R}, + SPREGMin30R},)
r€EORREG)
- Z (SPREGMax10R}, + SPREGMax30R} ).
T€EORREG)

The reference price reflects the cost of meeting an infinitesimal change in the non-
synchronized ten-minute operating reserve requirement. The congestion component
reflects the cost of binding constraints associated with reserve areas to which the
bus belongs. Such constraints in turn reflect transmission limits that prevent the
delivery of activated operating reserve into or out of a reserve area.

The Pass 1 synchronized ten-minute operating reserve LMP at bus be Bin time-step
te 7S will be initially calculated as follows:

InitL10SPY, = InitP10SRef} + InitP10SCong,,

where
[nitP10SRef! = SP10S} + SP10R! + SP30R!
and
InitP10SCongy),
= Z (SPREGMin10R}, + SPREGMin30R},)
r€EORREG)
- Z (SPREGMax10R}, + SPREGMax30R} ).
T€EORREG)

The reference price reflects the cost of meeting an infinitesimal change in the
synchronized ten-minute operating reserve requirement. The congestion component
reflects the cost of binding constraints associated with reserve areas to which the
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bus belongs. Such constraints in turn reflect transmission limits that prevent the
delivery of activated operating reserve into or out of a reserve area.

An operating reserve LMP can fall outside the sett/lement bounds of ORPrcFir and
ORPrcCeil as a result of joint optimization or constraint violation pricing. When this
occurs, the operating reserve LMP and its components (reference and congestion)
will be modified so that the LMP is within the sett/ement bounds.

For each class of operating reserve, the reference price will be modified when it
does not fall within the sett/ement bounds. For time-step t€ 7S:

1. Set P30RRef! = Min(Max(InitP30 RRef},ORPrcFIr), ORPrcCelil).
2. Set PLONRef! = Min(Max(InitP10 NRef!,ORPrcFIr), ORPrcCeil).
3. Set 10SRef! = Min(Max(InitP10SRef!,ORPrcFIr), ORPrcCeil).

For each class of operating reserve, the LMP and components at internal bus be B
in time-step ¢t€ 7S will be modified as follows:

1. Set L30RP., = Min(Max(InitL30RP., ORPrcFIr), ORPrcCeil) and set P30RCongl, =
L30RP/,-P30RRef}.

2. Set L10NP., = Min(Max(InitL10 NP}, ORPrcFIr), ORPrcCeil) and set PLONCongy, =
L10 NPL,-P1ONRef}.

3. Set L10SPL = Min(Max(InitL10SP., ORPrcFIr), ORPrcCeil) and set P10SCongl, =
L10SP,-P10SRef.

3.8.2.2 Operating Reserve LMPs for Intertie Zone Source and Sink
Buses

The calculation of operating reserve LMPs for intertie zone buses is similar to
internal buses except for additionally accounting for binding net import constraints.
Such constraints can limit the amount of operating reserve that can be imported
into Ontario.

For each time-step t€ 7§, the following operating reserve LMPs and components are
calculated for /intertie zone bus d€ D, where:

. EXtLBORQZd shall designate the Pass 1 time-step ¢ thirty-minute operating
reserve price;

e P30RRef! shall designate the Pass 1 time-step t thirty-minute operating
reserve reference price;

. R’,OR[ntCong{,d shall designate the Pass 1 time-step ¢ thirty-minute operating
reserve internal congestion component;

. BORExtCong{Id shall designate the Pass 1 time-step ¢ thirty-minute operating
reserve intertie congestion component;
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. ExtLlONde shall designate the Pass 1 time-step ¢ non-synchronized ten-
minute operating reserve price;

e PLONRef! shall designate the Pass 1 time-step ¢ non-synchronized ten-minute
operating reserve reference price;

° PlON]ntCongfld shall designate the Pass 1 time-step ¢t non-synchronized ten-
minute operating reserve internal congestion component; and

° PlONExtCong{’d shall designate the Pass 1 time-step ¢t non-synchronized ten-
minute operating reserve intertie congestion component.

The LMP will be the same for all buses at the same proxy location and /ntertie zone.
Reserve imports associated with the same proxy location, but specified as occurring
at a different /ntertie zone, subject to phase shifter operation, will be modelled as
flowing across independent paths. Pricing of these reserve imports will utilize
shadow prices associated with interchange scheduling limits and regional minimum
and maximum operating reserve requirements applicable to the path associated to
the relevant /intertie zone.

For each /intertie zone bus de D, define ORREG,; < ORREG as the subset of ORREG
consisting of regions that include bus d.

The Pass 1 thirty-minute operating reserve LMP at intertie zone bus de D, in
intertie zone a€ A in time-step t€ 7S will be initially calculated as follows:

InitExtL30RPL; = InitP30 RRef] + InitP30 RIntCongl,+ InitP30 RExtCongl,
where

InitP30RRef! = SP30R};

InitP30RIntCongty = Z SPREGMin30R}, — Z SPREGMax30RL, ;

TEORREGq TEORREGy
and
InitPSORExtCongg_d = - 2 0.5 (EnCoeff,, + 1) - SPExtTZ,.
ZEZgsch

The reference and internal congestion components are analogous to the
components of the thirty-minute operative reserve LMP for an internal pricing node.
The intertie congestion component reflects the cost of congestion at the /ntertie
and is calculated by adding the individual congestion costs for the binding import
limits that affect operating reserve transactions scheduled at the /ntertie zone.

The Pass 1 ten-minute operating reserve LMP at intertie zone bus de€ D, in intertie
zone a€ A in time-step te 7S will be initially calculated as follows:

InitExtL10 NPY, = InitP10NRef] + InitP10NintCongl,+ InitP10 NExtCong/,
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where
InitP10 NRef! = SPIOR! + SP30R.;
InitP10NIntCongi 4
= 2 (SPREGMin10R}, + SPREGMin30R},)
TEORREG
- Z (SPREGMax10R}, + SPREGMax30R},);
TEORREGqy
and
InitPlONExtCongtl_d = - Z 0.5 (EnCoeff, , + 1) - SPExtTZ,.
Z€Zsch

The reference and internal congestion components are analogous to the
components of the ten-minute operative reserve LMP for an internal pricing node.
The intertie congestion component reflects the cost of congestion at the /ntertie
and is calculated by adding the individual congestion costs for the binding import
limits that affect operating reserve transactions scheduled at the /intertie zone.

There is no need to calculate a price for synchronized ten-minute operating reserve
at /ntertie zone buses because synchronized ten-minute operating reserve cannot
be imported.

To model an /intertie as out-of-service, the /ntertie transmission limits will be set to
zero and all operating reserve offers will receive a zero schedule. In this case, the
intertie operating reserve prices will be set to be equal to the reference price for
that class of operating reserve plus the applicable internal congestion component
as described above.

An operating reserve LMP can fall outside the sett/lement bounds of ORPrcFir and
ORPrcCeil as a result of joint optimization or constraint violation pricing. When this
occurs, the operating reserve LMP at an /ntertie zone bus and its components
(reference, internal congestion and /ntertie congestion) will be modified so that the
LMP is within the sett/ement bounds.

For thirty-minute operating reserve, the LMP and components at /ntertie zone bus
de Din time-step t€ 7S will be modified as follows:

1. Calculate /ntL30R= InitP30RRef! + InitP30 RintCongi, and modify its
components using the procedure for price modification for internal nodes as
specified in Section 3.8.2.1 to obtain P30RRef! and P30R1nt€ong§d.

2. Set ExtL30RP), = Min(Max(InitExtL30 RP}, ORPrcFIr), ORPrcCetl).
3. Set P30RExtCongly= ExtL30RP/,-P30 RRef}-P30RIntCongy .
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For ten-minute operating reserve, the LMP and components at /ntertie zone bus
de Din time-step te 7S will be modified as follows:

1. Calculate IntZL10N= InitP10 NRef! + 1nitP10N[ntCong{,d and modify its
components using the procedure for price modification for internal nodes as
specified in Section 3.8.2.1 to obtain PLONRef} and PLONIntCongly.

2. Set ExtL10NP}, = Min(Max(InitExtL10 NP, ORPrcFIr), ORPrcCeil).
3. Set PLONExtCongl,;= ExtL10NPBL-P10NRef!-P10NIntCongl,.

3.8.3.  Pricing for Islanded Nodes

NQS resources that are not connected to the main (i.e. largest) island of the
system will be reconnected as inactive units (zero MW and zero MVAr) within the
security assessment function so as to produce a price. Steps one to three of the
pricing for islanded nodes logic will be used to produce a price for NQS resources:

1. Find connection paths over open switches that connect the NQS resource to
the main island.

2. Determine the priority rating for each connection path identified based on a
weighted sum of the base voltage over all open switches used by the
reconnection path and the MW ratings of the newly connected branches.

3. Select the reconnection path with the highest priority rating, breaking ties
arbitrarily.

The substitution rules outlined in steps four to eight will be used to produce a price
for all other pricing nodes that are not connected to the main island of the system
due to a transmission outage, disconnection, a resource being out of service or a
resource operating in segregated mode of operation. These substitutions rules will
also apply to NQS resources for which steps one to three was unable to determine
a price. The PD calculation engine will be provided a node-level and facility-level
substitution list for each pricing node to be used in applying the substitution rules.
Steps four to eight of the pricing for islanded nodes logic will be as follows:

1. Use the LMP at a node in the node-level substitution list, provided such node
is connected to the main island.

2. If no such nodes are identified, use the average LMP of all nodes at the
same voltage level within the same 7ac//ity that are connected to the main
island.

3. If no such nodes are identified, use the average LMP of all nodes within the
same facility that are connected to the main island.
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4. If no such nodes are identified, use the average LMP of all nodes from
another facility that is connected to the main island, as determined by the
facility-level substitution list.

5. If a price is yet to be determined, use the LMP for the reference bus.
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3.9. Data Generation for Settlement Mitigation

This section describes the enhanced mitigated for conduct dispatch data required
for the sett/lement mitigation of RT make-whole payments. This section should be
read in conjunction with Section 3.9 of the Real-Time Calculation Engine detailed
design document.

Any resource that meets the conditions for the testing of RT make-whole payments
will be subject to the make-whole payment impact test as described in the Market
Settlement detailed design document. To execute the make-whole payment impact
test, the settlement process will require additional dispatch data called enhanced
mitigated for conduct dispatch data. This data will be generated by the Pre-
Settlement Mitigation process after the PD and RT calculation engines have
completed all scheduling, pricing, and Market Power Mitigation processes.

3.9.1. Calculation Engine Inputs Provided to the Pre-Settlement
Mitigation Process

The Pre-Settlement Mitigation process uses information from the PD and RT
calculation engines. Information required from the RT calculation engine is
described in Section 3.9.1 of the Real-Time Calculation Engine detailed design
document. The following information from the PD calculation engine will be
required by the pre-settlement mitigation process:

o A list of resources that were mitigated by the PD calculation engine and were
dispatched by the RT calculation engine. For each resource, the following
data is required for the dispatch hour from the last PD calculation engine run
prior to the dispatch hour:

o the constrained area conditions that the resources met;
o the reference levels used in the conduct test; and

o A list of NQS resources that received PD operational commitments - including
new commitments, advancements and extensions - outside the hours of any
DAM financially binding schedule the resource received. For each NQS
resource, the following data is required:

o the hour(s) of the PD operational commitment;

o0 the constrained area conditions met in each hour of the operational
commitment from each of the following PD calculation engine runs
from:

= when the binding start-up instruction was issued. This is
needed to test commitment costs for conduct; and
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= the last PD calculation engine run prior to the dispatch hour.
This is needed to test incremental energy and operating
reserve for conduct; and

o if the resource was committed for reliability purposes.

3.9.2.  Outputs of the Pre-Settlement Mitigation Process

The output of the Pre-Settlement Mitigation process will be the enhanced mitigated
for conduct dispatch data set, which includes the additional data that is necessary
for the make whole payment impact testing in the sett/lement process.

For NQS resources with PD operational commitments, the enhanced mitigated for
conduct dispatch data set includes the following for each commitment period that is
comprised of a consecutive set of hours:

e The set of hours in the commitment period that did not receive a DAM
financially binding schedule, and the most restrictive constrained area
condition met in this set of hours; and

o A revised set of dispatch data for resources subject to the conduct test,
using the constrained area condition described above. For resources that did
not meet a constrained area condition, the global market power thresholds
should be used as applicable. In this data set:

o0 the dispatch data parameter values that fail the conduct test are
replaced with their reference levels; and

o the dispatch data parameter values that pass the conduct test are kept
as as-offered.

For resources that met a constrained area condition in pre-dispatch, as per Section
3.6.3.1, and received a real-time dispatch, the enhanced mitigated for conduct
dispatch data set includes the following for the dispatch hour:

e The constrained area condition met in the last PD calculation engine run
prior to the dispatch hour, and

o A revised set of dispatch data for resources subject to the conduct test,
using the constrained area condition described above. In this data set:

o0 the dispatch data parameter values that fail the conduct test are
replaced with their reference levels; and

o the dispatch data parameter values that pass the conduct test are kept
as as-offered.

For resources with control action reliability constraints applied to any hour in pre-
dispatch or any five-minute interval in real time, the enhanced mitigated for
conduct dispatch data set includes:
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e The set of hours in which:
o reliability constraint applied to the resource in pre-dispatch; and

o reliability constraint applied to the resource in at least one five-minute
interval in real time.

o A revised set of dispatch data subject to conduct test using the reliability
threshold. In this data set:

o0 the dispatch data parameter values that fail the conduct test are
replaced with their reference levels; and

o the dispatch data parameter values that pass the conduct test are kept
as as-offered.

For resources that submitted new dispatch data within the real-time mandatory
window that were entered as inputs to the RT calculation engine, the enhanced
mitigated for conduct dispatch data set includes:

o A revised set of dispatch data subject to the conduct test using the
appropriate thresholds (see Table 3-23). In this data set:

o the dispatch data parameter values that fail the conduct test are
replaced with their reference levels; and

o the dispatch data parameter values that pass the conduct test are kept
as as-offered values.

For any resource described above having dual-fuel status, the enhanced mitigated
for conduct dispatch data set includes two sets of revised dispatch data with
parameters tested for conduct for applicable condition, against each reference
level:

e the lower cost reference levels; and
e the higher cost reference levels.

Table 3-23 lists the conduct test thresholds that must be used to perform the
conduct test depending on when the resource was committed.

Table 3-23: Resources for which an Enhanced Mitigated for Conduct Dispatch
Data Set Must Be Provided

Resource Conduct Threshold Used
All resources supplying energy that qualified The most stringent market power
for ex-ante market power mitigation testing. mitigation thresholds for which the
This includes resources identified for NCA, resource qualifies.
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Resource

Conduct Threshold Used

DCA, BCA, and Global Market Power (energy)
mitigation testing.

All NQS resources that were committed and
scheduled for energy that did not qualify for
ex-ante mitigation testing and:

e had a positive congestion component greater
than $0/MWh on any binding constraint; or

e had a sensitivity factor greater than 0.02 on
a non-binding constraint. Additionally, this
constraint would have been binding or would
have been violated but for the commitment
of the resource.

The threshold that corresponds with
the non-binding constraint that would
have been binding or violated without
the commitment (NCA, DCA, or BCA)

All other NQS resources that were committed
and scheduled for energy.

Global Market Power (energy)
thresholds

All resources that were scheduled for reliability
(i.e., minimum constraint applied).

Reliability constraints thresholds

All resources supplying operating reserve that
qualified for ex-ante market power mitigation
testing both for Local Market Power (operating
reserve) and Global Market Power (operating
reserve), and are scheduled to provide
operating reserve.

The most stringent market power
mitigation thresholds for which the
resource qualifies.

All NQS resources that were committed and
scheduled for operating reserve, and were not
qualified for ex-ante mitigation testing.

Global Market Power (operating
reserve) thresholds

Resources that submitted new dispatch data
within the real-time mandatory window.

The most stringent market power
mitigation thresholds for which the
resource qualified, if applicable.
Otherwise, the Global Market Power
(energy) and Global Market Power
(operating reserve) thresholds.
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3.10. The Pseudo-Unit Model

Combined cycle facilities offering in the day-ahead market as pseudo-units (PSUs)
will also offer into the pre-dispatch scheduling processes and real-time market as
one or more PSUs each comprised of a single combustion turbine (CT) together
with its share of the steam turbine (ST) capacity. The CTs and ST are referred to as
the physical units (PUs). The PSU model defines the boundaries for PSU schedules
and the proportional relationship between the CT and ST.

The PD calculation engine optimization function will evaluate a combined cycle
facility electing PSU modelling as a set of PSU resources that capture the joint
economics of operating the CT and the affiliated portion of the ST together. Each
PSU resource is scheduled independently, with each PSU modelling a CT and a
portion of the ST. Each PSU resource is scheduled proportionally according to a
fixed ratio of energy output between the CT and ST within specific operating
regions.

The PD calculation engine security assessment function models the physical power
system and therefore must model the combined cycle facilities electing PSU
modelling as PUs. Injections into the power system must be simulated at their
physical buses. Therefore, PU sensitivity factors will be provided in the transmission
limits passed from the security assessment function to the optimization function.

Although the optimization function will evaluate resource economics on a PSU basis,
it must handle operational information that is provided on a PU basis, either within
the optimization or via pre-processing. The following operational information is
provided on a PU basis:

e Both transmission constraint sensitivity factors and marginal loss factors for
the CT and ST will be provided to the optimization function and translated
within the optimization using the PSU model; and

e Any minimum or maximum generation constraint applied to a CT or ST will
be pre-processed before the execution of the PD calculation engine pass to
provide limits on the affiliated PSU resources for the optimization function to
enforce. Outages and de-rates will also be pre-processed before the
execution of the PD calculation engine pass.

Because the optimization function will calculate resource schedules on a PSU basis,
post-processing logic will be used to allocate PSU schedules to the corresponding
PUs.

3.10.1. Model Parameters

For a combined cycle facility with K combustion turbines and one steam turbine, the
following registration parameters and daily dispatch data parameters determine the
underlying relationship between the PSUs and PUs:
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CMCR; indicating the registered maximum continuous rating of CT k€ {1,.,K}
in MW;

o (CMLP, indicating the minimum loading point of CT ke {1,.,K} in MW,
e SMCRindicating the registered maximum continuous rating of the ST in MW;

o SMLPindicating the minimum loading point of the ST in MW for a 1x1
configuration;

e SDFindicating the amount of duct firing capacity available on the ST in MW;

e STPortion; indicating the percentage of the ST capacity attributed to PSU
ke{1.,K}; and

o (SCM,€ {01} indicating whether PSU k€ {1,.,K} is flagged to operate in single-
cycle mode.

From this data, the following model parameters can be calculated for each PSU
ke{l.,K}:

o  MMCR, designates the maximum continuous rating of PSU kand is given by
CMCR,+ SMCR-STPortiony(1— CSCMy).

o MMLP, designates the minimum loading point of PSU k and is given by
CMLP,+ SMLP(1— CSCMy).

o MDF, designates the duct firing capacity of PSU kand is given by
SDF-STPortion, (1 — CSCMy).

e MDR, designates the dispatchable capacity of PSU kand is given by
MMCR, — MMLPB, — MDF,.

The PSU model has three distinct operating regions: MLP, dispatchable and duct
firing. The model parameters above determine the three operating regions of PSU
ke{1.,K}, each with an affiliated ST and CT share.

e The MLP region refers to capacity between 0 and MMLE:

0 The ST share in this region is
SMLP-(1-CSCMy)

STShareMLP, =
are % MMLE,
0 The CT share in this region is
CTShareMLP, = CMLE
are % = MMLE,

e The dispatchable region refers to capacity between MMLF, and MMLP, +
MDR;:

0 The ST share in this region is
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(1-CSCM) (SMCR-STPortion,-SMLP-SDF-STPortiony,)

STShareDR; = DR
k

0 The CT share in this region is

CMCR-CMLP,

CTShareDR; = VDR
k

e The duct firing region refers to capacity between MMLE, + MDR;, and MMCR:
0 The ST share in this region is 1.
0 The CT share in this region is 0.

Although the single-cycle mode flag is daily dispatch data, the logic described in
Section 3.10.5 will apply if the look-ahead period spans two dispatch days and the
market participant submits a different flag for each dispatch day.

3.10.2. Application of PU De-rates to the PSU Model

Market participants will continue to be able to submit de-rates on the CTs and ST
corresponding to a combined cycle facility that has elected PSU modelling. When a
de-rate is submitted on a physical unit, the PSU model parameters defining the
dispatchable capacity and duct firing capacity will be updated in the PD calculation
engine to respect the de-rate.

To enable the PD calculation engine to respect these PU de-rates, the energy offers
submitted on a PSU basis will be scheduled based on the following logic:

1. A pre-processing step will determine the available parts of the operating
regions above based on the CT and ST sharing relationships and the
application of the PU de-rates.

2. If part of an operating region is determined to be unavailable, the
corresponding offer laminations will not be scheduled for energy and
operating reserve.

De-rates will be applied respecting the proportional relationship defined by the PSU
model. The pre-processing step will not impact the CT and ST shares within the
modelled operating regions and will ensure that both energy and operating reserve
schedules respect the proportional relationship between the CT and the ST.

3.10.2.1 Pre-processing of De-rates

In the pre-processing step, the following operating region parameters for time-step
te TS will be calculated for each PSU k€ {1.,K}:

e MLF, indicating the minimum loading point of PSU kin time-step £

e DR, indicating the dispatchable capacity of PSU kin time-step ¢ and
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e DF,;indicating the duct firing capacity of PSU kin time-step &
For each time-step te€ 7§, the following data is required for the pre-processing step:

e (TCap,; indicating the capacity of CT k€ {Z.,K} in time-step tas determined
by submitted de-rates;

e STCap,indicating the capacity of the ST in time-step tas determined by
submitted de-rates; and

e TotalQ,, indicating the total quantity of energy offered for PSU k€ {1,.,K} in
time-step ¢

The first task is to calculate the amount of energy offered attributed to each CT
(CTAmt,;) and ST portion (57Amt,;). To do so, the energy offered on a PSU is
divided between the CT and ST according to the share percentages. For PSU
ke{1,.,K} and time-step te TS:

1. If TotalQ,, < MMLPF, then:
a. Calculate CTAmt ;= 0.
b. Calculate STAmt,; = 0.
2. Otherwise:
a. Calculate CTAmtMLP= MMLP,-CTShareMLP,.
b. Calculate STAmtMLP= MMLPF,-STShareMLP,.

c. If TotalQ >MMLPE, + MDRy, then:
i. Calculate CTAmtDR= MDR-CTShareDR,.
ii. Calculate STAmtDR= MDR,-STShareDR,.
ii.  Calculate STAmtDF= (1-CSCMy)(TotalQ.,-MMLF,-MDRy,).
d. Otherwise:

i.  Calculate CTAmtDR= (TotalQ,;-MMLPF,)-CTShareDR,.
ii. Calculate STAmtDR= (TotalQ,,-MMLE,)-STShareDR,,
iii.  Calculate STAmtDF= 0.
e. Calculate CTAmt, = CTAmtMLP+ CTAmtDR.
f. Calculate STAmt,, = STAmtMLP+ STAmtDR + STAmtDF.

The next task is to allocate the ST capacity to each PSU pro-rata according to
the amount of energy offered attributed to each ST portion. For PSU k€ {1,.,K}
and time-step te 7S

3. Calculate PRSTCaptIk=( STAmt )-STCapt.

Ywe {1.,K STAmtl;W
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The last task is to recalculate the operating regions based on the application of
the PU de-rates and the available parts of the CT and ST. For PSU ke {1.,K} and
time-step te 7§:

4. Determine if the PSU is unavailable.
a. If CTAmt,, < CMLFE,, then the PSU is unavailable.
b. If STAmt,, < SMLP(1— CSCMj), then the PSU is unavailable.
c. If CTCap,,< CMLF,, then the PSU is unavailable.
d. If PRSTCap,;, < SMLP-(1— CSCMy), then the PSU is unavailable.

5. Initialize the operating region parameters for time-step ¢€ 75 to the model
parameter values.

a. Set MLP,;= MMLBE,.
b. Set DR, = MDR,.
c. Set DF;,= MDF,.

6. Apply the de-rate on the CT to the dispatchable region.
a. Calculate Pso that CMLP,+ P-CTShareDR;-MDR;, = CTCap,.
b. Update DR,;= min(DR.;, P-MDR)).

7. If the PSU is not operating in single-cycle mode, then incrementally restrict
the capacity by considering the de-rate of the ST, applying the limit first to
the duct firing region and then to the dispatchable region. If the PSU is
operating in single-cycle mode, then the de-rate of the ST does not apply. If
CSCMy, = 0-

a. Calculate Rso that SMLP+ R-STShareDR;-MDR; = PRSTCap,.
b. If R< 1, update DF,;= 0, and DR, = min(DR.;, R-MDRy).
c. If R>1, update DF,; = min(DF,;, PRSTCap,;-SMLP-STShareDR;-MDR)).

3.10.2.2 Identifying Available Energy Laminations

Once the de-rated operating regions have been established, scheduling limitations
will be applied so that the corresponding unavailable offer laminations will not be
scheduled for energy and operating reserve.

The offer quantity laminations that may be scheduled for energy and operating
reserve in each operating region for time-step te 75 will be calculated for each PSU
ke{1.,K}, where:

e (QMLF, indicates the total quantity that may be scheduled in the MLP region;
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QDR indicates the total quantity that may be scheduled in the dispatchable
region; and

QDF,, indicates the total quantity that may be scheduled in the duct firing
region.

The available offered quantity laminations will be determined as follows:

The first offered quantity laminations up to MLF,; will comprise the MLP
region offer laminations. The available laminations will have an offered
quantity less than QMLE,,

The offered quantity laminations between MLF,;, and MDR,, will comprise the
dispatchable region offer laminations. The available laminations will have an
offered quantity between MLF,; and QDR,;, and

The offered quantity laminations between MDR,, and DF,, will comprise the
duct firing region offer laminations. The available laminations will have an
offered quantity between MDR,;, and QDFy;.

Necessarily, the following conditions will hold:

0< QMLP,; < MLP,y;

0< QDR < DR;

0< QDF, < DF;

if QMLF, ;< MLF,; then the PSU is unavailable and QDR,,= QDF,;= 0; and
if QDR,; < DR, then QDF,; = 0.

3.10.3. Applying Minimum and Maximum Constraints to PSUs

As described earlier, market participant and /ESO inputs into the PD calculation
engine may limit the minimum or maximum output of a resource. The minimum and
maximum constraints pertaining to a combined cycle fac/lity electing PSU modelling
may be provided to the PD calculation engine as either: a constraint on a given CT
or ST, or a constraint on a given PSU resource, where:

Commitment constraints will be provided on a physical unit basis,
simultaneously identifying the physical unit as “committed” and indicating
the corresponding minimum output of the unit;

Outages and/or de-rates will be provided on a physical unit basis;

Reliability constraints and manual constraints will typically be provided on a
physical unit basis; and

Certain manual actions such as operating reserve activations will be provided
as a PSU constraint.
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For all constraints provided on a physical unit basis, the constraints will be
translated to a PSU constraint before the execution of the PD calculation engine
pass. Only the most limiting PSU constraints will be enforced within the
optimization function.

For a combined cycle facility with K CTs and one ST, the following data will be
required to translate PSU and PU constraints to the limits enforced by the PD
calculation engine optimization function:

The model parameters MMLP, MDR,, MDF, STShareMLF,, CTShareMLP,,
STShareDR) and CTShareDR, for PSU ke {1,..,K};

The effective operation regions MLF,;, DR, and DF,; for time-step t€ 75 and
PSU ke {1.,K};

The offer quantities QMLF,;,QDR,,and QDF,; that may be scheduled for
energy and operating reserve in each operating region for time-step te 7§
and PSU k€ {1.,K};

The amount of energy offered attributed to the ST portion, S7Amt, for time-
step te 7Sand PSU ke {1,.,K};

The single-cycle flag €SCM, € {0, 1} indicating whether PSU k€ {1.,K} is
flagged to operate in single-cycle mode, accounting for consideration of ST
forced outages as described in Section 3.10.4; and

CTCmtd, € {0,1} indicating whether CT k€ {1,.K} is considered committed in
time-step t€ 7S.

The subsequent sub-sections describe how each category of constraint can be
translated into either:

PSU maximum limitations, denoted PSUMax,; for PSU k€ {1,.,K} and time-step
te 7S, or

PSU minimum limitations, denoted PSUMin,; for PSU k€ {1,.,K} and time-step
te TS.

Suppose @ constraints impacting the combined cycle facility have been
provided to the PD calculation engine. For time-step ¢€ 75 and for constraint
g€ {1.,@Q}, the following limitations will be calculated:

PSUMinzk indicating the minimum limitation on PSU k determined by
translating constraint g. When constraint g does not provide a minimum
limitation on PSU %, then PSUMinzk shall be set equal to 0; and

PSUMaka indicating the maximum limitation on PSU & determined by
translating constraint g. When constraint g does not provide a maximum
limitation on PSU &, then PSUMaka shall be set equal to MLP,;+ DR+ DF;.
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The minimum and maximum limitations applied within the optimization function will
be calculated as follows:

MinDGy = maxge (1, PSUMIng
and
MaxDG = minge (1, PS UMEJXZ P

where the necessary mapping from PSU k€ {1,..K} to bus b€ B™V identifying a PSU
resource applies.

3.10.3.1 PSU Minimum Constraints

PSU minimum constraints can modify the minimum operating limit for a given PSU
resource to maintain output at or above a specific value. Unlike other PSU
constraints that are provided on the physical CT or ST, PSU minimum constraints do
not require any pre-processing translations and can be applied directly to the PSU
resource. The minimum constraint will revise the resource’s lower operating limit so
that the apportioned PU schedules produced by the PD calculation engine will
collectively respect the minimum constraint value.

Suppose a minimum constraint of PMin is provided on PSU k€ {1,.,K} for time-step
te 7S. The PSU constraint is mapped directly to a PSU minimum constraint for the
same amount, and so

PSUMin., = PMin.

3.10.3.2 PSU Maximum Constraints

PSU maximum constraints can modify the high operating limit for a given PSU
resource to maintain output at or below a specific value. Like PSU minimum
constraints, PSU maximum constraints will also be applied directly to the PSU
resource without additional pre-processing. These maximum constraints will be
respected so that the collective apportioned PU schedules produced by the PD
calculation engine do not exceed the maximum constraint value.

Suppose a maximum constraint of PMax is provided on PSU k€ {Z,.,K} for time-step
te 7S. The PSU constraint is mapped directly to a PSU maximum constraint for the
same amount, and so

PSUMax,;, = PMax.

3.10.3.3 CT Minimum Constraints

At times, it may be necessary to apply minimum physical unit constraints directly to
the CT of an associated PSU resource to maintain an output at or above a specified
value. The minimum constraint on the physical unit will be translated to an
equivalent minimum constraint on the PSU. For a PSU resource in combined cycle
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mode, the CT minimum constraint will place an implied minimum restriction on the
associated ST due to the PSU model relationship. The PD calculation engine will
schedule the PSU resource to respect the PSU equivalent constraint, resulting in
apportioned PU schedules that respect the CT minimum limitation and implied ST
limitation.

Suppose a minimum constraint of C7Min is provided on CT k€ {Z,.,K} for time-step
te 7S. The constraint will be translated to PSU k as follows:

1. If the PSU is not flagged to operate in single-cycle mode (i.e. if CSCM; = 0),
then map the CT constraint directly to a PSU constraint using the PSU model.
A restriction on the ST will be implicitly applied according to the sharing
percentages.

a. First calculate the effect of the constraint on the ST within the MLP
and dispatchable regions.

i. If CTMin< MLP,-CTShareMLF,, then set

STMinMLP= CTMi (5 TShareMLF,
= S CTS]]areMLP/’

STMinDR = 0.

i. Otherwise, if CTMin> MLF,;-CTShareMLPF,, then set
STMinMLP= MLF,;-STShareMLF,,

] ] TShareDR,,
STMinDR = (CTMin-MLPF,;-CTShareMLB,)- /

CTShareDR,/’
b. Calculate PSUMI'nEk= CTMin+ STMinMLP+ STMinDR.

2. Otherwise, if the PSU is flagged to operate in single-cycle mode (i.e. if
CSCM;, = 1), then map the CT constraint directly to the PSU. A restriction on
the ST will not be implicitly applied according to the PSU model, and so

PSUMin. = CTMin.

3.10.3.4 CT Maximum Constraints

It may also be necessary to apply maximum physical unit limitations on the CT of
an associated PSU resource to limit the CT's maximum output at or below a specific
value. The maximum constraint on the physical unit will be translated to an
equivalent maximum constraint on the PSU. For a PSU resource in combined cycle
mode, the CT maximum constraint will place an implied maximum restriction on the
associated ST due to the PSU model relationship. The PD calculation engine will
schedule the PSU resource to respect the PSU equivalent constraint, resulting in
apportioned PU schedules that respect the CT maximum output and implied ST
limitation.
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Suppose a maximum constraint of C7Max is provided on CT k€ {1, K} for time-step
te TS. The constraint will be translated to PSU k as follows:

1. If the PSU is not flagged to operate in single-cycle mode (i.e. if CSCM;, = 0),
then map the CT constraint directly to a PSU constraint using the PSU model.
A restriction on the ST will be implicitly applied according to the sharing
percentages. A CT maximum constraint will always prevent the PSU from
being scheduled in its duct firing region.

a. If CTMax< MLF,,-CTShareMLPF,, then the PSU is unavailable (i.e.
PSUMax, ;. = 0).

b. Otherwise, calculate the effect of the constraint on the ST within the
MLP and dispatchable regions.

i. Set
STMaxMLP= MLP,-STShareMLP,,
STMaxDR= (CTMax-MLP.-CTShareMLP, )- [ e PRk
axDR= (CTMax-MLE, CTShareMLE) CTSbareDR,/'

ii. Calculate PSUMax, ;= CTMax+ STMaxMLP+ STMaxDR.

2. Otherwise, if the PSU is flagged to operate in single-cycle mode (i.e. if
CSCM, = 1), then map the CT constraint directly to the PSU. A restriction on
the ST will not be implicitly applied according to the PSU model, and so

PSUMax,; = CTMax.

3.10.3.5 ST Minimum Constraints

ST minimum constraints are required to limit the minimum output of a physical ST
unit such that the output of the ST is maintained at or above a specific value. An
ST minimum constraint can be mapped to one or more PSU resources. It will be
assigned equally to committed PSUs and translated to one or more equivalent PSU
minimum constraints. The ST minimum constraint will place an implied minimum
constraint on associated CT resources due to the PSU model relationship. The PD
calculation engine will schedule impacted PSU resources to respect the PSU
equivalent constraint(s), resulting in apportioned PU schedules that respect the ST
minimum output and the associated CT implied limitations.

Suppose a minimum constraint of S7Min is provided on the ST for time-step te T78.
The constraint will be translated to PSUs that are committed and not operating in
single-cycle mode as follows:

1. Identify A< {1.,K} indicating the set of PSUs to which the constraint may be
allocated. PSU k€ {1,.,K} is placed in set A4 if and only if CSCM; = 0 and
CTCmtd,, = 1. If the set Ais empty (i.e. there are no PSUs on which to
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allocate the constraint), then no further steps are required and the ST
minimum constraint will not be translated to any PSU constraints.

2. Determine the ST portion of the capacity of PSU k€ 4. STCap, designates this
portion and is given by

STCapy = QMLPF,-STShareMLP, + QDR ;-STShareDR; + QDF,;.

3. Allocate the S7TMin constraint equally to each PSU k€ A. STPMin, designates
the amount allocated to the ST portion of PSU k€ 4 and is determined by
allocating S7Min equally to each PSU k€ 4, while limiting the amount
allocated to the ST portion of PSU k by STCap;.

4. Map the ST portion minimum constraint to a PSU constraint using the PSU
model. A restriction on the CT will be implicitly applied according to the
sharing percentages. For each PSU ke 4:

a. First calculate the effect of the constraint on the CT within the MLP
and dispatchable regions.

i. |f STPMin, < MLP,-STShareMLB, then set

CTMinMLP, = STPMi (CTShareMLH()
= "\ STShareMLB,)
CTMinDR, = 0.
ii. Otherwise, if STPMin;, > MLF,;-STShareMLF,, then set
CTMinMLP, = MLP,;-CTShareMLF,

) ) CTShareDRy;
CTMinDRy = (STPMiny-MLF,;-STShareMLP,) ( )

STShareDR,,
b. Calculate PSUMin, = STPMiny + CTMinMLP, + CTMinDRy,.

If enough PSUs with sufficient ST capacity are not committed to allocate the
constraint amount fully, this process may not translate the entire quantity of the ST
minimum constraint to PSU constraints.

3.10.3.6 ST Maximum Constraints

ST maximum constraints are required to limit the output of a physical ST at or
below a specific value. An ST maximum constraint will be prorated across the
available capacity of associated in service PSU resources and translated to one or
more equivalent PSU maximum constraints. The ST maximum constraint may place
an implied maximum constraint on associated CT resources due to the PSU model
relationship. The PD calculation engine will schedule impacted PSU resources to
respect the PSU equivalent constraint(s), resulting in apportioned PU dispatches
that respect the ST maximum output and any associated CT implied limitations.
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Suppose a maximum constraint of S7Max is provided on the ST for time-step t€ 78.
The constraint will be translated to all PSUs in the same way in which a ST de-rate
is translated to all PSUs as follows:

1. Allocate the ST maximum constraint to each PSU pro-rata according to the
amount of energy offered attributed to each ST portion. For PSU k€ {Z1,.,K}
and time-step te 7S, calculate:

STAmt,
Zwe{l,..,l(} STAmtt,W

PRSTMax; ) = < ) -STMax.

2. Map the ST portion maximum constraint to a PSU constraint using the PSU
model. A restriction on the CT will be implicitly applied according to the
sharing percentages. For each PSU ke {1.,K} such that CSCM, = 0-

a. If the prorated ST maximum constraint limits the ST portion to below
its MLP (i.e. PRSTMax,; < SMLP(1— CSCMy), then the PSU is unavailable
(i.e. PSUMax;; = 0).

b. Otherwise, calculate R so that SMLP+ R-STShareDR;-MDR;= PRSTMax,.
i. If R< 1, set
PSUMax, ;= MLP,;+ min(DR,;, R-MDR)).

ii. If R>1, set
PSUMax;) = MLF,;+ DR, + PRSTMax,; — SMLP
— STShareDR,-MDR,.

3.10.3.7 Equal ST Minimum and Maximum Constraints

ST minimum constraints and maximum constraints of equal amounts may not result
in PSU resource minimum and maximum constraints of equal amounts. This may
occur because ST minimum constraints are only allocated to committed PSUs and
are allocated equally to committed PSUs as opposed to pro-rated across available
capacity. Equal minimum and maximum ST constraints may be applied to fix the
steam turbine to a given output for safety, equipment or reliability reasons. In
these circumstances, the ST minimum constraint allocation logic will be used to
determine equal minimum and maximum constraints to be applied to the PSUs
because the constraint represents an operational concern and is best allocated to
committed PSUs.

3.10.4. Steam Turbine Forced Outages

When the steam turbine of a combined cycle facility electing PSU modelling
experiences a forced outage, the PD calculation engine will automatically evaluate
the corresponding PSUs as if the resources were being offered in single-cycle mode.
This treatment will prevent the PD calculation engine from scheduling the PSUs to
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zero in cases where the ST outage slip is submitted before the single-cycle mode
flag has been updated. For more information, see the Grid and Market Operations
Integration detailed design document.

3.10.5. Single-Cycle Flag Across Two Dispatch Days

When the pre-dispatch look-ahead period spans two dispatch days, the single-cycle
mode flag for the second day will be used for the entire look-ahead period, with
two exceptions related to whether there is a reliability constraint on the PSU.

The first exception is if the flag submitted by the market participant differs
between the two dispatch days, the PSU is currently in-service and the PSU is not
currently subject to a reliability or commitment constraint. In this circumstance, the
PSU will receive a 0 MW schedule in HE1 of the second dispatch day to respect the
market participant submitted change in operating mode.

The second exception is if the flag submitted by the market participant differs
between the two dispatch days, the PSU is currently in-service and the PSU is
currently subject to either a refiability or a commitment constraint. In this
circumstance, the PSU will receive a 0 MW schedule in the first time-step of the
next dispatch day for which no commitment or reliability constraint applies. This
treatment is also applicable when a PSU remains in-service across midnight to
satisfy a commitment or reliability constraint. The pre-dispatch look-ahead period
no longer spans two dispatch days but the PD calculation engine will continue to
schedule the PSU using the single-cycle mode flag submitted for the previous
dispatch day before forcing the resource to a 0 MW schedule once the constraint no
longer applies.

3.10.6. Translation of PSU Schedules to PU Schedules

The PSU model determines the logic for translating energy and operating reserve
schedules for the PSUs representing a combined cycle facility to energy and
operating reserve schedules for the corresponding physical units.

For a combined cycle facility with K combustion turbines and one steam turbine, the
following energy and operating reserve schedules for the physical units will be
computed from the PSU schedules for time-step t€ 75:

e (TE,;indicating the energy schedule for CT k€ {1,.,A};
o STPE,, indicating the energy schedule for the ST portion of PSU k€ {1,.,A};
e STE;indicating the energy schedule for the ST;

e (T10S,, indicating the synchronized ten-minute operating reserve schedule
for CT ke {1,.,K};
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STP10S,; indicating the synchronized ten-minute operating reserve schedule
for the ST portion of PSU k€ {1,.,K};

ST10S; indicating the synchronized ten-minute operating reserve schedule for
the ST;

CT10N, indicating the non-synchronized ten-minute operating reserve
schedule for CT k€{1.,k};

STP10N,; indicating the non-synchronized ten-minute operating reserve
schedule for the ST portion of PSU k€ {1.,K};

ST10MN, indicating the non-synchronized ten-minute operating reserve
schedule for the ST;

CT30R,; indicating the thirty-minute operating reserve schedule for CT
ke{l.,K};

STP30R, indicating the thirty-minute operating reserve schedule for the ST
portion of PSU ke {7,.,K}; and

ST30R; indicating the thirty-minute operating reserve schedule for the ST.

Suppose the PD calculation engine has determined the following energy and
operating reserve schedules for PSU k€ {1.,K} in time-step t€ TS:

SE.; indicating the total amount of energy scheduled. This schedule can be
broken into three components so that SE,, = SEMLF,; + SEDR; + SEDF,
where:

0 SEMLPF,; indicates the portion of the schedule corresponding to the MLP
region. Necessarily 0< SEMLF,; < QMLF,;

0 SEDR.indicates the portion of the schedule corresponding to the
dispatchable region. Necessarily 0< SEDR,;, < QDR,; and SEDR,;>0 only
if SEMLP,,= QMLP,;

0 SEDF,; indicates the portion of the schedule corresponding to the duct
firing region. Necessarily 0< SEDF,; < QDF;; and SEDF,;>0 only if

5105, indicating the total amount of synchronized ten-minute operating
reserve scheduled;

S10N,, indicating the total amount of non-synchronized ten-minute operating
reserve scheduled. If the PSU cannot provide operating reserve from its duct
firing region then necessarily 0< SE,;+ S10S,;+ S10N,; < QMLF,; + QDR,;; and

S30R,; indicating the total amount of thirty-minute operating reserve
scheduled. Necessarily 0< SE,;+ S10S;;+ SI10N;; + S30R, ;< QMLE.; + QDR +
QDF .
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The following additional data is required to translate these PSU schedules to PU
schedules:

e The offer quantities QMLF,;, QDR and QDF,; that may be scheduled for
energy and operating reserve in each operating region for time-step te 7§
and PSU k€ {1,.K}; and

e The ST and CT shares of the MLP and dispatchable regions for PSU k€ K
given by STShareMLPF,, CTShareMLP,, STShareDR;, and CTShareDR),.

The logic to calculate the energy and operating reserve schedules for the CT and
ST portion for PSU k€ {1,.,K} in time-step ¢t€ 75 depends on whether the PSU is
scheduled at or above its minimum loading point. The procedure is as follows:

1. If SEy, = MLF,;, then the PSU model applies and the following logic used:

a. The energy schedules from the MLP, dispatchable and duct firing
regions are assigned to the CT and ST according to the sharing
percentages as follows:

CTE = SEMLP, ;-CTShareMLF, + SEDRy, ;-CTShareDR,,
STPE, x= SEMLP, ;-STShareMLP, + SEDR,;-STShareDR, + SEDF,,.
b. The operating reserve schedules are then assigned to the
dispatchable and duct firing regions based on remaining capacity,
assigning the spinning reserve first and then non-spinning as follows:

RoomDR,; = QDR ;-SEDR,,

10SDR.; = min(RoomDR, ;, 5105, ),

10NDR, = min(RoomDR, ;-10SDR,;,S10N, ),

30RDR, = min(RoomDR,;-10SDR, ;-10NDR;,S30R.;),
CT10S, ;= 10SDR,;CTShareDRy,

STP10S, ;= 10SDR;*STShareDR; + (5108, ,-10SDR, ),
CT10N, = 10NDR,-CTShareDR,,

STP10N, ;= 10NDR,-STShareDRy + (S10N,;-10NDR,),
CT30R. = 30RDR,;-CTShareDRy,

STP30R,x = 30RDR, ;-STShareDR; + (S30R, ;-30RDR, ).

2. If SE, ;< MLF,; and is ramping to MLP, the translation will be determined by
the ramp up energy to MLP profile.

After the PSU schedules are allocated to the CT and ST portion, the ST portion
schedules are summed to obtain the ST schedule as follows:

S’I'E'LL == Z STPEt,k,
k=1,..K

ST10S, = z STP10S,,
k=1,.K
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ST10N, = Z STP10N, ,
k=1,.K

and

ST30R, = Z STP30R, .
k=1,..K

3.10.7. Pricing for PSUs

3 Detailed Functional Design

The PD calculation engine will produce prices for PSUs by calculating weighted
average marginal loss factors and weighted average sensitivities based on the PSU
model parameters and scheduling results.
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3.11. Determination of the Non-Dispatchable Demand
Forecast

The /ESO will produce hourly average and hourly peak demand forecasts for each
demand forecast area. These demand forecasts are representative of transmission
losses and average or peak forecast consumption of all /oad facilities and hourly
demand response resources in their respective demand forecast area.

The PD calculation engine optimization function uses an hourly province-wide non-
dispatchable demand forecast quantity for each time-step ¢, denoted by FL,. This
guantity will be derived from either the average or peak demand forecasts through
the selection process described in the Grid and Market Operations Integration
detailed desigh document. Regardless of which set of forecasts is used, FL, will be
determined by identifying the portion of the demand forecasts for each demand
forecast area attributed to loads that are considered non-dispatchable and losses,
as described in the following steps:

1. The /ESO demand forecasts for each demand forecast area minus the total
of the b/d quantities submitted for virtual hourly demand response resources
will be distributed to all /oad facilities with delivery points in the areas using
the load distribution factors described in Section 3.7.1.3. The distributed
forecast MW quantities will then be adjusted to account for the b/d quantities
for physical hourly demand response resources by subtracting the bid
guantities for physical hourly demand response resources from their
respective associated non-dispatchable or price responsive /oad facility.

2. The forecast quantity for time-step ¢, FL, will be obtained by adding:
o the forecast MW quantities reflecting losses;

o the forecast MW quantities distributed to delivery points for non-
dispatchable loads,

o the forecast MW quantities distributed to delivery points for price
responsive loads; and

o the forecast MW quantities distributed to delivery points for
dispatchable loads when no bid is submitted for a dispatchable load.

— End of Section —
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4.  Market Rule Requirements

The market rules govern the /ESO-controlled grid and establish and govern the
1ESO-administered markets. The market rules codify obligations, rights and

authorities for both the /ESO and market participants, and the conditions under
which those rights and authorities may be exercised and those obligations met.

This section is intended to provide an inventory of the changes to market rufe
provisions required to support the PD Calculation Engine detailed design, and is
intended to guide the development of market rule amendments.

This inventory is not meant to be an exhaustive list of required rule changes, but is
a “snapshot” in time based on the current state of design development of this
specific design document. Resulting market rule amendments will incorporate the
integration of the individual design documents.

New and amended Chapter 11 defined terms: These terms will be consolidated in a
single document at a later time as part of the market rule amendment process, and
will support multiple design documents.

The inventory is developed in the following tables, which describe the impacts to
the market rules and classify them into the following three types:

e Existing — no change: ldentifies those provisions of the existing market rules
that are not impacted by the design requirements.

e Existing — requires amendment: Identifies those provisions of the existing
market rules that will need to be amended to support the design
requirements.

e New: Ildentifies new market rules that will likely need to be added to support
the design requirements.
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Table 4-1: Market Rule Appendix 7.5 Impacts

Market Rule
Section

Type

Topic

Requirement

Appendix 7.5 — The Market Clea

ring and Pricing Pr

ocess

Appendix 7.5
All Sections

Existing -
requires
amendment

All topics

e This appendix describes the process to be used
to determine pre-dispatch schedules, real-time
schedules, market schedules and market prices.

e This appendix will be retired and replaced with
new appendices to describe the dispatch
scheduling and pricing process, the PD
calculation engine process and the RT
calculation engine process.

Note: The inventory for the new appendix to
describe the RT calculation engine process is
included in the Real-Time Calculation Engine
detailed design document.

Table

4-2: Market Rule Appendix 7.X Impacts

Market Rule
Section

Type

Topic

Requirement

Appendix 7.X — The Dispatch Scheduling and Pricing Process

Appendix 7.X.1

New

Interpretation

This new section includes a description of the
appendix and what information will be included in
the appendix.

e Section 1.1 will clarify the purpose of the
appendix. The appendix describes the process
to be used to determine pre-dispatch
schedules, real-time schedules, and prices. The
appendix will detail the following:

0 Modes of operation;

o0 The inputs to the dispatch scheduling and
pricing process; and

0 The outputs from the dispatch scheduling
and pricing process.

Appendix 7.X.2

New

Modes of
Operation

This new section sets out the market rules
around the operation of the dispatch scheduling

and pricing process.
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Market Rule
Section

Type

Topic

Requirement

e Section 1.1 will clarify the two modes of
operation used by the PD calculation engine
process and the RT calculation engine process.
The dispatch scheduling and pricing software
may be operated to determine either a pre-
dispatch schedule or a real-time schedule and
any associated prices as required by these
market rules.

e Section 1.2 will include details around the pre-
dispatch schedules from the PD calculation
engine process. The pre-dispatch schedule shall
represent individual periods, each of one-hour
duration, for the look-ahead period (i.e. the
remaining hours of the current dispatch day
and for runs starting at 20:00 EST, the look-
ahead period includes all hours in the next
dispatch day). It represents the energy
forecast to be injected into or withdrawn from
the /ESO-controlled grid, and the operating
reserve to be maintained, by each market
participant in each dispatch hour.

e Section 1.3 will include the details around the
real-time schedules and the resulting dispatch
instructions from the RT calculation engine
process. The real-time schedule shall be issued
for individual dispatch intervals. It represents
the energy to be injected into or withdrawn
from the /ESO-controlled grid, and the
operating reserve to be maintained, by
dispatchable resources supplying energy or
operating reserve, or consuming energy, in
each dispatch interval.

e Section 1.4 will include the details around
schedules corresponding to offers and bids
located in /ntertie zones adjoining the /ESO
control area. The schedules shall be fixed for
all dispatch intervals within a dispatch hour in
the real-time schedule to equal the interchange
schedules determined for that same dispatch
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Market Rule
Section

Type

Topic

Requirement

hour based on the last pre-dispatch schedule
determined prior to solving the real-time
schedule.

Overlap: RT Calculation Engine detailed design
document.

Appendix 7.X.3

New

Inputs

This new section sets out the market rules
around the inputs to the dispatch scheduling and
pricing process.

e Section 1.1 will include the inputs to the
dispatch scheduling and pricing process.

Note: The inputs to the dispatch scheduling and
pricing process that are common to both the PD
calculation engine and the RT calculation engine
processes will be identified in this section. For
the purposes of this inventory, all inputs to the
PD calculation engine process are identified in
Appendix 7.XA. All inputs to the RT calculation
engine are identified in Appendix 7.XB.

Overlap: RT Calculation Engine detailed design
document.

Appendix 7.X.4

New

Outputs

This new section sets out the market rules
around the outputs in the dispatch scheduling
and pricing process.

e Section 1.1 will include the outputs to the
dispatch scheduling and pricing process.

e Section 1.2 — Dispatch Instructions: The
section will include a reference to the market
rules section in Chapter 7.

Note: Some outputs from the PD calculation
engine process may be included in this section.
For the purposes of this inventory, all outputs
from the PD calculation engine process are
identified in Appendix 7.XA.

Overlap: RT Calculation Engine detailed design
document.
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Table 4-3: Market Rule Appendix 7.X Impacts

Market Rule
Section

Type

Topic

Requirement

Appendix 7.XA —

The Pre-Dispat

ch Calculation Eng

ine Process

Section 1

New

Interpretation

This new section includes a description of the
appendix and what information will be included in
the appendix.

e Section 1.1 will clarify the purpose of the
appendix. The appendix describes the PD
calculation engine process used to determine
pre-dispatch schedules and prices. The
appendix will detail the following:

The inputs to the PD calculation engine;

The outputs from the PD calculation engine;
and

The mathematical description of the

algorithms/tests for the single pass in the PD
calculation engine.

Similar to the existing Appendix 7.5 — The Market
Clearing and Pricing Process, the market rules
will state that the PD calculation engine output
data described in Appendix 7.XA will not require
the /ESO to publish the output data except where
expressly required by the market rules.

Section 2

New

The Pre-
Dispatch
Calculation
Engine -
Overview

This new section provides an overview of the PD
calculation engine.

e Section 2.1 will set out the purpose of the PD
calculation engine and will describe the single
pass.

Pass 1, the Pre-Dispatch Scheduling Pass,
determines a set of resource schedules and
commitments to meet the /ESO's hourly
forecast demand and the demand from
dispatchable loads, hourly demand response
resources and exports. Pass 1 also determines
locational marginal prices consistent with the
scheduling and commitment decisions made in
the pass.
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Market Rule - Topi . . "
. e opic equiremen
Section o B y
Section 3 New Inputs into the | This new section sets out the market rules

Pre-Dispatch
Calculation
Engine

around the inputs into the PD calculation engine.

e Section 3.1 — Overview: The inputs will be
categorized by the PD calculation engine’s
three functions:

0 Optimization function;
o0 Security assessment function; and
0 Ex-ante market power mitigation process.

e Section 3.2 — Inputs into the Optimization
Function

o Section 3.2.1 — Demand Forecasts: The
section will include details of the hourly
demand forecast prepared by the /ESO
for each of the /ESO demand forecast
areas. The demand forecasts will be
modified to a quantity that is
representative of load that is considered
non-dispatchable and is inclusive of
losses. The forecasts will be produced for
each time-step of the look-ahead period
(i.e. the remaining hours of the current
dispatch day and for runs starting at
20:00 EST, the look-ahead period
includes all hours in the next dispatch
day).

0 Section 3.2.2 — Forecasts from Non-
Dispatchable Generation Resources: The
section will include details on the forecast
output from sel/f-scheduling generation
facilities, transitional scheduling
generators and intermittent generators
submitted by registered market
participants in accordance with Chapter
7.

o Section 3.2.3 — Forecasts from Variable
Generation Resources: The section will
include details on the hourly forecast for
variable generation produced by the /£SO
for all time-steps of the look-ahead
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Market Rule
Section

Type

Topic

Requirement

period (i.e. the remaining hours of the
current dispatch day and for runs starting
at 20:00 EST, the look-ahead period
includes all hours in the next dispatch
day).

Section 3.2.4 — Energy Bids and Offers:
The section will include energy offers and
energy bids and other associated
dispatch data parameters submitted by
registered market participants submitted
in accordance with Chapter 7.

Section 3.2.5 — Operating Reserve Offers:
The section will include operating reserve
offers and other associated dispatch data
parameters submitted in accordance with
Chapter 7.

Section 3.2.6 — Energy Limited
Resources: This section will include
details on energy limited resources and
the daily limit on the amount of energy
that they can generate over the course of
the dispatch day.

Section 3.2.7 — Non-Quick Start
Resources: The section will list the inputs
for non-quick-start generation facilities
including the minimum generation cost
calculated from the speed-no-load offer
and energy offer laminations up to the
resource’s minimum loading point.
Additional inputs include start-up offer,
speed no-load offer, minimum generation
block run time, minimum generation
block down time, maximum number of
starts per day, and ramp up energy to
minimum loading point profile.

Section 3.2.8 — Pseudo-Units: The section
will list the inputs for pseudo-units
including the steam turbine share of the
minimum loading point region, steam
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Market Rule
Section

Type

Topic

Requirement

turbine share of the dispatchable region,
ramp up energy to minimum loading point
profile for the combustion turbine and
steam turbine, and whether the pseudo-
unit cannot provide ten-minute operating
reserve while scheduled in its duct firing
region.

Section 3.2.9 — Hydroelectric Resources:
The section will list the input for
hydroelectric resources, which include
forbidden regions, minimum and
maximum daily energy limits, minimum
hourly output, hourly must run, maximum
number of starts per day, linked
resources, time lag and MWh ratio
dispatch data parameters.

Section 3.2.10 — Imports and Exports:
The section will include details on the
inputs for imports and exports,
specifically those outside the normal
market bids and offers including, but not
limited to, emergency energy and
inadvertent /ntertie flows.

Section 3.2.11 - Inputs Provided by the
Security Assessment Function: The
section will include details on the inputs
provided by the security assessment
function, which include:

= Transmission constraints (including
marginal loss factors and loss
adjustments); and

=  Transmission losses.

Section 3.2.12- Inputs to subsequent PD
calculation engine runs provided by the
Ex-Ante Market Power Mitigation Process.
The section will include details on the
inputs provided by the Ex-Ante Market
Power Mitigation Process, which include
dispatch data replaced by reference level
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Market Rule
Section

Type

Topic

Requirement

values resulting from the failure of
conduct and price impact tests executed
by the PD calculation engine for
dispatchable loads and dispatchable
generation resources.
Section 3.2.13 — Initial Scheduling
Assumptions: The section will include
details on the initial schedules and
commitment of resources for the first
time-step of the look-ahead period (i.e.
the remaining hours of the current
dispatch day and for runs starting at
20:00 EST, the look-ahead period
includes all hours in the next dispatch
day), which is not scheduled by the
optimization function.
Section 3.2.14 — Other Inputs: The /£SO
shall also provide other inputs into the
PD calculation engine for the optimization
function. These include:

=  QOperating reserve requirements;

=  Resource minimum and maximum
constraints;

= [ntertie limits;
= /ntertie curtailments; and

= Constraint violation penalties.

e Section 3.3 — Inputs into the Ex-Ante Market
Power Mitigation Process

Section 3.3.1 — Condition Testing Inputs

= Section 3.3.1.2 — Constrained Area
Designations: The designation of
constrained areas is based on
frequency and duration of
congestion in the area, and
whether the constraints result in
supply resources being dispatched
up, in accordance with the new
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Market Rule

Type Topic Requirement
Section yp P 9

Appendix 7.8 — Market Power
Mitigation.
0 Section 3.3.2 — Conduct Test Inputs

o Section 3.3.2.1 — Reference Levels:
Reference levels will be the /ESO's
estimate of the competitive offer of a
resource in accordance with the new
Appendix 7.8 — Market Power Mitigation.

0 Section 3.3.2.2 — Conduct Thresholds:
Conduct thresholds will be used with
reference levels to determine whether the
dispatch data values offered by a
resource deviate significantly from what
the values would have been in a
competitive market in accordance with
the new Appendix 7.8 — Market Power
Mitigation.

0 Section 3.3.2.3 — Other Inputs:

=  Minimum Energy Offer: The
minimum energy offer value for
the offer lamination to be included
in the Conduct Test. Energy offer
laminations below this value are
excluded from the Conduct Test.

=  Minimum Operating Reserve Offer:
The minimum operating reserve
offer value for the offer lamination
to be included in the Conduct Test.
Operating reserve offer laminations
below this value are excluded from
the Conduct Test.

0 Section 3.3.3 — Price Impact Test Inputs

0 Section 3.3.3.1 — Price Impact
Thresholds: Price impact thresholds will
be used to test for economic withholding
in accordance with the new Appendix 7.8
— Market Power Mitigation.
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Market Rule

Type Topic Requirement
Section yp P 9

e Section 3.4 — Inputs into the Security
Assessment Function

0 Section 3.4.1 — Inputs Provided by the
Optimization Function: The Optimization
Function will provide schedules for load
and supply resources (withdrawals and
injections).

0 Section 3.4.2 — Other inputs:

= Security limits;
= Power system model data;
= List of contingencies;
= List of monitored equipment; and
= Load distribution factors.
Overlap: Market Power Mitigation detailed design
document, Offers, Bids and Data Input detailed

design document, and DAM Calculation Engine
detailed design document.

Section 4 New Initialization This new section sets out the market rules
around the initialization processes.

e Section 4.1 — Overview: The section will include
an overview of the initialization processes.
Prior to the execution of its single pass, the PD
calculation engine will perform the initialization
processes, which include Sections 4.1.1
through 4.1.7.

o Section 4.1.1 — References Bus: The
section will include details on the
selection of a reference bus.

0 Section 4.1.2 — Islanding: The section will
include details determining islanding
conditions.

0 Section 4.1.3 — Variable Generation
Resource Tie-Breaking: The section will
include details on the application of the
variable generator tie-breaking logic.

o0 Section 4.1.4 — Pseudo-Unit Minimum and
Maximum Constraints: The section will
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Market Rule
Section

Type

Topic

Requirement

include details on the pre-processing of
minimum and maximum generation
constraints that apply to pseudo-units.

0 Section 4.1.5 — Evaluation of Start-Up
Cost for Non-Quick Start Resource
Advancements: The section will include
details on the evaluation of start-up costs
for the advancement of non-quicks start
resource DAM operational commitments.

0 Section 4.1.6 — Evaluation of Non-Quick
Start First Time-Step Available to Start:
The section will include details on the
evaluation of the first time-step the non-
quick start resource can reach minimum
loading point.

0 Section 4.1.7 — Evaluation of Dispatch
Data Across Two Dispatch Days: The
section will include details on the
evaluation of dispatch data where the
look-ahead period (i.e. the 20:00 EST to
23:00 EST runs of the PD calculation
engine) spans two dispatch days.

Section 5

New

Security
Assessment

This new section will set out the market rules
around the security assessment function.

e Section 5.1 — Overview: The section will
provide an overview of the security assessment
function. The security assessment function
assesses power system security using the
schedules produced by the optimization
function. For resource schedules and prices,
the PD calculation engine iterates between the
optimization function and the security
assessment function.

e Section 5.2 — Inputs: The section will include
the inputs into the security assessment
function by referencing the inputs identified in
Section 3 of Appendix 7.XA.

e Section 5.3 — Security Assessment Function
Processing: The security assessment function
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Market Rule

Type Topic Requirement
Section yp P 9

performs the following calculations and
analyses (the details for these will be included
in the market rules):

0 Base case power flow;

0 Pre-contingency security assessment;

0 Prepare linearized constraints for pre-
contingency limits;

0 Loss calculation;

o Contingency analysis; and

0 Prepare linearized constraints for post-
contingency limits.

e Section 5.4 — Outputs: The section will list the

outputs from the security assessment function.
The outputs include, but are not limited to:

o Marginal loss factors for resources;

0 Security constraint set corresponding to
violated pre-contingency limits and post-
contingency thermal limits;

0 Loss adjustment; and

o0 Sensitivity factors required to calculate
locational marginal prices (pre-
contingency and post-contingency).

Section 6 New Pass 1: Pre- This new section sets out the market rules
Dispatch around the single pass of the PD calculation
Scheduling Pass | engine, including the inputs, mathematical
formulations, and outputs.

e Section 6.1 — Overview: The section will
contain an overview of Pass 1. Pass 1
determines a set of resource schedules and
commitments to meet the /ESO's forecast non-
dispatchable demand and the demand from
dispatchable loads, hourly demand response
resources and exports. Pass 1 also determines
locational marginal prices consistent with these
scheduling and commitment decisions.

e Sections 6.2 to 6.8 will detail the
algorithms/tests within Pass 1. For the
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Market Rule . .
Section Type Topic Requirement
purposes of this inventory, these sections are
broken out by algorithm/test as follows:
0 Pre-Dispatch Scheduling;
0 Pre-Dispatch Pricing;
0 Constrained Area Conditions Test;
o0 Conduct Test;
o0 Reference Level Scheduling;
o Reference Level Pricing; and
0 Price Impact Test.

e Section 6.9 — Locational Marginal Prices: The
section will outline the locational marginal
prices for Pass 1, determined in accordance
with Section 8 of Appendix 7.XA.

e Section 6.10 — Outputs: The section will list the
outputs from Pass 1, which include but are not
limited to:

0 Schedules;
0 Unit commitment statuses;
o Shadow prices; and
o Locational marginal prices.
Section 6.2 New Pre-Dispatch This new section sets out the market rules
Scheduling around the Pre-Dispatch Scheduling algorithm.

e Section 6.2.1 — Overview: The section includes
an overview of the Pre-Dispatch Scheduling
algorithm. Pre-Dispatch Scheduling will perform
a security-constrained unit commitment and
economic dispatch to meet the /ESO’s non-
dispatchable demand forecast and /ESO-
specified operating reserve requirements, as
well as demand from dispatchable loads, hourly
demand response resources and bids to export
energy.

e Section 6.2.2 — Inputs: The section lists the
inputs to the Pre-Dispatch Scheduling algorithm
by referencing the inputs identified in Section 3
of Appendix 7.XA.
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Market Rule
Section

Type

Topic

Requirement

e Section 6.2.3 — Optimization Function for Pre-
Dispatch Scheduling: The section includes
details on the optimization function including:

0 Optimization Objective: The section will
include the objective (to maximize the
gains from trade).

0 Variables — The section will list the
variables for which the calculation engine
will solve for.

0 Objective Function: The section will
include the optimization of the objective
function in Pre-Dispatch Scheduling,
which is to maximize the expression
(Note: the expression will be included in
the market rules).

e Section 6.2.4 — Optimization Constraints: The
section outlines the three constraint categories
that apply to the schedules determined in the
optimization:

o Single hour constraints that ensure no
violation of parameters specified in the
dispatch data submitted by registered
market participants;

e Inter-hour and multi-hour constraints that
ensure no violation of parameters specified in
the dispatch data submitted by registered
market participants; and

e Constraints that ensure no violations of /ESO
established reliability criteria.

e Section 6.2.5 — Bid/Offer Constraints Applying
to Single Hours: The section will include details
on the single hour constraints including:

o0 Scheduling variable bounds and
commitment status variables;

o0 Resource minimums and maximums;

o [Intertie minimum and maximum

constraints;
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Market Rule

Type Topic Requirement
Section yp P 9

o Off-market transactions (emergency
energy and inadvertent /ntertie flows);

Operating reserve scheduling;
Pseudo-units;

Hydroelectric resources; and

o O O o©

Imports/exports (linked wheel
transactions).

e Section 6.2.6 — Bid/Offer Inter-Hour/Multi-Hour
Constraints: The section will include details on
the inter-hour/multi-hour constraints including:

0 Energy ramping;

O Operating reserve ramping;

o Non-quick-start resources;

0 Energy-limited resources; and
0 Hydroelectric resources.

e Section 6.2.7 — Constraints to Ensure Schedules
Do Not Violate Reliability Requirements: The
section will include details on the constraints
that ensure no /£SO established reliability
criteria are violated including:

O Energy balance;

O Operating reserve requirements;
0 /ESO internal transmission limits;
o Intertie limits; and

0 Penalty price variable bounds.

e Section 6.2.8 — Outputs: The section will list
the outputs from the Pre-Dispatch Scheduling
algorithm. Pre-Dispatch Scheduling will produce
schedules and unit commitment statuses.

Section 6.3 New Pre-Dispatch This new section sets out the market rules
Pricing around the Pre-Dispatch Pricing algorithm.

e Section 6.3.1 — Overview: The section includes
an overview of the Pre-Dispatch Pricing
algorithm. Pre-Dispatch Pricing will perform a
security-constrained economic dispatch to meet
the /ESO’s non-dispatchable demand forecast
and /ESO-specified operating reserve
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Market Rule
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Section yp P 9

requirements, as well as demand from
dispatchable loads, hourly demand response
resources and bids to export energy.

e Section 6.3.2 — Inputs: The section includes
the inputs to the Pre-Dispatch Pricing algorithm
by referencing the inputs identified in Section 3
of Appendix 7.XA. The section will also include
a list of outputs from Pre-Dispatch Scheduling
that are used as inputs to the Pre-Dispatch
Pricing algorithm.

e Section 6.3.3 — Optimization Function for Pre-
Dispatch Pricing: The section includes details
on the optimization function including:

0 Optimization Objective: The section will
include the objective (to maximize the
gains from trade).

0 Variables: The section will list the
variables for which the PD calculation
engine will solve for.

0 Objective Function: The optimization of
the objective function in Pre-Dispatch
Pricing is to maximize the expression (the
expression will be included in the market
rules). The objective function for the Pre-
Dispatch Pricing is similar to Pre-Dispatch
Scheduling, with the following
exceptions:

= The start-up and minimum
generation costs are constants and
thus are dropped from the
objective; and

» The violation cost is calculated
using the set of constraint
violation penalty curves for
determining market prices.

e Section 6.3.4 — Optimization Constraints: The
section outlines the four constraint categories
that apply to the schedules and prices
determined in the optimization:
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o Single hour constraints that ensure no
violation of parameters specified in the
dispatch data submitted by registered
market participants;

0 Inter-hour and multi-hour constraints
that ensure no violation of parameters
specified in the dispatch data submitted
by registered market participants; and

o Constraints that ensure no violations of
IESO established reliability inputs; and

o0 Constraints that ensure the eligibility of
an offer or bid lamination to set price is
appropriately reflected.

e Section 6.3.5 — Bid/Offer Constraints Applying
to Single Hours: The section will include details
on the single hour constraints including:

0 Scheduling variable bounds and unit
commitment statuses;

o0 Resource minimum and maximums;

o [Intertie minimum and maximum
constraints;

o Off-market transactions (emergency
energy and inadvertent /ntertie flows);

Operating reserve scheduling;
Pseudo-units;

Hydroelectric resources; and

o O O o©

Imports/exports (linked wheel
transactions).

e Section 6.3.6 — Bid/Offer Inter-Hour/Multi-Hour
Constraints: The section will include details on
the inter-hour/multi-hour constraints including:

0 Energy ramping;
Operating reserve ramping;
Non-quick-start resources;

Energy-limited resources; and

O O O O

Hydroelectric resources.
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Section yp P 9

e Section 6.3.7 — Constraints to Ensure Schedules
Do Not Violate Reliability Requirements: The
section will include details on the constraints
that ensure no /£SO established reliability
criteria is violated including:

O Energy balance;

0 Operating reserve requirements;
0 /ESO internal transmission limits;
o [Intertie limits; and

0 Penalty price variable bounds.

e Section 6.3.8 - Constraints to Ensure Price-
Setting Eligibility Reflect Offer/B/d Laminations.
The section will include details on the
constraints that ensure the eligibility of an
offer or bid lamination to set price is
appropriately reflected for:

0 Energy limited resources; and
0 Hydroelectric resources;

e Section 6.3.9 — Outputs: The section will list
the outputs from the Pre-Dispatch Pricing
algorithm. Pre-Dispatch Pricing will produce
shadow prices for all constraints contributing to
locational prices. Pre-Dispatch Pricing will also
produce locational marginal prices in
accordance with Section 8 of Appendix 7.XA.

Note: The locational marginal prices calculated
will not be used for the sett/ement purposes and
will be calculated for advisory only, with the
following exception:

o The intertie congestion price determined
in the last run before a given dispatch
hour will affect real-time sett/ement of
intertie transactions.

Section 6.4 New Constrained This new section sets out the market rules
Area Conditions | around the Constrained Area Conditions Test.

Test e Section 6.4.1 — Overview: The section includes
an overview of the Constrained Area Conditions
Test. The purpose of the test is to:
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o Identify when and where competition is
restricted; and

o0 Determine which resources will undergo
the Conduct Test, Section 6.5, for
financial dispatch data parameters.

e Section 6.4.2 — Conditions Test Categories: The
section outlines the four test categories that
identify the /ESO-defined conditions that would
meet mitigation testing for energy and
operating reserve:

0 Local market power (energy), including:
= Narrow constrained area (NCA);

= Dynamic constrained area (DCA);
and

= Broad constrained area (BCA);

= Local market power (operating
reserve);

= Global market power (energy); and

= Global market power (operating
reserve).

e Section 6.4.3 — Inputs: The section includes
the inputs to the Constrained Area Conditions
Test by referencing the inputs identified in
Section 3.3. The section will also include a list
of outputs from Pre-Dispatch Pricing that are
used as inputs to Constrained Area Conditions
Test.

e Section 6.4.4 — Local Market Power (£Energy)
Constrained Area Conditions Test: The section
will include details on the conditions that must
be met to qualify for local market power
(energy) mitigation testing for resources
located within the following areas:

o0 NCA and DCA; or
o BCA.

e Section 6.4.5 — Local Market Power (Operating
Reserve) Constrained Area Condition Test: The
section will include details on identifying
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resources offering operating reserve for reserve
areas with a minimum requirement greater
than zero. If the resource is located in a
reserve area with a binding maximum
restriction constraint, then the resource will be
exempted from the Conduct Test.

e Section 6.4.6 — Global Market Power (£nergy)
Constrained Area Conditions Test: The section
will include details on the two conditions, that
must be both met, to identify resources for the
test. The two conditions include:

o Condition 1: Unable to schedule
incremental imports; and

o Condition 2: The Intertie Border Price at
the reference /nterties is greater than the
specified threshold value.

e Exemptions: Resources with a congestion
component at least $1/MWh below the internal
congestion component at all of the Global
Market Power Reference Interties will be
exempted from testing for global market
power. Section 6.4.7 — Global Market Power
(Operating Reserve) Constrained Area
Conditions Test: The section will include details
on identifying resources in the class of
operating reserve where the locational marginal
price is greater than the threshold for a
resource’s operating reserve locational
marginal price. If the resource is located in a
reserve area with a binding maximum
restriction constraint, then the resource will be
exempted from the Conduct Test.

e Section 6.4.8 — Outputs: The section will list
the outputs from the Constrained Area
Conditions Test. The output of the Constrained
Area Condition Test is a set of resources that
will be subject to the Conduct Test, Section
6.5.

Overlap: Market Power Mitigation Chapter
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Section 6.5 New Conduct Test This new section sets out the market rules

around the Conduct Test.

e Section 6.5.1 — Overview: The section includes

an overview of the Conduct Test. The resources
that were identified in the Constrained Area
Conditions Test, Section 6.4, will be required to
undergo the Conduct Test. If no resources
were identified, the Conduct Test will not be
required. For a resource that is eligible for
more than one Conduct Test for either energy
or operating reserve, the test with the most
stringent threshold levels will be performed.
Section 6.5.2 — Inputs: The section includes
the inputs to the Conduct Test by referencing
the inputs identified in Section 3.3. The inputs
will also include the resources identified in
Section 6.4 — Constrained Area Conditions Test.
Section 6.5.3 — Conduct Test for Energy: The
section will include details on the evaluation of
the following dispatch data parameters:

O Energy offer, including offers up to and
above minimum loading point (only
applicable if energy offer is greater than
the minimum energy offer value for the
offer lamination to be included in the
Conduct Test);

= Start-up offer; and
= Speed-no-load offer.

Section 6.5.4 — Conduct Test for Operating
Reserve: The section will include details on the
evaluation of the following dispatch data
parameters:

0 Operating reserve offer (only applicable if
operating reserve offeris greater than
the minimum operating reserve offer
value for the offer lamination to be
included in the Conduct Test);

= Start-up offer,;
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= Speed-no-load offer; and

= Energy offers for the range of
production up to minimum loading
point.

e Section 6.5.5 — Outputs: The section will list
the outputs from the Conduct Test. The
outputs from the Conduct Test include:

0 The set of resources that failed the
Conduct Test;

o0 The dispatch data parameters that failed
the Conduct Test; and

0 Reference level dispatch data (revised set
of financial dispatch data parameters for
resources that failed a Conduct Test with
dispatch data parameters that failed the
Conduct Test replaced with reference
levels).

Overlap: Market Power Mitigation Chapter

Section 6.6 New Reference Level | This new section sets out the market rules
Scheduling around the Reference Level Scheduling algorithm.

e Section 6.6.1 — Overview: The section includes
an overview of the Reference Level Scheduling
algorithm. Reference Level Scheduling will
perform a security-constrained unit
commitment and economic dispatch, similar to
Pre-Dispatch Scheduling with the following
exception:

o0 Reference Level Scheduling uses
reference level dispatch data for any
financial dispatch data from registered
market participants that failed the
Conduct Test.

e Section 6.6.2 — Inputs: The section lists the
inputs to the Reference Level Scheduling
algorithm by referencing the inputs identified in
Section 3 of Appendix 7.XA. The inputs will also
include the outputs from the Conduct Test,
Section 6.5.5.
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Note: If a non-quick start resource start-up offer
failed the Conduct Test, the evaluation of start-
up cost for a non-quick start resource
advancement, Section 4.1.5, will be performed
with the appropriate start-up offer.

e Section 6.6.3 — Optimization Function for
Reference Level Scheduling: The optimization
function for Reference Level Scheduling is the
same as the optimization function for Pre-
Dispatch Scheduling. The section will include a
reference to the Pre-Dispatch Scheduling
optimization function, Section 6.2.3.

e Section 6.6.4 — Optimization Constraints: The
optimization constraints for Reference Level
Scheduling are the same as the optimization
constraints for Pre-Dispatch Scheduling. The
section will include a reference to the Pre-
Dispatch Scheduling optimization constraints,
Sections 6.2.4 through 6.2.7.

e Section 6.6.5 — Outputs: The section will list
the outputs from the Reference Level
Scheduling algorithm. Reference Level
Scheduling will produce resource schedules and
unit commitments.

Section 6.7 New Reference Level | This new section sets out the market rules
Pricing around the Reference Level Pricing algorithm.

e Section 6.7.1 — Overview: The section includes
an overview of the Reference Level Pricing
algorithm. Reference Level Pricing will perform
a security-constrained economic dispatch
similar to that performed by Pre-Dispatch
Pricing with the following exception:

o Reference Level Pricing uses reference
level dispatch data for any inputs from
registered market participants that failed
the Conduct Test in the current PD
calculation engine run.

e Section 6.7.2 — Inputs: The section lists the
inputs to the Reference Level Pricing algorithm
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by referencing the inputs identified in Section 3
of Appendix 7.XA. The inputs will also include
the outputs from the Conduct Test, Section
6.5.5, and from Reference Level Scheduling,
Section 6.6.5.

e Section 6.7.3 — Optimization Function: The
optimization function for Reference Level
Pricing is the same as the optimization function
for Pre-Dispatch Pricing. The section will
include a reference to the Pre-Dispatch Pricing
optimization function, Section 6.3.3.

e Section 6.7.4 — Optimization Constraints: The
optimization constraints for Reference Level
Pricing are the same as the optimization
constraints for Pre-Dispatch Pricing with the
following exceptions:

o The constraints used to apply the
principle for price setting eligibility must
be modified to take into account the
Reference Level Scheduling results; and

o0 The marginal loss factor used in the
energy balance constraint will be fixed to
the marginal loss factors used in the last
optimization function iteration of
Reference Level Scheduling.

The section will include a reference to the Pre-
Dispatch Pricing optimization constraints,
Sections 6.3.4 through 6.3.8.

e Section 6.7.5 — Outputs: The section will list
the outputs from the Reference Level Pricing
algorithm. Reference Level Pricing will produce
shadow prices for Reference Level Pricing
constraints, as well as locational marginal
prices.

Section 6.8

New

Price Impact

Test

This new section sets out the market rules
around the Price Impact Test.

e Section 6.8.1 — Overview: The section includes
an overview of the Price Impact Test. The Price
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Impact Test is required when one or more
dispatch data parameters fail the Conduct Test.
The Price Impact Test compares the Pre-
Dispatch Pricing energy (or operating reserve)
locational marginal prices with the Reference
Level Pricing energy (or operating reserve)
locational marginal prices.

e Section 6.8.2 — Inputs: The section includes
the inputs to the Price Impact Test by
referencing the inputs identified in Section 3.3.
The resources that failed the Conduct Test, the
outputs identified in Section 6.5.5, will be listed
in the inputs section. The inputs will also
include the energy and operating reserve prices
identified in Section 6.3 — Pre-Dispatch Pricing
and Section 6.7 — Reference Level Pricing.

e Section 6.8.3 — Price Impact Test for Energy:
The section will include details on the Price
Impact Test for the following two condition
categories:

o Local market power (energy); and

0 Global market power (energy).

e Section 6.8.4 — Price Impact Test for Operating
Reserve: The section will include details on the
Price Impact Test for the following two
condition categories:

o Local market power (operating reserve);
and

0 Global market power (operating reserve).

e Section 6.8.5 — Outputs: The section will list
the outputs from the Price Impact Test. The
outputs from the Price Impact Test include:

o0 The set of resources that failed the Price
Impact Test in each time-step by
condition type;

o The locational marginal prices (energy
and operating reserve) that failed the
Price Impact Test in each time-step; and
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0 Pre-dispatch dispatch data for future PD
calculation engine runs (revised set of
dispatch data for resources that failed
the Price Impact Test with dispatch data
parameters that failed the Conduct Test
replaced with corresponding reference
level values).

Overlap: Market Power Mitigation Chapter

Section 7

New

Combined Cycle
Modelling

This new section sets out the market rules
around combined cycle modelling.

e Section 7.1 — Overview: The section will
provide an overview of combined cycle
modelling. Registered market participants with
combined cycle plants of one or more
combustion turbines and one steam turbine
may choose to have the associated generation
units modelled as one or more pseudo-units.

e Section 7.2 — Modelling by the Pre-Dispatch
Calculation Engine: The section will include
details on the modelling of pseudo-units and
the pricing for pseudo-units in the PD
calculation engine.

o0 Section 7.2.1 — The section will include
details on the modelling of pseudo-units
in the optimization function and in the
security assessment function. The PD
calculation engine will evaluate combined
cycle facilities electing to be modelled as
a pseudo-unit(s) in (1) the optimization
function as a pseudo-unit(s) and (2) in
the security assessment function as
physical units.

o Section 7.2.1.1 — Model Parameters: The
section will include the parameters used
for modelling, including facility
registration and daily dispatch data.

0 Section 7.2.1.2 — Physical Unit De-rates
and Pseudo-Units: The section will
include details on the impact of the
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application of the physical unit de-rates
to the operating regions and associated
energy offers for pseudo-units.

Section 7.2.1.3 — Minimum and Maximum
Constraints: The section will include
details on the application of minimum

and maximum constraints to pseudo-units
for the following constraints:

= Pseudo-unit minimum and
maximum constraints;

=  Combustion turbine minimum and
maximum constraints;

=  Steam turbine minimum and
maximum constraints; and

= Equal steam turbine minimum and
maximum constraints.

Section 7.2.1.4 — Treatment of Steam
Turbine Forced Outages: The section will
include details on the treatment of a
forced outage for steam turbines
associated to a pseudo-unit. The PD
calculation engine will model the
corresponding pseudo-units as if the
resources were in single-cycle mode.

Section 7.2.1.5 — Single-Cycle Flag Across
Two Dispatch Days: The section will
include details on the single-cycle mode
flag for look-ahead periods that span two
dispatch days (i.e. for runs starting at
20:00 EST).

Section 7.2.1.6 — Translation of Pseudo-
Unit Schedules to Physical Unit
Schedules: The section will include
details on the translation of pseudo-unit
schedules to physical unit schedules. The
section will detail the translation for (1)
when a pseudo-unit is scheduled above
or at its minimum loading point and (2)
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when a pseudo-unit is scheduled below
its minimum loading point.

e Section 7.2.2 — Pricing for Pseudo-Units: The
section will include details on the prices for
pseudo-units produced by the PD calculation
engine.

Section 8 New Pricing This new section sets out the market rules
Formulation around the calculation of locational marginal
prices.

e Section 8.1 — Overview: The section will
provide an overview of the pricing formulation
for calculating locational marginal prices
including:

o0 Locational marginal prices for energy;

o0 Locational marginal prices for operating
reserve; and

o0 Prices for islanded nodes.
e The prices will be determined as follows:

0 Prices will be calculated using the shadow
prices determined by the pricing
algorithm, accounting for constraint
sensitivities and marginal loss factors. If
the prices are not within the maximum
clearing price and the sett/ement floor
price, the price and its components will
be modified by the PD calculation engine.

A weighted average of the above locational
marginal prices will be used to determine zonal
prices for virtual transaction zonal trading entities
and for non-dispatchable load zones, including
the Ontario Zone.

Note: If locational marginal prices are unable to
be produced due to insufficient information, or if
the process fails, it will be flagged for further
review by the /E£SO.

e Section 8.2 — Locational Marginal Prices for
Energy: The section will include details on the
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price formulation for energy locational marginal
prices for:

o Internal pricing nodes;

0 Intertie zone source and sink buses; and

0 Zones.

e Section 8.3 — Locational Marginal Prices for
Operating Reserve: The section will include
details on the price formulation for operating
reserve locational marginal prices for:

o Internal pricing nodes; and

0 Intertie zone source and sink buses.

e Section 8.4 — Prices for Islanded Nodes: The
section will include details for:

o The reconnection methodology for non-
quick-start resources that are not
connected to the main island of the
system; and

0 The substitution methodology used to
produce a price for all other pricing
nodes that are not connected to the main
island of the system due to one of the
following reasons:

= Transmission outage;
= Disconnection;
= A resource being out of service; or
= Operation in segregated mode of
operation.
Section 9 New Tie-Breaking This new section sets out the market rules
around the tie-breaking methodology.

e Section 9.1 — Overview: The section will
provide an overview of the tie-breaking
methodology used in the optimization function.
Two tie-breaking methods will be used as
follows:

0 Section 9.1.1 - Except as otherwise noted
in section 9.1.2, if two or more
bids/offers for energy or offers for
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operating reserve have the same
bid/offer price that does not cause
differences in the cost to the market of
utilising each bid/offer, the schedules
from these bids/offers shall be prorated
based on an amount of energy
bid/offered at that bid/offer price (or
based on an amount operating reserved
offered at the offer price).

o Section 9.1.2 - For variable generators
that are registered market participants, if
two or more energy offers have the same
offer price resulting in no differences in
the cost to the /ESO-administered
markets of utilising any of the offers. The
schedules for these offers shall be
determined using the daily dispatch order
for variable generation using a tie-
breaking modifier.

Table 4-4: Market Rule Appendix 7.XB Impacts

Market Rule

Type Topic Requirement
Section yp P q

Appendix 7.XB — The Real-Time Calculation Engine Process

Appendix 7.XB | New All Topics This appendix describes the RT calculation engine
All Sections process and is included in the RT Calculation
Engine detailed design document.

— End of Section —
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5.  Procedural Requirements

5.1. Market-Facing Procedural Impacts

Existing market manuals and training materials related to the PD Calculation Engine
processes will be retained to the extent possible. The majority of changes result
from the redesigned optimization engine. More specifically, the PD Calculation
Engine will optimize over a longer look-ahead period. Updates will be made to all
applicable market manuals that reflect changes to the PD calculation engine
processes.

The documents most directly related to the Pre-Dispatch Calculation Engine
detailed design are the following:

Market Manuals:

o Market Manual 4: Market Operations, Part 4.2 - Submission of Dispatch Data
in the RT Energy and Operating Reserve Markets;

e Market Manual 4: Market Operations, Part 4.3 - Real Time Scheduling of the
Physical Markets;

o Market Manual 4: Market Operations, Part 4.4 - Transmission Rights Auction;

o Market Manual 4: Market Operations, Part 4.5 - Market Suspension and
Resumption;

o Market Manual 4: Market Operations, Part 4.6 - RT Generation Cost
Guarantee Program

e Market Manual 7: System Operations, Part 7.1 - IESO-Controlled
Grid Operating Procedures;

e Market Manual 7: System Operations, Part 7.2 - Near-Term Assessments and
Reports;

e Market Manual 7: System Operations, Part 7.4 - IESO-Controlled Grid
Operating Policies

e Market Manual 9: Day-Ahead Commitment, Part 9.0 - DACP Overview;

e Market Manual 9: Day-Ahead Commitment, Part 9.2 - Submitting Operational
and Market Data for the DACP;

e Market Manual 9: Day-Ahead Commitment, Part 9.3 - Operation of the DACP;
o Market Manual 9: Day-Ahead Commitment, Part 9.4 - Real-Time Integration

of the DACP; and
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e Market Manual 9: Day-Ahead Commitment, Part - 9.5 Settlement for the
DACP; and

e Market Manual 13: Capacity Exports.

Training Material:

e Introduction to Ontario’s Physical Markets

The following tables identify sections within market manuals and training materials
that will not require changes, will require modification and new sections that will
need to be added to support the PD Calculation Engine processes in the future

market.
Table 5-1: Impacts to Market Manual 4: Market Operations
Procedure Type of Change | Section Description
(no change,
modification,
new)
No change All Sections This detailed design document
does not impact this section.
No change 2.0 Real-Time Energy | This detailed design document
and Operating does not impact this section.
Reserve Markets
Part 4.2 — No change 2.1 Offers and Bids This detailed design document
Submission of for Energy and Offers | does not impact this section.
Dispatch data in the for Operating
Real-Time Energy Reserve in the Real-
and Operating Time Energy Markets
Reserve Markets
No change 2.2 Energy Schedules | This detailed design document
and Forecasts does not impact this section.
Modification 2.3 Timing of the Refer to Grid and Market

Real-Time Energy
and Operating
Reserve Markets

Operations Integration detailed
design document for the list of
modifications to this market
manual section.

Issue 2.0 — January 28, 2021

Public

232




Pre-Dispatch Calculation Engine

5 Procedural Requirements

Procedure Type of Change | Section Description
(no change,
modification,
new)
Modification 2.3.1 Generation Procedure to address generation
Units with Start-Up units with start-up delays in PD to
Delays be updated to reflect the new
lead time and ramp up to MLP
dispatch data parameters to
account for start-up delays in
scheduling. Refer to Grid and
Market Operations Integration
detailed design document for the
list of modifications to this market
manual section.
No change 2.3.2 Replacement This detailed design document
Energy Offers does not impact this section.
Program
2.3.3 Procedural
Part 4.2 — Steps for Submitting
Submission of Dispatch Data and
Dispatch data in the Revisions Until Two
Real-Time Energy Hours Prior to the
and Operating Dispatch Hour
Reserve Markets 2.3.4 Procedural
Steps for Submitting
Dispatch Data and
Revisions Within Two
Hours of the
Dispatch Hour
Modification 2.4 The Structure of Refer to the Offers, Bids and Data
Dispatch Data: Inputs detailed design document
2.4.1 Energy Offers for the list of modifications to this
and Bids market manual section.
2.4.2 OR Offers
2.4.3 Energy
Schedules and
Forecasts
No change 2.4.4. Standing This detailed design document
Dispatch Data does not impact this section.
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Procedure Type of Change | Section Description
(no change,
modification,
new)
Modification 2.5 Dispatch Data for | Refer to the Offers, Bids and Data
Importing and Inputs detailed design document
Exporting Energy and |