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Disclaimer

Our Services were performed, and this Report was developed in accordance with our engagement letter dated
September 6, 2023, and are subject to the terms and conditions included therein.

Our role is advisory only the Independent Electricity System Operator (IESO) is responsible for all management
functions and decisions relating to this engagement, including establishing and maintaining internal controls,
evaluating, and accepting the adequacy of the scope of the Services in addressing IESO needs and making
decisions regarding whether to proceed with recommendations. IESO is also responsible for the results achieved
from using the Services or deliverables.

Our work was limited to the specific procedures and analysis described herein and was based only on the
information made available through February 29, 2024. Accordingly, changes in circumstances after this date
could affect the findings outlined in this Report. We are providing no opinion, attestation, or other form of
assurance with respect to our work, and we did not verify or audit any information provided to us.

This information has been prepared solely for the use and benefit of, and pursuant to a client relationship
exclusively with, IESO ("Client"). In the event that this Report is obtained by a third party or used for any purpose
other than in accordance with its intended purpose, any such party relying on the Report does so entirely at their
own risk and shall have no right of recourse against PwC, and its partners, directors, employees, professional
advisors or agents. PwC disclaims any contractual or other responsibility to others based on its use and,
accordingly, this information may not be relied upon by any third party. None of PwC, its partners, directors,
employees, professional advisors or agents accept any liability or assume any duty of care to any third party
(whether it is an assignee or successor of another third party or otherwise) in respect of this Report.

PricewaterhouseCoopers LLP
PwC Tower, 18 York Street, Suite 2600, Toronto, Ontario, Canada M5J 0B2
T: +1 416 863 1133, F: +1 416 365 8215, www.pwc.com/ca

© 2024 PricewaterhouseCoopers LLP. All rights reserved. PwC refers to the Canadian member firm and may sometimes refer to the PwC network. Each member
firm is a separate legal entity. Please see www.pwc.com/structure for further details.

“PwC” refers to PricewaterhouseCoopers LLP, an Ontario limited liability partnership.
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Glossary of Terms

Table 1: Glossary of Terms

Term Definition

Test data This is the sample data that IESO provided for the Dispatch Scheduling and Optimization
(DSO) calculation engines. This is not production data; however, the data was curated
from the current DSO inputs and augmented with synthetic inputs to provide coverage for
the inputs and testing of the new MRP calculation engines inputs.

Base case The original run that the IESO had executed on the DSO system, which also serves as
the reference point for conducting scenario tests.

Save case This is a saved data input, intermediate, and final outputs from a calculation engine run.

Screening test An analysis of outputs from the calculation engine to assess their compliance with the
applicable market rules.

Automated test A screening test designed to compute the difference between outputs of specific market
rules and calculation engines based on relevant data inputs.

Scenario test A test designed and run on the calculation engine systems by changing specific data
inputs in the base case to trigger an expected outcome.

Limitation of a Factors that limit the testing scope, despite such tests being in the original scope of the
test pre-implementation review.
Exceptions This refers to violations or deviations identified in the tests between PwC computed

values and outputs from IESQO's calculation engines.

Defects Exceptions confirmed by the IESO as an error in the implementation of the calculation
engine algorithms.
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1. Executive Summary

This document provides details on PwC’s independent pre-implementation review of the Day-Ahead Market
(DAM) Calculation Engine for the IESO Market Renewal Program (MRP). The MRP is intended to enhance
Ontario’s electricity market design, by improving how electricity is supplied, scheduled, and priced. Specifically,
the DAM will enable market participants to submit bids and offers for energy and operating reserve products
one day ahead of the real-time market and receive financially binding schedules and prices. It will enhance
market efficiency, reduce uncertainty, and risk, and improve operational reliability.

This review of the DAM engine was conducted from September 2023 to February 2024 using the market rules
described in Chapter 7, Appendix 7.1A (MR-00458-R00). This review focused on assessing the compliance of
the scheduling and pricing algorithms that maximize trade gains for energy and operating reserves and ensure
grid reliability against the market rules. All tests were conducted on a non-production landscape using test data
provided by the IESO from an October 6, 2023, run of the DAM engine. The purpose of the review was to
assess the compliance of the MRP calculation engines against the new market rules.

A suite of automated and scenario tests was developed and executed against the input and output of the Day-
Ahead Market Calculation Engine (DAM-CE) to assess the compliance with the applicable market rules.
Automated tests were used to screen DAM resource schedules to detect economically sub-optimal dispatches
and violations of operational limits for both energy and operating reserves for all resources across all dispatch
hours in a 24-hour period. While automated tests focused on screening the outputs of the algorithms based on
the data provided by the IESO, scenario tests covered conditions that were not observed and tested in the
automated tests, focusing on whether the market rules are respected within the calculation engines.

The findings from the pre-implementation review are noted below.

Summary of Findings

The following observations were made during the review of the DAM engine:

e The engine respected the operational limits described in the market rules, passing all automated and
scenario tests not impacted by the Market Power Mitigation (MPM) process.

e All resource cost calculations for quickstart resources were computed correctly.

e Based on the results of scenario tests performed, the co-optimization of energy and operating reserves,
cascading hydroelectric generation, tie-breaking mechanism, penalty factor violations, and intertie limit tests
all passed.

Three (3) exceptions that were observed in the review are highlighted below.

1. Resource Cost Exceptions

For Non-Quick Start (NQS) resources, the following exceptions were noted:

e Start-up cost was incorrectly excluded from the mitigated scheduling and pricing steps, and

e Speed-no-load was incorrectly included in the resource cost calculation for the DAM scheduling and
pricing steps.

A limited number of scenario tests focused on the exceptions described above were performed after the
IESO applied a patch to the DAM engine. Based on a sample of resources and intervals observed, these
exceptions were resolved.
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2. MPM Exceptions — Conduct Test

A subset of resources (i.e., 2 resources) were incorrectly flagged to have passed or failed the conduct test
for energy resources in a Narrowly Constrained Area (NCA). The IESO indicated this exception impacted
resources with price curves that sum up to zero. The IESO informed PwC that a patch for these exceptions
has been applied and tested, but testing was not re-performed by PwC.

3. MPM Exceptions — Price Impact Test

A subset of resources (i.e., 5 resources) were incorrectly flagged to have failed or passed the price
impact test for energy for resources in an NCA. The IESO indicated that this exception was caused by an
incorrectly applied mathematical sign in the implementation. The IESO informed PwC that a patch for these
exceptions has been applied, but testing was not re-performed by PwC.

The MPM exceptions noted had the potential to impact unit commitments, locational marginal prices, and the
overall optimality of the DAM solution, as well as the overall optimality of the Pre-Dispatch (PD) and Real-Time
(RT) solutions given that they leverage outputs from DAM.

Note: A separate report provides the results of the independent review for the Pre-Dispatch and the
Real-Time calculation engines.
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2. Introduction

Background

The Independent Electricity System Operator is responsible for managing the efficient operation of the Ontario
wholesale electricity market and maintaining the reliability of the Ontario electricity grid. This mandate
necessitates that the IESO balances the requirements for secure grid operation with the Market Rules to drive
towards optimizing the market efficiency at least cost. The Market Renewal Program (MRP) will enhance
Ontario’s electricity market design by improving how electricity is supplied, scheduled, and priced, leading to
system efficiencies, and supporting the grid of the future.

While Ontario has benefitted from a wholesale electricity market that has enabled reliable and cost-effective
operation of the electricity system over the past 20 years, efforts are underway through the MRP to modernize
Ontario’s electricity markets to address inefficiencies and embrace the continued transition to new and diverse
resources. The MRP will improve the current market design in Ontario and lead to system efficiencies that
support the grid of the future.

To deliver on its mission to enhance the efficiency of the electricity market in Ontario, the MRP will:
e Replace the two-schedule market with a single schedule market (SSM) that will address current
misalignments between price and dispatch, eliminating the need for unnecessary out-of-market payments.

e Introduce a day-ahead market (DAM) that will provide greater operational certainty to the IESO and
greater financial certainty to market participants, which lowers the cost of producing electricity and ensures
we commit only the resources required to meet system needs.

¢ Introduce an enhanced real-time unit commitment (ERUC) process to reduce the cost of scheduling and
dispatching resources to meet demand as it changes from the day-ahead to real-time.

To support these objectives, the MRP is introducing three new calculation engines:
e The day-ahead market calculation engine (DAM-CE)

e The pre-dispatch calculation engine (PD-CE)

e The real-time calculation engine (RT-CE)

This pre-implementation review for the DAM-CE was conducted between September 2023 and February 2024.

Overview of the DAM Calculation Engine

The DAM calculation engine produces day-ahead hourly financially binding schedules and prices for energy and
operating reserves, generates commitment decisions for eligible Non-Quick Start (NQS) resources, and
performs ex-ante Market Power Mitigation (MPM) processes.

The DAM engine focuses on scheduling and pricing algorithms that maximize trade gains for energy and
operating reserves and ensures the reliability and security of the IESO-controlled grid. The key improvements
the DAM engine delivers include producing financially binding day-ahead market schedules and prices for
participating resources, providing accurate pricing signals aligned with real-time demand and system conditions,
encouraging increased participation from imports and exports in the day-ahead timeframe, generating outputs
used in the commitment process, ensuring day-ahead schedules are accounted for in the pre-dispatch time
frame, and the enforcement of a competitive market in identified constrained areas where there is potential for
market participants to exert market power due to limited supply.
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The following explains the project objective, scope, approach, and results of developing the DAM calculation
engine:

e The objective of the DAM calculation engine is to determine the optimal schedule and price for each market
resource and time interval, based on the bids and offers submitted by market participants, the demand
forecast, the transmission network constraints, and the security and reliability requirements.

e The scope of the DAM calculation engine covers the formulation and implementation of the mathematical
optimization model, inputs, outputs, and integration with other market systems and processes. The DAM
engine uses mixed-integer linear programming (MILP) techniques to solve the optimization problem and
leverages existing software platforms and tools to implement the solution.

e The engine was designed through extensive stakeholder engagement, consultation, and collaboration to
ensure the alignment of the DAM design with the market needs and expectations.

e The results of the DAM calculation engine are the generation of hourly schedules and prices for energy and
operating reserve resources, as well as various reports and metrics to support market analysis and
settlement. The results also include the evaluation of the performance and benefits of the DAM calculation
engine, such as the reduction of uplift payments, the increase of social welfare, and the improvement of
price signals and resource adequacy.

Figure 1 provides an overview of the overall process for the DAM calculation engine. The inputs, processes and
outputs of the DAM calculation engine are described below. Further details on the inputs and outputs of DAM
detail can be found in Figure 2.

Figure 1: DAM Scheduling and Pricing Overview Diagram
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Inputs to the DAM calculation Engine

The optimization functions, ex-ante MPM process and security assessment functions that make up the DAM
calculation engine require different inputs to ensure proper functionality.

e Optimization Functions: These algorithms require inputs from market participants, such as bids, offers,
operational characteristics of facilities, and IESO inputs, such as Energy Management System (EMS),
Outage Scheduler (OS), Demand Forecast System (DFS), Resource Dispatch (RD), Dispatch Data
Management System (DDMS), Centralized Forecasting System Database (CFSDB), Tie-Breaking Modifier
Database (TBMD), security constraint sets, marginal loss factors, and loss adjustments provided as outputs
from the security assessment function.

o Ex-Ante MPM process: This applies to areas of restricted competition on the IESO-controlled grid for
which conduct tests are performed using constrained area specific thresholds to enforce certain conditions.
Inputs for the process include constrained area designations, reference level, conduct and price impact
thresholds.

e Security Assessment Function: The function uses outputs from the optimization functions, such as
schedules for load and supply resources, and IESO operating security limits, to ensure power flows remain
within reliability criteria. The function also leverages the network model as inputs to perform security
analysis of the grid.

Operations of the DAM Calculation Engine

Unlike the multiple runs of the existing Day-Ahead Commitment Engine (DACE), the DAM-CE is executed in a
single run and occurs in the eastern prevailing time (EPT). The DAM data submission window will be between
06:00 — 10:00 EPT. The engine will run at 10:00 EPT and the DAM schedules, commitments and prices for the
next dispatch day will be published at 13:30 EPT, and no later-than 15:30 EPT.

The DAM-CE operates over three passes to determine the least-cost security-constrained solution for a
dispatch day based on the day-ahead bids and offers submitted, and operational characteristics of all
resources. Each pass ensures the creation of a financially binding DAM schedule and Locational Marginal
Prices (LMPs).

The passes perform the following functions:

Pass 1: Determines the hourly commitment statuses and resource schedules to meet the average hourly
demand and compute the initial set of hourly LMPs.

Pass 2: Determines the hourly commitments statuses and resource schedules required to meet peak hourly
demand.

Pass 3: Updates the hourly commitment statuses as determined by prior passes (Pass 1 & 2), and computes
resource energy schedules and hourly LMPs.

PwC | MRP DAM Engine Pre-Implementation Review 9



Table 2: DAM Calculation Engine Pass Summary

Pass 1
Market Commitment & MPM

Determines an initial set of
schedules and prices as well as
initial commitments for eligible
NQS resources

Includes the ex-ante MPM process

Pass 2

Reliability Scheduling

Determines additional NQS
resource commitments if required
to meet peak forecast demand

Uses as-offered or mitigated
dispatch data, resource schedules
& LMPs from Pass 1

Uses IESO'’s centralized forecast
for wind and solar resources

Excludes virtual transactions and
bids from price responsive loads

Pass 3
DAM Scheduling & Pricing

Determines final financially binding
energy and operating reserve
schedules and corresponding
shadow prices used to calculate
settlement-ready LMP’s

Uses NQS commitment decisions
and import and export schedules
determined in Pass 1 and Pass 2

Uses the same set of market
participant and IESO inputs used
in Pass 2

Outputs of the DAM Calculation Engine

The result of the DAM calculation engine is a set of financially binding resource schedules, standby notices for
hourly-demand resources, and operational commitments, as well as market-settlement ready prices for all
resources that are used to meet the IESO average demand forecast for the next dispatch day.
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3. Objective and scope of review

Objective

The IESO commissioned the independent pre-implementation review of the DAM Calculation Engine, to assess
if it is operating in compliance with the draft Market Rules for the Ontario electricity market as defined in the
Market Renewal Program (Chapter 7 - Appendix 7.1A (MR-00458-R00)), and as amended in Appendix B of this
document.

Scope of review

The tests for the DAM Calculation Engine were conducted using test data extracted by the IESO from an engine
run on October 06, 2023.

Scope inclusions
e Results of the DAM Calculation Engine for all passes, including how it sets or respects the operational limits
for resources such as:
—  Scheduling variable bounds
— Ramp rate limits
— Maximum generation capacity
— Hydro cascading parameters
— Pseudo unit energy contributions
— Energy bids
— Resource dispatches

e The determination of Resource Cost, Locational Marginal Prices and other Settlement-Ready Prices were
also considered as part of the review.

e Economic efficiency of schedules produced by DAM, the co-optimization of energy and operating reserve
dispatch schedules, intertie scheduling, tie-breaking methods of variable generators, and violation testing
based on penalty cost factors.

e The effect of changes to participant offer data based on provided reference level dispatch data on the DAM
inputs were considered to assess the impact of the Market Power Mitigation process on resulting output.

Scope exclusions

The scope does not include:

e Performing any validation on the completeness and accuracy of the input data and whether they were
submitted into the DAM Calculation Engine accurately and completely.

¢ Any review or assessment over the design and operating effectiveness of controls relating to the DAM
processes, including issuing any external review opinion.

e Other components within the solution:
— User interface, DAM Application and any reporting outputs
— Obligation Indicator Index (Oll)
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— Flow-limited transmission circuits

— Internal processes of the DAM solution such as the validation of completeness and accuracy of market
participant and IESO data inputs before it reaches the calculation engine. This includes all validation of
bid quantities, prices, ramp rates, break quantities, users, and timestamps.

— Estimation of Non-Dispatchable Load (NDL), dynamically created system losses, dynamically created
MPM parameters and the Network Security Assessment (NSA) because it is dependent on the network
design model that represents the IESO grid.

Limitations of review

We performed our pre-implementation review using automated and scenario testing of data provided by the
IESO from the calculation engines with the purpose of validating the outputs of the calculation engine against
the market rules. In the case of the DAM review, our ground-truth was based on Chapter 7 - Appendix 7.1A
(MR-00458-R00) of the IESO Market Rules. Any exceptions identified as part of testing were reviewed with the
IESO. The following denotes the limitations of our automated and scenario tests:

Test Data

The IESO provided test data for testing and PwC did not modify any of the provided data. PwC’s pre-
implementation review is not intended to replace technical or user testing that the IT system vendor or IESO
shall conduct. The efficacy of tests conducted is contingent upon the predetermined quality of the test data,
operating under the assumption of both completeness and accuracy.

Additionally, PwC did not observe the following conditions in data and thus were not able to test them:

e Off-market transactions, reserve activation and mid-hour import/export schedule changes due to external
reliability constraints. Typically, these are tested in a production environment based on actions taken by the
control room, but there is no expectation that it can be triggered within the engine itself in the test
environment.

e For MPM Dynamic Constrained Areas (DCA), Broad Constrained Areas (BCA), and Global Market Power
(GMP) conditions were not present in the data. However, the conduct and price impact tests for DCA and
BCA use the same formulations as NCA, which was observed in the data.

Available Information and Knowledge

Our work was limited to the specific procedures and analysis described herein and was based only on the
information made available up to February 2024. Therefore, any alterations in circumstances beyond this date
may influence the conclusions drawn in this report.

We did not verify or audit any input data provided to us for this review. We performed procedures to assess the
sufficiency and reliability of the data as appropriate for our work.
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Figure 2: Overall DAM Calculation Engine Test Scope
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4. PwC’s pre-implementation review
approach

Review of the DAM Calculation Engine

Our approach to the DAM review was to assess the outputs of the DAM calculation engine for violations of the
in-scope Market Rules as drafted in the Market Renewal Program (MRP) Chapter 7 - Appendix 7.1A. These
violations, also referred to as exceptions, were identified by comparing the calculation engine outputs with the
PwC calculated values (i.e., computed in accordance with the applicable market rules). This approach allowed
us to review all resources in the IESO-controlled grid for all 24-hours intervals of the base case provided by the
IESO.

We developed and executed automated screening tests to assess the schedules produced by the DAM
calculation engine for compliance with the market rules related to operational limit violations and economic
optimality. The test scripts were executed to cover each hour of the test day for all resources (i.e., ~400) in the
IESO-controlled grid.

For conditions that were not observed in the data provided or not covered by automated screening tests, we
developed and performed a series of scenario tests by making changes to the DAM inputs for the save case of
the original data and observing the effects on the applicable outputs. Save cases are saved data inputs,
intermediate, and final outputs from a DAM calculation engine run. These data extracts allowed us to screen the
data that was output from the calculation engine to validate their compliance with the market rules.

Any potential exceptions which would indicate a limit violation or sub-optimal dispatch identified through the
above noted tests were reviewed with the IESO. We worked with the IESO to identify the root cause of these
issues and obtained detailed explanations to confirm exceptions.

Market rule review

We gained an understanding of the applicable Market Rules, and related processes and procedures by:

e Reviewing applicable IESO Market Rules and Materials (i.e., Detailed Design documents, Market Rule
Amendment Proposal Form, Videos).

¢ Reviewing the DAM procedural and high-level design documentation; and

e Interviewing IESO personnel responsible for the implementation of the DAM calculation engine.

Automated testing

We developed and executed automated screening tests to assess the DAM calculation engine produced
outputs (i.e., schedules, resource costs, commitments, and prices) are compliant with the market rules related
to operational limit violations and economic optimality. Some of the limits tested include energy limits, ramp
limits, resource minimums and maximums, and energy bid and offer prices. The key activities undertaken
include:

¢ Developing and executing automated tests to assess compliance of the DAM Calculation Engine output
with the mathematical formulations and operational limits as detailed in Appendix 7.1A of the Market Rules
drafted for the MRP.
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e Analysis of the DAM schedules (i.e., energy and operating reserve) to identify individual dispatches that
may be economically sub-optimal (i.e., assessing marginal units and the prices of the resources scheduled,
as well as the total costs) or in violation of the unit’s limits or the security constraints. This was done for
each of the 24-hour intervals in the dispatch day as provided in the base case.

¢ Review of the DAM resource-level cost calculation by recomputing the total resource cost per interval which
consists of the resource commitment costs (start-up, speed-no-load) energy and operating reserve costs
and comparing it to the DAM calculation engine output.

See Table 3 for a list of automated tests performed and objectives.

Table 3: Overview of PwC’s Automated Tests

Automated Test Test Objectives

To check if the resources scheduled are within their

Schedule Variable Bounds expected bounds or limits.

To check if resource schedules respect the operational

Resource Schedule Maximum & Minimum - ; T
minimum and maximum limits.

To check if the resource operating reserve schedules

OR Scheduling & Ramping respect their schedule requirements and operational limits.

To check that a resource’s pseudo units are modelled
Pseudo-Unit Translation & Constraints correctly based on the underlying combustion and steam
energy components.

To check that the amount of scheduled export energy equals

Wheeling Through Transactions the amount of scheduled import energy.

To check that the dispatch energy schedules respect a
Energy Ramping - MIO resource’s ramp capacity throughout its ramp-up and ramp-
down periods.

To check that the dispatch operating reserve schedules
OR Ramping - MIO respect a resource’s ramp capacity throughout its ramp-up
and ramp-down periods.

Max Number of Starts, MGBRT, MGBDT - To check that NQS resource parameters and statuses are
NQS respected in the solution.

To check that the total energy schedules across all hourly
resources balance out to ensure dispatch reliability. For
example, matching the total generation, imports, exports,
and interties.

Total Energy balance - Reliability

To check that total resource operating reserve contributions
Total OR balance - Reliability meet the total operating reserve requirements for all the
hours.

To check that LMPs are being computed consistently in

LMP calculation for Energy and OR accordance with the market rules.

To check that resource costs accurately account for
Resource Cost Calculation appropriate commitment and dispatch costs in accordance
with the applicable market rules.
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Automated Test Test Objectives

To check if the appropriate conditions were met for
MPM Conduct Test resources identified to have passed or failed the DAM
conduct test.

To check if the appropriate conditions were met for
MPM Price Impact Test resources identified to have passed or failed the DAM price
impact test.

Scenario testing

For the market conditions that were neither observed in the data (i.e., some conditions in the data were not
present to conduct the test) nor covered by automated testing, we developed and performed scenario tests
using the base case. All the scenario tests were conducted remotely in conjunction with IESO staff using the
Dispatch Scheduling and Optimization (DSO) system. This was done as follows:

1. Inthe IESO testing environment, specific inputs were changed to trigger certain processes and achieve
results as defined by applicable market rules.
The relevant calculation engine was run.

The outputs at the end of the engine run were reviewed to assess compliance with the expected results as
outlined in the applicable market rules.

Some examples of scenarios initiated by adjusting the input data include:

e Triggering changes in penalty factor violations and LMPs.

o Verifying that the scheduled Energy and OR dispatches respect the optimal cost solution.
e Observing potential changes in cost solution.

e Observing the presence of high-cost solutions if NQS resources are not committed.

e Observing energy dispatches across hydro-generators.

See Table 4 for a list of scenario tests performed and its objectives.

Table 4: Overview of PwC’s Scenario Tests

Scenario Test Test Objectives

Violation Testing for Penalty Cost Factors To observe violation variables and how they impact LMPs when conditions
and Intertie Limits are not met.

To observe if the scheduled energy and operational reserve dispatches

Energy and OR Co-Optimization respect the optimal cost solution.

To observe if the solution cost will be higher when NQS resources are not

Base Case Optimization Testing - (Non- committed or ifs NQS resources with identical offers and break points have

quick start Units) different speed no load and start-up costs such that only one of the units
are scheduled.

Dispatchable Hydroelectric Generation To observe that all relevant limits relating to forebays, cascade flow and

Resources - Schedule Constraints, energy generators are applied correctly.

Forebays, and Cascading.

To observe the tie breaking mechanism for variable generation resources

Tie-Breaking Mechanism with equivalent LMPs dispatched for energy and OR.

To re-compute objective functions to incorporate potential costs or resource

Objective Function scenarios not observed during automated testing.
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Figure 3: Overview of PwC’s DAM Calculation Engine Tests
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5. Results of the pre-implementation

review

A summary of results and findings observed are detailed below. Where applicable, mitigative actions
undertaken by the IESO regarding exceptions are also documented. Tables 4 and 5 show a report of the
automated and scenario test results.

Summary of Results

The DAM calculation engine pre-implementation review results can be summarized as follows:

1.

For automated screening tests executed, all operational limits of resources (such as energy and operating
reserve ramping, hydro-cascading, unit commitments, minimum and maximum limits, etc.) that were tested
as part of the automated screening of resources passed as described in the appropriate market rules. See
Table 5 for the results on the operational limits that were tested.

For scenario tests executed, the co-optimization of energy and operating reserves, cascading hydroelectric
generation, tie-breaking mechanism, penalty factor violations, and intertie limit tests all passed. See Table
6, for the results of the scenario tests conducted.

For all resources dispatched for energy and/or operating reserves, while recomputing the resource cost to
review DSO provided resource cost calculations, some exceptions were identified:

a. InPass 1, resource cost calculations did not include appropriate startup cost in mitigated scheduling
and pricing steps,

b. In Pass 3, resource cost calculations incorrectly included speed-no-load cost in the scheduling and
pricing steps.

These exceptions could lead to inaccurate commitment cost values and potentially impact the overall
optimality of the DAM solution due to incorrect unit commitments, prices, and dispatch schedules. However,
the IESO implemented a patch, and PwC performed limited scenario testing on a sample of resources to
observe and confirm that start-up and speed-no-load costs have been accounted correctly for the DAM
passes and engine steps impacted.

For the Ex-ante MPM, automated tests were conducted across all resources dispatched for energy or
operating reserves. The following exceptions were identified:

a. For the MPM Conduct Test for energy, a subset of resources (i.e., 2 resources) in Narrowly
Constrained Areas (NCA) were incorrectly flagged to have failed or passed.

b. For the MPM Price Impact Test for energy, a subset of resources (i.e., 5 resources) in Narrowly
Constrained Areas (NCA) were incorrectly flagged to have failed or passed.

These exceptions could lead to incorrect energy offers being used that can impact the overall optimality of
the DAM solution. The IESO informed PwC that patches for these exceptions have been applied and
tested, but testing was not re-performed by PwC.
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Table 5: Result Overview of PwC’s Automated Tests

Automated Test DAM Test Result Comments
Objective Functions No exceptions NA
Schedule Variable Bounds No exceptions NA
Resource Schedule Maximum & Minimum  No exceptions NA
OR Scheduling & Ramping No exceptions NA
Pseudo-Unit Translation & Constraints No exceptions NA
Wheeling Through Transactions No exceptions NA
Energy Ramping - MIO No exceptions NA
OR Ramping - MIO No exceptions NA
Max Number of Starts, MGBRT, MGBDT - No exceptions NA
NQS

Total Energy balance - Reliability No exceptions NA
Total OR balance - Reliability No exceptions NA
LMP calculation for Energy and OR No exceptions NA

Resource Cost Calculation

Exceptions

IESO applied the patch on January 31st,
2024, and PwC performed limited scenario
testing on a sample of resources. This has
been resolved.

MPM Conduct Test

Exceptions

IESO informed PwC that a patch has been
applied and tested, but PwC did not retest.

MPM Price Impact Test

Exceptions

IESO informed PwC that a patch has been
applied, and tested but PwC did not retest.

Table 6: Result Overview of PwC’s Scenario Tests

Scenario Test DAM Test Result Comments
Violation Testing for Penalty Cost Factors  No exceptions NA
and Intertie Limits

Energy and OR Co-Optimization No exceptions NA
Base Case Optimization Testing - Test 1 No exceptions NA
(Non-quick start Units)

Base Case Optimization Testing - Test 2 No exceptions NA
(Non-quick start Units)

Dispatchable Hydroelectric Generation No exceptions NA
Resources - Schedule Constraints

Dispatchable Hydroelectric Generation No exceptions NA

Resources - Energy Limited Resource
Schedule Constraints
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Scenario Test DAM Test Result Comments

Dispatchable Hydroelectric Generation No exceptions NA
Resources - Forebay Max & Min Energy
Dispatchable Hydroelectric Generation No exceptions NA
Resources - Cascade Max & Min Energy
Tie-Breaking Mechanism No exceptions NA
Objective Function No exceptions NA
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Appendices

Appendix A — Chapter 7 - Appendix 7.1 (The DAM Calculation Engine)

The Market Rules subject of the review is provided below, extracted from Market Rule Amendment
Proposal Form (Identification No. MR-00458-R00) draft published as of July 8, 2022.

1.1

2.1

Appendix 7.1 — The Day-Ahead Market
Calculation Engine Process

Purpose
1.1.1 This appendix describes the process used by the day-ahead market

calculation engine to determine commitments, schedules and prices for the
day-ahead market.

Day-Ahead Market Calculation Engine

Passes of the Day-Ahead Market Calculation Engine

2.1.1 The day-ahead market calculation engine shall execute three passes to
produce day-ahead schedules, commitments and locational marginal
prices.

2.1.1.1 Pass 1, the Market Commitment and Market Power Mitigation Pass in
accordance with section 7;

21.1.2 Pass 2, the Reliability Scheduling and Commitment Pass in accordance
with section 17; and

21.1.3 Pass 3, the DAM Scheduling and Pricing Pass, in accordance with
section 19.

Information Used by the Day-Ahead
Market Calculation Engine
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3.11

The day-ahead market calculation engine shall use the information in section
3A.1 of Chapter 7.

4 Sets, Indices and Parameters Used in
the Day-Ahead Market Calculation
Engine

4.1 Fundamental Sets and Indices

411

41.2

415

4.1.6

417

4.1.10

41.11

4.1.12

A designates the set of all intertie zones;

B designates the set of buses identifying all dispatchable and non-

dispatchable resources within Ontario;
BPRL C B designates the set of buses identifying price responsive loads,
BPL c B designates the set of buses identifying dispatchable loads;

BHDR C B designates the set of buses identifying hourly demand response
resources;

BNDG C B designates the set of buses identifying non-dispatchable
generation resources;

BPG C B designates the set of buses identifying dispatchable generation

resources,

BNOS € BDG designates the subset of buses identifying dispatchable non-quick

start resources,
BPSUC BNQS designates the subset of buses identifying pseudo-units;

BVGC BDG designates the subset of buses identifying dispatchable variable
generation resources;

BELRC BDG designates the subset of buses identifying energy limited
resources;

BHEC BDG designates the subset of buses identifying dispatchable
hydroelectric generation resources;
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4113 BsHE € BHE designates the subset of buses identifying dispatchable
hydroelectric generation resources in set s € SHE;

4.1.14 JABHE) designates the set of all subsets of the set BFE;

4.1.15 BuptE C fABHE) designates the set of buses identifying all upstream
dispatchable hydroelectric generation resources with a registered forebay
that are linked via time lag and MWh ratio dispatch data with downstream
dispatchable hydroelectric generation resources with a registered forebay;

4.1.16 Ban®E C f2(B1E) designates the set of buses identifying all downstream
dispatchable hydroelectric generation resources with a registered forebay
that are linked via time lag and MWh ratio dispatch data with upstream
dispatchable hydroelectric generation resources with a registered forebay;

4.1.17 BREG C B designates the set of internal buses in operating reserve region
r EORREG;
4.1.18 BPST € BPSU designates the subset of buses identifying pseudo-units with a

share of steam turbine p € PST;

4.1.19 BNO10DF C BPSU designates the subset of buses identifying pseudo-units that
cannot provide ten-minute operating reserve from the duct firing region;

4.1.20 C designates the set of contingencies that shall be considered in the security
assessment function;

4.1.21 D designates the set of buses outside Ontario, corresponding to imports and
exports at intertie zones;

4.1.22 DGMPRef C D designates the set of global market power reference intertie
zones, and boundary entity resources for those interties;

4.1.23 DrREG € D designates the set of intertie zone buses identifying boundary
entity resources in operating reserve region r € ORREG;

4.1.24 DX € D designates the subset of intertie zone buses identifying boundary

entity resources that correspond to export bids;

4.1.25 DI € D designates the subset of intertie zone buses identifying boundary

entity resources that correspond to import offers;

4.1.26 Da € D designates the set of all buses identifying boundary entity resources in
intertie zone a € A;
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4.1.27 DXa € Dqdesignates the subset of intertie zone buses identifying boundary
entity resources that correspond to export bids in intertie zone a € A;

4.1.28 DIa € Dq designates the subset of intertie zone buses identifying boundary
entity resources that correspond to import offers in intertie zone a € A,

4.1.29 DX»EM © DX designates the intertie zone buses corresponding to emergency
energy export transactions for hour h € {1, ..,24};

4.1.30 DX»NP € DX designates the intertie zone buses corresponding to inadvertent
energy payback export transactions for hour h € {1, ..,24};

4.1.31 DInEM < DI designates the intertie zone buses corresponding to emergency
energy import transactions for hour h € {1, ..,24};

4.1.32 DInEMNS © DIREM designates the intertie zone buses corresponding to
emergency energy import transactions that do not support emergency
energy export transactions in hour h € {1,.,24};

4.1.33 DInNP € DI designates the intertie zone buses corresponding to inadvertent
energy payback import transactions for hour h € {1, ..,24};

4.1.34 F designates the set of facilities and groups of facilities for which
transmission constraints may be identified;

4.1.35 Fn C F designates the set of facilities whose pre-contingency limit was
violated in hour h as determined by a preceding security assessment
function iteration;

4.1.36 Fnc C F designates the set of facilities whose post-contingency limit for
contingency c is violated in hour h as determined by a preceding security
assessment function iteration;

4.1.37 Jnbf designates the set of bid laminations for energy at b € BU DX U VB
for hour h € {1,..,24};

4.1.38 Jnp10S designates the set of offer laminations for synchronized ten-minute
operating reserve at bus b € B for hour h € {1, ..,24};

4.1.39 J'np195 designates the set of reference level value laminations for
synchronized ten-minute operating reserve at bus b € B for hour
he{1,..24};

4.1.40 Jnb1%N designates the set of offer laminations for non-synchronized ten-

minute operating reserve at bus b € B U DX for hour h € {1, ..,24};
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4.1.41

4.1.42

4.1.43

4.1.44

4.1.45

4.1.46

4.1.47

4.1.48

4.1.49

4.1.50

4.1.51

4.1.52

4.1.53

J’np10N designates the set of reference level value laminations for non-
synchronized ten-minute operating reserve at bus b € B for hour
he{l,..,24};

Jrb30R designates the set of offer laminations for thirty-minute operating
reserve at bus b € BU BX for hour h € {1, ..,24};

J'np30R designates the set of reference level value laminations for thirty-
minute operating reserve at bus b € B for hour h € {1, ..,24};

KnvF designates the set of offer laminations for energy at bus b € B UDI U
VO for hour h € {1, ..,24};

K'nbE designates the set of reference level value laminations for energy at
bus b € B for hour h € {1, ..,24};

KnpPF S K E designates the set of offer laminations for energy
corresponding to the duct firing region of a pseudo-unit at bus b € B*Vin
hour £ € {1, ..,24};

KnpPR S KpE designates the set of offer laminations for energy
corresponding to the dispatchable region of a pseudo-unit at bus b €
B Vin hour 4 €{1, .. ,24);

Kn b ™LP designates the set of offer laminations for energy quantities up to the

minimum loading point for a non-quick start resource at bus b € BN in
hourh €{1,..,24};

K’n st TMLP designates the set of reference level value laminations for
energy quantities up to the minimum loading point reference level for a
non-quick start resource at bus b € BN®in hour h € {1, ..,24};

Kn»1%5 designates the set of offer laminations for synchronized ten-
minute operating reserve at bus b € B for hour h € {1, ..,24};

K'np105 designates the set of reference level value laminations for
synchronized ten-minute operating reserve at bus b € B for hour
he{l,.. ,24}

Knb1%N designates the set of offer laminations for non-synchronized ten-
minute operating reserve at bus b € B U DI for hour h € {1, ..,24};

K’np10N designates the set of reference level value laminations for non-
synchronized ten-minute operating reserve at bus b € B for hour
h €{1,..,24};
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4.1.54

4.1.55

4.1.56

4.1.57

4.1.58

4.1.59

4.1.60

4.1.61

4.1.62

4.1.63

4.1.64

4.1.65

4.1.66

4.1.67

4.1.68

4.1.69

Knp30R designates the set of offer laminations for thirty-minute operating
reserve at bus b € B U DI for hour h € {1, ..,24};

K'np39R designates the set of reference level value laminations for thirty-
minute operating reserve at bus b € B for hour h € {1, ..,24};

L designates the set of buses where the locational marginal prices represent
prices for delivery points associated with non-dispatchable and dispatchable
generation resources, dispatchable loads, hourly demand response
resources, price responsive loads and non-dispatchable loads;

LyNPL C 1, designates the buses contributing to the zonal price for non-

dispatchable load zone y €Y

LmVIRT € 1, designates the buses contributing to the virtual zonal price for

virtual transaction zone m € M,

M designates the set of virtual transaction zones;

NCA designates the set of narrow constrained areas,

DCA designates the set of dynamic constrained areas;

BCA designates the set of broad constrained areas;

PST designates the set of steam turbines offered as part of a pseudo-unit;
SHE designates the set indexing the sets of dispatchable hydroelectric
generation resources with a maximum daily energy limit or a minimum

daily energy limit or both for a registered forebay;

IV designates the set of offers and bids for energy corresponding to virtual
transactions;

VB € V designates the set of bids for energy corresponding to virtual
transactions;

VO < V designates the set of offers for energy corresponding to virtual
transactions;

Vm € V designates the set of offers and bids for energy corresponding to
virtual transactions at virtual transaction zone meM;

VBm € Vm designates the set of bids for energy corresponding to virtual
transactions at virtual transaction zone meM;
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4.1.70 VOm S Vimn designates the set of offers for energy corresponding to virtual
transactions at virtual transaction zone meM;

4.1.71 Y designates the non-dispatchable load zones in Ontario; and

4.1.72 Plac~ designates the set of all intertie limit constraints.

4.2 Market Participant Data Parameters

421 With respect to a non-dispatchable generation resource identified by bus

b € BNDG:

4.2.1.1 QNDGhpk designates the maximum incremental quantity of
energy that may be scheduled in hour h € {1,..,24} in
association with offer lamination k € Kn®; and

4212 PNDGhbk designates the price for the maximum incremental

quantity of energy in hour h € {1,..,24} in association with offer
lamination k €KnpE.

422 With respect to a dispatchable generation resource identified by bus b €

BPG;

4221 MinQDGp designates the minimum loading point;

4222 QDGnpkdesignates the maximum incremental quantity of
energy above the minimum loading point that may be
scheduled in hour h € {1, ..,24} in association with offer
lamination k € KnpE;

4223 PDGnbkdesignates the price for the maximum incremental
quantity of energy in hour h € {1, ..,24} in association with
offer lamination k€ KnbE

4224 Q10SDGhbkdesignates the maximum incremental quantity of
synchronized ten-minute operating reserve in hour
h €{1,..,24} in association with offer lamination k € Knp105;

4225 P10SDGh,bk designates the price for the maximum incremental
quantity of synchronized ten-minute operating reserve in hour
h €{1,..,24} in association with offer lamination k € K p105

4226 P10ONDGh b,k designates the maximum incremental quantity of non-

synchronized ten-minute operating reserve in hour h €{1, ..,24}
in association with offer lamination k € Kh,bon;
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4227

4228

4229

4.2.210

4.2.2.11

4.2.212.

4.2.213

4.2.214.

4.2.2.15

P10NDGh,bkdesignates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in
hour h €{1, ..,24} in association with offer lamination k €
Kip!ON:

Q30RDGh,b,k designates the maximum incremental quantity of
thirty-minute operating reserve in hour h € {1, ..,24} in

association with offer lamination k € Kus*"R;

P30RDGh,b,kx designates the price of the maximum incremental

quantity of thirty-minute operating reserve in hour h € {1, ..,24}

in association with offer lamination k € Ki,»’’k;

ORRDGD designates the maximum operating reserve ramp rate
in MW per minute;

NumRRDGh» designates the number of ramp rates provided in
hour h €{1,..24};

RmpRngMaxDGh,pw for we {1,..NumRRDGn»} designates the
wthramp rate break pointin hourh €{1,..,24};

URRDGh,bwfor we{1,.,NumRRDGh; designates the ramp

rate in MW per minute at which the resource can increase the
amount of energy it supplies in hour h € {1, ..,24} while
operating in the range between RmpRngMaxDGn,bw-1 and
RmpRngMaxDG /p,w, where RmpRngMaxDGn,b,0 shall be

equal to zero;

DRRDGhpw for w € {1,.,NumRRDGi»} designates the ramp

rate in MW per minute at which the resource can decrease the
amount of energy it suppliesin hour h € {1, ..,24} while
operating in the range between RmpRngMaxDGh,bw-1 and
RmpRngMaxDGnbw where RmpRngMaxDGh,b,0 shall be

equal to zero;

RLP30Rn» designates the reserve loading point for thirty-
minute operating reserve in hour h €/7,..,24/and
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423

4.2.4

4.2.2.16 RLP10Shb designates the reserve loading point for
synchronized ten-minute operating reserve in hour
he{1,..,24)}.

With respect to a dispatchable non-quick start resource identified by bus
b € BNes:

4.2.3.1 SUDGh, designates the start-up offer in hour h € {1, ..,24};

4.2.3.2 SNLnb designates the speed no-load offer in hour h € {1, ..,24};

4.2.3.3 MGBRTDGp designates the minimum generation block run-time;

4234 MGBDTDG» designates the minimum generation block down-
time;

4.2.3.5 MaxStartsDGp designates the maximum number of starts per
day;

4.2.3.6 RampHrsp designates the ramp hours to minimum loading
point;

4.2.3.7 RampEp,w designates the ramp up energy to minimum loading

point for w € {1,.., RampHrss};

4.2.3.8 QLTMLPh,,k designates the maximum incremental quantity of
energy up to the minimum loading point that may be scheduled in
hour h € {1, ..,24} in association with offer lamination
ke Kh,bLTMLP,'

4.2.3.9 PLTMLPhk designates the price for the maximum incremental
quantity of energy up to the minimum loading point that may
be scheduled in hour h € {1, ..,24} in association with offer
lamination k € Knp™LP; and

4.2.3.10 MGODREx» designates the minimum generation cost to
operate at minimum loading point in hour h € {1, ..,24}. This
parameter is calculated as follows:

MGODGILD = SNLh,b + z PLTMLPth,k ' QLTMLPILIJJ(
kexhIMLP
With respect to an energy limited resource identified by bus b € BELR:

4.2.4.1 MaxDELp designates the maximum daily energy limit for a single
resource with or without a registered forebay.
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4.2.5 With respect to a dispatchable hydroelectric generation resource identified by
bus b € B'E:

4.2.5.1

4.2.5.2

4.2.5.3

4254

4.2.5.5

4.2.5.6

MinHMRn, designates the hourly must-run value for the resource
inhour h € {1,..,24};

MinHOn» designates the minimum hourly output for the resource
inhour h € {1, ..,24};

MinDEL»p designates the minimum daily energy limit for a
single resource with or without a registered forebay;

MaxStartsHEb designates the maximum number of starts per
day for the resource;

StartMWh,ifor i €{1,.., NStartMWb} designates the start
indication value for measuring maximum number of starts per
day; a start is counted between hours h and (h + 1) if the
schedule increases from below StartMWh,ito at or above
StartMWh,i; and

(ForLy,i, ForUp,) for @ € {1, .., NForp} designate the lower

and upper limits of the forbidden regions and indicate that the
resource cannot be scheduled between ForLy, and ForUs, for
alli €{1,..,NFors}.

4.2.6 With respect to multiple dispatchable hydroelectric generation resources
with a registered forebay:

4.2.6.1

4.2.6.2

MaxSDELs designates the maximum daily energy limit shared by
all dispatchable hydroelectric generation resources in set
s € SHE; and

MinSDELs designates the minimum daily energy limit shared by
all dispatchable hydroelectric generation resources in set
s € SHE.

4.2.7 With respect to a dispatchable hydroelectric generation resource for which
a MWh ratio was respected

4.2.7.1

LNK € BuptEx Ban"'E designates the set of linked

dispatchable hydroelectric generation resources, where BINK is a
set with elements of the form (b1, b2) and b1 € Buw'"'F and

b2 € BdnHE,'
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4.2.7.2 Lagpipz € {0, .., 23} designates the time lag in hours between
upstream dispatchable hydroelectric generation resources
b1 € BuE and downstream dispatchable hydroelectric
generation resources bz € Ban'E for (b1,b2) € LNK; and

4.2.7.3 MWhRatiop1,b2 designates the MWh ratio between upstream
dispatchable hydroelectric generation resources b1 €
BupH'E and downstream dispatchable hydroelectric
generation resources bz € Ban"E for (b1,b2) € LNK.

4.2.8 With respect to a pseudo-unit identified by bus b € BPSU:

4.2.8.1 STShareMLP» designates the steam turbine share of the
minimum loading point region;

4.2.8.2 STShareDR»b designates the steam turbine share of the
dispatchable region;

4.2.8.3 RampCThyw designates the quantity of energy injected B hours

before the pseudo-unit reaches its minimum loading point that is

attributed to the combustion turbine for w € {1, .., RampHrsp};
and

4.2.8.4 RampSTsw designates the quantity of energy injected ww hours
before the pseudo-unit reaches its minimum loading point that is
attributed to the steam turbine for w € {1, .., RampHrsp}.

429 With respect to a dispatchable load identified by bus b € B

4.29.1 QDLhpjdesignates the maximum incremental quantity of energy
that may be scheduled in hour h € {1, ..,24} in association with
bid lamination j € Jns;

4.29.2 PDLnbjdesignates the price for the maximum incremental
quantity of energy in hour h € {1, ..,24} in association withbid
lamination j € JnE ;

4.2.9.3 Q10SDLhpjdesignates the maximum incremental quantity
of synchronized ten-minute operating reserve that may be
scheduled in hour h € {1, ..,24} in association with offer
lamination j € Jx»1%5;

4294 P10SDLnbjdesignates the price for the maximum incremental

quantity of synchronized ten-minute operating reserve in hour
h € {1,..,24} in association with offer lamination j € Js»1%5;

PwC | MRP DAM Engine Pre-Implementation Review

31



4.29.5

4.2.9.6

4.29.7

4.2.9.8

4.2.9.9

4.29.10

4.2.9.11

4.29.12

4.2.9.13

4.2.9.14

Q10NDLhb,; designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled
in hour h € {1,..,24} in association with offer lamination

jE€nb'N;

PI0ONDLhb; designates the price for the maximum

incremental quantity of non-synchronized ten-minute operating
reserve in hour h €{1, ..,24} in association with offer lamination
: 10N

JE Jnb

Q30RDL,p,j designates the maximum incremental quantity of
thirty-minute operating reserve that may be scheduled in hour h €
{1, ..,24} in association with offer lamination j € Jn 30k,

P30RDLbjdesignates the price for the maximum
incremental quantity of thirty-minute operating reserve in hour
he {1,..,24} in association with offer lamination j € Jns30%

ORRDLp designates the operating reserve ramp rate in MW per
minute for reductions in load consumption;

NumRRDL#» designates the number of ramp rates provided in hour
he{l,..,24};

RmpRngMaxDLhbw for w€ {1,.,NuBIRRDLhp}designates the w*
ramp rate break point in hour h € {1, ..,24};

URRDLnpw for w € {1,.,NumRRDLn»} designates the ramp rate in
MW per minute at which the dispatchable load can increase its
amount of energy consumption in hour h € {1, ..,24} while
operating in the range between RmpRngMaxDLn,b,w-1

and RmpRngMaxDLn,»w, where RmpRngMaxDL 7,0 shall be equal
to zero;

DRRDLnbw for w € {1,.,NumRRDLh, u} designates the ramp rate
in MW per minute at which the dispatchable load can decrease its
amount of energy consumption in hour h € {1, ..,24} while
operating in the range between RmpRngMaxDLh,z,z -1 and
RmpRngMaxDLxsw, where RmpRngMaxDLh,z,0 shall be equal to
zero; and

QDLFIRMh,» designates the quantity of energy that is bid at
the maximum market clearing price in hour h € {1, ..,24}.

4.2.10 With respect to an hourly demand response resource identified by bus

b € BHDR:
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4.2.10.1 QHDRnjdesignates the maximum incremental quantity of
reduction in energy consumption that may be scheduled in
hour h € {1, ..,24} in association with bid lamination j € Jnp¥

4.2.10.2 PHDRbj designates the price for the maximum incremental
quantity of reduction in energy consumption for hour
he{1,..,24} in association with bid lamination j € JnE;

4.2.10.3 URRHDRYy designates the maximum rate in MW per minute at
which the hourly demand response resource can decrease its
amount of energy consumption; and

4.2.10.4 DRRHDR» designates the maximum rate in MW per minute at
which the hourly demand response resource can increase its
amount of energy consumption.

4.2.11 With respect to a price responsive load identified by bus b € BRL:

42111 QPRLnbj designates the maximum incremental quantity of
enerqy that may be scheduled in hourh € [1,..,24} in
association with bid lamination j € wAE ;

4.211.2 PPRLhbjdesignates the price for the maximum incremental
quantity of energy in hour h € {1, ..,24} in association with bid
lamination j € Jns £ ; and

4.2.11.3 QPRLFIRMh,» designates the quantity of energy that is bid at
MMCP in hour h € {1, ..,24}.
4.2.12 With respect to a virtual transaction:
42121 QVBn,vjdesignates the maximum incremental quantity of

energy that may be scheduled in hour h € {1,..,24} from a
virtual zonal resource v € VB in association with bid
lamination j € Jn.E;

4.212.2 PVBh,,; designates the price for the maximum incremental
quantity of energy in hour h € {1, . .,24} froma virtual zonal
resourcev € VB in association with bid lamination j € JnF;

4.2.12.3 QVOn,vk designates the maximum incremental quantity of
energy that may be scheduled in hour h € {1,..,24} from a
virtual zonal resource v € VO in association with offer lamination
k € Kn\E ; and
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42124 PVOny,xdesignates the price for the maximum incremental quantity
of energy in hour h € {1, ..,24} from a virtual zonal resource
v €VO in association with offer lamination k € KnF .
4.2.13 With respect to a boundary entity resource import from intertie zone bus d €

DI, where the locational marginal price represents the price for the intertie
metering point:

4.2.13.1

4.2.13.2

4.2.13.3

4.2.13.4

4.2.13.5

4.2.13.6

QIGhdk designates the maximum incremental quantity of
energy that may be scheduled to importin hour h € {1, ..,24}
in association with offer lamination k € Kn4E ;

PIGhdk designates the price for the maximum incremental
quantity of energy that may be scheduled to import in hour
h € {1,..,24} in association with offer lamination k € K d*;

Q10NIGhqk designates the maximum incremental quantity of
non-synchronized ten-minute operating reserve that may be
scheduled to provide in hour h € {1, ..,24} in association with
offer lamination k € K 41V;

P10NIGhq«k designates the price for the maximum

incremental quantity of non-synchronized ten-minute operating
reserve in hour h €{1, ..,24} in association with offer lamination
ke Kn,aloV;

Q30RIGhqk designates the maximum incremental quantity

of thirty-minute operating reserve that may be scheduled to
provide in hour h € {1, ..,24} in association with offer lamination

k € Kna3%R; and

P30RIGhqk designates the price for the maximum incremental
quantity of thirty-minute operating reserve in hour
h € {1,..,24} in association with offer lamination k € Kp 430%

4.2.14 With respect to a boundary entity resource export to intertie zone bus d €
DX, where the locational marginal price represents the price for the
intertie metering point:

4.2.14.1

QXLh,ajdesignates the maximum incremental quantity of energy
that may be scheduled to export in hour h € {1, . . ,24}in association
with bid lamination j € Jpd* ;
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4.3

4.2.14.2 PXLn,djdesignates the price for the maximum incremental quantity
of energy that may be scheduled to export in hour h € {1, ..,24} in
association with bid lamination j € Jnd £ ;

4.2.14.3 Q10NXLhngjdesignates the maximum incremental quantity of non-

synchronized ten-minute operating reserve that may be scheduled
to provide in hour h € {1, ..,24} in association with offer

lamination j €Jn,1'%";

4.2.14.4 P10NXLha; designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in
hour h€e{l, ..,24} in association with offer lamination
j e]h'dloN;

4.2.14.5 Q30RXLn4jdesignates the maximum incremental quantity of
thirty- minute operating reserve that may be scheduled to
provide in hour h € {1, ..,24} in association with offer
lamination j € Jnq3%R; and

4.2.14.6 P30RXLh,ajdesignates the price for the maximum incremental
quantity of thirty-minute operating reserve in hour h € {1, ..,24}
in association with offer lamination j € Jp430R.

4.2.15  With respect to a wheeling through transaction:

4.2.15.1 Lh € DX x DI designates the set of linked boundary entity
resource import and export buses corresponding to wheeling
through transactions, where Lh is a set with elements of the form
(dx, di) and dx € DX and di € DI.

IESO Data Parameters

431 Variable Generation Forecast

4.3.1.1  FGnpdesignates the IESO’s centralized variable generation forecast
for a variable generation resource identified by bus b € BV¢ in hour
he{1,..24}.

432 Variable Generation Tie-Breaking

4.3.2.1  NumVG designates the number of variable generation resources in
the daily dispatch order; and
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4.3.2.2

TBMp€ {1, .., NumVG} designates the tie-breaking modifier for
the variable generation resource at bus b € B"¢:

433 Operating Reserve Requirements

4.3.3.1

TOT10Sn designates the synchronized ten-minute operating
reserve requirement;

4.3.3.2  TOT10Rn designates the synchronized ten-minute operating reserve
requirement;

4333 TOT30Rn designates the thirty-minute operating reserve requirement;

4.3.3.4  ORREG designates the set of regions for which regional operating
reserve limits have been defined;

4.3.3.5 REGMin10Rnrdesignates the minimum requirement for total ten-
minute operating reserve in region r € ORREG in hour h € {1, ..,24};

4.3.3.6  REGMin30Rnrdesignates the minimum requirement for thirty-minute
operating reserve in region r € ORREG in hour h € {1, .. ,24};

4.3.3.7 REGMax10Rnrdesignates the maximum amount of total ten-minute
operating reserve that may be scheduled in region r € ORREG in
hour h € {1, ..,24}; and

4.3.3.8  REGMax30R/a designates the maximum amount of thirty-minute
operating reserve that may be scheduled in region r € ORREG in hour
he{l,..,24}.

434 Intertie Limits

4.3.4.1  EnCoeffa. designates the coefficient for calculating the contribution
of scheduled energy flows and operating reserve inflows for intertie
zone a € A, which is part of intertie limit constraint z € Zsch. A
coefficient of +1 shall describe flows into Ontario while a coefficient
of -1 shall describe flows out of Ontario;

4.3.4.2  MaxExtSchhz designates the maximum flow limit for intertie
flow constraint z € Zschin hour h € {1,..,24};

4.3.4.3  ExtDSCh designates the net interchange scheduling limit for when

the net flows over all interties from hour (h — 1) to hour h decrease;
and
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4.3.4.4  ExtUSCn designates the net interchange scheduling limit for when
the net flows over all interties from hour (h - 1) to hour h increase.

4.3.5 Resource Minimum and Maximum Constraints

4.3.5.1 Where applicable the minimum or maximum output of a
dispatchable generation resource or a non-dispatchable generation
resource and minimum or maximum consumption of a dispatchable
load may be limited due to reliability constraints, applicable
contracted ancillary services, outages, derates, and other constraints,
such that:

43.5.1.1

MinDLhnpb designates the most restrictive minimum consumption
limit for the dispatchable load in hour h at bus b € BpL;

43.5.1.2 MaxDLhnb designates the most restrictive maximum consumption
limit for the dispatchable load in hour h at bus b € Bpr;

43.5.1.3 MinNDGhn» designates the most restrictive minimum output limit
for the non-dispatchable generation resource in hour h at bus b
€ Bwoe

43.5.14 MaxNDGh,b designates the most restrictive maximum output limit
for the non-dispatchable generation resource in hour h at bus b
€ BnDg;

43.5.1.5 MinDGnp designates the most restrictive minimum output limit for
the dispatchable generation resource in hour h at bus b € Brs;

43.5.1.6 MaxDGnp designates the most restrictive maximum output limit
for the dispatchable generation resource in hour h at bus b €
BDG;

43.5.1.7 MaxMLPnp designates the maximum output limit in hour h for the

minimum loading point region of a pseudo-unit at bus b € Brsv;

43.5.1.8 MaxDRn» designates the maximum output limit in hour h for the
dispatchable region of a pseudo-unit at bus b € Brsv; and

43.5.1.9 MaxDFnp designates the maximum output limit in hour h for the
duct firing region of a pseudo-unit at bus b € Besu.

4.3.6 Constraint Violation Penalties
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4.3.6.1

4.3.6.2

4.3.6.3

4.3.6.4

4.3.6.5

4.3.6.6

4.3.6.7

(PLdViolSchn,i, QLdViolSchn,i for i€{1, .., Niavion} designate the
price-quantity segments of the penalty curve for under generation
used by the As-Offered Scheduling algorithm in section 8,
Reference Level Scheduling algorithm in section 12, Mitigated
Scheduling algorithm in section 15, Reliability Scheduling
algorithm in section 18, and DAM Scheduling algorithm in section
20;

(PLdViolPrch,;,QLdViolPrch,i) for i€{1, .., NLavioin} designate the
price-quantity segments of the penalty curve for under generation
used by the As-Offered Pricing algorithm in section 9, Reference
Level Pricing algorithm in section 13, Mitigated Pricing algorithm
in section 16, and DAM Pricing algorithm in section 21;

(PGenViolSchn,,QGenViolSchy,) for i € {1, .., Ngenvioin} designate the
price-quantity segments of the penalty curve for over generation used
by the As-Offered Scheduling algorithm in section 8, Reference Level
Scheduling algorithm in section 12, Mitigated Scheduling algorithm in
section 15, Reliability Scheduling algorithm in section 18, and DAM
Scheduling algorithm in section 20;

(PGenViolPrch;QGenViolPrch,i) for i€{1, .., Ncenvioin} designate

the price-quantity segments of the penalty curve for over
generation used by the As-Offered Pricing algorithm in section 9,
Reference Level Pricing algorithm in section 13, Mitigated Pricing
algorithm in section 16, and DAM Pricing algorithm in section 21;

(P10SViolSchn,;,Q10SViolSchn,i) for i€{1, .., Niosvioin} designate the
price-quantity segments of the penalty curve for the synchronized
ten-minute operating reserve requirement used by the As-
Offered Scheduling algorithm in section 8, Reference Level
Scheduling algorithm in section 12, Mitigated Scheduling
algorithm in section 15, Reliability Scheduling algorithm in section
18, and DAM Scheduling algorithm in section 20;

(P10SViolPrch,,Q10SViolPrch,) for i€{1, .., Niosvioin} designate

the price-quantity segments of the penalty curve for the
synchronized ten-minute operating reserve requirement used by
the As-Offered Pricing algorithm in section 9, Reference Level
Pricing algorithm in section 13, Mitigated Pricing algorithm in
section 16, and DAM Pricing algorithm in section 21;

(P10RViolSchn,;,Q10RViolSchn,) for i€{1, .., Niorvioin} designate the
price-quantity segments of the penalty curve for the total ten-
minute operating reserve requirement used by the As-Offered
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Scheduling algorithm in section 8, Reference Level Scheduling
algorithm in section 12, Mitigated Scheduling algorithm in section
15, Reliability Scheduling algorithm in section 18, and DAM
Scheduling algorithm in section 20;

4.3.6.8  (P10RViolPrch;,Q10RViolPrch,) fori € {1, .., N1orvioin} designate
the price-quantity segments of the penalty curve for the total ten-
minute operating reserve requirement used by the As-Offered
Pricing algorithm in section 9, Reference Level Pricing algorithm in
section 13, Mitigated Pricing algorithm in section 16, and DAM
Pricing algorithm in section 21;

4.3.6.9  (P30RViolSchh;Q30RViolSchn, for i€{1, ..,N3orvioin}
designate the price-quantity segments of the penalty curve for
the total thirty-minute operating reserve requirement and, when
applicable, the flexibility operating reserve requirement used by
the As-Offered Scheduling algorithm in section 8, Reference Level
Scheduling algorithm in section 12, Mitigated Scheduling
algorithm in section 15, Reliability Scheduling algorithm in
section 18, and DAM Scheduling algorithm in section 20;

4.3.6.10 (P30RViolPrch,iQ30RViolPrch,) for i€{1, .. ,N3orvioln}
designate the price-quantity segments of the penalty curve for
the total thirty-minute operating reserve requirement and, when
applicable, the flexibility operating reserve requirement used by
the As-Offered Pricing algorithm in section 9, Reference Level
Pricing algorithm in section 13, Mitigated Pricing algorithm in
section 16, and DAM Pricing algorithm in section 21;

4.3.6.11 (PREG10RViolSchh;,QREG10RViolSchs,) for i€{1, ..
,NRrEG10rRVIoln} designate the price-quantity segments of the
penalty curve for area total ten-minute operating reserve
minimum requirements used by the As-Offered Scheduling
algorithm in section 8, Reference Level Scheduling algorithm in
section 12, Mitigated Scheduling algorithm in section 15,
Reliability Scheduling algorithm in section 18, and DAM
Scheduling algorithm in section 20;

4.3.6.12 (PREG10RViolPrchi,QREG10RViolPrch,) for i€{1, ..
,NRrec1orvioln} designate the price-quantity segments of the
penalty curve for area total ten-minute operating reserve
minimum requirements used by the As-Offered Pricing algorithm
in section 9, Reference Level Pricing algorithm in section 13,
Mitigated Pricing algorithm in section 16, and DAM Pricing
algorithm in section 21;
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4.3.6.13

4.3.6.14

4.3.6.15

4.3.6.16

4.3.6.17

4.3.6.18

(PREG30RViolSchn,;,QREG30RViolSchn,) for i € {1, .., NreGsorvioln}
designate the price-quantity segments of the penalty curve for area
thirty-minute operating reserve minimum requirements used by the
As-Offered Scheduling algorithm in section 8, Reference Level
Scheduling algorithm in section 12, Mitigated Scheduling algorithm in
section 15, Reliability Scheduling algorithm in section 18, and DAM
Scheduling algorithm in section 20;

(PREG30RViolPrch,i,QREG30RViolPrch,) for i€{1, . .,

Nrecsorvioln} designate the price-quantity segments of the

penalty curve for area thirty-minute operating reserve minimum
requirements used by the As-Offered Pricing algorithm in section
9, Reference Level Pricing algorithm in section 13, Mitigated
Pricing algorithm in section 16, and DAM Pricing algorithm in
section 21;

(PXREG10RViolSchn,,QXREG10RViolSchu, fori € {1,..,
Nxrec1orvioln} designate the price-quantity segments of the penalty
curve for area total ten-minute operating reserve maximum
restrictions used by the As-Offered Scheduling algorithm in section 8,
Reference Level Scheduling algorithm in section 12, Mitigated
Scheduling algorithm in section 15, Reliability Scheduling algorithm
in section 18, and DAM Scheduling algorithm in section 20;

(PXREG10RViolPrch;,QXREG10RViolPrch,) for i €{1, ..
,NxreG10rvioln} designate the price-quantity segments of the

penalty curve for area total ten-minute operating reserve
maximum restrictions used by the As-Offered Pricing algorithm in
section 9, Reference Level Pricing algorithm in section 13,
Mitigated Pricing algorithm in section 16, and DAM Pricing
algorithm in section 21;

(PXREG30RViolSchh;,QXREG30RViolSchs,) fori € {1, ..,
Nxrecsorvioln} designate the price-quantity segments of the penalty
curve for area total thirty-minute operating reserve maximum
restrictions used by the As-Offered Scheduling algorithm in section 8,
Reference Level Scheduling algorithm in section 12, Mitigated
Scheduling algorithm in section 15, Reliability Scheduling algorithm
in section 18, and DAM Scheduling algorithm in section 20;

(PXREG30RViolPrch,i,QXREG30RViolPrcn,i) fori € {1,..,
Nxrecsorvioln} designate the price-quantity segments of the penalty
curve for area total thirty-minute operating reserve maximum
restrictions used by the As-Offered Pricing algorithm in section 9,
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4.3.6.19

4.3.6.20

4.3.6.21

4.3.6.22

4.3.6.22

Reference Level Pricing algorithm in section 13, Mitigated Pricing
algorithm in section 16, and DAM Pricing algorithm in section 21;

(PPrelTLViolSchgn,i, QPrelTLViolSchgn,) for i € {1, ..,NpreitLviolfh}
designate the price-quantity segments of the penalty curve for
exceeding the pre-contingency limit of the transmission constraint for
facility f € F used by the As-Offered Scheduling algorithm in

section 8, Reference Level Scheduling algorithm in section 12,
Mitigated Scheduling algorithm in section 15, Reliability Scheduling
algorithm in section 18, and DAM Scheduling algorithm in section
20;

(PPrelTLViolPrcgh,i, QPrelTLViolPrcth,i) for i € {1, ..,NpreitLviolfh}
designate the price-quantity segments of the penalty curve for
exceeding the pre-contingency limit of the transmission constraint for
facility f € F used by the As-Offered Pricing algorithm in section 9,
Reference Level Pricing algorithm in section 13, Mitigated Pricing
algorithm in section 16, and DAM Pricing algorithm in section 21;

(PITLViolSchcgn,i, QITLViolSchegn,i) for i€{1, . .,NitLvioicfn}
designate the price-quantity segments of the penalty curve for
exceeding the contingency c € C post-contingency limit of the
transmission constraint for facility f € F used by As-Offered
Scheduling algorithm in section 8, Reference Level Scheduling
algorithm in section 12, Mitigated Scheduling algorithm in
section 15, Reliability Scheduling algorithm in section 18, and
DAM Scheduling algorithm in section 20;

(PITLViolPrccfh,, QITLViolPrcch,) fori € {1,..,NiTLviolcfh}
designate the price-quantity segments of the penalty curve for
exceeding the contingency c € C post-contingency limit of the
transmission constraint for facility f € F used by the As-Offered
Pricing algorithm in section 9, Reference Level Pricing algorithm in
section 13, Mitigated Pricing algorithm in section 16, and DAM
Pricing algorithm in section 21;

(PPreXTLViolSchzh,i, QPreXTLViolSchzn,) for i € {1,.., Nitwviolcfh}
designate the price-quantity segments of the penalty curve for
exceeding the flow limit specified by z € Zsch used by the As-Offered
Scheduling algorithm in section 8, Reference Level Scheduling
algorithm in section 12, Mitigated Scheduling algorithm in section 15,
Reliability Scheduling algorithm in section 18, and DAM Scheduling
algorithm in section 20;
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4.3.6.23

4.3.6.24

4.3.6.25

4.3.6.26

4.3.6.27

4.3.6.28

(PPreXTLViolPrczh,i, QPreXTLViolPrczh,i) fori € {1, ..,NprexrLviolzh}
designate the price-quantity segments of the penalty curve for
exceeding the flow limit specified by z € Zsch used by the As-Offered
Pricing algorithm in section 9, Reference Level Pricing algorithm in
section 13, Mitigated Pricing algorithm in section 16, and DAM
Pricing algorithm in section 21;

(PPreXTLViolPrczh,, QPreXTLViolPrczh,i) for i€{1, .. ,NprexrLviolzh}
designate the price-quantity segments of the penalty curve for
exceeding the flow limit specified by z € Zsch used by the As-
Offered Pricing algorithm in section 9, Reference Level Pricing
algorithm in section 13, Mitigated Pricing algorithm in section 16,
and DAM Pricing algorithm in section 21;

(PNIUViolSchn,;,QNIUViolSchn,) for i €{1,..,Nnivion} designate

the price-quantity segments of the penalty curve for exceeding the
hour h net interchange increase constraint between hours (h-1)
and h used by the As-Offered Scheduling algorithm in section 8,
Reference Level Scheduling algorithm in section 12, Mitigated
Scheduling algorithm in section 15, Reliability Scheduling
algorithm in section 18, and DAM Scheduling algorithm in section
20;

(PNIUViolPrch,,QNIUViolPrch,) for i €{1,..,B nwvioin} designate the
price-quantity segments of the penalty curve for exceeding the
hour h net interchange increase constraint between hours (h-1)
and h used by the As-Offered Pricing algorithm in section 9,
Reference Level Pricing algorithm in section 13, Mitigated Pricing
algorithm in section 16, and DAM Pricing algorithm in section 21;

(PNIDViolSchn,,QNIDViolSchu,) for i €{1,.,Nnipvioin} designate

the price-quantity segments of the penalty curve for exceeding the
hour h net interchange decrease constraint between hours (h-1)
and h used by the As-Offered Scheduling algorithm in section 8,
Reference Level Scheduling algorithm in section 12, Mitigated
Scheduling algorithm in section 15, Reliability Scheduling
algorithm in section 18, and DAM Scheduling algorithm in section
20;

(PNIDViolPrcn,,QNIDViolPrcs,i) for i €{1,..,Nnvion} designate

the price-quantity segments of the penalty curve for exceeding the
hour h net interchange decrease constraint between hours (h-1)
and h used by the As-Offered Pricing algorithm in section 9,
Reference Level Pricing algorithm in section 13, Mitigated Pricing
algorithm in section 16, and DAM Pricing algorithm in section 21;
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4.3.6.29

4.3.6.30

4.3.6.31

4.3.6.32

4.3.6.33

4.3.6.34

(PMaxDelViolSchn,;,QMaxDelViolSchy,i)for i € {1, .. ,NuMaxDevioin}
designate the price-quantity segments of the penalty curve for
exceeding a resource’s maximum daily energy limit used by As-
Offered Scheduling algorithm in section 8, Reference Level
Scheduling algorithm in section 12, Mitigated Scheduling
algorithm in section 15, Reliability Scheduling algorithm in section
18, and DAM Scheduling algorithm in section 20;

(PMaxDelViolPrch;,QMaxDelViolPrch, for i € {1, .. ,NmaxDetvioln}
designate the price-quantity segments of the penalty curve for
exceeding a resource’s maximum daily energy limit used by the As-
Offered Pricing algorithm in section 9, Reference Level Pricing
algorithm in section 13, Mitigated Pricing algorithm in section 16,
and DAM Pricing algorithm in section 21;

(PMinDelViolSchn,;,QMinDelViolSchn,) for i € {1, ..,NMinDetvioin}
designate the price-quantity segments of the penalty curve for
under-scheduling a resource’s minimum daily energy limit used by
the As-Offered Scheduling algorithm in section 8, Reference Level
Scheduling algorithm in section 12, Mitigated Scheduling
algorithm in section 15, Reliability Scheduling algorithm in section
18, and DAM Scheduling algorithm in section 20;

(PMinDelViolPrch,i,QMinDelViolPrch,) for i €{1, .. ,Nuinpevioin}
designate the price-quantity segments of the penalty curve for
under-scheduling a resource’s minimum daily energy limit used by
the As-Offered Pricing algorithm in section 9, Reference Level
Pricing algorithm in section 13, Mitigated Pricing algorithm in
section 16, and DAM Pricing algorithm in section 21;

(PSMaxDelViolSchn,;,QSMaxDelViolSchn,i) for i €{1, . .,Nsmaxpetvioin}
designate the price-quantity segments of the penalty curve for
exceeding a shared maximum daily energy limit used by the As-
Offered Scheduling algorithm in section 8, Reference Level
Scheduling algorithm in section 12, Mitigated Scheduling
algorithm in section 15, Reliability Scheduling algorithm in section
18, and DAM Scheduling algorithm in section 20;

(PSMaxDelViolPrch,i,QSMaxDelViolPrch,) for i €{1, ..,NMaxpelvioln}
designate the price-quantity segments of the penalty curve for
exceeding a shared maximum daily energy limit used by the As-
Offered Pricing algorithm in section 9, Reference Level Pricing
algorithm in section 13, Mitigated Pricing algorithm in section 16,
and DAM Pricing algorithm in section 21;
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4.3.6.35 (PSMinDelViolSchn;,,QSMinDelViolSchn,) fori €{1,.. ,Nsminpevioth}
designate the price-quantity segments of the penalty curve for
under-scheduling a shared minimum daily energy limit used by the
As-Offered Scheduling algorithm in section 8, Reference Level
Scheduling algorithm in section 12, Mitigated Scheduling
algorithm in section 15, Reliability Scheduling algorithm in section
18, and DAM Scheduling algorithm in section 20;

4.3.6.36 (PSMinDelViolPrch,;,QSMinDelViolPrch,i) for i €{1, .. ,Nsminpelvioin}
designate the price-quantity segments of the penalty curve for
under-scheduling a shared minimum daily energy limit used by the
As-Offered Pricing algorithm in section 9, Reference Level Pricing
algorithm in section 13, Mitigated Pricing algorithm in section 16,
and DAM Pricing algorithm in section 21;

4.3.6.37 (POGenLnkViolSchn,;,Q0GenLnkViolSchh;) for i €{1, .. ,NoGenLnkvioin}
designate the price-quantity segments of the penalty curve for
over generation on a downstream resource used by the As-Offered.
Scheduling algorithm in section 8, Reference Level Scheduling
algorithm in section 12, Mitigated Scheduling algorithm in section
15, Reliability Scheduling algorithm in section 18, and DAM
Scheduling algorithm in section 20;

4.3.6.38 (BUGenLnkViolSchh,,QUGenLnkViolSchn,) for i€{1,....,NuGenLnkviolh}
designate the price-quantity segments of the penalty curve for
under generation on a downstream resource used by the As-
Offered Scheduling algorithm in section 8, Reference Level
Scheduling algorithm in section 12, Mitigated Scheduling
algorithm in section 15, Reliability Scheduling algorithm in section
18, and DAM Scheduling algorithm in section 20; and

4.3.6.39 NISLPen designates the net interchange scheduling limit constraint
violation penalty price for locational marginal pricing.

437 Price Bounds

4.3.7.1  EngyPrcCeil designates and is equal to the maximum market
clearing price for energy;

4.3.7.2  EngyPrcFlr designates and is equal to the settlement floor price,

4.3.7.3  ORPrcCeil designates and is equal to the maximum operating
reserve price for all classes of operating reserve; and
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4.3.7.4

ORPrcFlr designates the minimum price for all classes of
operating reserve and is equal to $0.

4.3.8 Ex-ante Market Power Mitigation

4.3.8.1

4.3.8.2

4.3.8.3

4.3.8.4

4.3.8.5

4.3.8.6

4.3.8.7

4.3.8.8

4.3.8.9

4.3.8.10

BCACondThresh designates the threshold for the
congestion component of a resource’s locational marginal price for
energy and is equal to $25/MWh;

IBPThresh designates the intertie border price threshold for
energy and is equal to $100/MWh;

ORGCondThresh designates the global market power
condition threshold for a resource’s locational marginal price for
operating reserve and is equal to $15/MW;

PDGRefnbk designates the reference level value for energy
lamination K’ € K’npE for the resource at bus b € BPG in hour h €
{1,..,24};

P10SDGRefn b designates the reference level value for
synchronized ten-minute operating reserve lamination
k’ € K'n,b10S for the resource at bus b € B?¢ in hour h € {1, .. ,24};

P10NDGRefnk designates the reference level value for non-
synchronized ten-minute operating reserve lamination k' € K’n»10N
for the resource at bus b € Bo in hour h € {1, ..,24};

P30RDGRefnbk designates the reference level value for thirty-

minute operating reserve lamination k' € K’n**R for the resource at
busb € BPSin hour h € {1, ..,24};

P10SDLRefnb; designates the reference level value for
synchronized ten-minute operating reserve lamination j' € J’np'° for
the resource at bus b € BPL in hour h € {1, ..,24};

P10ONDLRefnb; designates the reference level value for non-
synchronized ten-minute operating reserve lamination j' € J'np'’N for
the resource at bus b € BPY in hour h € {1, ..,24};

P30RDLRefnb; designates the reference level value for thirty-
minute operating reserve lamination j' € J'np3%R for the resource
at bus b€BPG in hour h€e{1,.,24}
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43.8.11

4.3.8.12

4.3.8.13

4.3.8.14

4.3.8.15

4.3.8.16

4.3.8.17

4.3.8.18

4.3.8.19

4.3.8.20

4.3.8.21

SUDGRefn designates the reference level value for the start-up offer
for the resource at bus b € Bngs in hour h € {1, .. ,24};

SNLRefn» designates the reference level value for the speed no-load
offer for the resource at bus b € Bngs in hour h € {1, ..,24};

PLTMLPRefn bk designates the reference level value for the energy up
to the minimum loading point reference level lamination

k' € K'no"™LP of the offer for the resource at bus b € BPY in hour
he{l,..,24};

CTEnThresh1N¢A designates the conduct threshold for a resource in a
narrow constrained area as a percent increase above the reference
level value of the energy offer for the resource and is equal to 50%;

CTEnThresh2" designates the conduct threshold for a resource in a
narrow constrained area as a $/MWh increase above the reference
level value of the energy offer for the resource and is equal to
$25/MWh;

CTSUThreshNcA designates the conduct threshold for a resource in a
narrow constrained area as a percent increase above the reference
level value of the start-up offer for the resource and is equal to
25%;

CTSNLThreshNcA designates the conduct threshold for a resource in a
narrow constrained area as a percent increase above the reference
level value of the speed no-load offer for the resource and is equal to
25%:;

CTEnThresh1P¢A designates the conduct threshold for a resource in a
dynamic constrained area as a percent increase above the reference
leve lvalue of the energy offer for the resource and is equal to 50%;

CTEnThresh2P¢ designates the conduct threshold for a resource in a
dynamic constrained area as a $/MWh increase above the reference
level value of the energy offer for the resource and is equal to
$25/MWh;

CTSUThreshPtA designates the conduct threshold for a resource in a
dynamic constrained area as a percent increase above the reference
level value of the start-up offer for the resource and is equal to 25%;

CTSNLThreshP¢A designates the conduct threshold for a resource in a
dynamic constrained area as a percent increase above the reference
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4.3.8.22

4.3.8.23

4.3.8.24

4.3.8.25

4.3.8.26

4.3.8.27

4.3.8.28

4.3.8.29

4.3.8.30

4.3.8.31

level value of the speed no-load offer for the resource and is equal to
25%:;

CTEnThresh1B¢A designates the conduct threshold for a resource in a
broad constrained area as a percent increase above the reference level
value of the energy offer for the resource and is equal to 300%;

CTEnThresh2BCA designates the conduct threshold for a resource in a
broad constrained area as a $/MWh increase above the reference level
value of the energy offer for the resource and is equal to $100/MWh;

CTSUThresh®¢ designates the conduct threshold for a resource in a
broad constrained area as a percent increase above the reference level
value of the start-up offer for the resource and is equal to 100%;

CTSNLThreshBc designates the conduct threshold for a resource in a
broad constrained area as a percent increase above the reference level
value of the speed no-load offer for the resource and is equal to
100%;

CTEnThresh1MP designates the global market power conduct
threshold for a resource as a percent increase above the reference level
value of the energy offer for the resource and is equal to 300%;

CTEnThresh2¢MP designates the global market power conduct
threshold for a resource as a $/MWh increase above the reference
level value of the energy offer for the resource and is equal to $100
MW/h;

CTSUThresh@MP designates the global market power conduct
threshold for a resource as a percent increase above the reference level
value of the start-up offer for the resource and is equal to 100%;

CTSNLThreshtP designates the global market power conduct
threshold for a resource as a percent increase above the reference level
value of the speed no-load offer for the resource and is equal to

100%;

CTORThresh19RL designates the local market power conduct threshold
for a resource as a percent increase above the reference level value of
the operating reserve offer for the resource and is equal to 10%;

CTORThreshZ29RL designates the local market power conduct
threshold for a resource as a $/MW increase above the reference level
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4.3.8.32

4.3.8.33

4.3.8.34

4.3.8.35

4.3.8.36

4.3.8.37

4.3.8.38

4.3.8.39

value of the operating reserve offer for the resource and is equal to
$25/MW;

CTEnThresh19RL designates the local market power conduct

threshold for energy to minimum loading point for a resource as a
percent increase above the reference level value of the offer for energy
up to the minimum loading point for the resource and is equal to

10%;

CTEnThresh29RL designates the local market power conduct
threshold for energy to minimum loading point conduct threshold for
a resource as a $/MW increase above the reference level value of the
energy for energy up to the minimum loading point for the resource
and is equal to $25/MW;

CTSUThreshORL designates the local market power conduct threshold
for a resource as a percent increase above the reference level value of
the start-up offer for the resource and is equal to 10%;

CTSNLThresh9RL designates the local market power conduct
threshold for a resource as a percent increase above the reference level
value of the speed no-load offer for the resource and is equal to 10%;

CTORThresh19RG designates the global market power conduct
threshold for a resource as a percent increase above the reference level
value of the operating reserve offer for the resource and is equal to
50%;

CTORThresh29RG designates the global market power conduct
threshold for a resource as a $/MW increase above the reference level
value of the operating reserve offer for the resource and is equal to
$25/MW;

CTEnThresh19RG designates the global market power conduct
threshold for energy to minimum loading point for a resource as a
percent increase above the reference level value of the offer for energy
up to the minimum loading point for the resource and is equal to
50%;

CTEnThresh20RG designates the global market power conduct
threshold for energy to minimum loading point for a resource as a
$/MW increase above the reference level value of the offer for
energy up to the minimum loading point for the resource and is
equal to $25/MW;
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4.3.8.40

4.3.8.41

4.3.8.42

4.3.8.43

4.3.8.44

4.3.8.45

4.3.8.46

4.3.8.47

4.3.8.48

CTSUThreshORG designates the global market power conduct threshold
for a resource as a percent increase above the reference level value of
the start-up offer for the resource and is equal to 25%;

CTSNLThresh9RG designates the global market power conduct
threshold for a resource as a percent increase above the reference level
value of the speed no-load offer for the resource and is equal to 25%;

CTEnMinOffer designates the minimum price for the offer lamination
for energy to be included in the Conduct Test. Offer laminations for
energy below this value are excluded from the Conduct Test and is
equal to $25/MWh;

CTORMinOffer designates the minimum price for the offer lamination
for operating reserve to be included in the Conduct Test. Offer
laminations for operating reserve below this value are excluded from
the Conduct Test and is equal to $5/MW;

ITThresh1N¢A designates the price impact threshold for a resource in
a narrow constrained area as a percent increase in the energy
locational marginal price output from section 9 above the energy
locational marginal price output from section 13 and is equal to
50%;

ITThresh2N¢A designates the price impact threshold for a resource in
a narrow constrained area as a $/MWHh increase in the energy
locational marginal price output from section 9 above the energy

locational marginal price output from section 13 and is equal to
$25/MWh;

ITThresh1P¢ designates the price impact threshold for a resource in
a dynamic constrained area as a percent increase in the energy
locational marginal price output from section 9 above the energy
locational marginal price output from section 13 and is equal to
50%;

ITThresh2P¢ designates the price impact threshold for a resource in
a dynamic constrained area as a $/MWh increase in the energy
locational marginal price output from section 9 above the energy
locational marginal price output from section 13 and is equal to
$25/MWh;

ITThresh15¢A designates the price impact threshold for a resource in
a broad constrained area as a percent increase in the energy
locational marginal price output from section 9 above the energy
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locational marginal price output from section 13 and is equal to
100%;

4.3.8.49 ITThresh2BCA designates the price impact threshold for a resource in
a broad constrained area as a $/MWh increase in the energy
locational marginal price output from section 9 above the energy
locational marginal price output from section 13 and is equal
to $50/MWh;

4.3.8.50 [ITThresh1GMP designates the global market power price impact
threshold for a resource as a percent increase in the energy
locational marginal price output from section 9 above the energy
locational marginal price output from section 13 and is equal to
100%;

4.3.8.51 TThresh2¢MP designates the global market power price impact
threshold for a resource as a $/MWh increase in the energy locational
marginal price output from section 9 above the energy locational
marginal price output from section 13 and is equal to $50/MWh;

4.3.8.52 ITThresh19RG designates the global market power price impact
threshold for a resource as a percent increase in the operating
reserve locational marginal price output from section 9 above the
operating reserve locational marginal price output from section 13
and is equal to 50%; and

4.3.8.53 ITThresh29RG designates the global market power price
impact threshold for a resource as a $/MW increase in the operating
reserve locational marginal price output from section 9 above the
operating reserve locational marginal price output from section 13
and is equal to $25/MW.

4.3.9 Weighting Factors for Zonal Prices

4391  WFnmp»"™T designates the weighting factor for bus bERg?/RT used to
calculate the price for virtual transaction zone m € M for hour
h €{1,..,24};

4.3.9.2  [@Fnyp"IRT designates the weighting factor for bus b €@m"RT used to
calculate the price for non-dispatchable load zone y € Y for hour
he{l,.., 24}; and

4393 The weighting factors in section 4.3.9.1 and section 4.3.9.2 shall be
obtained by renormalizing the load distribution factors so that for a
given hour the sum of weighting factors for a non-dispatchable
load zone or for a virtual transaction zone is one.
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4.4 Other Data Parameters

4.4.1 Non-Dispatchable Demand Forecast

4.4.1.1  AFLn designates the average province-wide non-dispatchable demand
forecast for hour h € {1, .., 24} calculated by the security assessment
function; and

4.4.1.2  PFLn designates the peak province-wide non-dispatchable demand
forecast for hour h € {1, .., 24} calculated by the security assessment
function.

4472 Variable Generation

4421  AFGnp designates the alternative forecast for a variable generation
resource identified by bus b € Bve in hour h € {1, .., 24}, which is
either the registered market participant-submitted forecast or the
IESO’s centralized forecast.

443 Internal Transmission Constraints

4.4.3.1  PreConSFhsp designates the pre-contingency sensitivity factor for bus
b € B U D indicating the fraction of energy injected at bus b which
flows on facility f during hour h under pre-contingency conditions;

4.43.2  VPreConSFnsm designates the pre-contingency sensitivity factor
for virtual transaction zonem m € M indicating the effect of
scheduled energy at mm to flows on facility f € Fr in hour h under
pre-contingency conditions. It shall be determined as the weighted
average of the pre-contingency sensitivity factors for non-dispatchable
loads, dispatchable loads, hourly demand response resources, and
price responsive loads within the virtual transaction zone using
the weighting factors WFhmp ¥ RT for virtual transactions;

4.43.3  AdjNormMaxFlownsdesignates the limit corresponding to
the maximum flow allowed on facility f in hour h under pre-
contingency conditions;

4.43.4  SFncspb designates the post-contingency sensitivity factor for bus b € B
U D indicating the fraction of energy injected at bus b which flows on
facility f during hour h under post-contingency conditions for
contingency c;

4.43.5  VSFncrm designates the post-contingency sensitivity factor for
virtual transaction zone m € M indicating the effect of scheduled
energy at m to flows on facility f € Fn,c in hour h under post-
contingency conditions for contingency cc. It shall be determined as
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the weighted average of the post-contingency sensitivity factors for
non-dispatchable loads, dispatchable loads, hourly demand
response resources, and price responsive loads within the virtual
transaction zone using the weighting factors WFhmp" T for virtual
transactions; and

4.4.3.6 AdJEmMaxFlown.s designates the limit corresponding to
the maximum flow allowed on facility f in hour h under post-
contingency conditions for contingency c.

4.4.4 Transmission Losses

4441  LossAdjn designates any adjustment needed for hour h € {1, .., 24} 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.

4442  MglLosshp designates the marginal loss factor and represent
the marginal impact on transmission losses resulting from
transmitting energy from the reference bus to serve an increment of
additional load at resource bus b€ BU D in hour h € {1, .., 24};
and

4.4.4.3  VMglLosshm designates the marginal loss factor for virtual
transaction zonem € M in hour h € {1, .., 24}. It shall be
determined as the weighted average of the marginal loss factors for
non-dispatchable loads, dispatchable loads, hourly demand response
resources, and price responsive loads within the virtual transaction
zone using the weighting factors WFnm"'}" for virtual transactions.

5 Initialization

5.1 Purpose

5.1.1 The initialization processes set out in this section 5 shall occur prior to the
execution of the day-ahead market calculation engine described in section
2.1.1 above.

5.2 Reference Bus

5.2.1 The IESO shall use Richview Transformer Station as the day-ahead market
calculation engine’s default reference bus for the calculation of locational
marginal prices.
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522 If the default reference bus is out of service, another in-service bus shall be

selected.
5.3 Islanding Conditions
5.3.1 In the event of a network split, the day-ahead market calculation engine
shall:
5.3.1.1 only evaluate resources that are within the main island;

53.1.2 use only forecasts of demand forecast areas in the main island; and

5.3.1.3 use a bus within the main island in place of the reference bus if the
reference bus does not fall within the main island.

5.4 Variable Generation Tie-Breaking

5.4.1 For each hour h € {1, .., 24}, each variable generation resource bus b € BVG
and each offer lamination k € Knpt , the offer price PDGh,bk shall be modified

to PDGhbk = (TBMb/NumVG) p, where p is a small nominal value of order
10-.

5.5 Pseudo-Unit Constraints

5.5.1 Constraints for pseudo-units corresponding to minimum and maximum

constraints on physical resources shall be determined in accordance with
section 22.

5.6 Initial Scheduling Assumptions

5.6.1 Initial Schedules

5.6.1.1 The following parameters designate the initial energy schedules used
for hour 0 in the optimization of the next dispatch day and shall be
based on the hour ending 24 schedules of the most recent execution of
the pre-dispatch calculation engine prior to the execution of the
day ahead market calculation engine:

5.6.1.1.1 SDLoyj, which designates the amount of energy that a
dispatchable load is scheduled to consume at bus
b € BPY;

5.6.1.1.2 SHDRo,bj, which designates the amount of energy an
hourly demand response resource is scheduled to
reduce consumption at bus b € B'P";
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5.6.1.1.3

5.6.1.14

5.6.1.1.5

5.6.1.1.6

5.6.1.1.7

SXLo,aj, which designates the amount of energy a
boundary entity resource is scheduled to export at
bus d € DX;

SDGo,k, which designates the amount of energy that

a dispatchable generation resource is scheduled to provide
atbus b € B'G;

SCTop, which designates the schedule of the

combustion turbine associated with the pseudo-unit

at bus b € BBSU;

SSTo,p, which designates the schedule of steam turbine
p € PST

SIGodk which designates the amount of energy that a
boundary entity resource is scheduled to import from
intertie zone bus d € DI,

5.6.1.2 The initial schedules for non-quick start resources shall be
determined to align with the commitment status logic described in
section 5.6.2.

5.6.2 The following parameters designate the initial commitment status and number
of hours in operation used for hour 0 in the optimization of the next

dispatch day:

5.6.2.1  0ODGop, which designates whether the dispatchable generation
resource at bus b € BNOS has been scheduled at or above its
minimum loading point;

5.6.2.2  InitOperHrss, which designates the number of consecutive hours
at the end of previous day for which the resource at bus b € Bngs
was scheduled to operate at or above its minimum loading point.
For resources with ODGo, = 0, InitOperHrsp shall be set to zero.

5.6.3 Initial Net Interchange Schedule

5.6.3.1 The initial net interchange schedule value shall be the difference
between all imports to Ontario and all exports from Ontario in the last
hour of the previous day. By default, this value will be based on the
most recent schedules from the pre-dispatch calculation engine.
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6 Security Assessment Function

6.1 Interaction between the Security Assessment Function
and Optimization Functions

6.1.1 The scheduling and pricing algorithms of the day-ahead market calculation

engine shall perform multiple iterations of the optimization functions and the

security assessment function to check for violations of monitored thermal
limits and operating security limits using the schedules produced by the
optimization functions.

6.1.2 As multiple iterations are performed, the transmission constraints produced by

the security assessment function shall be used by the optimization functions.

6.1.3 All three passes of the day-ahead market calculation engine shall use the
security assessment function.

6.1.4 The security assessment function shall use the physical resource
representation of combined cycle facilities that are registered as pseudo-
units.

6.2 Inputs into the Security Assessment Function

6.2.1 The security assessment function shall use the following inputs:

6.2.1.1 the IESO average and peak demand forecasts; and

6.2.1.2  applicable IESO-controlled grid information pursuant to section 3A.1
of Chapter 7.

6.2.2 The security assessment function shall also use the following outputs of the
optimization functions in Pass 1 and Pass 3:

6.2.2.1 the schedules for dispatchable loads, hourly demand response
resources, and price responsive loads;

6.2.2.2  the schedules for non-dispatchable generation resources and
dispatchable generation resources,

6.2.2.3 the schedules for boundary entity resources at each intertie zone;

and the net schedules for virtual transactions for each virtual
transaction zone.
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6.2.3

The security assessment function shall also use the following outputs of
the optimization functions in Pass 2:

6.2.3.1  the schedules for dispatchable loads and hourly demand
response resources;
6.2.3.2  the schedules for non-dispatchable generation resources and
dispatchable generation resources; and
6.2.3.3 the schedules for boundary entity resources at each intertie zone.
6.3 Security Assessment Function Processing

6.3.1 In Pass 1 and Pass 3 of the day-ahead market calculation engine, the
security assessment function shall determine the average province-wide
non-dispatchable demand forecast for hour h, AFLn, as follows:

6.3.1.1 determine forecast MW quantities for all load resources and losses
using the IESO average demand forecasts for demand forecast areas,
load distribution factors, the total of the bid quantities submitted for
virtual hourly demand response resources and physical hourly
demand response resources; and

6.3.1.2  determine AFLh by adding the forecast MW quantities determined for
each non-dispatchable load, including forecast MW losses in the
demand forecast areas.

6.3.2 In Pass 2 of the day-ahead market calculation engine, the security
assessment function shall determine the peak province-wide non-dispatchable
demand forecast for hour h, PFLn, as follows:

6.3.2.1 determine forecast MW quantities for all load resources and losses
using the IESO peak demand forecasts for demand forecast areas, load
distribution factors, the total of the bid quantities submitted for virtual
hourly demand response resources and physical hourly demand
response resources; and

6.3.2.2  determine PFLh by adding the forecast MW quantities determined for
each non-dispatchable load, each price responsive load, and each
dispatchable load with no bid for energy, including forecast MW
losses in the demand forecast areas.

6.3.3 In Passes 1 and 3 of the day-ahead market calculation engine, the security

assessment function shall distribute the net schedules for virtual
transactions in each virtual transaction zone to non-dispatchable loads,
dispatchable loads hourly demand response resources, and price
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responsive loads within the virtual transaction zone using the weighting
factors (WFnm»bVIRT) for virtual transactions. In the security assessment
function, the total MW quantity allocated to:

6.3.3.1

6.3.3.2

a dispatchable load, an hourly demand response resource or a price
responsive load shall be equal to the schedule determined by the
optimization functions plus the amount allocated in the distribution of
the net schedules for virtual transactions; and

a non-dispatchable load shall be equal to its forecast MW quantity
plus the amount allocated in the distribution of the net schedules for
virtual transactions.

6.3.4 The security assessment function shall perform the following calculations and
analyses:

6.3.4.1

6.3.4.2

6.3.4.3

6.3.4.4

6.3.4.5

6.3.4.6

A base case solution function shall prepare a power flow solution for
each hour. The base case solution function shall select the power
system model state applicable to the forecast of conditions for the hour
and input schedules.

The base case solution function shall use an AC power flow analysis.
If the AC power flow analysis fails to converge, the base case solution
function shall use a non-linear DC power flow analysis. If the non-
linear DC power flow analysis fails to converge, the base case solution
function shall use a linear DC power flow analysis.

If the AC or non-linear DC power flow analysis converges, continuous
thermal limits for all monitored equipment and operating security
limits shall be monitored to check for pre-contingency limit
violations.

Violated pre-contingency limits shall be linearized using pre-
contingency sensitivity factors and incorporated as constraints for use
by the optimization functions.

If the linear DC power flow analysis is used, the pre-contingency
security assessment may develop linear constraints to facilitate the
convergence of the AC or non-linear DC power flow analysis in the
subsequent iterations.

A linear power flow analysis shall be used to simulate contingencies,
calculate post-contingency flows and check all monitored equipment
for limited-time thermal limit violations.
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6.3.4.7

6.3.4.8

6.3.4.9

6.3.4.10

Violated post-contingency limits shall be linearized using post-
contingency sensitivity factors and incorporated as constraints for use
by the optimization functions.

The base case solution shall be used to calculate Ontario transmission
system losses, marginal loss factors and loss adjustment for each
hour. The impact of losses on branches between the resource bus and
the resource connection point to the IESO-controlled grid and losses
on branches outside Ontario shall be excluded when determining
marginal loss factors.

The As-Offered Scheduling, Reference Level Scheduling, Mitigated
Scheduling, Reliability Scheduling and DAM Scheduling algorithms
described in sections 8, 12, 15, 18 and 20, respectively, shall use the
marginal loss factors for each hour calculated by the security
assessment function.

The As-Offered Pricing, Reference Level Pricing, Mitigated Pricing,
and DAM Pricing algorithms described in sections 9, 13, 16 and 21,
respectively, shall use the marginal loss factors used in the last
iteration of the optimization function in the corresponding scheduling
algorithm.

6.4 Outputs from the Security Assessment Function

6.4.1 The outputs of the security assessment function used in the optimization
functions include the following:

6.4.1.1

6.4.1.2

6.4.1.3

6.4.1.4

a set of linearized constraints for all violated pre-contingency and post-
contingency limits for each hour. The sensitivities and limits
associated with the constraints shall be those provided by the most
recent security assessment function iteration;

pre-contingency and post-contingency sensitivity factors for
each hour;

the marginal loss factors as described in sections 6.3.4.8-
6.3.4.10; and

loss adjustment quantity for each hour.
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7 Pass 1: Market Commitment and
Market Power Mitigation Pass

711 Pass 1 shall use market participant and IESO inputs and resource and system
constraints to determine a set of resource schedules and commitments. Pass 1
shall consist of the following algorithms and tests:

e the As-Offered Scheduling algorithm described in section &;

o the As-Offered Pricing algorithm described in section 9;

o the Constrained Area Conditions Test described in section 10;

e the Conduct Test described in section 11;

o the Reference Level Scheduling algorithm described in section 12;

e the Reference Level Pricing algorithm described in section 13;
o. the Price Impact Test described in section 14;

. the Mitigated Scheduling algorithm described in section 15; and
. the Mitigated Pricing algorithm described in section 16.
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8 As-Offered Scheduling

8.1 Purpose

8.1.1 The As-Offered Scheduling algorithm shall perform a security-constrained
unit commitment and economic dispatch to maximize gains from trade using
dispatch data submitted by registered market participants to meet the
IESO'’s average province-wide non-dispatchable demand forecast and IESO-
specified operating reserve requirements for each hour of the next dispatch

day.
8.2 Information, Sets, Indices and Parameters
8.2.1 Information, sets, indices and parameters used by the As-Offered Scheduling

algorithm are described in sections 3 and 4.

8.3 Variables and Objective Function
8.3.1 The As-Offered Scheduling algorithm shall solve for the following variables:
8.3.1.1 SPRLnbj which designates the amount of energy that a price,

8.3.1.2

8.3.1.3

8.3.1.3

8.3.1.4

responsive load is scheduled to consume at bus b € BPRL in hour
h €{1,.., 24} in association with lamination j € Jn»E;

SDLhnpj, which designates the amount of energy that a
dispatchable, load is scheduled to consume at bus b € BPL in hour
h € {1,.., 24} in association with lamination j € Js;

S10SDLnbj, which designates the amount of synchronized ten-
minute operating reserve that a dispatchable load is scheduled to
provide at bus b € BPLin hour h € {1, .., 24} in association with
lamination j € Ji»1%5;

S10NDLh,b,j, which designates the amount of non-synchronized
ten-minute operating reserve that a dispatchable load is scheduled
to provide at bus b € BPL in hour h € {1, .., 24} in association with
lamination j € J5»1%N;

S10NDLh,p,j, which designates the amount of non-synchronized
ten-minute operating reserve that a dispatchable load is scheduled
to provide at bus b € BPL in hour h € {1, .., 24} in association with
lamination j € J»1%N;
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8.3.1.5

8.3.1.6

8.3.1.7

8.3.1.8

8.3.1.9

8.3.1.10

8.3.1.11

8.3.1.12

8.3.1.13

8.3.1.14

S30RDLhbj, which designates the amount of thirty-minute

operating reserve that a dispatchable load is scheduled to provide
atbus b € BPLin hour h € {1, .., 24} in association with lamination

j € Ih,bSOR;

SHDRnbj, which designates the amount of energy reduction
scheduled for an hourly demand response resource at bus b €
BHDR in hour h € {1, .., 24} in association with lamination j €
Jnb®;

SVBh,yvj, which designates the amount of energy a virtual zonal
resource @ € VB is scheduled to consume in hour h € {1, . ., 24}
in association with lamination j € Jn/t;

SXLhdj which designates the amount of energy a boundary entity

resource is scheduled to export at bus d € DX in hour h €{1, .., 24}

in association with lamination j € Jxdf;

S10NXLna,j which designates the amount of non-synchronized ten-

minute operating reserve scheduled that a boundary entity resource

is scheduled to provide at bus d € DX in hour h € {1, .., 24} in
association with lamination j € /5 410V,

S30RXLh,qj, which designates the amount of thirty-minute
operating reserve scheduled that a boundary entity resource is
scheduled to provide at bus d € DX in hour h € {1, .., 24} in
association with lamination j € J430R;

SNDGhb ), which designates the amount of energy that a non-
dispatchable generation resource is scheduled to provide at bus

b € BNPG jn hour h € {1, .., 24} in association with lamination k €
Kn,bF;

SDGhbk which designates the amount of energy that a
dispatchable generation resource is scheduled to provide above
MinQDGv at bus b € BP¢ in hour h € {1, .., 24} in association with
lamination k € Knp E ;

ODGn,b, which designates whether the dispatchable generation
resource at bus b € BP¢ has been scheduled at or above its minimum
loading point in hour h € {1, .., 24};

IDGnrb, which designates whether the dispatchable generation
resource at bus b € BP¢ has been scheduled to reach its
minimum loading point in hour h € {1, .., 24};
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8.3.1.15

8.3.1.16

8.3.1.17

8.3.1.18

8.3.1.19

8.3.1.20

8.3.1.21

8.3.1.22

8.3.1.23

8.3.1.24

S10SDGhbk , which designates the amount of synchronized ten-
minute operating reserve that a dispatchable generation
resource is scheduled to provide at bus b € B¢ in hour h € {1, ..
, 24} in association with lamination k € Kp»10%

S10NDGhbk, which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € BPSin hour h € {1,.., 24} in
association with lamination k € Kx 10V,

S30RDGh,bk, which designates the amount of thirty-minute operating
reserve that a dispatchable generation resource is scheduled to
provide at bus b € BP® in hour h € {1, .., 24} in association with
lamination k € Kn»30R,;

SCThb, which designates the schedule of the combustion turbine
associated with the pseudo-unit at bus b € BPSU in hour
he{l,.., 24}

SSThp, which designates the schedule of steam turbine p € PST in hour
he{l,.., 24};

O010Rn», which designates whether the pseudo-unit at bus b € BN010DF

has been scheduled for ten-minute operating reserve in hour h € {1, ..
) 24},

OHOn,, which designates whether the dispatchable hydroelectric
generation resource at bus b € BHE has been scheduled at or above
MinHOnp in hour h €{1, .., 24};

OFRh,bi fori€ {1,..,NForp}, which designates whether the
dispatchable hydroelectric generation resource at bus b € BHE has

been scheduled at or below ForlLs,, or, at or above ForUs, in hour
he{l,.., 24};

[HEn»,, which designates whether the dispatchable hydroelectric
generation resource at bus b € B'F registered a start between hours
(h =1)and h € {1,.., 24} as a result of its schedule increasing from
below StartMWh,i to at or above StartMWh,i for i €{1, . ., NStartM W},

SVOnyx, which designates the amount of energy a virtual zonal
resource v € VO is scheduled to provide in hour h€{1, .., 24} in
association with lamination k € KzaE ;
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8.3.1.25

8.3.1.26

8.3.1.27

8.3.1.28

8.3.1.29

SIGhak , which designates the amount of energy that a boundary entity
resource is scheduled to import from intertie zone bus d € DI in hour
h €{1,.., 24} in association with lamnation k € Knd" ;

S10NIGhak, which designates the amount of non-synchronized ten-minute
operating reserve that a boundary entity resource is scheduled to
provide from intertie zone bus d € DI in hour h € {1, .., 24} in
association with lamination k € Kx,'%";

S30RIGhdk which designates the amount of thirty-minute operating
reserve that a boundary entity resource is scheduled to provide from
intertie zone bus d € DI in hour h € {1, .., 24} in association with
lamination k € Knd*'};

TB»r, which designates any adjustment to the objective function to
facilitate pro-rata tie-breaking in hour h € {1, .., 24}, as described in
section 8.3.2.1; and

ViolCostn, which designates the cost incurred in order to avoid having
the schedules violate constraints for hour h € {1, .., 24}, as described
in section 8.3.2.3.

8.3.2 The objective function for the As-Offered Scheduling algorithm shall

maximize gains from trade by maximizing the following expression:
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z ObjPRLy, + ObjDL,, — ObjHDRy, + ObjVBy, + ObjXLy — ObjNDGy,
( — 0bjDG), — ObjVO, — ObjIG, —TB,, — ViolCost, )

h=1.24
Where
ObjPRL), = Z SPRLy,),, - PPRLy,,
beBPRL \ jeE,
Z SDLyp; - PDLyy; — Z S10SDLyy ;- P10SDLy,,; —
105
0bjDL, = Z J€lhn J€hy
begPL S].ONDthJ - PlDNDLh‘bJ - Z S3DRDL;‘J,J . P30RDLM1
By JeiY
ObjHDR,, = ZD Z SHDRy, ;- PHDRyp
bepHDR =
ObjVB), = Z ( Z SVBthJ-PVBh,,_j)
veEVE \jerf .,
D SXLuay PXLyay = ) STONXLyq; - PLONXLy g,
_ J€ly, i€l
ObjXL;, = n "
ey - Z S30RXLyyq,; - P30RXLya,
Jelngd

OijDGh = Z Z SNDGh,b,k * PNDGh,b,k
beBNDG \ ek},
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0bjDG),
Z SDGpp - PDGrys + Z S10SDGyp s - PLOSDGy e +

keKE, keki9S

pepbG Z S10NDGy, p s - PLONDG), . + Z S30RDGy s - P3ORDG b
kekpON KeK9R
+ Z (0DG, - MGODG,;, + IDG,, - SUDG,,, )
beBNQS

OijOh = z Z SVOh,v,k - PVOh,v,k

vEVO kEKpjfu
Z S[Gh,d,k - P[Gh,d,k + Z SlON[Gh,d,k : P]-ON[Gh,d,k

ObilC Z keKE kekioN
Jtap =
deDr + Z SSORIG.’I,d,k " PSORIG]LdJk

keK3OR

8.3.2.1 The tie-breaking term ([]/n) shall sum a term for each bid or offer
lamination. For each lamination, this term shall be the product of a
small penalty cost and the quantity of the lamination scheduled. The
penalty cost shall be calculated by multiplying a base penalty cost of
TBPen by the amount of the lamination scheduled and then
dividing by the maximum amount that could have been scheduled.

That is:
B — TBPRL, + TBDL, + TBHDR,, + TBVB,, + TBXL, + TBNDG,
h = + TBDG, + TBVO, + TBIG,
Where:
2
(SPRLy, ;)" - TBPen
TBPRL, = Z 2 ;

h QPRLy,, ;

beBPRL \ jefE,
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2,

(SDLyy,) - TBPen N (S10SDLy,, ;)" - TBPen .
QDLyy,; Ly, Q10SDL,, ;

JEIEy
TBDL,, = ) 2
veghe ((510NDLn.b.;) 'TBPen) ((530RDLh,bJ) 'TBPen)
10NDLy ; 30RDLyp ;
J E]F::.obN ¢ hbJ jETROR Q hb,j
TBHDR (SHDRJ'I,b,j)z -TBPen
h— ;
bEBHDR \ jerE, QHDRJ:,b,j
2
TBVB, — (SVBuy,) - TBPen\
vEVE \ jefk, QVBh,v,f
Z ((SXLh,d,j)z . TBPen) z ((Lﬂ‘lol\r}(L,Ld‘j)2 . TBPen)
+
Xlnas 10NXLy g ;
TBXL, = I €ia b i e ¢ o]
e
d€EDX n ((S3ORXLh,a,j)2 . TBPen)
S Q30RXLy, 4,
2
TBNDG, = ((SNDGh,b,k) 'TBPen) .
beBNDG kEbe QNDGh'b'R
TBDG,
¥ ((SDGzz,b,k)z'TBPen) vy ((SlOSDGh_b_k)ZTBPen) .
b6 108D
K€K p QDG KEKSS Q hbk
peDe Z ((swwuch_b.k) -TBPen)+ z ((530RDG,M) .TBPen)
10NDG 30RDG
kek; Y ¢ h.b.k KEKZOR Q bk
2
TBVO, = z z (Svohju,k) - TBPen .
vEVO \kekf, QV Ok
and
z (SIGh,d,k)Z-TBpen N z (Slonh,d,k)z-TBPen
R QIGh’d’k 10N Q 1ONIGh,d,k
TBIG, = ¥ Ekna e €X3
h =
dent N (S30RIG), )" - TBPen
k EK3OR QSORIGthJk
hd
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8.3.2.2 ViolCostn shall be calculated for hour h € {1, .., 24} using the
following variables:

83.2.2.1

83222

83.2.23

83224

83.2.2.5

83.2.2.6

83.2.2.7

83.2.2.8

SLdVioln,i, which designates the violation variable associated with

segment I € {1,..,NLavioin} of the penalty curve for the energy
balance constraint allowing under-generation;

SGenVioly,;, which designates the violation variable associated with

segment I € {1,..,Ncenvioln} of the penalty curve for the energy
balance constraint allowing over-generation;

S$10SVioln,i, which designates the violation variable associated with

segment I € {1,..,Niosvioin} of the penalty curve for the
synchronized ten-minute operating reserve requirement;

S10RViolni, which designates the violation variable associated with

segment [ € {1,..,Niorvioin} of the penalty curve for the total ten-

minute operating reserve requirement;

S30RViolni, which designates the violation variable associated with

segment i € {1,.., N3orvioin} of the penalty curve for the thirty-

minute operating reserve requirement and, when applicable, the

flexibility operating reserve requirement;

SREG10RViolrn;, which designates the violation variable
associated with segment i € {1, .., Nreciorvioin} of the penalty
curve for violating the area total ten-minute operating reserve
minimum requirement in region r € ORREG;

SREG30RViolrn,i, which designates the violation variable
associated with segment i € {1, .., Nrecsorvioin} of the penalty
curve for violating the area thirty-minute operating reserve
minimum requirement in region r € ORREG;

SXREG10RViolni, which designates the violation variable
associated with segment i € {1, .., Nxreciorvioin} of the penalty
curve for violating the area total ten-minute operating reserve
maximum restriction in region r € ORREG;
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83.2.2.9

8.3.2.2.10

8.3.2.2.11

8.3.2.2.12

8.3.2.2.13

83.2.2.14

8.3.2.2.15

8.3.2.2.16

8.3.2.2.17

SXREG30RViolrn,i , which designates the violation variable
associated with segment i € {1, .., Nxrec3orvioln} of the penalty
curve for violating the area thirty-minute operating reserve
maximum restriction in region r € ORREG;

SPrelTLViolsn,i , which designates the violation variable associated
with segment i € {1,.., NprelTLviolth} Of the penalty curve for
violating the pre-contingency transmission limit for facility f € F;

SITLViolzhi, which designates the violation variable associated
with segment i € {1,.., Nitwvioic£n} of the penalty curve for
violating the post-contingency transmission limit for facility f € F
and contingency c € C ;

SPreXTLViolzni, which designates the violation variable
associated with segment i € {1,.., NprextLviolzh} Of the penalty
curve for violating the import/export limit associated with
intertie limit constraint z € Zsch;

SNI1UViolni , which designates the violation variable associated
with segment i € {1, .., Nnwvion} of the penalty curve for
exceeding the net interchange increase limit between hours (h
-1) and h;

SNIDViolp,;, which designates the violation variable associated
with segment i € {1, .., Nnvion} of the penalty curve for

exceeding the net interchange decrease limit between hours (h
-1) and h;

SMaxDelVioln,, which designates the violation variable

associated with segment i € {1,.., Nmaxpervioin} of the penalty curve
for exceeding the maximum daily energy limit constraint for a
resource at bus b € BELR;

SMinDelVioln,, which designates the violation variable
associated with segment i € {1, .., Nuinpelvioin} of the penalty curve
for violating the minimum daily energy limit constraint for a
resource at bus b € BHE;

SSMaxDelVioln,s,i , which designates the violation variable
associated with segment i € {1, .., Nsmaxpeivioin} of the penalty curve
for exceeding the shared maximum daily energy limit constraint
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for dispatchable hydroelectric generation resources in set s €
SHE;

8.3.2.2.18 SSMinDelViolns;, which designates the violation variable
associated with segment i € {1, .., Nsminpevion} of the penalty
curve for violating the shared minimum daily energy limit
constraint for dispatchable hydroelectric generation resources
in set s € SHE;

8.3.2.2.19 SOGenLnkViolnwi,b2)i , which designates the violation variable
associated with segment i € {1,.., NoGenLnkvioln} of the penalty
curve for violating the linked dispatchable hydroelectric
generation resources constraint by over-generating the
downstream resource, for (b1,bz) € LNK such that b1 € Bup HE
and bz € Bdn HE; and

8.3.2.2.20 SUGenLnkViolnw1,b2);, which designates the violation variable
associated with segment i € {1,.., NuGenLnkvioln} of the penalty
curve for violating the linked dispatchable hydroelectric
generation resources constraint by under-generating the
downstream resource, for (b1,bz) € LNK such that b1 € Bup HE
and bz € Ban"'E.

83.23 @iolCost/ shall be calculated as follows:
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ViolCost, = Z SLdVioly; - PLdViolSchy,;

i=1.Nypaviol,
- Z SGenVioly, ; - PGenViolSchy,;
i=1.NGenViol,
+ Z S$105Violy, ; - P10SViolSchy, ;

i=1.N1osvioly,
+ Z S§10RVioly; - PLORViolSchy ;

i=1.N1oRViol,

+ Z S30RVioly,; - P30RViolSchy,;

i=1.N30RViol,,

+ Z Z SREG10RViol,

TEORREG \i=1.NREG1oRViol,

- PREG10RViolSchy,;

+ Z Z SREG30RViol,. j,;

TEORREG \i=1.NREG30RViol),

- PREG30RViolSch,;

+ Z Z SXREG10RViol, ,
TEORREG \i=1.NXREG10RViol,,

- PXREG10RViolSchy,

+ Z Z SXREG30RViol,

TEORREG i=1~NXREGBORV[oIh

- PXREG30RViolSchy,

+ Z Z SPTEITLViOIthJE

fEFn \i=1.NpreITLViols ),

* PPrelTLViolSchy p, ;

+ 2 Z Z SITLViOlc,f,h,i

CEC fEFp¢ i=1"NITLV[OIC.f,h
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. PITLVEOISChCi'h'E

+ Z Z SPreXTLViol,y ;

2€Zsch \i=1.NpreXTLViol,

- PPreXTLViolSchy,y ;

+ Z SNIUVioly ; - PNIUViolSchy,
i =1.NNIUViol,
+ Z SNIDVioly, ; - PNIDViolSchy,;

i=1.NNIDVioly,

+ z Z SMaxDelVioly,  ;
beBELR \i=1.Npaxpeviol,

*PMaxDelViolSchy, ;
+ Z SMinDelVioly,,; - PMinDelViolSchy ;
beBHE \i=1.Nminpelviol,
n Z Z SSMaxDelViol,  ; - PSMaxDelViolSchy, ;
SESHE \{ =1.Nsmaxpelvioly
+ Z Z SSMinDelVioly  ; - PSMinDelViolSchy
SESHE \i =1.NsminDelviolj,
+ Z SOGenLnkVioly g, 1,
(b1,b2)ELNK \i=1.NoGenLnkviol,
: POGenLnkVielSchy, ;
+ z SUGenLnkVioly, g 5.y
(byb2)ELNK \i=1.NygenLnkviol;,
- PUGenLnkViolSchy ;
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8.4 Constraints

8.4.1 The constraints described in sections 8.5, 8.6 and 8.7 apply to the optimization
function in the As-Offered Scheduling algorithm.

8.5 Dispatch Data Constraints Applying to Individual Hours

8.5.1 Scheduling Variable Bounds

8.5.1.1

A Boolean variable, ODGnp, shall indicate whether the resource at bus
b € BPGis committed in hour h € {1,.., 24}. A value of zero shall
indicate that a resource is not committed, while a value of one shall
indicate that it is committed. Therefore:

8.5.1.1.1  ODGnp € {0,1} for all hours h€ {1, .., 24} and all buses b €BPC.

8.5.1.2

8.5.1.3

8.5.1.4

8.5.1.5

8.5.1.6

Reliability must-run resources shall be considered committed for all
must-run hours.

Resources providing regulation are considered committed for all the
hours that they are regulating.

Dispatchable generation resources that have minimum loading
points, start-up offers, speed no-load offers, minimum generation
block run-times and minimum generation block down times equal to
zero shall be considered committed for all hours.

If the dispatchable generation resource at bus b € BP6 is considered
committed according to the requirements in sections 8.5.1.2, 8.5.1.3,
and 8.5.1.4 in hour h € {1, .., 24}, then:

ODGh,b= 1.

No schedule shall be negative, nor shall any schedule exceed the
quantity offered for the respective energy and operating reserve
market. Therefore:

0 < SPRLy;; < QPRLyy; forallb € BPRL j € Jf;
0 < SDLyy; < QDLyy; forallb € BPL,j € Jf,;
0 <S10SDLyy; < Q10SDLyy ; forallb € BPL, j € J195;
0 <S10NDLyp; < Q1ONDLy, ; forallb € BPL, j e [p9V;
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< S30RDLy,; < Q30RDLy),;
< SHDRy;,; < QHDRy,, ;
<SVBhy; < QVByy,j

<SXLpa; < QXLpa,;

forall b € BPL, j € J39R;
forall b € BHPR, j ¢ JE
forallv € VB, j E]ﬁu;

foralld e DX, j E]}Ed;

0 < S10NXLj4; < QLONXLyq; foralld € DX, j € J;%;

0 <S30RXLpa; = Q30RXLyq, for all d € DX, j € J3°F;
0 <SNDGpp < QNDGpp e forall b € BN, k € Kf;
0 <SVOppk < QVOp .k forallve vo, k € Kf ,;
0 <SlGpgy = QGpgy foralld € DI, k € KE;
0 <S10NIGpap < QLONIGy gk forall d € DI, k € K2%; and
0 <S30RIGpq < Q30RIG 44 foralld € DI, k € Kj39F

for all hours h €{1,. ., 24}.

8.5.1.7 Generation resources may be scheduled for energy and/or operating
reserve only if ODGhb = 1. Therefore, for all hours h € {1,.., 24}:
0 < SDGh'ka < ODGh,b . QDGh,b,k for all b €
BPY k€ Kf);
0 <S5105DGppp < ODGyy, - QLOSDG for all b €
BP% k€ K}9°;
0 < S10NDG i < ODGyy, - QLIONDGy, i for all b €
BPY k€ K,}'%N; and
0 <S30RDGpp < ODGp ), - Q30RDGY, ), for all b €
BPY, k € K79K.
8.5.2 Resource Minimums and Maximums for Energy
8.5.2.1 The non-dispatchable portion of price responsive loads shall always
be scheduled. For all hours h € {1, ..,24} and all buses b € B"RL:
Z SPRLy,; = QPRLFIRM,,.
i€lkp
8.5.2.2 A constraint shall limit schedules for dispatchable loads within their

minimum and maximum consumption for an hour. For all hours h €
{1,.., 24} and all buses b € BPL:
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8.56.2.3

8.5.2.4

8,525

8.56.2.6

MinDLth < Z SDLh,b,j < M(IXDLh'b.
€l

The non-dispatchable portion of dispatchable loads shall always be
scheduled. For all hours h € {1, .., 24} and all buses b € BPL:

Z SDLh,bJ- = QDLFIRMjy, ;.
j€lkp
A constraint shall limit schedules for non-dispatchable generation

resources within their minimum and maximum output for an hour. For
all hours h € {1, .., 24} and all buses b € BNDG:;

MinNDG,,, < Z SNDG, e < MaxNDGy,,,.

E
KEKE ),

A constraint shall limit schedules for dispatchable generation
resources within their minimum and maximum output for an hour. For
a dispatchable variable generation resource, the maximum schedule
shall be limited by its forecast. That is:

For all hours A€ {1,.., 24} and all buses b€ BPG,

Ade(IXDGh'b
_ (min(MaxDG,,,, AFG,,) if b € BY¢
B MaxDGy, otherwise
and

AdjMinDGy, = min(MinDG),,, AdjMaxDGy ).
For all hours A€ {1,.., 24} and all buses b€ B":
AdjMinDGy,, < MinQDG, - ODGy,;, + Z SDG

keKE ),
< AdjMaxDGy, .

If the commitment status, ODGnb, of a dispatchable generation
resource is equal to 1 and if this status is inconsistent with the adjusted

PwC | MRP DAM Engine Pre-Implementation Review

74



minimum and maximum constraints, MinQDGp > AdjMaxDGhn,b, then
ODGh, shall be changed to a value between 0 and 1.

8.5.2.7 If the total offered quantity does not exceed the minimum constraint
for the resource, MinQDGp + .k exnb QDGh bk < AdjMinDGn,p, then
the resource shall receive a schedule of zero.

8.5.3 Off-Market Transactions

8.5.3.1 For all hours h € {1, .., 24} and all intertie zone buses corresponding
to an inadvertent energy payback export transaction d € DXn/NP;

Z SXLpaj = z QXLp,qa,j-

J'Efr}id feff,d

8.5.3.2 For all hours h € {1, .., 24} and all intertie zone buses corresponding
to an inadvertent energy payback import transaction d € DIx/NP:

Z SIGh,d,kz Z QIGh,d,k-
KEK} 4 kKEK} 4

8.5.3.3 For all hours h € {1, .., 24} and all intertie zone buses corresponding
to an emergency enerqy export d € DXnM:

8.5.3.4  Forall hours h € {1,.., 24} and all intertie zone buses corresponding
to emergency enerqy import d € DIsEM:

Z SIGh,d,k: Z QIGh,d,k-

E E

8.5.4 Operating Reserve Requirements

8.5.4.1 The total synchronized ten-minute operating reserve, non-
synchronized ten-minute operating reserve and thirty-minute
operating reserve scheduled from a dispatchable load shall not
exceed:

8.5.4.1.1 the dispatchable load’s ramp capability over 30 minutes.

PwC | MRP DAM Engine Pre-Implementation Review
75



8.5.4.1.2 the total scheduled load less the non-dispatchable portion; and

8.5.4.1.3  the remaining portion of its capacity that is dispatchable
after considering minimum load consumption constraints.

These restrictions shall be enforced by the following constraints for all
hours h € {1, .., 24} and all buses b € RIPL;

S 510SDLy,;+ 3 S10NDLy,;+ Y S30RDL,;

J€lhy J€ gy €
<30-ORRDL,;
S10SDLy,, ; + Z S10NDLy, ; + Z S30RDLy, ),
jensy JEIRY €yt
< Z SDLyy, j — QDLFIRM, »;
J€lkp
and
S10SDLy,, ; + Z S10NDLy,, ; + Z S30RDLy,
jeIRy ey €yt
< Z SDLy,p; — MinDLy,,
J€Jip

8.5.4.2  The amount of both synchronized and non-synchronized ten-minute
operating reserve that a dispatchable load is scheduled to provide
shall not exceed the amount by which the dispatchable load can
decrease its load over 10 minutes, as limited by its operating reserve
ramp rate. This restriction shall be enforced by the following
constraint for all hours h € {1, .., 24} and all buses b € BPL:

Y S10SDLy,;+ Y S10NDL,,;<10-ORRDL,

. ;108 . 10N
j E]h,b J'Ejh,b

8.5.4.3 The total non-synchronized ten-minute operating reserve and
thirty-minute operating reserve scheduled for an hour shall not
exceed total scheduled exports. This restriction shall be enforced by
the following constraint for all hours h € {1, .., 24} and all intertie
zone export buses d € DX:
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8.5.4.4

8.5.4.5

8.5.4.6

S10NXLy,q; + Z S30RXLq; < Z SXLpa;

ey JETSR j€ia

The total operating reserve scheduled from a committed
dispatchable generation resource shall not exceed that resource’s:
(1) ramp capability over 30 minutes; (ii) remaining capacity; and (iii)
unscheduled capacity. These restrictions shall be enforced by the
following constraints for all hours h € {1, .., 24} and all buses

b € BP¢:

S10SDGy e + Z S10NDGy 1 + Z S30RDGppx

kEKLS keKEN keki9R
< 30 ORRDGy;
Z S10SDGyp s + Z S1IONDGy i + Z S30RDG 1
keKLGS kekiON kek iR
= Z (QDGyp i — SDGy i)
keKE,
and
Z S10SDGy by + Z S10NDGy . + Z S30RDG, py 1
KEKLYS kekp 9N kekji9R
< AdjMaxDG,, ), — Z SDGy e — MinQDG,

-c KE
I\LKHID

The amount of both synchronized and non-synchronized ten-minute
operating reserve that a dispatchable generation resource is
scheduled to provide shall not exceed the amount by which the
resource can increase its output over 10 minutes, as limited by its
operating reserve ramp rate. This restriction shall be enforced by the
following constraint for all hours h € {1, .., 24} and all buses b €
BPG;

S10SDGy 1 i + Z STONDG), 1 x
keKESS KeKEN
< 10 ORRDG,

The amount of synchronized ten-minute operating reserve that a
dispatchable generation resource may be scheduled to provide shall
be limited by its reserve loading point for synchronized ten-minute
operating reserve. This restriction shall be enforced by the following
constraint for all hours h € {1, .., 24} and all buses b € R8¢

with RLP10Shp > 0:
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S10SDGy x

108
keKLY:

< | MinQDG, - ODG,, + Z SDGpp x

keKF,
1
RLP10Sy,,
min<{ 10 - ORRDG,, Z Q10SDGy 1 1
kekp9s

8.5.4.7  The amount of thirty-minute operating reserve that a
dispatchable generation resource is scheduled to provide shall be
limited by its reserve loading point for thirty-minute operating
reserve. This restriction shall be enforced by the following
constraint for all hours h € {1, .., 24} and all buses b € BP¢ with
RLP30Rxb > 0:

S30RDGy,, .

30R
keEK, )

_ 1
<|MinQDG," ODG,+ > SDGpy (7)
= RLP30R,,

| min{30-ORRDG,, Y Q30RDG,,,

30R
keK hb

8.5.4.8  The total non-synchronized ten-minute operating reserve and
thirty-minute operating reserve scheduled for an hour shall not
exceed the remaining maximum import offers minus scheduled
energy imports. This restriction shall be enforced by the following
constraint for all hours h € {1, .., 24} and all intertie zone import
buses d € DI:

S10NIGp g + z S30RIGy 4
kekpoN keK;OR

< Z QIGhax — SIGhax)

E
KEKE 4

8.5.5 Pseudo-Units
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8.5.5.1

8.5.5.2

8.5.53

A constraint shall be required to calculate physical generation
resource schedules from pseudo-unit schedules using the steam
turbine shares in the operating regions of the pseudo-unit determined

in section 22. For all hours h € {1, .., 24} and pseudo-unit buses b €
BPSU:

SCT,,, = (1 — STShareMLP,) - MinQDG, - ODGy,

+(1 — STShareDRy) - Z SDGrpk |

DR
kekPR

and for all hours h € {1, . ., 24} and steam turbines p € PST :

STShareMLP, - MinQDG,, - ODGy,, +

$5Thp = Z STShareDR,, - Z SDGpp | + Z SD G,k

ST
beB
P DR DF

Maximum constraints shall be enforced on the operating region to
which they apply for both energy and operating reserve schedules.
For all hours h € {1, .., 24} and pseudo-unit buses b € B"SU:

MinQDG, - 0DG,, < MaxMLP,,

Z SDGy, e < MaxDR,,,

DR
kEKth

Z SDGypy < MaxDFy,,,

kekpPh
and
Z SDGppx + Z S10SDGp by + Z S10NDGy
KEKE ), KEKRSS kekpSY
+ Z S30RDGy p < MaxDRy, , + MaxDF,, ,
KEKRGR

For a pseudo-unit that cannot provide ten-minute operating reserve
from its duct firing region, constraints shall limit the pseudo-unit from
being scheduled in its duct firing region whenever the pseudo-unit is
scheduled for ten-minute operating reserve. For all hours h € {1, . .,
24} and pseudo-unit buses b € BNO10DF:

010Rnb € {0,1}
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and

Z SDGypx + z S10SDGp i + Z S10NDGy, },
KEKE), kekp Qs kek OV

S MaxDRh,b + (1 _ OlORh’b) * MaxDFh,b

8.5.5.4  Forall hours h €{1,.., 24}, pseudo-unit buses b € BNO10DF and
laminations k € Kp»10S:

S10SDGy, ) < O10R,,,* Q10SDGy

8.5.5.5  Forall hours h € {1, .., 24}, pseudo-unit buses b € BNO!'PF and
laminations k € Kp,»1oN:

S10NDG,,, < O10R,,,* QLONDG,,

8.5.5.6  For the purposes of the energy balance constraint in section 8.7.1 and
the transmission constraints in section 8.7.3, the combustion turbine
schedule for the pseudo-unit at bus b € B"SY in hour h € {1, ..,24}
shall be equal to:

8.5.5.6.1  SCThp if the pseudo-unit is scheduled at or above minimum
loading point,

8.5.5.6.2 RampCTsw if the pseudo-unit is scheduled to reach
minimum loading point in hour (h + w) for w €
{1,..,RampHrss}, or

8.5.5.6.3 0 otherwise.

8.5.5.7  For the purposes of the energy balance constraint in section 8.7.1 and
the transmission constraints in section 8.7.3, the steam turbine

schedule for p € PST shall be equal to SSThp plus any contribution from pseudo
unit b € BpST ramping to minimum loading point as given by
RampSTb,w for a pseudo-unit scheduled to reach minimum loading
point in hour (h + w) for w € {1,..,RampHrsb}.

8.5.6 Dispatchable Hydroelectric Generation Resources

8.5.6.1 A dispatchable hydroelectric generation resource shall be
scheduled to at least its hourly must run quantity. For all hours h €
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{1,.., 24} and dispatchable hydroelectric generation resource
buses b € BFE:

ODGJ‘I,b . MI:‘”,QDGB + Z SDGh,b,R’ 2 MinHMRh‘b

keKE ),

8.5.6.2 A dispatchable hydroelectric generation resource shall
either be scheduled to 0 or to at least its minimum hourly output.
For all hoursh € {1, .., 24} and alldispatchable hydroelectric
generation resource buses b € BHE:

0DGy, )y, - MinQDG, + Z SDGy px = MinHO), ;, - OHOy, p,;
keKE,
and for all k € Kf}b:

O S SDGh'ka S OHOth " QDGh,b,k

8.5.6.3 A dispatchable hydroelectric generation resource shall not be
scheduled within its forbidden regions. For all hours h € {1, .. 24},
all dispatchable hydroelectric generation resource buses b € BHE
and alli € {1,.., NFors}:

OFRnpb,i € {0,1};

ODGh,b . ManDGb + Z SDGfl,b,k
keKE,
S OFRth'i . FOTLb,i + (1 - OFRh,le')

(ManDGb + Z QDGbe,k )

o
keKE,
and

ODG’I,b - ManDGb + Z SDGth,k > (1 - OFRh,b,i) - FOT'Ub‘l'

E
keKE,

8.5.7 Wheeling Through Transactions

8.5.7.1 The amount of scheduled export energy must be equal to the amount
of scheduled import energy for wheeling through transactions. For
all hours h € {1, .., 24} and all linked boundary entity resource
buses (dx, di) € Ln:
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> SXLpgej= . SIGygx

. F E
J'E]h,dx kEKh,dl

8.6 Dispatch Data Inter-Hour/Multi-Hour Constraints

8.6.1 Energy Ramping

8.6.1.1  For disptachable loads, the constraints in section 8.6.1.5 and section
8.6.2.1 use URRDL» to represent a ramp up rate selected from
URRDLhbw and use DRRDL» to represent a ramp down rate selected
from DRRDLh,b,w.

8.6.1.2  For disptachable generation resources, the constraints in section
8.6.1.7 and section 8.6.2.2 use URRDG to represent a ramp up rate
selected from URRDGhbw and use DRRDGp to represent a ramp down
rate selected from DRRDGhb,w.

8.6.1.3  The day-ahead market calculation engine shall respect the ramping
restrictions determined by the up to five offered MW quantity, ramp
up rate and ramp down rate value sets.

8.6.1.4  In all ramping constraints, the schedules for hour 0 are obtained from
the initial scheduling assumptions in section 5.6. For all hours
h € {1,.., 24} the ramping rates in all ramping constraints must be
adjusted to allow the applicable resource to:

8.6.1.4.1 ramp down from its lower limit in hour (h - 1) to its upper limit
in hour h; and

8.6.1.4.2  ramp up from its upper limit in hour (h - 1) to its lower limit in
hour h.

8.6.1.5  Energy schedules for dispatchable loads cannot vary by more than an
hour’s ramping capability for the applicable resource. This constraint
shall be enforced by the following for all hours h € {1, .., 24} and
buses b € BPL:

> SDLy_y,;—60:DRRDL, < " SDL;.

._.E . _.E
JEI, 1,b ]e]h,b

< Y SDL,_y);+60-URRDL,

. E
€ h-1p
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8.6.1.6  Energy schedules for hourly demand response resources cannot
vary by more than an hour’s ramping capability for the applicable
resource. This constraint shall be enforced by the following for all
hours h € {1, .., 24} and all buses b € BHPR:

Y (QHDR,_,,;—SHDR, ,,;)—60-URRHDR,

€1
< 5 (QHDR,,;—SHDR,;)
fefflb
< > (QHDR,_,,;—SHDR, )+ 60" DRRHDR,
J€lh10

8.6.1.7  Energy schedules for a dispatchable generation resource cannot
vary by more than an hour’s ramping capability for the applicable
resource. For all hours h € {1, .., 24} and all buses b € BP¢:

8.6.1.7.1  For the first hour a resource reaches its minimum loading
point, where ODGrp =1, ODGh-1,b = 0, the following constraint
shall be applied:

0< Z SDG e < 30 URRDG,

E

8.6.1.7.2  If the resource stays on at or above minimum loading point
and ODGhp = 1, ODGn-1,p = 1, the following constraint shall be
applied:

Y SDGy 15, —60-DRRDG,< > SDGyp,
keKy_ keK, ),
< Y SDGy y4,+60-URRDG,

KEK)_15

8.6.1.7.3 For the last hour the resource is scheduled at or above
minimum loading point before being scheduled off, where
ODGhb =1, ODGh+1,b = 0, the following constraint shall be
applied:

0< Y SDGyy, <30-DRRDG,

E

5.6.1.8 The constraints in sections 8.6.1.7.1 and 8.6.1.7.3 do not apply to a
quick start resource.
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5.6.1.9  For hours where non-quick start resources are ramping up to
minimum loading point, energy shall be scheduled using the
submitted ramp up energy to minimum loading point.

8.6.2 Operating Reserve Ramping

8.6.2.1 The total synchronized ten-minute operating reserve, non
synchronized ten-minute operating reserve and thirty-minute
operating reserve from dispatchable loads shall not exceed their ramp
capability to decrease load consumption and for all hours h € {1, . .,
24}and all buses b € BPL;

Z S10SDLy; + Z S10NDLy,; + Z S30RDLy,

JEIS jeny jeny
<Y SDLy,;— ¥ SDLy_,;+60-DRRDL,
= " T o
J€lhnp J€ -1

8.6.2.2  The total synchronized ten-minute operating reserve, non-
synchronized ten-minute operating reserve and thirty-minute
operating reserve from a committed dispatchable generation
resource shall not exceed its ramp capability to increase generation
and for all hours h € {1,.., 24} and all buses b € BP¢:
S10SDGyy+ »  S10NDG,,

kEKLY ek oY
+ ) S30RDGy, < ) SDGu_qpk
ek KEKE_, 5
— ) SDGy,, +60.URRDG,;

E
kEK} ),

Z 5105DGp e + Z S10NDGy . + Z S30RDG p i
kek}SS kekp9N

b
+ Z SDGp p i

KEKE ),

< [(h—n)- 60+ 30] - URRDG, - ODGy,,

30R
kEK) b

where n is the hour of the last start before or in hour h; and

S10SDGpp i + Z S1ONDGy b
kEKRYS kekEON
+ Z S30RDGppx + z SDGyp

30R E
KEK} b KEKY 1,

< [(m — h) - 60 + 30] - DRRDG,, - ODG,, ,

where m is the hour of the last shutdown in or after hour h.
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8.6.3 Non-Quick Start Resource

8.6.3.1 Schedules for non-quick start resources shall not violate
such resources’ minimum generation block run-times, minimum
generation block down times and maximum number of starts per
day.

8.6.3.2 A resource’s previous day’s schedule shall be evaluated to determine
any remaining minimum generation block run-time constraints to
enforce and determine the commitment status of the resource in hour
0. If 0 < InitOperHrsp < MGBRTDGp, then the resource at bus b €
BN@S has yet to complete its minimum generation block run-time,
and:

0DGyp,, ODGyp, .., ODGroin(24,MGBRTDGy—InitOpertrsy)h = 1

8.6.3.3 If ODGh-1,p = 0, ODGhp = 1, and MGBRTDGv > 1 for hour h € {1, . .,
24}, then the resource at bus @ € B¢ has been scheduled to start up
during hour h and shall be scheduled to remain in operation until it has
completed its minimum generation block run-time or to the end of the
day. Therefore:

ODGIH-LIN ODGIH—Z,IJ' vy 0DG?7H’11(24,)1 + MGBRTDGp—1),b = 1

8.6.3.4 If ODGh-1,p = 1, ODGhp = 0, and MGBDTDGp > 1 for hour h € {1, . .,
24}, then the resource at bus b € BN has been scheduled to shut
down during hour /# and shall be scheduled to remain off until it has
completed its minimum generation block down time or to the end
of the day. Therefore:

ODGpy1,p, ODGyyz s o ODGipin24,n + MeBDTDGy-1)0 = 0

8.6.3.5  The day-ahead market calculation engine shall not consider start-up
offers for non-quick start resources to be scheduled in the first hour of
the day if the resource is expected to be scheduled as a result of
an operational constraint.

8.6.3.6 A Boolean variable, I[1[ 15,1 indicates that the non-quick start
resource at bus b € Bnps is scheduled to reach its minimum
loading point in hour h € {1, .., 24} after being scheduled below its
minimum loading point in the preceding hour. A value of zero shall
indicate that a resource is not scheduled to reach its minimum loading
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point, while a value of one indicates that it is scheduled to reach its

minimum loading point. For all hours h € {1, .., 24} and all buses b €

BNGs;

1 If ODGh—l,b =0 and ODGh,b =1

IDG = {
h.b 0 otherwise.

8.6.3.7 A non-quick start resource shall not be scheduled more than
its maximum number of starts per day. For all buses
b € BNCS:

> IDGy, < MaxStartsDG,
h=T.24

8.6.4 Energy Limited Resources

8.6.4.1 An energy limited resource shall not be scheduled to provide:

8.6.4.1.1 more energy than the maximum daily energy limit specified
for such resource; or

8.6.4.1.2 energy in amounts that would preclude such resource from
providing operating reserve when activated, for all buses
b € BELR where an energy limited resource is located and all

hours H € {1, ..,24}:

Z ODGII,IJ . ManDGb + Z SDGh,b,k

h=1.H kEKr}z;b

+ 100RConv Z S10SDGy p ke

KERZES

+ Z STONDGyp

10N
keKE)

+ 300RConv Z S30RDGy p i

30R
kEKHp

- Z SMaxDelVioly,; < MaxDEL,

i=1.NpMaxDelVioly
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where 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. Violation variables for over-scheduling a
resource’s maximum daily energy limit may be used to allow
the day-ahead market calculation engine to find a solution.

8.6.5 Dispatchable Hydroelectric Generation Resources

8.6.5.1  Dispatchable hydroelectric generation resources shall be
scheduled for at least their minimum daily energy limit.
Violation variables for under-scheduling a resource’s minimum
daily energy limit may be used to allow the day-ahead market
calculation engine to find a solution. For all dispatchable
hydroelectric generation resource buses b € B'E:

Z ODGy - MinQDGy, + Z SDGpp
h=1.24 kEKﬁIp_b

+ Z SMinDelVioly, ;,; | = MinDEL,

{=1L.NMinDeltvioly,

8.6.5.2 A Boolean variable, IHEb,i shall indicate that a start for the
dispatchable hydroelectric generation resource at bus b € B"E was
counted in hour h € {1, .. 24} as a result of the resource schedule
increasing from below its i-th start indication value to at or above
its i-th start indication value for i € {1, .., NStartMWp}. A value
of zero shall indicate that a start was not counted, while a value of
one indicates that a start was counted.

Therefore, for all hours h € {1, .., 24}, buses b € Bt and
start indication values i € {1, .., NStartMW5}:

1 if (ODGh_Lb - MinQDG, + SDGp_qpp < StartMWb,i)
kekE_

IHEy ,; =

and (ODGM - MinQDG, + Z

SDGpp i = StartMWb,i)
keKE ),

0 otherwise.
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8.6.5.3  Dispatchable hydroelectric generation resources shall not be
scheduled to be started more times than permitted by their
maximum number of starts per day. The following constraint
shall apply for all buses b € BE:

Z Z IHEy p; | < MaxStartsHE),

h=1.24 \ i=1.NStartMWp

8.6.5.4 The schedules for multiple dispatchable hydroelectric generation
resources with a registered forebay shall not exceed shared
maximum daily energy limits. Violation variables for over-
scheduling the maximam daily energy limit may be used to allow
the day-ahead market calculation engine to find a solution. For
all sets s € SHE and all hours H € {1,..,24}:

Z Z ODGh,b - MLTLQDGb + Z SDGh,b,k
h=1.H \p eBHE kekf,

+ Z 100RConv Z S10SDGy

b eBHE KEKEY

+ Z S10NDGyy p i

10N
KEK

+ 300RConv Z S30RDGy p i

30R
keKE

- Z SSMaxDelVioly g ;

i= 1..N5MaxDe.’.ViOTH

< MaxSDELg
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where the factors 100RConv and 300RConv shall be applied
to scheduled ten-minute operating reserve and thirty-minute
operating reserve to convert MW into MWh.

8.6.5.5  Schedules for multiple dispatchable hydroelectric generation
resources with a registered forebay shall respect shared minimum
daily energy limits. Violation variables for under-scheduling the
minimum daily energy limit may be used to allow the day-ahead
market calculation engine to find a solution. For all sets s € SHE:

Z Z ODGh,b " ManDGb + z SDGh,b,k

h=1.24 \p cpHE KEKF )
N Z SSMinDelVioly,
i=1.NsminDpelvioly,
= MinSDEL,

8.6.5.6  For linked dispatchable hydroelectric generation resources with a
registered forebay, energy scheduled at the upstream resources in one
hour shall result in a proportional amount of energy being scheduled at
the linked downstream resources in the hour determined by the time
lag.

8.6.5.7  For all linked dispatchable hydroelectric generation resources between
upstream resources b1 € BypfF and downstream resources b2 € Ban'E
for (b1,b2) € LNK and hours h € {1, .., 24} such that
h + Lagpipz < 24:
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UDC’l:+.l'_agbl‘,,2.b2 ’ ManD(’bz + z ‘SDC’k,h+Lagleb2,b2

h+Lagbl’b2
- > S0GenLnkViol,, Lagy 4 (b1 )i
l:1"NUGenLnkVi'orh+Layb .
172
+ > SUGenLnkal,,,mgbllbzlwl,bz)i,—
= l"NUGerankV101h+Lagl
= MWhRatiObl,bz
ODGyy, -MinQDG), + > SDGipp,
b,eBE k&i{fl'h
8.7 Constraints for Reliability Requirements

8.7.1 Energy Balance

8.7.1.1 The total amount of energy withdrawals scheduled at load bus b € B
in hour h € {1, .., 24}, Withns shall be:

Z SPRLy,, ; if b € BPRL
J€lky

_ ) Z SDLyp if b€ BPL
j€lEy
Z (QHDRy,; — SHDRpp ) if b € BHPR

JEIE

8.7.1.2  The net energy withdrawal for virtual transaction zone m € M in
hour h € {1, .., 24}, VWithhm, as all bids scheduled from virtual
transactions for energy less all offers scheduled from virtual
transaction for energy shall be:

VWLthh,m = z Z SVBh,U,j - Z Z SVOh,U,k
vEVBm}-E]iv vEVOm kEK‘.E,v
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8.7.1.3

8.7.1.4

8.7.1.5

8.7.1.6

The total amount of export energy scheduled at intertie zone bus
d € DX in hour h € {1, .., 24}, Withhd, as the exports from Ontario to
the intertie zone bus shall be:

Wf«thh’d == Z SXLh,d,j
._E
J€lha

The total amount of injections scheduled at internal bus b € B in hour
h e {1,.., 24}, Injnb, shall be:

Inj), , = Oﬁer[njh,b + Ramplnj,

where

Of ferinjp,,
Z SNDGy,p 1 if b € BNPC
KEK
ODGpp  MinQDG, + z SDGppx if b € BPC

keKh,
and
Rampinjy

RampEb,W ' IDGh_leb lf b € BNOS
w=1.min(RampHrsp,24—h)
0 otherwise

The total amount of import energy scheduled at intertie zone bus
d € DI in hour h € {1, .., 24}, Injhd, as the imports into Ontario from
that intertie zone bus shall be:

Injpq = Z SIGp g
keKE 4

Injections and withdrawals at each bus shall be multiplied by one plus
the marginal loss factor calculated by the security assessment function
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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 shall be subtracted
from the total load or generation for the day-ahead market
calculation engine to produce a solution. For hour h € {1, .., 24}, the
energy balance shall be:

AFLh + Z (1 + MQZLOSSth) . Withh‘b
bEBpRLUBDLUBHDR
+ Z (1 +VMglLossy ) - VWithy, ,
meM
+ Z (1 + MglLossy 4) - Withy, 4
dEDX
_ Z SLdViol,;
i=1.Npdviol,
= z (1 + MglLossyp,) - Injy ),
bEBNDGUBDG
+ Z (1 + MglLossy 4) - Injp 4
dEDI
— Z SGenVioly, ; + LossAdj,
i=1~NGenV1'oih
8.7.2 Operating Reserve Requirements

8.7.2.1 Operating reserve shall be scheduled to meet system-wide
requirements for synchronized ten-minute operating reserve, total
ten-minute operating reserve, and thirty-minute operating reserve
while respecting all applicable regional minimum requirements and
regional maximum restrictions for operating reserve.

8.7.2.2  Constraint violation penalty curves shall be used to impose a penalty
cost for not meeting the IESO’s system-wide operating reserve
requirements, not meeting a regional minimum requirement, or not
adhering to a regional maximum restriction. Full operating reserve
requirements shall be scheduled unless the cost of doing so would be
higher than the applicable penalty cost.

For each hour h €{1, . . 24}:
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z Z S10SDLy,,; | + Z Z S10SDGp

DL . 108 DG 105
bes J€lhy bEB k€KL,

+ z $10SViol,; = TOT10S;

i=1.Nyosviel,

Z Z S10SDLy,; | + Z z S10SDGy, 1

bEBPL \ jesi9s beBPE \ kek}9S
+ Z Z SlUNDLh,b_j + z Z SlONXLh‘dU;
beBPL je]if’bN dEDX fE]fll,[giN
+ Z Z SlONDGh’b’k + Z Z SlU‘Nl'Ghrd,k
bEBDG kef(ﬁ%” deDI kEK;.?iN

+ Z S10RViol,; = TOT10Ry;

i=1.Niorviol,

and

Z (Z SlUSDLh_b_J—)+ Z ( z SlOSDGh‘b'k)
beBPL \ jejios beBPE \keki9s
+ Z ( Z SlONDL,LbJ-) + Z ( Z SIONXLh_dJ-)

bepDL 10N ToN

jE]h,b deEDX JEIY

+ Z ( Z SlONDGh‘b‘k) + z ( Z SlONIGh,d,}c)
beBDG \ ke pgV denl \kekhol'

+ Z (Z 530RDL,L,[,J)+ Z (Z 530RXLh,d.j)
beBDPL \ je 30k deDX \jejRoR

oy ( > SSORDG,L,b,k) + Z( > 530R16h,d,k)
beBDE \ ke IR €Dt \kexjiof

+ Z S30RViol,; > TOT30R,

izl--”gnRViolh

8.7.2.3  The following constraints shall be applied for each hour h € {1, .. 24}
and each region r € ORREG:
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S10SDLy,; | + z Z S105DG, p e

beBREGNBDL \ jesios beBFEGNBDE \ kek s

+ Z Z S10NDLy,, ;

beBREGNBDL \ jetoN

+ Z Z S10NXLy 4 5
aepfECnpx \ jejpol

+ Z S10NDGy,

beBFECNBDG \ kekpoN

+ Z Z S10NIGy 4«
aepfECnpr \kek}oN

+ z SREG10RViol,,; = REGMin10R,,,;

i=1.NrEG1oRvioly,

Z S10SDLy,; | + Z Z S105DGy

beBRECNEDL \ jesi4s beBREGNBDG \kekts
+ Z Z S10NDLy,,
beBREGngDL \ je gV

+ Z Z S10NXLy 4 ;

depfESnpx \jejtoN

+ Z Z S10NDG 1
beBRECNEDG \kekiiN

+ Z Z S1ONIG, 4

depFEGnpr \kekfolN

- Z SXREG10RViol, ,;

i=1.NXREG10RViol},

< REGMax10R,, ,;
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S10SDLy,, ;

beBRECBDL \ jefiss

and
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+ 510SDGypx
beBFECNBDG \ keK}19®

S10NDLy,, ;

bEBFECNBOL \ jefigY

S10NXLp 4

aeofFnpx \ e

S1ONDGpx

bEBRECNBPG \ kekiyY

S10NIGp 4

aedRECnDI \keki %

S30RDLyy,

bEgrREGnBDL jEJ-:rObR

S30RXLy 4,

aepfFnpx \ e

S30RDGy b

beBRECNBDG \ kekFR

S30RIG) 4

deDFECNDI \keK;oR

t=1.NrEGzorvioly

SREG30RViol,,; = REGMin30Ry,;
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Z (Z SIOSDLMJ)+ Z ( Z S'IOSDGH_M)
beBFECNROL \ jejiqs beBRECNBDG \ keK}%F

¥ ( Z 510ND.LM,J-)
beBFECNBDL \ jejioN

+ ( Z SlONXLh_dJ)

deDFECnpx \ jesioY

+

( Z swwochﬂ)
beBRECNBPE \ keKioN

( Z SlONIGh.d.k)
deDFECnDI \ keKi o

+ ( Z .S'30RDL,LE.;C)
beBFECNBPL \ jefi R

+ Z ( Z 53ORXLh_d_J-)
deDFECnDx \ jejiof

( Z 530RDG;LM)
beBFECNBPE \ keki9R

+

( Z saomcmk)
deDEECNDI \ keKjok
_ Z SXREG30RViol, »,

i=1.NyrEczorvioly

REGMax30R,,.

IA

8.7.3 IESO Internal Transmission Limits

8.7.3.1 A set of energy schedules shall be produced that do not violate any
security limits in the pre-contingency state and the post-contingency
state subject to the remainder of this section 8.7.3. The total amount
of energy scheduled to be injected and withdrawn at each bus used by
the energy balance constraint in section 8.7.1.6, shall be used to
produce these schedules.

8.73.2 Pre-contingency, SPrelTLViolh,, and post-contingency, SITLViolcfh,
transmission limit violation variables shall allow the day-ahead
market calculation engine to find a solution.

8.7.3.3  Forallhoursh € {1, .., 24} andfacilities f € Fs, the linearized
constraints for violated pre-contingency limits obtained from the
security assessment function shall take the form:
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PT‘BCO’H.SFh_f_b " Inj'h’b

pepNDGyBDG

- Z PreConSF, ;- With,,
peRPRLyYRDLRHDR

- Z VPreConSFy, ;, - VWithy, ,,
meM

+ Z PreConSFy ;4 - Injp 4
dEDI

- Z PreConSFy ;4 - Withy 4
dEDX

- Z SPrelTLViol; p ;

L =1.NprerrLviols
< AdjNormMaxFlowy,

8.7.3.4 For all hours h € {1, .., 24}, contingencies c € C, and facilities
f € F,, the linearized constraints for violated post-contingency limits
obtained from the security assesment function shall take the form:
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SEpern Tipp — Z SFycrp - Withy ),

pepNDGgDG pepPRLyYgDLygHDR
- Z VSFH,C,f,m " VWithh,m + Z SFh,C,f,d
meM deDI
“Injpg — Z SEpcra - Withy g
deEDX

_ Z SITLViol,
i=1__N;TLVioIc_f,h

< AdjEmMaxFlow,, . ¢

8.7.4 Intertie Limits

8.7.4.1 A set of energy and operating reserve schedules shall be produced
that respect any security limits associated with interties between
Ontario and intertie zones. For all hours h € {1, .., 24} and all
constraints z € Zsch:

Emeff(,_,(Z S ST T mm,,,.)
dEeDI, kgyﬁﬂ dEDX, ie}iﬁa
Z ( Z S10NIGy 45 + Z SSORIG,,_M>+
a€A: EnCoef fg 720 deD], kEKl,DN kEK:ilnR
405 - (EnCoeff,, +1) ¢ N et
Z Z S10NXLpq; + Z S30RXLy q;
|_ dE€DXg IEJA%N :’EIF::?TR
- Z SPreXTLViol,,; < MaxExtSch,, ,

i=1.Nprextiviol, ),

where for out-of-service intertie zones, the intertie limits shall be set
to zero and all boundary entity resources shall receive a zero schedule
for energy and operating reserve.

8.7.4.2  Changes in the hour-to-hour net energy schedule over all intertie
zones shall not exceed the net interchange scheduling limit. The net
import schedule shall be summed over all intertie zones for a given
hour to obtain the net interchange schedule for the hour as follows:

8.7.4.2.1 It shall not exceed the net interchange schedule for the
previous hour plus the net interchange scheduling limit;

8.7.4.2.2 It shall not be less than the net interchange schedule for the
previous hour minus the net interchange scheduling limit;
and
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8.7.4.3  Violation variables may be used for both the up and down ramp limits
to allow the day-ahead market calculation engine to find a solution
and for all hours h € {1, .., 24}:

Z Z SIGh_yax — Z Z SXLy_yq; — ExtDSC,

deDl kEKf—l,d deDX jEIf—l,d
- Z SNIDViol, ;
i=1.Nnipvioty,

<), D, Stnax= ) ), SKlna
deDI kEK}id debDX jEJ’E,d

= z Z SIGy_1 45 — Z Z SXLp-14,
deDI kEKf—l,d deDx jEJE—Ld
+ ExtUSC, + Z SNIUViol, ;

i =L.Nnpyvioly,

8.7.5 Penalty Price Variable Bounds

8.7.5.1  Penalty price variables shall be restricted to the ranges determined by
the constraint violation penalty curves for the As-Offered Scheduling
algorithm and for all hours h € {1, .., 24}:
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0 < SLdViol,; = QLdViolSchy; foralli € {1, .., Nigvio, b5

0 =< SGenVioly,; = QGenViolSchy,; foralli € {1,.., Neenvior, )5
0 = $108Viol; ; = Q10SViolSchy,; foralli € {1,. ., Nigsvior, 3
0 < S10RViol,; = Q10RViolSchy,; foralli € {L,.., Niogviot, 5
0 =< $30RViol;,; = Q30RViolSchy,; foralli € {1,.., Napgvioy,}:
0 < SREG10RViol, ;,; = QREG10RViolSchy,; for all » € ORREG,

i € {1,.., Nrggiorvior, i

0 < SREG30RViol, ;,; = QREG30RViolSchy,; for all » € ORREG,

i € {L,.., Nrggaorviol, 1}

0 < SXREG10RViol,,; < QXREG10RViolSch,;  forall r € ORREG,

i € {1,.., Nxppciorvio, J;

0 < SXREG30RViol,, ; < QXREG30RViolSch,;  forall r € ORREG,

i € {1,.., Nypgasorvion, 5

0 < SPrelTLViol;, ; < QPrelTLViolSchy,,; forall f € Fy,

i € {L .., Nprerriviotyp i
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0 < SITLViol, ;1 < QITLViolSch, s, forallc € C,f € Fy.
i € {L...Niryioi ;2

0 < SPreXTLViol,p; < QPreXTLViolSch, forall z € Zggy,

i € {1, .., Nprexriviol,, ):

0 < SNIUVioly,; < QNIUViolSchy,; foralli € {1, .., Nyuyior, s
0 < SNIDVioly,; < QNIDViolSchy,; foralli € {1,. ., Nypyior, 1:
0 < SMaxDelVioly ,; < QMaxDelViolSchy for all b € BFIR,

i€ {1: ) NMaxDeIVioIn};

0 < SMinDelVioly,;,; < QMinDelViolSchy; for all b € BYE,

i € {L,.., Nuyimnpewioly};

0 < SSMaxDelVioly o; < QSMaxDelViolSchy, for all s € SHE,

i € {1,.., Noyaxpevioy }:

0 < SS§MinDelVioly, ;; < QSMinDelViolSchy; forall s € SHE,

i € {L,... Nyminpewvio, J:

0< SOGenLnkViolk'(bbbz),t < Q0GenLnkVioly,;  forall (b, by) € LNK,

i € {l, fes NOGenLnkVIoIn}; and

0< SUGenLnkViolh,(bl,bz),i < QUGenLnkViol,; forall (by,b;) € LNK,

i € {l, s NUGenLnkVtoih}
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8.8 Outputs

8.8.1 Outputs for the As-Offered Scheduling algorithm include resource
schedules and commitments.

9 As-Offered Pricing

9.1 Purpose

9.1.1 The As-Offered Pricing algorithm shall perform a security-constrained
economic dispatch to maximize gains from trade using dispatch data
submitted by registered market participants, including resource schedules
and commitments produced by the As-Offered Scheduling algorithm, to meet
the IESO’s average province-wide non-dispatchable demand forecast and
IESO-specified operating reserve requirements for each hour of the next
dispatch day.

9.2 Information, Sets, Indices and Parameters

9.2.1 Information sets, indices and parameters used by the As-Offered Pricing
algorithm are described in sections 3 and 4. In addition, the following
resource schedules and commitments from the As-Offered Scheduling
algorithm in section 8 shall be used by the As-Offered Pricing algorithm:

9.2.1.1 SDGhbiA05, which designates the amount of energy that a
dispatchable generation resource is scheduled to provide above
MinQDGyat bus b € BELR UBHE inhourh € {1, .., 24} in
association with lamination k € Ku»E ;

9.21.2 ODGr 495 , which designates whether the dispatchable generation
resource at bus b € BP¢ was scheduled at or above its minimum
loading point in hour h € {1, .., 24};
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9.21.3

9.21.4

9.21.5

9.21.6

S10SDGhbA%5, which designates the amount of synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € BELR U B”£ in hour h € {1, .., 24} in
association with lamination k € Kn 5195,

S10NDG#b1495 , which designates the amount of non-synchronized
ten-minute operating reserve that a dispatchable generation
resource is scheduled to provide at bus b € BELR U BHE in hour

h €{1,.., 24} in association with lamination k € Kn»10N;

S30RDGhx405 , which designates the amount of thirty-minute
operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € BELR U BHE in hour h € {1, .., 24} in
association with lamination k € Kn»3R; and

OHOh»%5, which designates whether the dispatchable hydroelectric
generation resource at bus b € BHE has been scheduled at or above
MinHOnsin hour h € {1, .., 24}.

9.3 Variables and Objective Function

9.3.1 The day-ahead market calculation engine shall solve for the same variables
as in the As-Offered Scheduling algorithm, section 8.3.1, with the following
exceptions:

9.3.1.1

9.3.1.2

9.3.1.3

9.3.1.4

9.3.1.5

9.3.1.6

IDGnp for bus b € BP¢ and hour h € {1, .., 24} shall not appear in the
formulation,;

ODGn, for bus b € BP¢ and hour h € {1, .., 24} shall be fixed to a
constant value;

OHOnyb for bus b € BHE and hour h € {1, .., 24} shall be fixed to a
constant value;

IHEn,, for bus b € B7Z, hour h € {1, .., 24} and start indication value
i€ {1,.., NStartMW5} shall not appear in the formulation;

SOGenLnkVioln,wibz),i for (b1, b2) € LNKuch that b1 € BupE and
b2 € Ban"E, hour h € {1,.., 24} and i € {1,.., NoGenLnkvioin} shall not
appear in the formulation; and

SUGenLnkViolh,(b1,b2),i for (b1,b2) € LNKsuch that b1 € Bup"E and

b2 €BanlE, hourh € {1, .., 24} and i € {1, . ., NuGenLnkvioln} shall not
appear in the formulation.

9.3.2 The objective function for the As-Offered Pricing algorithm shall maximize
gains from trade by maximizing the following expression:
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Z (ObjPRLh + ObjDL, — ObjHDR), + ObjVBy, + ObjXLy, — OijDGh)

L — 0bjDGy, — ObjV0y, — ObjIG, — TBy, — ViolCosty,

where:

ObjPRL, = Z Z SPRLh,b_j-PPRLhM
beBFPRL jejf_b

2 SDL&.B.J'PDLJ:.B.J - Z SIOSDLﬁ_b.J ‘PlOSDLk_gIJ -
selfy ieny

0bjDL, Z
»S5he Z S10NDLy,, ; - PLONDL,,, ; — Z S30RDLy,, ;- P30RDL,,;

jens? jenst
ObjHDR, = Z,, Z SHDR,l_,,‘J -PHDRM,JJ.-
beBHDR \ japd,
OijBh = Z SVB;!J,‘} - PVBP:.#.}
veVE \ je oy

; SXLh.d.j ' PXL&,&J - Z SIGNXLh,M 'PIONXL;‘,‘,,J
€lha sentd
- z S3DRXLh'd_j' - PSURXLhrdJ

Jerief

ObjNDG,, = ZD Z SNDGyyx - PNDGy 5
beBNPE \pagE,

SDGk.gJ‘ ‘PDG&_b_k + Z 510505;,,;,,;‘ : PIOSDGM_k +
kekE ), reklSs

ObjXL, = Z
debDX

0bjDG, = Z
. z S10NDGyp - P1IONDG, 5 + z S30RDGy, - P3ORDG, ;.

erpyl keKRik
ObjVo, = z Z SVOh = PVOy o
vevo A\ exm,

's-th.dJc ‘PIGhvd..k + z siDNth_dJc 'PIONIG,,,‘;.;,
KEK) 4 rexpefl

0bjIG, = Z
deB1 + z 530064 * P3ORIG, 4

kek7of
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9.3.2.1 The tie-breaking term (T Br) shall be the same term described in
section 8.3.2.1.

9.3.2.2 ViolCosw shall be calculated as follows:

ViolCost, = Z SLdVioly,; - PLdViolPrcy,

i=1.Nyavioly,

- Z SGenVioly; - PGenViolPrcy, ;
i=1.Ngenvioty,

+ Z $10SViol,,; - P10SViolPrc,
i=1.Nyosvioty,

+ Z S10RViol, ; - P1ORViolPrc,,;
i=1.N1oRvioly,

+ Z S30RViol, ; - P30RViolPrc,;

i=1.N3oRviol;,

+ Z Z SREG10RViol,., ;

r€EORREG i=1"NREGlORVi0!h

- PREG10RViolPrcy, ;

+ Z Z SREG30RViol, ,;
r€ORREG i=1--NREGBORVl'0!h

- PREG30RViolPrcy,;

+ Z Z SXREG10RViol,
r€EORREG i=1--NXREGIORVi01h

- PXREG10RViolPrcy,;
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N Z Z SXREG30RViol,
TEORREG i=1--NXREG3ORViOIh

- PXREG30RViolPrcy,;

+ Z Z SPrelTLViolg ), ;

FEFn \i=1.NprerrLviolsp,
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*PPrelTLViolPrcs p;

+Z Z Z SITLViol,

CcEC fEFh'r_- i= 1"NITLVEO!C,f,h

- PITLViolPree f i

+ Z Z SPreXTLViol,, ;

2€Zsch \I=1.NprexrLviol,
- PPreXTLViolPrc,

+ Z SNIUVioly; - PNIUViolPrcy ;
i =1.NN1uvioly,
+ Z SNIDVioly, ; - PNIDViolPrcy, ;.

i=1.Nnipviol,

+ Z Z SMaxDelVioly, ,, ; - PMaxDelViolPrcy, ;

beBELR \ i =1..NMaxDelViolh

+ Z Z SMinDelVioly p, ; - PMinDelViolPrcy ;

beBHE \i =1.Nyinpetviot),

+ Z Z SSMaxDelViol, s ; - PSMaxDelViolPrcy,;

S€SHE \i =1.NsMaxDelVioly,

+ Z Z SSMinDelViol, ;; - PSMinDelViolPrcy, ;

S€SHE \i =1.NsMminDelVioly,
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9.4

9.5

Constraints

9.41

Dispatch Data Constraints Applying to Individual Hours

9.5.1

The constraints described in sections 9.5, 9.6, 9.7 and 9.8 apply to the
optimization function in the As-Offered Pricing algorithm.

Scheduling Variable Bounds

9.5.1.1

No schedule shall be negative, nor shall any schedule exceed the

quantity respectively offered for energy and operating reserve. For all

hours h € {1, .., 24}:
< SPRLy,; < QPRLy,;
< .S'DLthJ- < QDLh_b_j

< S10SDLy,; < Q10SDLy,;
< S10NDLyy,; < Q10NDLyy,

< S30RDLyy,; < Q30RDLy), ;

< SHDRy,),; < QHDRy,;
< SVBy,,; < QVBhy,
< SXLpa; < QXLpg;

< S10NXLp 4 < Q1ONXLy, 4;
< S30RXLyq4; < Q30RXLy 4 ;

SSNDGh‘b‘k < QNDGh,b,k
SSVOhpi < QVOpyp

SSIGhar < QIGhqk

< S10NIG g < Q1ONIG, 4
< S30RIG 4, < Q30RIG 4
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forall b € BPRL j € JF )
forall b € BPL, j € JE ,;
forall b € BPL, j € J1%5;
for all b € BPL, j € JAO;
forall b € BPL, E]E,%R;
forall b € B#PR j € JF
forallv € VB, j € Jf ;
forall de DX, j € Jf 4;
forall de DX, j € 1%
for all d€ DX, j € J3%;
forall b € BYPC k€ K}‘Eb;
forall v€ VO, k € K;E.U;
forall d€ DI k € KE 4;
forall de DL k € HﬁfiN; and
forall de DI k € K3F
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9.5.1.2 A dispatchable generation resource can be scheduled for energy and
operating reserve only if its commitment status variable is equal to 1.
For all hours h € {1, .., 24}:

0 < SDGh,b,k < ODGh,b - QDGh,b,k fOr all b e BDG, k € Kfib;
0 < SlUSDGh,b,k =< ODGh‘b . QlOSDGh’ka forall b € BDG, ke KI},%S;

0 < S10NDGy, ,, < ODGyyp - Q10NDGyy,, forallb € BP¢, k€ K,},‘},N;
and

0 < S30RDG,x < ODGp - Q30RDG,,, forallh € BPS, k € KP9F

where
ODGhpb is a fixed constant in the above constraints as per section 9.8.1.

9.5.2 Resource Minimums and Maximums

9.5.2.1 The constraints in section 8.5.2 shall apply in the As-Offered Pricing
algorithm.

9.5.3 Off-Market Transactions

9.5.3.1 The constraints in section 8.5.3.1 and 8.5.3.2 shall apply in the As-
Offered Pricing algorithm.

9.5.3.2 In the case of emergency energy transactions, subject to section
9.5.3.3, the constraints in sections 8.5.3.3 and 8.5.3.4 shall apply in
As-Offered Pricing algorithm.

9.5.3.3 For all hours h € {1, .., 24} and all intertie zone buses scheduled to
import emergency energy that does not support an export

d € DInEMNS;
Z SIGh,d,k = (.
keKE 4
9.5.4 Operating Reserve Requirements
9.5.4.1 The constraints in section 8.5.4 shall apply in the As-Offered Pricing
algorithm.
9.5.5 Pseudo-Units
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9.5.5.1 The constraints in section 8.5.5 shall apply in the As-Offered Pricing
algorithm.

9.5.6 Dispatchable Hydroelectric Generation Resources

9.5.6.1 The constraints in section 8.5.6 shall apply in the As-Offered Pricing
algorithm, with the following exceptions:

9.5.6.1.1 offer laminations for energy corresponding to the hourly must-run
amount shall be ineligible to set prices;

9.5.6.1.2 minimum hourly output constraints shall be replaced by the
constraints in section 9.8; and

9.5.6.1.3 adispatchable hydroelectric generation resource’s schedule shall
respect its forbidden regions and may only set prices within the
operating range determined by the adjacent forbidden regions
between which the resource was scheduled.

9.5.7 Wheeling Through Transactions

9.5.7.1 The constraints in section 8.5.7 shall apply in the As-Offered Pricing
algorithm.

9.6 Dispatch Data Inter-Hour/Multi-Hour Constraints

9.6.1 Energy Ramping
9.6.1.1 The constraints in section 8.6.1 shall apply in the As-Offered Pricing
algorithm.
9.6.2 Operating Reserve Ramping
9.6.2.1 The constraints in section 8.6.1.1 shall apply in the As-Offered Pricing
algorithm.
9.6.3 Energy Limited Resources

9.6.3.1 The constraints in section 8.6.4 shall apply to energy limited
resources. If the maximum daily energy limit is binding, then the
constraints in section 9.8 shall apply.

9.6.4 Dispatchable Hydroelectric Generation Resources

9.6.4.1 A dispatchable hydroelectric generation resource shall be scheduled
for energy to at least its minimum daily energy limit. Violation
variables for scheduling a resource below its minimum daily energy
limit may be used to allow the day-ahead market calculation engine
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to find a solution. For all dispatchable hydroelectric generation
resource buses b € BHE:

Z ODGh{b ' ManDGb + Z SDGh,b,]c

h=1.24 kegfb

+ Z SMinDelViol, ;,; | = MinDEL,

i=1.NpinDelVioly,

9.6.4.2 The constraints in section 9.8.3.3 shall apply to a dispatchable
hydroelectric generation resource with a binding minimum
daily energy limit in the As-Offered Scheduling algorithm in
section 8.

9.6.4.3 The schedules for multiple dispatchable hydroelectric generation
resources with a registered forebay shall respect shared maximum
daily energy limits. Violation variables for scheduling resources

above the maximum daily energy limit may be used to allow the day-ahead
market calculation engine to find a solution. For all sets s € SHE and
all hours H € {1, ..,24}:

Z ( Z (ODGh,b 'ManDGb + z SDGh,b,k))
h=1.H \p eglE kekE,
+ Z 100RConv( Z S10SDGyp

b eBHE KERES

10N
k€K

+ Z S10NDGy 11 )

+ 300RConv( Z

30R
keki

S30RDGH,b1k>

_ Z SSMaxDelVioly

i=1.NsMaxDelVioly

< MaxSDEL;

where the factors 100RConv and 300RConv shall be applied to
scheduled ten-minute operating reserve and thirty-minute

operating reserve for energy limited resources to convert MW
into MWh
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9.6.4.4 The schedules for multiple dispatchable hydroelectric generation
resources with a registered forebay shall not violate shared
minimum daily energy limits. Violation variables for
scheduling resources below the minimum daily energy limit
may be used to allow the day-ahead market calculation engine
to find a solution. For all sets s € SHE:

z ( Z (ODGh‘b-MinQDGb+ Z SDG;L,b,k_)

= HE E
h=1.24 \b eBg keKy

+ Z SSMinDelViol;m,i> > MinSDEL,

i=1.NsMinDelVioly,

9.7 Constraints for Reliability Requirements

9.71

9.7.2

9.7.3

9.74

Energy Balance

9.7.1.1 The constraint in section 8.7.1 shall apply in the As-Offered Pricing
algorithm, except the marginal loss factors used in the energy balance
constraint in the As-Offered Pricing algorithm shall be fixed to the
marginal loss factors used in the last optimization function iteration of
the As-Offered Scheduling algorithm.

Operating Reserve Requirements

9.7.2.1 The constraints in section 8.7.2 shall apply in the As-Offered Pricing
algorithm.

IESO Internal Transmission Limits

9.7.3.1 The constraints in section 8.7.3 shall apply in the As-Offered Pricing
algorithm, except the sensitivities and limits considered shall be those
provided by the most recent security assessment function iteration of
the As-Offered Pricing algorithm.

Intertie Limits

9.7.4.1 The constraints in section 8.7.4 shall apply in the As-Offered Pricing
algorithm.
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9.8

9.7.5

Penalty Price Variable Bounds

9.7.51

0 < SITLViol, ;. < QITLViolPre, ;

The following constraints shall restrict the penalty price variables to
the ranges determined by the constraint violation penalty curves for the

pricing algorithm. For all h € {1, .., 24}:

0 < SLdViol,; < QLdViolPrcy;

0 = SGenViol,; < QGenViolPrc, ;

0 < S108Violy,; < Q10SViolPrcy,;

0 = S10RViol,; = Q10RViolPrcy;

0 < S30RVioly,; < Q30RViolPrcy;

0 < SREG10RViol, ) ; < QREG10RViolPrcy,;
NREGlORVioLh}Q

0 < SREG30RViol, ), ; < QREG30RViolPrc,;
NREGSORVI'OL_;,}5

0 < SXREG10RViol, ,; = QXREG10RViolPrc
NXREGmRViazh};

0 < SXREG30RViol,.,; < QXREG30RViolPrcy;
NXREGSDRVith};

0 < SPrelTLViol; ; < QPrelTLViolPrcy p;

Nprerrivioiss, 5

.., NITLViozqf,h}l

0 < SPreXTLViol,,; < QPreXTLViolPrc,, ;

NPTeXTLViolz'h};

0 < SNIUViol,; < QNIUViolPrcy;
0 < SNIDViol,; < QNIDViolPrcy;
0 < SMaxDelViol, ;,; < QMaxDelViolPrcy;

NMaxDelVioIh};

0 = SMinDelVioly ,; < QMinDelViolPrc,

NMinDezViozh};

0 = SSMaxDelVioly, ;; = QSMaxDelViolPrcy, ;

NSMaxDelViolh}; and

0 < S§MinDelViol, ;; < QSMinDelViolPrcy, ;

NSanDelViolh}-

foralli€ {1, .., Npayop}:
foralli € {1,.., Ngawio, }3
foralli € {1, .. ,N]_OSijh};
foralli € {1, .., Niggrpios }:
foralli € {1.... Naogpios,

for all» € ORREG,i € {1,..,
for all € ORREG,i € {1,..,
forall» € ORREG,i € {1,..,
for all » € ORREG,i € {1, ..,

forall f € F,,i € {1,..,

forallc €C,f €F, ., i€

forall z € Zg.,, i € {1,..,

foralli € {1,.., Nyivioy i
foralli€ {1,.., NN;DViolh}:

forall b € BELR ie (1,. .,

forall b € BPE,j € {L..,

foralls € SHE,i € {1,..,

foralls € SHEi € {1,..,

Constraints to Ensure the Price Setting Eligibility Reflect
Offer/Bid Laminations

9.8.1

Commitment Status Variables
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9.8.1.1 Commitment decisions shall be fixed to the commitment statuses of
resources calculated by the As-Offered Scheduling algorithm in
section 8. For all hours h € {1, .., 24} and all buses b € BPG:

ODG,, = ODG,3°

9.8.2 Energy Limited Resources

9.8.2.1 For an energy limited resource with a maximum daily energy limit
that was binding in the As-Offered Scheduling algorithm in section &,
the schedules calculated in the As-Offered Scheduling algorithm shall
determine the price-setting eligibility of the resource’s energy and
operating reserve offer laminations. In each hour, energy or
operating reserve laminations up to the total amount of energy and
operating reserve scheduled in the As-Offered Scheduling algorithm
shall be eligible to set prices. For bus b € BELR if there exists an hour
He{1,.. ,24} such that:

Z (ODGﬁgs-MinQDGb+ Z snaﬁgi)

h=1.H kEK?{b

+ 100RConv( Z S10SDGHYS,

105
KERAS

+ Z S10NDG; D% )

ke

+ 300RConv( Z ssoma;}fﬁk) = MaxDEL,

KeRp

then the maximum daily energy limit constraint shall be considered
binding in the As-Offered Scheduling algorithm. In such
circumstances, the following constraints must hold for bus

b €BELRfor all hours h € {1, .., 24}:

PwC | MRP DAM Engine Pre-Implementation Review
114



Z SDGpx + Z S10SDGyy s + Z S10NDG, , 1

E 108 10N
kEKh.b kEKh,b ICEKh,b
h-1
A0S
+ S30RDGy ) < MaxDEL, — SDGEyy
KkekjoR =1 keKf),

where € is a small positive constant.

9.8.3 Dispatchable Hydroelectric Generation Resources

9.8.3.1 If a dispatchable hydroelectric generation resource is scheduled to
provide energy at or above its minimum hourly output in the As-
Offered Scheduling algorithm in section 8, such resource shall also be
scheduled at or above its minimum hourly output in the As-Offered
Pricing algorithm. The energy offer laminations corresponding to the
minimum hourly output amount shall be ineligible to set prices. If a
dispatchable hydroelectric generation resource with a minimum
hourly output amount receives a zero schedule in the As-Offered
Scheduling algorithm, the resource shall also receive a zero schedule
in the As-Offered Pricing algorithm and shall be ineligible to set prices
in the energy market. For all hours h € {1, .., 24} and dispatchable
hydroelectric generation resource buses b € BHE:

0DGy,, - MinQDG, + Z SDGy e = MinHO,, ,, - OHO}'D?

kekE,
and for all k € Kﬁb:

0 <SDGppp < OHORD - QDG

9.8.3.2 For a dispatchable hydroelectric generation resource with a limited
number of starts, such resource shall be scheduled such that it is
limited to set prices within an operating range consistent with the
number of starts utilized by the resource’s schedule determined by the
As-Offered Scheduling algorithm in section 8. The resource’s
schedule shall be between the same start indication values as
determined in the As-Offered Scheduling algorithm. For all
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hydroelectric buses b € BHE and all hours h € {1, .., 24}:
If 0 < ODGjp°  MinQDGy + Ty, SDGip) < StartMW), ;.
then
0 < 0DGy,;, - MinQDG), + Z SDGppy < StartMW,; — 0.1
KEKY ),
If StartMW,,; < 0DGjip° - MinQDGy + Ey i, SDGhpy <
StartMW,, ;4 fori€ {1, .., (NStartMW, — 1)},

then

Stm‘tMWb,i < ODGh,b . ManDGb + Z SDGh,b,k
REKE ),
< StartMWb_iH —0.1
If ODG/9® - MinQDG,, + Ziexk, SDGEDS. = StartMWy, ystaremw,»
then

0DGy , - Min@DGy, + SDGy p . = StartMWy, ysearemw,
KEK},

9.8.3.3 For a dispatchable hydroelectric generation resource with a
minimum daily energy limit that was binding in the As-Offered
Scheduling algorithm in section 8, the energy schedules calculated in
the As-Offered Scheduling algorithm shall be ineligible to set prices.
For all dispatchable hydroelectric generation resource buses b € BHE
such that MinDELp > 0 and

Z ODG)* - MinQDG, + Z SDG{D% | = MinDEL,

h=1.24 kEKffb

the following constraints shall apply for all hours
he{l,..,24} and offer laminations &k € K‘;ib:

SDGy 1 = SDGLDS,

9.8.34 For a dispatchable hydroelectric generation resource with a shared
minimum daily energy limit that was binding in the As-Offered
Scheduling algorithm in section 8, the energy schedules calculated for
all resources in the set s € SHAn the As-Offered Scheduling
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algorithm shall be ineligible to set prices. Thus, for all sets s € SHE
such that:

Z (Z (ODG,QQS-MinQDGb+ Z SDG,ﬁgiD
h=1.24 \ p cpHF keKE,

< MinSDEL;

the following constraints shall apply for all hours
he{l,.., 24}:

Z (ODGh,b ManDGb + Z SDGthJk)
b eBHE

E
kekE,

> Z (ODG;f',gS-MinQDGb+ Z sua,ﬁﬁ,i)
b eBHE KEK]

9.8.3.5 For a dispatchable hydroelectric generation resource with a binding
maximum daily energy limit in the As-Offered Scheduling algorithm
in section 8, the schedules calculated in the As-Offered Scheduling
algorithm shall determine the price-setting eligibility of the resource’s
energy and operating reserve offer laminations as described in section
9.8.2.

9.8.3.6 For a dispatchable hydroelectric generation resource with a  shared
maximum daily energy limit that was binding in the As-Offered
Scheduling algorithm in section 8, the schedules calculated in the As-
Offered Scheduling algorithm shall determine the price-setting
eligibility of the resource’s offer laminations for energy and operating
reserve. In each hour, the sum of energy schedules calculated in As-
Offered Scheduling algorithm for all resources in each set s € SHE
will be eligible to set prices. For each set s € SHE, if there exists
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H € {1,.,24} such

Z z ODG0S - MinQDG), + Z SDGAO%
h=1.H \p eBHE KeKF ),

+ z 100RConv Z S10SDG#%%

b eBHE KEKES

+ Z S10NDG/SS,

KRR

+ 300RConv Z S30RDGH%%
KERTY

= MaxSDEL

then the maximum daily energy limit constraint shall be considered
binding in the As-Offered Scheduling algorithm in section 8. In such

circumstances, the following constraints shall apply for hours
he{l,..,24}:
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Z Z SDGppx < Z Z SDGHYS. + €,

beBFE keKf beBEE keKf
Z Z SDGy px + Z S10SDGpp e + Z S10NDGy p 1
beBHE \kekE), keKEYS keK 9N

+ Z S30RDG), p 1

30R
kEKGp

h-1
< MaxSDEL, — Z Z Z SDGAYS.

beBHE =2 ekF,

where ¢ is a small positive constant.

9.8.3.7 For a dispatchable hydroelectric generation resource for which a
MWh ratio was respected in the As-Offered Scheduling algorithm in
section 8, such resource shall be scheduled between its As-Offered
Scheduling algorithm schedule plus or minus a tolerance A specified
by the IESO. The resource schedule shall continue to be limited by its
offer quantity bounds, in section 9.5.1, and any applicable resource
minimum or maximum constraints, in section 9.5.2. For all hours
h €{1,.., 24} and dispatchable hydroelectric generation resource
buses b € BPE such b € {b1, b2} where b1 € Bup!’Eand b2 € Ban''E for
some (b1,bz2) € LNK with h + Lagp1,p2 < 24:

max (O,ODG,f‘ﬁS - MinQDG,, + Z SDGH9S. — A ,AdeinDGh_b)
KEKE,

< ODGPYS - MinQDG,, + Z SDG ik

KEKE ),
MinQDG,, + Z QDG ODGHYS - MinQDG, + Z SDGRI5. + A,
< min KeKE ), keKE,
AdeaxDGh,b
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9.9 Outputs

9.9.1 Outputs for the As-Offered Pricing algorithm include the following:
9.9.1.1 shadow prices;

9.9.1.2 locational marginal prices and their components; and

9.9.1.3 sensitivity factors.

10 Constrained Area Conditions Test

10.1 Purpose

10.1.1 The Constrained Area Conditions Test shall:

10.1.1.1  identify when and where competition is restricted; and

10.1.1.2  determine which resources shall have their financial dispatch data
parameters be subject to the Conduct Test in section 11 and the
thresholds above the reference levels that shall be used in the Conduct
Test.

10.2 Information, Sets, Indices and Parameters

10.2.1 The sets and parameters associated with narrow constrained areas and
dynamic constrained areas shall be identified in accordance with Appendix
7.8 and used by the Constrained Area Conditions Test.

10.2.2 Information, sets, indices and parameters for the Constrained Area Conditions
Test are described in sections 3 and 4. In addition, the following prices
produced by the As-Offered Pricing algorithm shall be used by the
Constrained Area Conditions Test:

10.2.2.1  LMPy»*°P, which designates the locational marginal price for bus
be€Binhour h € {1,.., 24};

10.2.2.2  PCongnpA9P, which designates the congestion component of the
locational marginal price for bus b € Bin hour h € {1, .., 24},

10.2.2.3  ExtLMPnaA°P, which designates the locational marginal price for
intertie zone bus d € D in hour h € {1, . ., 24};
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10.2.2.4  PExtCongnq49P, which designates the intertie congestion component
of the locational marginal price for intertie zone bus d € D in hour
he{l,..,24}

10.2.2.5  PIntCongnq4°F, which designates the internal congestion component
of the locational marginal price for intertie zone bus d € D in hour
he{l,..,24};

10.2.2.6  IntLMPna49P, which designates the intertie border price for intertie
zonebusd € Dinhour h € {1,.., 24};

10.2.2.7  SPNormThnsA9P, which designates the shadow price for the pre-
contingency transmission constraint for facility f € F in hour
he{l,.., 24}

10.2.2.8  SPEmTh,r40P, which designates the shadow price for the post-
contingency transmission constraint for facility f € F in contingency
c € Cinhour h;

10.2.2.9  SPNIUExtBwdTri°P, which designates the shadow price for the net
interchange scheduling limit constraint limiting increases in net
imports  between hour (h — 1) and hour h;

10.2.2.10 L30RPnA°P, which designates the locational marginal price for
thirty-minute operating reserve atbus b € Bin hour h € {1, .., 24};

10.2.2.11 L10NPn»A%P, which designates the locational marginal price for
non-synchronized ten-minute operating reserve at bus b € B in hour
he{l,..,24}; and

10.2.2.12 L10SP» 9P, which designates the locational marginal price for
synchronized ten-minute operating reserve at bus b € B in hour h €
{1,..,24}.

10.3 Variables

10.3.1 The day-ahead market calculation engine shall use the constrained area
conditions in sections 10.4 and 10.5 to identify the resources that are part of
the following data sets:

10.3.1.1  BCondr"“A, which designates the resources in a narrow constrained
area that must be checked for local market power for energy in hour
he{l,..,24};
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10.3.1.2  BCondnP4 which designates the resources in a dynamic
constrained area that must be checked for local market power for
energy inhour h € {1, .., 24};

10.3.1.3  BCondnB%, which designates the resources in a broad constrained area

that must be checked for local market power for energy in hour
he{l,..,24};

10.3.1.4 BCondr“™P which designates the resources that must be checked for
global market power for energy in hour h € {1, .., 24};

10.3.1.5 BCondnr!%, which designates the resources that must be checked for
local market power for synchronized ten-minute operating reserve in

hour h €{1,.., 24};

10.3.1.6  BCondn!%N, which designates the resources that must be checked for
local market power for non-synchronized ten-minute operating
reserve in hour h € {1, .., 24};

10.3.1.7 BCondn3%R, which designates the resources that must be checked for

local market power for thirty-minute operating reserve in hour
he{l,..,24}

10.3.1.8  BCondn®MP105 which designates the resources that must be checked
for global market power for synchronized ten-minute operating
reserve in hour h € {1, .., 24};

10.3.1.9 BCondn®™PI0N, which designates the resources that must be checked
for global market power for non-synchronized ten-minute operating
reserve in hour h € {1, .., 24}; and

10.3.1.10 BCondr®™P30R which designates the resources that must be checked

for global market power for thirty minute operating reserve in hour
he{l,..,24}.

10.4 Constrained Area Conditions Test for Local Market Power
(Energy)

10.4.1 Constrained Area Conditions Test for Narrow Constrained Areas and
Dynamic Constrained Areas

10.4.1.1  If at least one transmission constraint for a narrow constrained area
or dynamic constrained area is binding in the As-Offered Pricing
algorithm, then all resources identified within the narrow constrained
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area or dynamic constrained area shall undergo the applicable
Conduct Test in section 11 and:

10.4.1.1.1 For eachn € NCA and hour h € {1, .., 24}: For each transmission
facility that transmits flow into n, f € FxV¢4, check if
SPNormThsA%P% O or SPEmTh,crA9 # 0 for the inbound flow
limit, the day-ahead market calculation engine will place n in the
set NCAn' and assign the resources in n to the set BCondnN¢4; and

10.4.1.1.2 For each d € DCA and hour h€ {1, .., 24}: For each transmission
facility that transmits flow into d, f € FaP%, check if
SPNormTh A% # 0 or SPEmTh,A% # 0 for the inbound flow limit,
the day-ahead market calculation engine will place d in the set
DCAh' and assign the resources in dd to the set BCondnPCA,

10.4.1.2  Each narrow constrained area and dynamic constrained area that
meets the criteria in section 10.4.1.1 shall be assigned to one of the
following subsets, as appropriate:

10.4.1.2.1 NCAn' designates the narrow constrained areas that qualify for
market power mitigation for energy in hour h€ {1, . ., 24};
and

10.4.1.2.2 DCAn' designates the dynamic constrained areas that qualify
for market power mitigation for energy in hour h € {1, ..,24}.

10.4.2 Constrained Area Conditions Test for Broad Constrained Areas

10.4.2.1  If the congestion component of the locational marginal price for a
resource is greater than BCACondThresh, and the resource is not part
of a narrow constrained area or dynamic constrained area that has a
binding transmission constraint, then the resource shall be tested for
Conduct Test under the broad constrained area thresholds. For each
hour h € {1, .., 24} and bus b € BP¢ such that b € BCondinN¢A y
BCondnP, if PCongn,yA%P > BCACondThresh, the day-ahead
market calculation engine will place resourcebb in the set
BCondnBCA,

10.5 Constrained Area Conditions Test for Global Market
Power (Energy)

10.5.1 The day-ahead market calculation engine shall test resources that can meet
incremental load within Ontario for global market power, subject to 10.5.2, if:
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10.6

10.5.2

10.5.1.1

the intertie border prices at the global market power reference
intertie zones are greater than the specified threshold value,
indicated in hour h € {1, .., 24} by IntLMPs,u 4%° > IBPThresh for
bids and offers, d € RIGMPRef, corresponding to the boundary entity
resource bus for the global market power reference intertie zone;
and

10.5.1.2  at least one of the following conditions is met:

10.5.1.2.1

10.5.1.2.2

import congestion, represented by a negative intertie congestion
component, is present on all of the global market power reference
interties, indicated in hour h€ {1, .., 24} by: PExtCongnd4°P < 0
for bids and offers, d € DMPRef corresponding to the boundary
entity resource bus for the global market power reference
intertie zone; or

the net interchange schedule limit is binding for imports,
represented by a non-zero net interchange schedule limit shadow
price for incremental imports, indicated in hour h € {1, . ., 24} by:
SPNIUExtBwdTr40P £ 0.

If the conditions in sections 10.5.1 are met, then the day-ahead market
calculation engine shall test resources that can meet incremental load within
Ontario for global market power, for each hour h € {1, .., 24}, place all

b € BPG in the set BCondnGMP, unless they are excluded because one of the
following two conditions:

10.5.2.1  the resources in any zone have congestion components at least
$1/MWh below the internal congestion component at all of the global
market power reference intertie zones:

10.5.2.1.1

if PCongh»49P < PIntCongh,d4°F — $1/MWh where d € DGMPRef is

true for all global market power reference intertie zones; or

10.5.2.2  the resources can not meet the incremental load because a binding
transmission constraint:

10.5.2.2.1

if resources can not meet incremental load because of any binding
transmission facility where SPNormTh 40P £ 0 or
SPEMTh,cA%%P%0.

Constrained Area Conditions Test for Local Market Power
(Operating Reserve)
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10.6.1 Subject to section 10.6.1.3 for a regional minimum requirement of greater than
zero for a specific class of operating reserve, then all resources within the
region with offers for classes of operating reserve that can satisfy the
requirements of the specific class of operating reserve shall be tested for local
market power:

10.6.1.1 A resource shall not qualify for local market power mitigation test for
operating reserve if the resource is located in a region with a binding
maximum constraint and for each resource b € BP¢ UBPL and hour
he{l,..,24}:

10.6.1.2  subject to section 10.6.1.3, if bb is in a region with a non-zero
minimum requirement, then b is subject to the Conduct Test and is
placed in the set BCondn!%, BConBx1oN, or BCondh 3%2; and

10.6.1.3  if b is in a region with a binding maximum restriction constraint, then
b is exempt from the Conduct Test.

10.7 Constrained Area Conditions Test for Global Market
Power (Operating Reserve)

10.7.1 A resource shall be subject to global market power mitigation testing for
operating reserve if its offers for a class of operating reserve where the
locational marginal price for that class of operating reserve is greater than
ORGCondThresh.

10.7.2 Subject to section 10.7.3, if the condition in section 10.7.1 has been met for a
class of operating reserve, then all resources with offers for classes of
operating reserve that can satisfy the requirements of that class of operating
reserve shall be tested and for each b € BP¢ U BPLand hour h € {1, .., 24}:

10.7.2.1  if L10SP:»PP > ORGCondThresh, the day-ahead market calculation
engine shall add resource b to BCond¢MP10S;

10.7.2.2  if LIONP:»*PP > ORGCondThresh, the day-ahead market calculation
engine shall add resource b to BCondMP10N; and

10.7.2.3  if L30RP:s"PP > ORGCondThresh, the day-ahead market calculation
engine shall add resource b to BCond¢GMP30R

10.7.3 If b is in a region with a binding maximum constraint, then b shall be exempt
from the Conduct Test.
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10.7.3.1  If a resource is located in a region with a binding regional maximum
constraint, then the resource shall not qualify for global market power
mitigation testing for operating reserve.

10.8  Outputs

10.8.1 Outputs of the Constrained Area Conditions Test include the list of resources
that will be subject to the Conduct Test in section 11 and the thresholds that
will be used in the Conduct Test for those resources.

11 Conduct Test

11.1 Purpose

11.1.1 The Conduct Test shall verify whether the financial dispatch data parameter
values submitted by registered market participants for resources identified
in section 10.8.1 are within the applicable threshold level of the corresponding
reference level values for those resources.

11.2 Information, Sets, Indices and Parameters

11.2.1 Information, sets, indices and parameters used by the Conduct Test in section
11 are described in section 3. In addition, the list of resources produced
pursuant to section 10.8.1 shall also be used by the Conduct Test.

11.3 Variables

11.3.1 The day-ahead market calculation engine shall apply the Conduct Test set
out in sections 11.4 and 11.5 to the resources identified by the Constrained
Area Conditions Test in accordance with section 10.8, to identify the following
data sets:

11.3.1.1  The sets of resources that failed the Conduct Test for at least
one financial dispatch data parameter, where:

11.3.1.1.1 BCTnN¢A designates the resources in a narrow constrained area
that failed the Conduct Test for at least one financial dispatch data
parameter in hour h € {1, .., 24};

11.3.1.1.2 BCTnP% designates the resources in a dynamic constrained area
that failed the Conduct Test for at least one financial dispatch data
parameter in hour h € {1, .., 24};
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11.3.1.1.3 BCTnB¢ designates the resources in a broad constrained area that
failed the Conduct Test for at least one financial dispatch data
parameter in hour h € {1, .., 24};

11.3.1.1.4 BCTnMP designates the resources that failed the global market
power for energy Conduct Test for at least one financial
dispatch data parameter in hour h € {1, .., 24};

11.3.1.1.5 BCTrORL designates the resources that failed the local market power
for operating reserve Conduct Test for at least one financial
dispatch data parameter in hour h € {1, .., 24}; and

11.3.1.1.6 BCThORG designates the resources that failed the global market
power Conduct Test for operating reserve for at least one
financial dispatch data parameter in hour h € {1, ..,24};

11.3.1.2  The following financial dispatch data parameters for all
hours h € {1, .., 24}:

11.3.1.2.1 PARAME}, designates the set of dispatch data parameters that
failed the energy Conduct Test at bus b € BCTN“A U BCTwP*
U BCTrB¢ U BCThMP in hour h, and may include the
following dispatch data parameters:

11.3.1.2.1.1  EnergyOfferk designates the non-zero quantity of energy
above the minimum loading point in association with offer
lamination k € Kn»E failed the Conduct Test;

11.3.1.2.2 For all hours prior to and including the last hour where conditions
are met for the energy Conduct Test:

11.3.1.2.2.1  EnergyToMLPk designates the non-zero quantity of energy
up to the minimum loading point in association with offer
lamination k € Kn»L™LP failed the Conduct Test;

11.3.1.2.2.2  SUOffer designates the start-up offer failed the Conduct
Test; and

11.3.1.2.2.3  SNLOJffer designates the speed no-load offer tailed the
Conduct Test;

11.3.1.2.3 PARAMORnb designates the set of dispatch data parameters that
failed the operating reserve Conduct Test at bus b € BCTh orL U
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BCTrORG in hour h, and may include the following dispatch data
parameters:

11.3.1.2.3.1

11.3.1.2.3.2

11.3.1.2.3.3

OR10SO0fferk designates the non-zero quantity of
synchronized ten-minute operating reserve in association
with offer lamination k € Kp»1%S failed the Conduct Test;

OR10NOfferk designates the non-zero quantity of non-

synchronized fen-minute operating reserve in association

with offer lamination k € K »19V failed the Conduct
Test;

OR30ROfferk designates the non-zero quantity of thirty-
minute operating reserve in association with offer
lamination k € Kx»3%R failed the Conduct Test; and

11.3.1.2.4 For all hours prior to and including the last hour where conditions
are met for the operating reserve Conduct Test:

11.3.1.2.4.1

11.3.1.2.4.2

11.3.1.2.4.3

SUOffer designates the start-up offer failed the Conduct
Test;

SNLOffer designates the speed no-load offer failed the
Conduct Test; and

EnergyToMLPIk designates the non-zero quantity of energy
up to the minimum loading point in association with offer
lamination k € Kn»f failed the Conduct Test.

11.4 Conduct Test for Energy

11.4.1 The day-ahead market calculation engine shall perform the Conduct Test for
energy for resources in a narrow constrained area that were identified
pursuant to section 10.8.1 as follows, subject to sections 11.4.2 and 11.4.3. For
each hour h €{1, .., 24} and b € BCondir"4, the day-ahead market
calculation engine shall:

11.4.1.1  Evaluate offers for energy above the minimum loading point: For all
k € KnpE , if PDGhbk > CTEnMinOffer and
PDGhbk > min (PDGRefnbk*(1 + CTEnThresh1N¢A),
PDGRefnpx + CTEnThresh2N¢A), where k' € K'npt , then the Conduct
Test was failed for the resource at bus [11] and the day-ahead market
calculation engine shall assign the resource to subset BCT»N¢4 and
add EnergyOfferk to PARAME#,u;

11.4.1.2  Evaluate offers for energy for the range of production up to the
minimum loading point: For all hours prior to and including the hour
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that qualified to be tested under the Constrained Area Conditions Test,
for all k € KnpLTMLP if PLTMLPh bk > CTEnMinOffer and

PLTMLPhbk > min (PLTMLPRefnbx* (1+CTEnThresh1NCA),
PLTMLPRefib + CTEnThresh2NCA), where k' € KiF , then the
Conduct Test was failed for the resource at bus bb and the day-ahead
market calculation engine shall assign the resource to subset
BCTwN¢A and add EnergyToMLPk toPARAMEn» and PARAMORn,b;

11.4.1.3  Evaluate start-up offers: For all hours prior to and including the
hour where conditions are met for the Constrained Area Conditions
Test in section 10 , if SUDGhp > SUDGRefnp*(1 +
CTSUThreshN¢4), then the Conduct Test was failed for the resource
at bus [J and the day-ahead market calculation engine shall assign the
resource to subset BCThN¢A and add SUOffer to PARAMEH,, and
PARAMORHp; and

11.4.1.4  Evaluate speed no-load offers: For all hours prior to and including the
hour that meets the conditions test, if SNLnb > SNLRefnb*(1 +
CTSNLThreshN¢A), then the Conduct Test was failed for the resource
at bus [ | and the day-ahead market calculation engine shall assign the
resource to subset BCTh V4 and add SNLOffer to PARAMEn» and
PARAMORn,b.

11.4.2 For resources identified pursuant to section 10.8.1 in a dynamic
constrained area or broad constrained area, the day-ahead market
calculation engine shall use the steps in section 11.4.1 , using resources
in BCondirPA or BCondrB¢4, as he case may be, in place of
BCondrM4 and using the applicable Conduct Test thresholds
CTEnThresh1P¢A CTEnThresh2P¢A, CTEnThresh15¢4
CTEnThresh2B¢A, CTSUThreshPtA, CTSUThreshB¢A, CTSNLThreshPc4,
CTSNLThreshB¢A, If any of the financial dispatch data parameters
of a resource fail the Conduct Test, the resource shall be assigned to
subset BCThP¢Aor BCThBCA, as the case may be.

11.4.3 For resources identified pursuant to section10.8.1 that were selected for
global market power mitigation testing for energy, the day-ahead market
calculation engine shall use the steps in section 11.4.1, using resources in
BCondn®™P in place of BCondr"“4 and the applicable global market power
Conduct Test thresholds CTEnThresh1MP, CTEnThresh2GMP,
CTSUThresh@P CTSNLThresh@™P. If any of the applicable financial
dispatch data parameters of a resource fails the Conduct Test, the resource
shall be assigned to subset BCT r622,

11.4.4 If a resource is assigned to more than one of the sets, BCondh NCA,
BCondrPA, BCondnB¢A, and BCondnMP, only the Conduct Test with the
most restrictive threshold levels shall be performed for that resource.
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11.5 Conduct Test for Operating Reserve

11.5.1

The day-ahead market calculation engine shall perform the Conduct Test for
local market power for operating reserve for resources that were identified
pursuant to section 10.8.1, as follows, subject to 11.5.3. For each hour

h €{1,., 24} and b € BCondn'% U BCondn!%N U BCondn3°R, the day-ahead
market calculation engine shall:

11.5.1.1  Evaluate offers for operating reserve as follows:

11.5.1.1.1

11.5.1.1.2

11.51.1.3

11.5.1.1.4

11.5.1.1.5

for all k € Knp195 if P10SDGhpk > CTORMinOffer and
P10SDGzz,2> min(P10SDGRefhbk * (1 +CTORThresh1°Rb),
P10SDGRefh,b, k" + CTORThresh20RL), where k' € K'n1%, then the
Conduct Test was failed for the resource at bus b and the day-
ahead market calculation engine shall assign the resource to
subset BCThORL and add OR10SOfferk to PARAMORH»;

for all k € Knp!%V if P1ONDGhbk> CTORMinOffer and
P10ONDGhbk > min (P1ONDGRefnbk *(1 + CTORThresh19RL),
P10NDGRefi bk + CTORThresh29RL) , where k' € K'4a10N, the
the Conduct Test was failed for the source at bus b and the day-
ahead market calculation engine shall assign the resource to
subset BCT; Rt and add OR10NOfferk to PARAMOR,»; and

for all k € Kn» 392 if P30RDGR 4, >

CTORNMinOf fer and P30RDG ,p,0 >
min(P30RDGRef zza * (1 + CTORT hresh19RL), P30RDGRef hbk
+ CTORT hresh20RL) where k' € K'n,p30, then the Conduct
Test was failed for the resource at bus b and the day-ahead

market calculation engine shall assign the resource to subset
BCTrORL and add OR30ROfferk to PARAMORn»;

for all j € Jnp195 if P10SDLnb; > CTORMinOffer and

P10SDLhb; > min (P10SDLRefnb;* (1 + CTORThresh10RL),
P10SDLRefnbj+CTORThresh29RL) , where j' € Jnp 105, then the
Conduct Test was failed for the dispatchable load at bus b and
the day-ahead market calculation engine shall assign the
resource to subset BCThORL and add OR10SOfferk to PARAMOR,b;

for all j € Jnp1%N if PIONDL#hb; > CTORMinOffer and
P10NDGhyj> min (P10NDLRefhb,*(1 + CTORThresh1°RY),
P10ONDLRefnb; + CTORThresh20RL) , where j' € J’np10N then the
Conduct Test was failed for the dispatchable load at bus b
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and the day-ahead market calculation engine shall assign the
resource to subset BCThORL and add OR10NOfferk to PARAMORb;
and

11.5.1.1.6 for all j € Jn»3%R it P30RDLhb;j> CTORMinOffer and P30RDLh,bj >
min (P30RDLRefnb;*(1 + CTORThresh19RL), P3ORDLRefnb; +
CTORThresh29RL) , where j' € ]’ 7, 392 then the Conduct Test was
failed for the dispatchable load at bus b and the day-ahead
market calculation engine shall assign the resource to subset
BCT /20RL and add OR30ROffer® to PARAMORn,p;

11.5.1.2  Evaluate start-up offers: For all hours prior to and including the hour
that meets the Constrainted Area Conditions Test, if SUDGhp >
SUDGRefnp*(1 + CTSUThresn%RL), then the Conduct Test was failed
for the resource at bus b and the day-ahead market calculation
engine shall assign the resource to subset BCTh°RL and
add SUOffer to PARAMORn» and PARAMEh,»;

11.5.1.3  Evaluate speed no-load offers: For all hours prior to and including the
hour that meets the conditions test, if SNLn» > SNLRefnp * (1 +
CTSNLThreshOoRY), then the Conduct Test was failed for the resource
at bus bb and the day-ahead market calculation engine shall assign
the resource to subset BCThORL and add SNLOffer to PARAMORh,» and
PARAMEH,»; and

11.5.1.4  Evaluate offers for energy for the range of production up to the
minimum loading point: For all hours prior to and including the hour
that meets the conditions test, for all kEKnp"™LF if
PLTMLPhbk > CTEnMinOffer and PLTMLPhbk > min
(PLTMLPRefnbx*(1 + CTEnThresh109RL), PLTMLPRefn bk +
CTEnThresh20RL) where k' € Khb'E, then the Conduct Test was
failed for the resource at bus bb and the day-ahead market
calculation engine shall assign the resource to subset BCThoRLand add
EnergyToMLPrto PARAMORnk» and PARAMER,b.

11.5.2 The day-ahead market calculation engine shall perform the Conduct Test for
global market power for operating reserve for resources that were identified
pursuant to section 10.8.1. The day-ahead market calculation engine shall
use the steps set out in section 11.5.1 using resources in BCondntMP105,
BCondnSMPI0N, gnd BCondrGMP30R in place of BCondn!%, BConds 1%V, and
BCondh 30R, respectively, and the applicable Conduct Test thresholds
CTORThresh10RG, CTORThresh20RG CTSUThreshORG, CTSNLThreshORG
CTEnThresh10ORG, CTEnThresh20RG. The resources shall be assigned to the
subset BCTh ORG,
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11.5.3

If a resource is assigned to more than one of BCondnéMP10S, BCondp ¢MPI0N,
and BCondnh@P30R only the Conduct Test with the most restrictive
threshold levels shall be performed for that resource.

11.6  Outputs

11.6.1

11.6.2

Subject to section 11.6.2, the outputs of the Conduct Test shall include the
following for each hour h € {1, .., 24}:

11.6.1.1  The set of resources that failed the Conduct Test for at least one
financial dispatch data parameter by condition type;

11.6.1.2  The financial dispatch data parameters that failed the Conduct Test
for the resource at bus b; and

11.6.1.3 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 with reference level values. For offers for
energy and operating reserve with multiple laminations:

11.6.1.3.1

11.6.1.3.2

11.6.1.3.3

if the offer lamination for energy that corresponds to the minimum
loading point fails the Conduct Test, the day-ahead market
calculation engine shall replace all offer laminations for energy up
to the minimum loading point;

if one or more offer laminations for energy above the minimum
loading point fails the Conduct Test, the day-ahead market
calculation engine shall replace all offer laminations for energy up
to and above the minimum loading point; and

if one or more offer laminations for operating reserve fails
the Conduct Test, the day-ahead market calculation engine
shall replace all offer laminations for operating reserve.

The day-ahead market calculation engine shall not replace the financial
dispatch data parameter for a resource with that resource’s applicable
reference level value if the financial dispatch data parameter is less than
the corresponding reference level value.

12 Reference Level Scheduling
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12.1

12.2

12.3

12.4

12.5

Purpose

12.1.1 The day-ahead market calculation engine shall perform the Reference Level
Scheduling algorithm where at least one financial dispatch data parameter
for a resource failed the Conduct Test in section 11.

12.1.2 The Reference Level Scheduling algorithm shall perform a security-
constrained unit commitment and economic dispatch to maximize gains from
trade using dispatch data submitted by registered market participants,
including reference level value for resources subject to section 12.2.2, to meet
the IESO’s average province-wide non-dispatchable demand forecast and
IESO-specified operating reserve requirements for each hour of the next
dispatch day.

Information, Sets, Indices and Parameters

12.2.1 Information, sets, indices and parameters used by the Reference Level
Scheduling algorithm are described in section 3 and 4. In addition, the list of
resources that failed the Conduct Test from section 11.6.1.1 and a revised
set of financial dispatch data parameters from section 11.6.1.3, for those
resources shall be used by the Reference Level Scheduling algorithm.

12.2.2 The Reference Level Scheduling algorithm shall use the reference level value
that corresponds to any financial dispatch data parameter submitted for a
resource that failed the Conduct Test.

Variables and Objective Function

12.3.1 The day-ahead market calculation engine shall solve for the variables listed
in section 8.3.1.

12.3.2 The objective function for the Reference Level Scheduling algorithm shall be
the same as the objective function in section 8.3.2, subject to section 12.4.

Constraints

12.4.1 The constraints in sections 8.4 through 8.7 apply in the Reference Level
Scheduling algorithm, except that the sensitivities and limits considered for
IESO internal transmission limits shall be those provided by the most recent
security assessment function iteration of the Reference Level Scheduling

algorithm.
Outputs
12.5.1 Outputs of the Reference Level Scheduling algorithm include resource

schedules and commitments.
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13 Reference Level Pricing

13.1 Purpose

13.1.1 The day-ahead market calculation engine shall perform the Reference
Level Pricing algorithm whenever the Reference Level Scheduling algorithm
has been performed.

13.1.2 The Reference Level Pricing algorithm shall perform a security-constrained
economic dispatch to maximize gains from trade using dispatch data
submitted by registered market participants, reference level values for
resources subject to section 13.2.2, and resource schedules and commitments
produced by the Reference Level Scheduling algorithm, to meet the IESO’s
average province-wide non-dispatchable demand forecast and IESO-specified
operating reserve requirements for each hour of the next dispatch day.

13.2 Information, Sets, Indices and Parameters

13.2.1 Information, sets, indices and parameters used by the Reference Level Pricing
algorithm are described in sections 3 and 4. In addition, the following
resource schedule and commitments from the Reference Level Scheduling
algorithm shall be used by the Reference Level Pricing algorithm:

13.2.11

13.2.1.2

13.2.1.3

13.21.4

13.2.1.5

SDGhbkRLS , which designates the amount of energy that a
dispatchable generation resource is scheduled to provide above
MinQDGpat bus b €BELR UBHE inhourh € {1, .., 24} in
association with lamination k € KnE ;

ODGh pRLS designates whether the dispatchable generation resource at
bus b € BPG was scheduled at or above its minimum loading point in
hour h € {1, .., 24};

S10SDGhbiRLS | which designates the amount of synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € BELR U BHE in hour h € {1, .., 24} in
association with lamination k € Knp 10S;

S10NDGnhbkRES , which designates the amount of non-synchronized
ten-minute operating reserve that a dispatchable generation
resource is scheduled to provide at bus b € BELR U BHE in hour

h € {1,.., 24} in association with lamination k € Kx»1oV;

S30RDGhbkRES | which designates the amount of thirty-minute
operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € BELR U BHE in hour h € {1, .., 24}in
association with lamination k € Kn»3%R; and
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13.2.1.6  OHOnpRES, which designates whether the dispatchable hydroelectric
generation resource at bus b € BF has been scheduled at or above
MinHOnb in hour h € {1, .., 24}.

13.2.2 The Reference Level Pricing algorithm shall use a resource’s reference level
value for any financial dispatch data parameters submitted by registered
market participants that failed the Conduct Test.

13.3  Variables and Objective Function

13.3.1 The day-ahead market calculation engine shall solve for the variables set
out in section 9.3.1.

13.3.2 The objective function used in the Reference Level Pricing algorithm shall be

the same as the objective function set out in section 9.3.2, subject to section
13.4.

134 Constraints

13.4.1 The constraints that apply in the Reference Level Pricing algorithm shall be
the same as the constraints in sections 9.4 through 9.8, with the following
exceptions:

13.4.1.1  the marginal loss factors used in the energy balance constraint in
section 9.7.1 shall be fixed to the marginal loss factors used in the last
optimization function iteration of the Reference Level Scheduling
algorithm;

13.4.1.2  the sensitivities and limits in section 9.7.3 shall be replaced with the
most recent security assessment function iteration of the Reference
Level Pricing algorithm; and

13.4.1.3  for the constraints in section 9.8, the outputs from the As-Offered
Scheduling algorithm shall be replaced with the outputs from the
Reference Level Scheduling algorithm as follows:

13.4.1.3.1 SDGhb, A5 shall be replaced by SDGhbkRLS for all h € {1, .., 24},
b € BELRY BHE, k € KnbE ;

13.4.1.3.2  ODGhpA%S shall be replaced by ODGhpRLS for all h € {1, .., 24},
b €BDG;

13.4.1.3.3  S10SDGhb A0S shall be replaced by S10SDGh,biRLS for all
h €{1,., 24}, b € BELR Y BHE, k € Kpp10S,

PwC | MRP DAM Engine Pre-Implementation Review
135



13.4.1.3.4 S10ONDGh,b,k 495 shall be replaced by SIONDGh,b,k rLS for all
he{1,.., 24}, b € BELR U BHE, k € Kpp10N;

13.4.1.3.5. S30RDGhb,i4%5 shall be replaced by S30RDGh,b kRS for all
he€{1,.. 24}, b€ B"R U BYE ke Knp’™}; and

13.4.1.3.6 OHOn49S shall be replaced by OHOnbRLS for all h € {1, .., 24},
be 'k

13.5 Outputs

13.5.1 Outputs of the Reference Level Pricing algorithm include the following:
13.5.1.1  shadow prices; and

13.5.1.2  locational marginal prices and their components.

14 Price Impact Test

14.1 Purpose

14.1.1 The day-ahead market calculation engine shall perform the Price Impact
Test whenever at least one financial dispatch data parameter for a resource
failed the Conduct Test.

14.1.2 The Price Impact Test shall:

14.1.2.1  compare the locational marginal prices for energy or operating
reserve produced by the As-Offered Pricing algorithm with
those produced by the Reference Level Pricing algorithm; and

14.1.212  consider the corresponding offer parameters to have failed the Price
Impact Test if the difference in price in section 14.1.2.1 is greater than
the applicable impact threshold in section 4.3.8.

14.2 Information, Sets, Indices and Parameters

14.2.1 Information, sets, indices and parameters for the Price Impact Test are
described in sections 3 and 4. In addition, the following locational marginal
prices from the As-Offered Pricing algorithm and the Reference Level Pricing
algorithm shall be used by the Price Impact Test:
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14211  LMPs, "> which designates the locational marginal price for
energy atbus b € Bin hour h € {1, .., 24} from the As-Offered
Pricing algorithm;

14.21.2  L30RPynx*°F, which designates the locational marginal price for
thirty-minute operating reserve atbus b € Bin hour h € {1, .., 24}
from the As-Offered Pricing algorithm;

14.21.3  L10NPywu"°F, which designates the locational marginal price for non-
synchronized ten-minute operating reserve at bus b € B in hour h €
{1, .., 24} from the As-Offered Pricing algorithm;

14.21.4  L10SPyw"°%, which designates the locational marginal price for
synchronized ten-minute operating reserve at bus b € B in hour h €
{1, .., 24} from the As-Offered Pricing algorithm;

14.2.1.5  LMPnRLP, which designates the locational marginal price for energy
atbus b € Bin hour h € {1, .., 24} from the Reference Level Pricing
algorithm;

14.2.1.6  L30RPnbRLP, which designates the locational marginal price for
thirty-minute operating reserve atbus b € Bin hour h € {1, .., 24}
from the Reference Level Pricing algorithm;

14.2.1.7  LIONPwbRLP, which designates the locational marginal price for non
synchronized ten-minute operating reserve at bus b € B in hour
h € {1,.., 24} from the Reference Level Pricing algorithm; and

14.2.1.8  L10SPnbRLP, which designates the locational marginal price for
synchronized ten-minute operating reserve at bus b € B in hour
h €{1,.., 24} from the Reference Level Pricing algorithm.

14.3 Variables

14.3.1 The day-ahead market calculation engine shall apply the Price Impact Test
as set out in sections 14.4 and 14.5 for the resources identified in accordance
with section 10.3.1, to identify:

14.3.1.1 A set of resources that failed the Price Impact Test for each condition
for all hours h € {1, .., 24}, where:

14.3.1.1.1 BITxN¢A designates the resources in a narrow constrained area
that failed the Price Impact Test for the locational marginal price
for energy;
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14.3.1.1.2 BIThP¢A designates the resources in a dynamic constrained area
that failed the Price Impact Test for the locational marginal price
for energy;

14.3.1.1.3 BIThB¢A designates the resources in a broad constrained area that
failed the Price Impact Test for the locational marginal price for

energy;

14.3.1.1.4 BITx%MP designates the resources that failed the global market
power (energy) Price Impact Test for the locational marginal
price for energy;

14.3.1.1.5 BITxORL designates the resources that failed the local market
power (operating reserve) Price Impact Test for at least one
type of locational marginal price for operating reserve;

14.3.1.1.6  BITORC designates the resources that failed the global market
power (operating reserve) Price Impact Test for at least one type
of locational marginal price for operating reserve; and

14.3.1.1.7 LMPITnp designates the locational marginal price that failed the
Price Impact Test for bus b € BIThN¢A U BIThPA U BIThB¢A U
BITrGMP U BITORL U BIThORG in hour h; and

14.3.1.2  Locational marginal prices for energy and operating reserve for each
resource at bus b € BPG U BDL that failed the Price Impact Test, where:

14.3.1.2.1 EnergyLMP designates that the locational marginal price for
energy failed the Price Impact Test;

14.3.1.2.2 OR10SLMP designates that the locational marginal price for
synchronized ten-minute operating reserve failed the Price
Impact Test;

14.3.1.2.3 OR10NLMP designates that the locational marginal price for non-
synchronized ten-minute operating reserve failed the Price Impact
Test; and

14.3.1.2.4 OR30RLMP designates that the locational marginal price for
thirty-minute operating reserve failed the Price Impact Test.

14.4  Price Impact Test for Energy
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14.4.1 The day-ahead market calculation engine shall perform the Price Impact
Test for resources that were identified in the corresponding Conduct Test for
energy in section 11.6.1.1, as follows:

14.4.1.1  For local market power for energy:

14.4.1.1.1 For each hour h € {1,..,24} and b € BCTNCA, if LMPp AP >
min(LMPnpRLP*(1+ITThresh1NCA), LMPhpRLP +
ITThresh2N¢A), the Price Impact Test was failed by the resource at
bus b and the day-ahead market calculation engine shall assign
the resource to subset BIThN¢A and add EnergyLMP to LMPITh,p;
14.4.1.1.2 For each hour h€ {1, .., 24} and b € BCT»P%4, if LMPppA0P >
min(LMPnRLP (1+ITThresh1PCA), LMPhp RLP+ITThresh2P¢A),
the Price Impact Test was failed by the resource at bus bb and the
day-ahead market calculation engine shall assign the resource to
subset BIThP and add EnergyLMP to LMPITh; and

14.4.1.1.3 Foreach hour h € {1,..,24} and b € BCT»E¢A if LMPp 40P >
min(LMPhpRLP*(1+ITThresh1B¢A), LMPhb RLP+ITThresh25¢4),
the Price Impact Test was failed by the resource at bus b and the
day-ahead market calculation engine shall assign the resource to
subset BIT»P¢A and add EnergyLMP to LMPITh,p.

14.4.1.2.  For global market power for energy:

14.4.1.2.1 For each hour h € {1,..,24} and b € BCTh GMP, if LMPh 4P >
min(LMPnRLP*(1+ITThresh16MP), LMPhpRLP+ITThresh26MP), the
Price Impact Test was failed by the resource at bus b and the day-
ahead market calculation engine shall assign the resource to
subset BITh®MP and add EnergyLMP to LMPITh,p

14.5 Price Impact Test for Operating Reserve

14.5.1 The day-ahead market calculation engine shall perform the Price Impact
Test for resources that were identified in the corresponding Conduct Test
for operating reserve in section 11.6.1.1, as follows

14.5.1.1  For local market power for operating reserve, for each hour
he{l,..,24} and b € BCThORL:
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14.5.1.1.1 If L30RPh»4%P > L30RPh,RLP, then the Price Impact Test was failed
by the resource at bus b and the day-ahead market

calculation engine shall assign the resource to subset BITh9RL and
add OR30RLMP to LMPITh,,

14.5.1.1.2 If L1IONPh»4A9P > L10NPpRLP, then the Price Impact Test was
failed by the resource at bus b and the day-ahead market

calculation engine shall assign the resource to subset BIT»ORL
and add OR10NLMP to LMPIThp; and

14.5.1.1.3 If L10SPp4% > L10SPhRLP, then the Price Impact Test was failed
by the resource at bus b and the day-ahead market

calculation engine shall assign the resource to subset BIT»%RL and
add OR10SLMP to LMPIThp.

14.5.1.2  For global market power for operating reserve, for each hour
he€{1,..,24} and b € BCTxORC:

14.5.1.2.1 If L30RPhb 40P > min(L30RPhb RLP*(1+ITThresh109RG),
L30RPh, RLP+]TThresh20RG), then the Price Impact Test was
failed by the resource at bus b and the day-ahead market

calculation engine shall assign the resource to subset BITh%¢ and
add R30RLMP to LMPIThp;

14.5.1.2.2 If L1ONPhpA%P> min(L10NPwpREP*(1+ITThresh19RG),
L10NPhbRLP+]TThresh20RG), then the Price Impact Test was failed
by the resource at bus b and the day-ahead market

calculation engine shall assign the resource to subset BIThR¢ and
add OR10ONLMP to LMPITh,p; and

14.5.1.2.3 If L10SPhpA% > min(L10SPnpRLP*(1+ITThresh10KG),
L10SPhpRLP+]TThresh209RG), then the Price Impact Test was failed
by the resource at bus b and the day-ahead market
calculation engine shall assign the resource BIThoR¢ and add
OR10SLMP to LMPITh,b.

14.6 Revised Financial Dispatch Data Parameter
Determination

14.6.1 A resource that fails the Price Impact Test shall have its financial dispatch
data parameters revised as follows:
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14.6.1.1  If the resource has failed a Price Impact Test for energy and is in
BIT»NCA, BIThPCA, BIThBCA, or BIThMP, the dispatch data parameters in
PARAMERH» shall be used to determine the dispatch data parameters
that shall be replaced.

14.6.1.2  If the resource has failed a Price Impact Test for operating reserve
and is in BIThORL or BIThORG, the dispatch data parameters in
PARAMORn, b shall be used to determine the dispatch data parameters
that shall be replaced.

14.6.1.3  If a non-quick-start resource has failed a Price Impact Test in any
hour, the commitment cost parameters that failed the corresponding
Conduct Test shall be replaced with the resource’s applicable
reference level value for that hour. For any hours prior, any
commitment cost parameters for that resource that failed the
Conduct Test shall be replaced with the resource’s applicable
reference level values in those hours. This is expressed as:

14.6.1.3.1 For each hour h€ {1, .., 24} and all b € Bngs such thatb €
BITyNCA U BI'fPCA U BIFBCA U BI'FEMP, for hours prior to and
including the hour that failed the Price Impact Test, H € {1, .. ,h},
ifb € BCEF'“ U BCEP™ U BCE4 U BGHMP and
PARAMERH) contains any of the commitment cost
parameters SUOffer, SNLOffer, or EnergyToMLPx, these
parameters shall be replaced with reference levels.

14.6.1.4  Section 14.6.1.3 shall apply to the tests for local market power and
global market power for operating reserve, except PARAMORH,» shall
be checked in place of PARAMEH,p.

14.6.1.5 If aresource is in a narrow constrained area or a dynamic
constrained area and has failed a Price Impact Test, each resource in
the same narrow constrained area or dynamic constrained area that
also failed the corresponding Conduct Test shall have its offer data
replaced with its applicable reference level value for that hour. For
each hourh €{1,.., 24}

14.5.1.5.1.1 if BIThN¢ includes one or more resource in a narrow
constrained area, n, each resource b € BC/2¢A for the
narrow constrained area, RR, shall have the parameters in
PARAME: replaced with its reference level values; and

14.5.1.5.1.2  if BIThP¢ includes one or more resources in a dynamic
constrained area, d, each resource b € BCTrP¢A for
dynamic constrained area, d, shall have the parameters
in PARAME» replaced with its reference level values.
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14.6.1.6  If a non-quick-start resource in a narrow constrained area or a
dynamic constrained area has failed a Price Impact Test, each non-
quick start resource in the narrow constrained area or dynamic
constrained area that also failed the corresponding Conduct Test shall
have its commitment cost parameters replaced with its applicable
reference level value for that hour. For any hours prior, if a non-quick-
start resource in that narrow constrained area or dynamic
constrained area has a commitment cost parameter that failed the
Conduct Test, that commitment cost parameter shall be replaced with
the resource’s applicable reference level value in those hours. This is
expressed as:

14.6.1.6.1 For all hours up to the hour in which a resource failed the Price
Impact Test for a narrow constrained area, for all b € BCTh nca
if PARAMEn» contains any of the commitment cost parameters
SUOffer, SNLOffer, or EnergyToMLPk, replace these parameters
with reference level values.

14.6.1.6.2 For all hours up to the hour in which a resource failed the Price
Impact Test for a dynamic constrained area, for all b € BCT/2V¢A,
if PARAMEH, contains any of the commitment cost parameters
SUOffer, SNLOffer, or EnergyToMLPx, replace these parameters
with reference level values.

14.6.1.7  If a resource fails the local market power for operating reserve Price
Impact Test, all resources in the same operating reserve region with a
non-zero operating reserve minimum requirement that failed the
corresponding Conduct Test for at least one parameter shall have the
parameter that failed the Conduct Test replaced with the resource’s
applicable reference level value for that hour. This is expressed as:

14.6.1.7.1 For each hour h € {1, .., 24}, if BITrorLincludes one or more
resources in operating reserve region, 1, all resources, b €
Bl zzorL for operating reserve region, r, shall have the
parameters in PARAMOR» replaced with reference level values.

14.6.1.8  If a non-quick start resource fails the local market power for
operating reserve Price Impact Test in any hour, the commitment
cost parameters for all non-quick start resources in the same
operating reserve region with a non-zero operating reserve minimum
requirement that failed the corresponding Conduct Test shall be
replaced with the resource’s applicable reference level value for that
hour. For any hours prior, any commitment cost parameters of non-
quick start resources that failed the Conduct Test shall be replaced
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with the resource’s applicable reference level value in those hours.
This is expressed as:

14.6.1.8.1 For all hours up to the hour in which a resource failed the Price
Impact Test for P, for all b € BCT» 9RL, it PARAMER®» contains any
of the commitment cost parameters SUOffer, SNLOffer, or
EnergyToMLPkx, replace these parameters with reference level
values.

14.7  Outputs

14.7.1 The day-ahead market calculation engine shall prepare the following
outputs for each hour h € {1, .., 24}:

14.7.1.1  The set of resources that failed the Price Impact Test, by condition, in
accordance to sections 14.4 and 14.5;

14.71.2  The locational marginal prices for energy and operating reserve that
failed the Price Impact Test for each resource at bus bb in according
to sections 14.4 and 14.5; and

14.71.3 A revised set of offer data for resources that failed the Price Impact
Test, replacing offer data that failed the Conduct Test with the
applicable reference level values, in accordance with section 14.6.

14.7.2 The day-ahead market calculation engine shall not replace financial
dispatch data parameters for a resource with that resource’s applicable

reference level value if the dispatch data is less than the reference level
value.

15 Mitigated Scheduling

15.1 Purpose
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15.2

15.3

15.4

16

16.1

15.1.1

15.1.2

The day-ahead market calculation engine shall perform the Mitigated
Scheduling algorithm if at least one resource failed the Price Impact Test
in section 14.

The Mitigated Scheduling algorithm shall perform a security-constrained unit
commitment and economic dispatch to maximize gains from trade using
dispatch data submitted by registered market participants, including
resource reference level values subject to section 15.2.2, to meet the IESO’s
average province-wide non-dispatchable demand forecast and IESO-specified
operating reserve requirements for each hour of the next dispatch day.

Information, Sets, Indices and Parameters

15.2.1

15.2.2

Information, sets, indices and parameters used by the Mitigated Scheduling
algorithm are described in section 3 and 4. In addition, the Mitigated
Scheduling algorithm shall use the list of resources that failed the Price
Impact Test and a revised set of financial dispatch data parameters for
those resources.

For resources identified in section 14.7.1, the Mitigated Scheduling algorithm
shall use reference level value for any financial dispatch data parameters
that failed the Conduct Test.

Variables, Objective Function and Constraints

15.3.1

15.3.2

The day-ahead market calculation engine shall solve for the variables set
out in section 8.3.1.

The objective function for the Mitigated Scheduling algorithm shall be the
same as the objective function in section 8.3.2, subject to the constraints in
sections 8.4 through 8.7. The sensitivities and limits used in section 8.7.3 shall
be replaced with those provided by the most recent security assessment
function iteration in the Mitigated Scheduling algorithm.

Outputs

15.4.1

Outputs of the Mitigated Scheduling algorithm include resource schedules
and commitments.

Mitigated Pricing

Purpose

PwC | MRP DAM Engine Pre-Implementation Review

144



16.1.1

16.1.2

The day-ahead market calculation engine shall perform the Mitigated
Pricing algorithm if the day-ahead market calculation engine performs the
Mitigated Scheduling algorithm.

The Mitigated Pricing algorithm shall perform a security-constrained
economic dispatch to maximize gains from trade using dispatch data
submitted by registered market participants, resource reference level value
subject to section 16.2.2, and resource schedules and commitments produced
by the Mitigated Scheduling algorithm, to meet the IESO’s average province-
wide non-dispatchable demand forecast and IESO-specified operating
reserve requirements for each hour of the next dispatch day.

16.2 Information, Sets, Indices and Parameters

16.2.1

Information, sets, indices and parameters used by the Mitigated
Pricing algorithm are described in sections 3 and 4. In addition, the
following resource schedule and commitments from the Mitigated
Scheduling algorithm shall be used by the Mitigated Pricing
algorithm
16.2.1.1 SDGhbiMS designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDGp at
bus b € BELR U BHE in hour h € {1, .., 24} in association with
lamination k € Kpp&
16.2.1.2 ODGnMS designates whether a dispatchable generation
resource at bus b € BP¢ was scheduled at or above its minimum
loading point in hour h € {1, .., 24};
16.2.1.3 S10SDGhb k™S designates the amount of synchronized ten-

minute operating reserve that a dispatchable generation
resource is scheduled to provide at bus b € BELR U BHE in hour
h € {1, ., 24} in association with lamination k € K105,

16.2.1.4  S10NDGnhMS designates the amount of non-synchronized ten- minute

operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € BELRU BHE in hour h € {1, .., 24} in
association with lamination k € Kpp10V;

16.2.1.5  S30RDGHMS designates the amount of thirty-minute operating

reserve that a dispatchable generation resource is scheduled to
provide at bus b € BELRU BFE in hour h € {1, .., 24}in association with
lamination k € Kps39R; and

16.2.1.6  OHO#pMS designates whether a dispatchable hydroelectric generation

resource at bus b € BHE has been scheduled at or above MinHOn5 in
hour h € {1,.., 24}.
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16.3

16.4

16.2.2 For each resource identified in section 14.7.1, the Mitigated Pricing algorithm
shall use such resource’s reference level value for any financial dispatch
data parameters that failed the Conduct Test.

Variables and Objective Function

16.3.1 The day-ahead market calculation engine shall solve for the variables listed
in section 9.3.1.

16.3.2 The objective function for the Mitigated Pricing algorithm shall be the same
as the objective function in section 9.3.2, subject to section 16.4.

Constraints
16.4.1 The constraints that apply in the Mitigated Pricing algorithm shall be the same
as the constraints in sections 9.4 through 9.8, with the following exceptions:

16.4.1.1  The marginal loss factors used in the energy balance constraint in
section 9.7.1 shall be fixed to the marginal loss factors used in the last
iteration of the optimization function in the Mitigated Scheduling
algorithm.

16.4.1.2  The sensitivities and limits used in section 9.7.3 shall be replaced with
those provided by the most recent security assessment function
iteration in the Mitigated Pricing algorithm.

16.4.1.3  For the constraints in section 9.8, the outputs from the As-Offered
Scheduling algorithm shall be replaced with the outputs from the
Mitigated Scheduling algorithm as follows:

16.4.1.3.1 SDGhb,i495 shall be replaced by SDGh k™S for all h € {1, .., 24},
b € BELR U BHE |k € KpiE ;

16.4.1.3.2  ODGhp9S shall be replaced by ODGr ™S for all h € {1, .., 24},
b € BDG;

16.4.1.3.3 S10SDGhb,iA% shall be replaced by S10SDGhbiMs for all
he{1,..,24}, b € BELR U BHE k € Kjp1%5,

16.4.1.3.4 S10NDGHbA%S shall be replaced by STONDGhbMS for all
he{1,..,24}, b€ BELR U BHE, k € Kh,b 10N;
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16.4.1.3.5 S30RDGh,b,k AOS shall be replaced by S30RDGh,b,k MS for all
he{1,..,24}, b e BELR U BHE, k € Kh,b 30R; and

16.4.1.3.6 OHOh,b AOS shall be replaced by OHOh,b MS for all h € {1, .., 24},
b € BHE.

16.5 Outputs

16.5.1 Outputs of the Mitigated Pricing algorithm include the following:
16.5.1.1  Shadow prices; and

16.5.1.2  Locational marginal prices and their components.

17 Pass 2: Reliability Scheduling and
Commitment

171 Purpose

17.1.1 Pass 2 shall use market participant and IESO inputs along with resource and
system constraints to determine a set of resource schedules and commitments.
Pass 2 shall consist of the Reliability Scheduling algorithm described in
section 18.

18 Reliability Scheduling

18.1 Purpose

18.1.1 The Reliability Scheduling algorithm shall use dispatch data submitted by
registered market participants and perform a security-constrained unit
commitment and economic dispatch to meet the IESO’s peak province-wide
non-dispatchable demand forecast and IESO-specified operating reserve
requirements for each hour of the next day to minimize the cost of additional
commitments.

18.2 Information, Sets, Indices and Parameters

18.2.1 Information sets, indices and parameters used by the Reliability Scheduling
algorithm are described in sections 3 and 4. The Reliability Scheduling
algorithm shall also use the following:
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18.2.1.1  resource schedules, commitments, and locational marginal
prices from Pass 1, where:

18.2.1.1.1

18.2.1.1.2

18.2.1.1.3

18.2.1.1.4

18.2.1.1.5

18.2.1.1.6

18.2.1.1.7

18.2.1.1.8

SXLh,a,! designates the amount of energy that a boundary
entity resource is scheduled to export at intertie zone bus

d € DX in hour h € {1, .., 24} in association with lamination
j € JndE ;

SDGhp ! designates the amount of energy that a dispatchable
generation resource is scheduled to provide above

MinQDG»y at bus b € BELR U BHE in hourh € {1, .., 24} in
association with lamination k € Kn £ ;

ODGnp! designates whether a dispatchable generation
resource at bus b € BP¢ was scheduled at or above its
minimum loading point in hour h € {1, . ., 24};

S10SDGhpi! designates the amount of synchronized ten-
minute operating reserve that a dispatchable generation
resource is scheduled to provide at bus b € BELR U BHE in hour
he{1,..,24} inassociation with laminationk € Kn»10S;

S10NDGhbk! designates the amount of non-synchronized
ten-Minute operating reserve that a dispatchable generation
resource is scheduled to provide at bus b € BELR U BHE in hour
he{1,.., 24} in association with lamination k € Kp»1N;

S30RDGhbK! designates the amount of thirty-minute
operating reserve that a qualified dispatchable generation
resource is scheduled to provide at bus b € BELR U BHE in hour
he{1,.., 24} in association with lamination k € Kx»3R;

SIGhak! designates the amount of energy that a boundary
entity resource is scheduled to import at intertie zone bus d €
DI in hour h € {1, .., 24} in association with lamination k €
Kt ; and

LMPn! designates the locational marginal price in hour h €
{1, .., 24} at bus b € BELR Uy BHE; and
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18.2.1.2 The buses identifying either single energy limited resources
or multiple dispatchable hydroelectric generation resources
with a registered forebay, and the subset of resources with a
binding maximum daily energy limit constraint from Pass 1

18.2.1.2.1 BLM= BELR y {BHE for all s € SHE} designates the set of buses
identifying either energy limited resources or dispatchable
hydroelectric generation resources sharing a maximum daily
energy limit; and

18.2.1.2.2 BBND c BLIM designates the subset of buses identifying either
energy limited resources, or dispatchable hydroelectric
generation resources sharing a maximum daily energy limit, with
a binding maximum daily energy limit constraint from Pass 1,
where: a maximum daily energy limit shall be considered binding
if the criteria in sections 9.8.2 and 9.8.3.6 are met using ODGn! ,
SDGhbkl, STONDGhb ! and S30RDGh b,k

18.2.2 The Reliability Scheduling algorithm shall use reference level value for
any financial dispatch data parameters that failed the Conduct Test
associated with resources identified in section 14.7.

18.2.3 Dispatchable loads, non-dispatchable generation resources, and the
energy offered above minimum loading point for dispatchable
generation resources shall be evaluated in the Reliability Scheduling
algorithm as follows:

18.2.3.1  PRucDLnjdesignates the energy price for incremental energy
consumption in hour h € {1, .., 24} at dispatchable load bus b € BpL
in association with bid lamination j € Jn»f , where:

PRucDLnbj = min(n,PDLnu,);

18.2.3.2  PRuc10SDLsmm designates the price of being scheduled to provide
synchronized ten-minute operating reserve in hour h € {1, .., 24} at
dispatchable load bus b € BIPL in association with offer
lamination j € Jn1%5, where:

PRuc10SDLnb; = min(n,P10SDLhbj);

18.2.3.3  PRuc10NDLhs, designates the price of being scheduled to provide
non-synchronized ten-minute operating reserve in hour h € {1, . .,
24} at dispatchable load bus b € BpL in association with offer
lamination j € Jn» 1N, where:

PwC | MRP DAM Engine Pre-Implementation Review
149



PRuc10NDLnyj = min(n,P10NDLns,;),

18.2.3.4  PRuc30RDLxb; designates the price of being scheduled to provide
thirty-minute operating reserve in hour h € {1, .., 24} at
dispatchable load bus b € BpL in association with offer lamination j €
Jnp39R, where:

PRuc10NDL s = BEn(n, B10NDLhb,);

18.2.3.5 PRucNDGhbk designates the energy price for incremental generation
inhour h € {1, .., 24} at non-dispatchable generation resource bus b
€ BNDG in association with offer lamination k € Knb E , where:

PRucNDGhb k= min(n, PNDGhbx);

18.2.3.6  PRucDGnhnk designates the energy price for incremental generation in
hour h € {1, .., 24} at dispatchable generation resource bus b € BP¢
in association with offer lamination k € K £, where:

PRucDGhbx = min(n, PDGn,b,x);

18.2.3.7  PRucl0SDGnpk designates the price of being scheduled to provide
synchronized ten-minute operating reserve in hour h € {1, .., 24} at
dispatchable generation resource bus b € Bpc in association with
offer lamination k € K195, where:

PRuc10SDGhbkx = min(n, P10SDGh,bk);

18.2.3.8  PRuclONDGh,k designates the price of being scheduled to provide
non-synchronized ten-minute operating reserve in hour h € {1, . .,
24} at dispatchable generation resource bus b € Bpé in association
with offer lamination k € Kn 1N, where:

PRuc10NDGhbk = min(n, P1ONDGhb,k);

18.2.3.9  PRuc30RDGh,pk designates the price of being scheduled to provide
thirty-minute operating reserve in hour h € {1, .., 24} at
dispatchable generation bus b € BDG in association with offer
lamination k € Kp 308

where:
PRuc30RDGhbk =min(n, P3ORDGhbk);
where:

n = $0.10/MWh;

18.2.4 For the set of resources identified in the buses in section 18.2.1.2, incremental
quantities of energy at or above minimum loading point shall be evaluated in
the Reliability Scheduling algorithm as follows:
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18.2.4.1

18.24.2

18.2.4.3

18.2.4.4

Q1DGnk designates an incremental quantity of energy that a
resource may be scheduled to provide in hour h € {1, .., 24} in
association with offer lamination k € Knb E and corresponding to
the Pass 1 scheduled portion of the lamination, where:

Q1DGnbk = SDGhbk!;

P1DGnk designates the price for the incremental quantity of
energy that a resource may be scheduled to provide in hour h € {1,
..,24} in association with offer lamination k € KhbE and
corresponding to the Pass 1 scheduled portion of the lamination,
where:

P1DGhpbk = min(PDGhbk, — LMPhb! );

Q2DGnpk designates an incremental quantity of energy that a
resource may be scheduled to provide in hour h € {1, .., 24} in
association with offer lamination k € KnpE and corresponding to
the Pass 1 unscheduled portion of the lamination, where:

Q2DGhbk = QDGhbk — SDGhbK; and

P2DGh,b,k designates the price for the incremental quantity of
energy that a resource may be scheduled to provide in hour

h € {1,., 24} in association with offer lamination k € Kxf and
corresponding to the Pass 1 unscheduled portion of the lamination,
where:

max(n, PDGyy, . — LMP}L)) if b € BEND

P2DG = '
h,b.k {min(n, PDGh,b,k) otherwise

18.3  Variable and Objective Function

18.3.1 The day-ahead market calculation engine shall solve for the variables listed
in section 8.3.1.

18.3.2 The objective function for the Reliability Scheduling algorithm shall be the
same as the objective function in section 8.3.2, with the following exceptions:

18.3.2.1

The day-ahead market calculation engine shall remove the variables
for price responsive loads (SPRLhb,), virtual transaction bids
(PVBn,y,;, QVBn,y,), and virtual transaction offers (PVOhkQVOhk)
from the objective function;
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18.3.2.2  The day-ahead market calculation engine shall add the following
variables to the objective function:

18.3.2.2.1 S1DGnpk designates the amount of energy that a dispatchable
generation resource is scheduled to provide at bus b € BL/M in
hour h € {1, .., 24} in association with lamination k € Kpv*
corresponding to the Pass 1 scheduled portion of the lamination;
and

18.3.2.2.2 S2DGhbk designates the amount of energy that a dispatchable
generation resource is scheduled to provide at bus b € BL™ in hour
h € {1,.., 24} in association with lamination k € Knv*
corresponding to the Pass 1 unscheduled portion of the lamination

18.3.2.3  The objective function coefficients for dispatchable loads, non-
dispatchable generation resources and dispatchable generation
resources shall be modified to reflect the price of incremental energy
from such resources as specified in section 18.2.3; and

18.3.2.4  The objective function coefficients for single energy limited resources
and multiple dispatchable hydroelectric generation resources with a
registered forebay shall be modified to reflect the pricing of the Pass 1
scheduled and unscheduled portions as specified in section 18.2.4.

18.3.3 The objective function for the Reliability Scheduling algorithm shall minimize
the cost of additional commitments by maximizing the following expression:

z (ObjDLh — ObjHDR), + ObjXL), — OijDGh)

— 0bjDGy, — ObjIG, — TB;, — ViolCosty,
h=1,,24

where:
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ObjDL,
Z SDLh,b,j " PRuCDLh'bJ' - Z S].OSDLh,bJ‘ " PR'MClOSDLh'bJ -

_ jeify jenry’
bepDL Z SlONDLh,bJ " PRHClONDLh_b_j - Z S30RDLthJ' . PRuC30RDLh‘b,j
j ey JeRE

ObjHDR, = Z Z SHDRy,;, j - PHDRy, , ;

begDR \ ' fF

Z SXLh,d,j * PXLh,d,j - Z SlONXLh’dJ * PlONXLh'dJ‘

ObjXL, = Z Teliia e
h =
deDX - z S30RXLh,d,j ' PSORXLh,d’j

. R
JEIRY

ObJNDGh = z Z SNDGth‘k " PRuCNDGh'b‘k

NDG E
beB kEKpp

0bjDG,

= Z z SDGhjb,k 'PRuCDGh'ka

beBPG, beBlIM \rekE,

+ z Z (SlDGh,b,k " PlDGh,b,k + SZDGh,b,k 'PZDGh’ka)

TIM E
beB k€K )

SlOSDGh,b‘k . PRuClOSDGth,k +
N KeKESS
bepDG z SlONDGh’b,k . PRuClONDGh'ka + z S30RDGh,b,k ' PRuC30RDGh_b’k

10N
k€K ),

+ Z (oDG,, - MGODG,,, + IDG,, - SUDG,, )

beBpNQs

30R
kEKp

Z SIGh,d,k " PIGh,d,k + Z SlONIGh’d’k : PlONIGh’d’k

ObjIG E KEKia KeRRd
] h =
&, + E S30RIG, 4 - P30RIG) 1

30R
kek}Y

18.3.3.1 The tie-breaking (TBs) and the violation cost (ViolCostr) terms used
shall be the ones defined in sections 8.3.1 and 8.3.2.
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18.4 Constraints

18.4.1 The Reliability Scheduling algorithm optimization shall apply the constraints
described in sections 18.5 through 18.7 and 18.8.

18.5 Dispatch Data Constraints Applying to Individual Hours

18.5.1 Scheduling Variable Bounds and Commitment Status Variables

18.5.1.1  The constraints shall be the same as in section 8.5.1 with the following
exceptions:

18.5.1.1.1 the constraints applying to price responsive loads in section 8.5.1.6
shall be removed; and

18.5.1.1.2 the constraints applying to virtual transaction bids and offers in
section 8.5.1.6 shall be removed.

18.5.2 Resource Minimums and Maximums

18.5.2.1  The constraints in section 8.5.2 shall apply for dispatchable loads,
non-dispatchable generation resources and inadvertent payback
transactions.

18.5.2.2  The constraints in section 8.5.2 shall apply for dispatchable
generation resources, except the alternative forecast (AFGhp ) is
replaced with the IESO’s centralized forecast (FGnp). That is:

_ . o s VG
R vt S
and

AdjMinDGy ), = min(MinDGy,;, AdjMaxDGy, ;)
T};gn, for all hours 7€ {1,..,24} and all buses b €
B&":

AdeanGh‘b = MinQDG, - ODGy , + Z SDGypx
kEKE,

= AdeﬂxDGth

18.5.3 Operating Reserve Requirements

18.5.3.1  The constraints in section 8.5.4 shall apply for operating reserve
requirements.
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18.5.4 Pseudo-Units

18.5.4.1  The constraints in section 8.5.5 shall apply for pseudo-units.

18.5.5 Dispatchable Hydroelectric Generation Resources

18.5.5.1  The constraints in section 8.5.6 shall apply for dispatchable
hydroelectric generation resources.

18.5.6 Wheeling Through Transactions
18.5.6.1  The constraints in section 8.5.7 shall apply for wheeling through
transactions.

18.6  Dispatch Data Inter-Hour/Multi-Hour Constraints

18.6.1 Energy Ramping

18.6.1.1  The constraints in section 8.6.1 shall apply for energy ramping.

18.6.2 Operating Reserve Ramping

18.6.2.1  The constraints in section 8.6.1.1 shall apply for operating reserve
ramping.

18.6.3 Non-Quick-start Resources

18.6.3.1  The constraints in section 8.6.3 shall apply for non-quick start
resources.

18.6.4 Energy Limited Resources

18.6.4.1  The constraints in section 8.6.4 shall apply for energy limited
resources.

18.6.5 Dispatchable Hydroelectric Generation Resources
18.6.5.1  The constraints in section 8.6.5 shall apply for dispatchable

hydroelectric generation resources.

18.7  Constraints for Reliability Requirements

18.7.1 Energy Balance

18.7.1.1  The constraint in section 8.7.1 shall apply in the Reliability Scheduling
algorithm, with the following exceptions:

18.7.1.1.1 price responsive loads shall be removed from the total amount of
scheduled energy withdrawals, Withs,p, in section 8.7.1.1;
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18.7.1.1.2 the net withdrawal for virtual transaction zones, VWithnm, in
sections 8.7.1.2 and 8.7.1.6 shall be removed; and

18.7.1.1.3 the Reliability Scheduling algorithm shall use the IESO’s peak
province-wide non-dispatchable demand forecast (PFL#), in place

of the IESO’s average province-wide non-dispatchable demand
forecast (AFLn).

18.7.1.2  The total amount of energy withdrawals scheduled at load bus b € B in
hour h € {1, .., 24}, Withns, shall be:

With,, ,
Z DLy, if b e BPL
_ JEIE
Z (QHDRy,, ; — SHDRy, ), ;) if b € BIPR
i€lhp

18.7.1.3  The total amount of energy withdrawals scheduled at intertie zone bus
d € DX in hour h € {1, .., 24}, Withna, shall be:

Withh’d — Z SXL}l,d,j

fEfﬁd

18.7.1.4  The total amount of energy injections scheduled at internal bus
b € Binhour h € {1, .., 24}, Injns, shall be:

Injy, = Of ferinj, , + RampInj,

where:
Of ferInjy
Z SNDG), j x if b € BNPC
| kel
ODGy ), - MinQDG, + Z SDGyp ke if b € BP¢
kEKEb
and
Ramplnjh,b

RampEb’w ' IDGh+W,b lf be BNQS

w=L.min(RampHrsp,24—h)
0 otherwise
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18.7.1.5  The total amount of energy injections scheduled at intertie zone
bus d € DI in hour h € {1, .., 24}, Injn, shall be:

Injyq = Z SIGh g k-

E

18.7.1.6  Energy injections and withdrawals at each bus shall be multiplied
by one plus the marginal loss factor from the security assessment
function 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 energy 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 shall be subtracted from the total load or generation to
allow the day-ahead market calculation engine to produce a
solution. For hour h € {1, .., 24}:

PFLh + Z (1 + MglLOSSth) ' Withh'b

brepPLypHDR

+ Z (1 + MglLOSSh,d) ' Withh,d

deDX

- Z SLdViOlh,i

i=1--NLdVioIh

_ Z (1 + MgILossh,b) “Injp
bEBNDGUBDG

+ Z (1 + MglLossh,d) “Injp q
deDi

— Z SGenVioly, ; + LossAdjy,.

i=1.NgGenvioly,

18.7.2 Operating Reserve Requirements

18.7.2.1  The constraints in section 8.7.2 shall apply for operating reserve.

18.7.3 IESO Internal Transmission Limits

18.7.3.1  The constraints in section 8.7.3 shall apply for /ESO internal
transmission limits. The sensitivities and limits applied shall be

PwC | MRP DAM Engine Pre-Implementation Review
157



provided by the most recent security assessment function iteration of
the Reliability Scheduling algorithm, with the following exceptions:

18.7.3.2  The terms for price responsive loads in sections 8.7.3.3 and 8.7.3.4
shall be removed; and

18.7.3.3  The terms for bids and offers for virtual transactions in sections
8.7.3.3 and 8.7.3.4 shall be removed.

18.7.4 Intertie Limits

18.7.4.1  The constraints in section 8.7.4 shall apply for intertie limits.

18.7.5 Penalty Price Variable Bounds

18.7.5.1  The constraints in section 8.7.5 shall apply for penalty price variable
bounds.

18.8  Constraints to Respect Pass 1 Decisions

18.8.1 The Reliability Scheduling algorithm shall not schedule energy import
schedules for boundary entity resources below those import schedules
determined in Pass 1. For all hours h € {1, .., 24} and intertie zone buses

d € DI that are not part of a wheeling through transaction:

18.8.2 The Reliability Scheduling algorithm shall not schedule energy export
schedules for boundary entity resources above those export schedules
determined in Pass 1. For all hours h € {1, .., 24} and intertie zone buses

d € DX that are not part of a wheeling through transaction:

Z SXLpa; < Z SXL}MU,-

JEIE 4 i€k a
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18.8.3 The Reliability Scheduling algorithm shall not de-commit dispatchable
generation resources committed in Pass 1. For all hours h €{1, .., 24} and
buses b € BPG:

0DG,, = ODG},

18.8.4 For single energy limited resources and multiple dispatchable hydroelectric
generation resources with a registered forebay, the Reliability Scheduling
algorithm shall ensure the schedule for each offer lamination is equal to the
schedules corresponding to the Pass 1 scheduled and unscheduled portions.
For all buses b € BLM, hours h € {1, .., 24} and offer laminations k € KnE :

SDGh,b,k - SlDGth‘k + SZDG.}L,D,R

18.8.5 The generation resource schedules for the Pass 1 scheduled and unscheduled
portions of the lamination shall respect the incremental quantity of energy
beyond the minimum loading point that may be scheduled. For all buses b €
BLIM hours h € {1, .., 24} and offer laminations k € K E :

0 <S1DGpp < Q1DGy 4
and

0 <S2DGppyr < Q2DGy i

18.9  Outputs

18.9.1 Outputs of the Reliability Scheduling algorithm shall include resource
schedules and commitments.

19 Pass 3: DAM Scheduling and Pricing

19.1 Purpose

19.1.1 Pass 3 shall use market participant and IESO inputs along with resource and
system constraints to determine a set of resource schedules, commitments,
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and shadow prices, as well as a set of schedules and locational marginal
prices that shall be used for settlement. Pass 3 consists of the DAM
Scheduling algorithm described in section 20 and the DAM Pricing algorithm
described in section 21.

20 DAM Scheduling

20.1 Purpose

20.1.1 The DAM Scheduling algorithm shall perform a security-constrained
economic dispatch to maximize gains from trade using dispatch data
submitted by registered market participants, reference level values for
resources subject to section 20.2.2, and resource schedules and commitments
from the Reliability Scheduling algorithm, to meet the IESO’s average
province-wide non-dispatchable demand forecast and IESO-specified
operating reserve requirements for each hour of the next dispatch day

20.2 Information, Sets, Indices and Parameters

20.2.1 Information, sets, indices and parameters for the DAM Scheduling algorithm
are described in sections 3 and 4. In addition, the following resource
schedules and commitments from Pass 2 shall be used by the DAM
Scheduling algorithm:

20.2.1.1  SXLnaj which designates the amount of energy that a boundary
entity resource is scheduled to export at intertie zone bus d € DX
in hour h € {1, .., 24} in association with lamination j € Jnd ;

20.2.1.2  ODGhp? , which designates whether the dispatchable generation
resource at bus b € Bog was scheduled at or above its minimum
loading point in hour h € {1, .., 24}; and

20.2.1.3  SIGhak? , which designates the amount of energy that a boundary
entity resource is scheduled to import at intertie zone bus d € DI in
hour h € {1, .., 24} in association with lamination k € Knd~.

20.2.2 The DAM Scheduling algorithm shall use reference level value for any

financial dispatch data parameters that failed the Conduct Test associated
with resources identified in section 14.7.

20.3 Variables and Objective Function
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20.3.1 The day-ahead market calculation engine shall solve for the variables set out
in section 8.3.1.

20.3.2 The objective function for the DAM Scheduling algorithm shall be the same
as the objective function in section 8.3.2, with the following exceptions:

20.3.2.1  the variables for unit commitment decisions (ODGn,pb) shall be fixed
within the optimization function; and

20.3.2.2  the start-up offer (SUGh») and the offer price to operate at minimum
loading point (MGODGh,) shall be removed from the objective
function.

20.3.3 The optimization function in the DAM Scheduling algorithm shall be subject
to the constraints described in section 20.4.

20.4 Constraints

20.4.1 The DAM Scheduling algorithm optimization function shall apply the
constraints described in sections 20.5— 20.8.

20.5 Dispatch Data Constraints Applying to Individual Hours

20.5.1 The constraints in section 8.5 shall apply in the DAM Scheduling algorithm.

20.6 Dispatch Data Inter-Hour/Multi-Hour Constraints

20.6.1 The constraints in section 8.6 shall apply in the DAM Scheduling algorithm,
with the exception that the constraints for non-quick start resources in section
8.6.3 shall be removed.

20.7 Constraints to Ensure Schedules Do Not Violate
Reliability Requirements

20.7.1 The constraints are the same as in section 8.7. The sensitivities and limits used
in section 8.7.3 are those provided by the most recent security assessment
function iteration of the DAM Scheduling algorithm.

20.8 Constraints to Respect Pass 2 Decisions

20.8.1 The DAM Scheduling algorithm shall not decrease import schedules from the
values produced in Pass 2 and may schedule additional imports of energy in
Pass 3. For all hours h € {1, .., 24} and intertie zone buses d € DI that are not
part of a wheeling through transaction:
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20.8.2

20.8.3

The DAM Scheduling algorithm shall not increase export schedules in Pass 3
from the values produced in Pass 2. For all hours h € {1, .., 24} and intertie
zone buses d € DX that are not part of a wheeling through transaction:

Z SXLpa; < Z SXL3 4

J'Eff,d }'Efjfd

The DAM Scheduling algorithm shall not change commitments statuses in
Pass 3 for resources as determined in Pass 2. For all hours h € {1, .., 24} and
buses b € BPG:

0DGy,, = ODG},

20.9 Outputs

20.9.1

Outputs for the DAM Scheduling algorithm shall include resource schedules
and commitments.

21 DAM Pricing

211 Purpose

21.1.1

The DAM Pricing algorithm shall perform a security-constrained economic
dispatch to maximize gains from trade using dispatch data submitted by
registered market participants, reference level values for resources subject
to section 21.2.2.3, and resource schedules and commitments produced by the
DAM Scheduling algorithm, to meet the IESO’s average province-wide non-
dispatchable demand forecast and IESO-specified operating reserve
requirements for each hour of the next dispatch day.

21.2 Information, Sets, Indices and Parameters
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21.2.1 Information, sets, indices and parameters for the DAM Pricing algorithm are
described in sections 3 and 4. In addition, DAM Pricing algorithm shall use
the following resource schedules and commitments from the DAM
Scheduling algorithm in section 20:

21211

21.2.1.2

21213

21214

21.21.5

21.21.6

SDGh,bk 3 which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDGp at bus b
€ BELR U BHE in hour h € {1, .., 24} in association with lamination k €
Knpt

ODGnp3, which designates whether the dispatchable generation
resource at bus b € BP¢ was scheduled at or above its minimum
loading point in hour h € {1, .., 24}. Note that ODGhs* = ODGhv?
for all hours # € {1, .., 24} and busesb € BPG;

S10SDGhbi3, which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € BELRU BHE in hour h € {1, .., 24} in
association with lamination k € Kp»195;

S10NDGh,b3, which designates the amount of non-synchronized ten-
minute operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € BELR U BHE in hour h € {1, .., 24} in
association with lamination k € Kp»1oVN;

S30RDGhbk3, which designates the amount of thirty-minute
operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € BELR U BHE in hour h € {1, .., 24}in
association with lamination k € Kn»3R; and

OHOn?, which designates whether the dispatchable hydroelectric
generation resource at bus b € BHE has been scheduled at or above
MinHOnp in hour h € {1, .., 24}.

21.2.2 The resource schedules from Pass 2:

21.2.21

21222

21223

SXLnaj2, which designates the amount of energy that a boundary
entity resource is scheduled to export at bus d € DX in hour
h €{1,.., 24} in association with lamination j € Jnqf ; and

SIGhak2, which designates the amount of energy that a boundary
entity resource is scheduled to import at bus d € DI in hour
h € {1, ..24} in association with lamination k € Kn,qt.

The DAM Pricing algorithm shall use reference level values for any
financial dispatch data parameters that failed the Conduct Test
associated with resources identified in section 14.7.
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21.3 Variables and Objective Function

21.3.1 The DAM Pricing algorithm shall solve for the variables listed in section
9.3.1.

21.3.2 The objective function for the DAM Pricing algorithm shall be the same as the
objective function in section 9.3.2, subject to section 21.4.

21.4 Constraints

21.4.1 The constraints in sections 9.4 through 9.8 shall apply in the DAM Pricing
algorithm, with the following exceptions:

21.4.1.1  The marginal loss factors used in the energy balance constraint in
section 9.7.1 shall be fixed to the marginal loss factors used in the last
optimization function iteration of the DAM Scheduling algorithm in
section 20.

21.4.1.2  The sensitivities and limits used in section 9.7.3 shall be provided by
the most recent security assessment function iteration of the DAM
Pricing algorithm.

21.4.1.3  For the constraints in section 9.8, the outputs from the As-Offered
Scheduling algorithm in section 8 shall be replaced with the outputs
from the DAM Scheduling algorithm in section 20, as follows:

21.4.1.3.1 SDGnp 405 shall be replaced by SDGnbi3 for all h € {1, .., 24},
bEBELR Y BHE |k € KppE;

21.4.1.3.2 ODGnrp4% shall be replaced by ODGnp? for allh € {1, .., 24},
beBPG;

21.4.1.3.3 S10SDGhbiA% shall be replaced by S10SDGhb,i3 for all
he{1,..,24}, b € BELRU BHE, k € Kn,105;

21.4.1.3.4 S10NDGHbk 495 shall be replaced by SIONDGh,bk 3 for all
h € {1,..,24}, b € BELRU BHE, k € Ky p!0N:

21.4.1.3.5 S30RDGhb A% shall be replaced by S30RDGh,k for all
h e {1,..,24}, b € BELRY BHE, k € Ky p39R; and

21.4.1.3.6 OHOn4% shall be replaced by OHOn? for all h € {1, .., 24},
bEBHE,
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21.4.1.4  The constraints imposed for boundary entity resource schedules in
section 20.8 shall apply to boundary entity resource schedules in the
DAM Pricing algorithm, with a tolerance A specified by the IESO and:

21.4.1.4.1 For all hours h € {1, .., 24} and boundary entity resource import
buses d € DI that are not part of a wheeling through transaction:

21.4.1.42 For all hours h € {1, .., 24} and boundary entity resource export
buses d € DX that are not part of a wheeling through transaction:

21.5 Outputs

21.5.1 Outputs of the DAM Pricing algorithm include shadow prices and locational

marginal prices for energy and operating reserve.

22 Pseudo-Unit Modelling

221 Pseudo-Unit Model Parameters

22.1.1 The day-ahead market calculation engine shall use the following registration
and daily dispatch data to determine the underlying relationship between a
pseudo-unit and the associated physical resources for a combined cycle
facility with L combustion turbines and one steam turbine:

22111 CMCRk designates the registered maximum continuous rating of
combustion turbine k € {1, ..,K} in MW;

22.1.1.2  CMLPx designates the minimum loading point of combustion turbine
ke{1,.. K} in MW;

22.1.1.3  SMCR designates the registered maximum continuous rating of the
steam turbine in MW;
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22.1.1.4  SMLP designates the minimum loading point of the steam turbine in
MW for a 1x1 configuration;

22.1.1.5  SDF designates the amount of duct firing capacity available on the
steam turbine in MW;

22.1.1.6  STPortionk designates the percentage of the steam turbine capacity
attributed to pseudo-unit k € {1, .. ,K}; and

221.1.7  CSCMk € {0,1} designates whether pseudo-unit k € {1, .. K} is flagged
to operate in single cycle mode for the day.

221.2 The day-ahead market calculation engine shall calculate the following
model parameters for each pseudo-unitk € {1,.K}:

22.1.21 MMCRk designates the maximum continuous rating of pseudo-
unitPP and is calculated as follows:

CMCR,. + SMCR - STPortion, - (1 — CSCM,,)

22122 MMLPkdesignates the minimum loading point of pseudo-unitPP
and is calculated as follows:

CMLP, + SMLP - (1 — CSCM,,)

22.1.2.3 MDFy designates the duct firing capacity of pseudo-unitPP and is
calculated as follows:

SDF - STPortion,, - (1 — CSCM,)

221.24 MDRx designates the dispatchable capacity of pseudo-unitPP and
is calculated as follows:

MMCR,, — MMLP, — MDF,

221.3 The day-ahead market calculation engine shall define three operating
regions of pseudo-unit k € {1,..K}, as follows:

22.1.3.1  The minimum loading point region shall be the capacity between 0
and MMLPx;

22.1.3.2  The dispatchable region shall be the capacity between MMLPk and
MMLPx + MDRk; and
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22.1.3.3  The duct firing region shall be the capacity between MMLPk + MDRk
and MMCR.

2214 The day-ahead market calculation engine shall calculate the associated
combustion turbine and steam turbine shares for the three operating regions of
pseudo-unitk € {1,.K}, as follows:

22141  For the minimum loading point region:

22.1.4.1.1 Steam turbine share: STShareMLPkx = SMLP-(1-CSCMk)/ MMLPk;
and

22.1.4.1.2 Combustion turbine share: CTShareMLPk = CMLPx/MMLPx;

22.1.4.2  For the dispatchable region:

22.1.42.1 Steam turbine share:
STShareDRk=

(1-CSCMy)(SMCR-STPortionk-SMLP-SDFi-STPortioni)/ MDRk ; and

22.1.4.2.2 Combustion turbine share: CTShareDRk= (CMCRix-CMLPx)/ MDRk

22.1.4.3  For the duct firing region:
22.1.4.3.1 Steam turbine share shall be equal to 1; and

22.1.4.3.2 Combustion turbine share shall be equal to 0.

22.2 Application of Physical Resource Deratings to the
Pseudo-Unit Model

22.2.1 The day-ahead market calculation engine shall apply deratings submitted by
market participants to the applicable dispatchable capacity and duct firing
capacity parameters for a pseudo-unit, where:

22211  CTCapnk designates the capacity of combustion turbine k € {1, ..,K}in
hour h as determined by submitted deratings;

22.21.2  STCapn designates the capacity of the steam turbine in hour h as
determined by submitted deratings; and

22.21.3  TotalQnk designates the total offered quantity of energy for
pseudo-unitk € {1, .. K} in hour h.
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2222 The day-ahead market calculation engine shall solve for the following
operating region parameters for hour h € [1, ..,24} for each pseudo-unit
ke{1,..K}:

22221  MLPhk designates the minimum loading point of pseudo-unit k
in hour h;

22.2.2.2  DRnk designates the dispatchable region capacity of pseudo-unit k in
hour h; and

22.2.2.3  DFhk designates the duct firing region capacity of pseudo-unitPP in
hour h.

2223 Pre-processing of De-rates

22.2.3.1  The day-ahead market calculation engine shall perform the following
pre-processing steps to determine the available operating regions for a
pseudo-unit based on the combustion turbine and steam turbine share
and the application of the pseudo-unit deratings. For pseudo-unit
ke{l,.. K} forhourh€e{l,..,24}:

22.2.3.1.1 Step 1: Calculate the amount of offered energy attributed to each
combustion turbine (CT Amthk) and steam turbine portion
(STAmthk):

If TotalQnk < MMLPk then:
CTAmtnk= 0; and
STAmtnx =0.

Otherwise:

CTAMtMLP = MMLPk-CTShareMLPx; and
STAmMtMLP = MMLP.-STShareMLPk.

If TotalQnk > MMLPx + MDRYy, then:

CTAmtDR = MDRk-CTShareDRy;

STAmtDR = MDR-STShareDRx; and

STAmtDF = (1 - CSCMk)-(TotalQnk - MMLPk — MDRKk).

Otherwise:

CTAmtDR = (TotalQnk - MMLPx)-CTShareDRi;
STAmtDR = (TotalQnk— MMLPx)-STShareDRi;
STAmtDF = 0;
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CTAmtnx = CTAMtMLP + CTAmtDR; and
STAmtnx = STAMmtMLP + STAmtDR + STAmtDF.

22.2.3.1.2 Step 2: Allocate the steam turbine capacity to each pseudo-unit:
PRSTCaphi= (STAmtnk /Y.w & (1..6STAmtnw) -STCaph

22.2.3.1.3 Step 3: Determine if the pseudo-unit is available:

If CTAmtn.k < CMLPk, then the pseudo-unit is unavailable.
If STAmtnkx < SMLP-(1 - CSCMk), then the pseudo-unit is

unavailable.

If CTCapnk < CMLPk, then the pseudo-unit is unavailable. If
PRSTCapnk < SMLP-(1 - CSCMk), then the pseudo-unit is

unavailable.

22.2.3.1.4 Step 4: Initialize the operating region parameters for
hour h € {1, .., 24} to the model parameter values:

Set MLPnx = MMLPr.
Set DRi k= MDR.
Set DFnk= MDFk.

22.2.3.1.5 Step 5: Apply the deratingon the combustion turbine to
the dispatchable region:

Calculate P so that CMLPx + P-CTShareDRk-MDRk = CTCaph,k; and
Set DRnk = min(DRhk, P-MDR).

22.2.3.1.6 Step 6: Apply the deratingon the steam turbine to the duct firing
and dispatchable regions for pseudo-units not operating in
single cycle mode:

Calculate NN so that SMLP +R-STShareDRix*MDRk = PRSTCaph,k.
IfR <1, set DFnk= 0, and DRnk = min(DRnk, R-MDRk).

If R > 1, set DFpk = min(DFnk, PRSTCapnk - SMLP

-STShareDRk-MDRy).

22.2.4 Available Energy Laminations
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22241  The day-ahead market calculation engine shall determine the
offer quantity laminations that may be scheduled for energy and
operating reserve in each operating region for hour h € {1, .., 24}
for each pseudo-unit k € {1, .. K}, subject to section 22.2.4.2,
where:

22.2.4.1.1 QMLPnk designates the total quantity that may be scheduled in
the minimum loading point region,

22.2.4.1.2 QDRnk designates the total quantity that may be scheduled in
the dispatchable region; and

22.2.4.1.3 QDFnk designates the total quantity that may be scheduled in the
duct firing region.

22.24.2  The available offered quantity laminations shall be subject to
the following conditions:

0 < QMLPy; < MLP,;
0 < QDRy . < DRy;
0 =< QDFy ) = DFy

if QMLP, ;, < MLPy, ., then the pseudo-unit is unavailable and
QDR = QDI = 0; and

if QDRh,k < DRt,k’ then QDFIL,R! = 0.

22.3 Convert Physical Resource Constraints to Pseudo-Unit
Constraints

22.3.1 The day-ahead market calculation engine shall convert physical resource
constraints to pseudo-unit constraints, where:

22311  PSUMinnk q designates the minimum limitation on pseudo-unit P
determined by translating constraint q. When constraint qq does
not provide a minimum limitation on pseudo-unit P, then
PSUMinhk q shall be set equal to 0O;
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22.31.2  PSUMaxnk 9 designates the maximum limitation on pseudo-unit
k determined by translating constraint g. When constraint g
does not provide a maximum limitation on pseudo-unit k, then
PSUMaxnk shall be set equal to MLPnk+DRnk+DFnk; and

22.31.3 CTCmtdnk€{0,1} designates whether combustion turbine k € {1, ..
K} is considered committed in hour h € {1, .., 24}.

The day-ahead market calculation engine shall calculate the minimum and
maximum limitations, subject to section 22.3.3.1, as follows:

22.3.21  Minimum limitation: MinDGnk = maxqe{1,..Q}PSUMinnk 4 ; and
22.3.22  Maximum limitation: MaxDGh, = minqe{1,..Q}PSUMaxn,i4 .

where Q designates the number of constraints impacting a combined
cycle facility that have been provided to the day-ahead market
calculation engine.

2233 Pseudo-unit Minimum and Maximum Constraints

22.3.3.1  Pseudo-unit minimum and maximum constraints shall be calculated as
follows:
22.3.3.1.1 PSUMinnk = PMin, where PMin shall be a minimum constraint
provided on pseudo-unitk € {1, .. ,K} for hour h € {1, .., 24}; and

22.3.3.1.2 PSUMaxnk= PMax, where PMax shall be a maximum constraint
provided on pseudo-unitk € {1, ..,K} for hour h € {1, .., 24}.

22.3.4 Combustion Turbine Minimum and Maximum Constraints

22.3.4.1 If a pseudo-unit is not flagged to operate in single cycle mode, then
the combustion turbine minimum constraint shall be converted to a
pseudo-unit constraint as follows:
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If CTMin < MLP, ), - CTShareMLP,, then set

; and

STMinMLP = CTMin - (M)

CTShareMLPy,
STMinDR = 0|
Otherwise, if CTMin > MLPy, ;. - CTShareMLP,, then set
STMinMLP = MLP, - STShareMLP, ; and

STShareDRk)

STMinDR = (CTMin — MLPy . - CTShareMLPk) . (m
k

PSUMiny, , = CTMin + STMinMLP + STMinDR

22.3.4.2 Ifa pseudo-unit is flagged to operate in single cycle mode, then the
combustion turbine minimum constraint shall be converted to a
pseudo-unit constraint as follows:

PSUMinnk=CTMin

22.3.4.3 Ifa pseudo-unit is not flagged to operate in single cycle mode, then
the combustion turbine maximum constraint shall be converted to a
pseudo-unit constraint as follows:

If CTMax < MLPy; - CTShareMLPy, then PSUMax;,; = 0

Otherwise, calculate the effect of the constraint on the steam turbine
within the minimum loading point and dispatchable regions;

STMaxMLP = MLP, ;. - STShareMLP,

STShareDR,
STMaxDR = (CTMax — MLP, ;- CTShareMLP,) - (m)
k

PSUMaxy,; = CTMax + STMaxMLP + STMaxDR

22.34.4 Ifa pseudo-unit is flagged to operate in single cycle mode, then the
combustion turbine maximum constraint shall be converted to a
pseudo-unit constraint as follows:

PSUMaxnx=CTMax

2235 Steam Turbine Minimum and Maximum Constraints
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22351  The day-ahead market calculation engine shall convert a steam
turbine minimum constraint to a pseudo-unit constraint as follows:

22.3.5.1.1 Step 1: Identify A € {1, .. K}, which shall indicate the set of
pseudo-units to which the constraint may be allocated where
pseudo-unitk € {1, .. K} is placed in set A if and only if
CSCMk=0 and CTCmtdnk = 1. If the set A is empty, then no
further steps are required, otherwise proceed to Step 2.

22.3.5.1.2 Step 2: Determine the steam turbine portion of the capacity of
pseudo-unit k € A:

STCapk = QMLPhk-STShareMLPx + QDRhik:STShareDRk + QDFn k

22.3.5.1.3 Step 3: Allocate the STMin constraint to each pseudo-unitk € A,
where STMin constraint shall be allocated equally to each
pseudo-unit k € A and STPMink is limited by STCapk.

22.3.5.1.4 Step 4: The steam turbine portion minimum constraint shall be
converted to a pseudo-unit constraint, where for each pseudo-unit
k€ A:

If STPMin, < MLP,;, - STShareMLP,, then set

;and

2

CTMinMLP, = STPMin, - (oLl

STShareMLPy
CTMinDR,, =0

Otherwise, if STPMin, = MLPy, ;, - STShareMLP,, then set

CTMinMLP, = MLPy, ;. - CTShareMLPy; and

CTShareDR k)

CTMinDR k:( STPMing-MLF, ;ST SbareMLB{) : (m
k

Therefore:

PSUMin,, . = STPMin, + CTMinMLP,, + CTMinDR,,

22.35.2 If pseudo-units with sufficient steam turbine capacity are not
committed, then the day-ahead market calculation engine shall not
convert the entire quantity of the steam turbine minimum constraint to
pseudo-unit constraints.

22.3.5.3  The steam turbine maximum constraint shall be converted to a pseudo
unit constraint as follows:
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STAmth,k
Zw( {1,.K} STAmth,w

PRSTMaxy ; = ( )-STMax

If the prorated steam turbine maximum constraint limits the steam
turbine portion to below its minimum loading point, then

PSUMathk =0

Otherwise, calculate R so that SMLP + R - STShareDR), -
MDR, = PRSTMaxy, j

IfR < 1, set PSUMCLxh‘k = MLP}L,R + min(DRh‘k ,R ' MDRk)

IfR > 1, set PSUMaxh‘k = MLP}L‘;{ + DR.'L,:'{ + PRSTMaxh‘k -
SMLP — STShareDR,. - MDR,

22.3.5.4  If the steam turbine minimum and maximum constraints are equal
but do not convert to equal pseudo-unit minimum and maximum
constraints, then the steam turbine minimum constraint conversion in
section 22.3.5.1 shall be used to determine equal pseudo-unit
minimum and maximum constraints.

22.4 Conversion of Pseudo-Unit Schedules to Physical
Resource Schedules

22.4.1 For a combined cycle facility with Bl combustion turbines and one steam
turbine, the day-ahead market calculation engine shall compute the
following energy and operating reserve schedules for hours h € {1, .., 24}:

22411  CTEnk designates the energy schedule for combustion turbine
ke{1,.. K}

22.41.2  STPEnk designates the energy schedule for the steam turbine portion
of pseudo-unit k € {1, . ., K};

22.41.3  STEn designates the energy schedule for the steam turbine;
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22.41.4  CT10Shk designates the synchronized ten-minute operating reserve
schedule for combustion turbine k € {1, . .,K};

22.41.5  STP10Shk designates the synchronized ten-minute operating reserve
schedule for the steam turbine portion of pseudo-unit k € {1, . ,K};

22.41.6  ST10Sn designates the synchronized ten-minute operating reserve
schedule for the steam turbine;

22.41.7  CT10Nnk designates the non-synchronized ten-minute operating
reserve schedule for combustion turbine k € {1, . . ,K};

22.41.8  STP10Nhk designates the non-synchronized ten-minute operating
reserve schedule for the steam turbine portion of pseudo-unit
ke{1,.. K}

22.41.9  ST10Nn designates the non-synchronized ten-minute operating reserve
schedule for the steam turbine;

22.41.10 CT30Rnkdesignates the thirty-minute operating reserve schedule for
combustion turbine k € {1, .. ,K};

22.41.11 STP30Rnkdesignates the thirty-minute operating reserve schedule
for the steam turbine portion of pseudo-unit k € {1, .. ,K}; and

22.41.12 ST30Rn designates the thirty-minute operating reserve schedule for
the steam turbine.

22.4.2 The day-ahead market calculation engine shall determine the following
energy and operating reserve schedules for pseudo-unit k € {1, ..,K} in hour
he{l,..,24}:

22421  SEnkdesignates the total amount of energy scheduled and SEhk =

SEMLPhk + SEDRnk + SEDFnk where:

22.42.1.1 SEMLPhk designates the portion of the schedule corresponding to

the minimum loading point region, where 0<SEMLPhk<sQMLPhk;

22.42.1.2 SEDRnk designates the portion of the schedule corresponding to

the dispatchable region, where 0 < SEDRhk< QDRhk and
SEDRnwk > 0 only if SEMLPhk = QMLPhi; and

22.42.1.3 SEDFnk designates the portion of the schedule corresponding to

the duct firing region, where 0 < SEDFnk< QDFnx and
SEDFnk > 0 only if SEDRhk = QDRhk;
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22.4.2.2  S10Shk designates the total amount of synchronized ten-minute
operating reserve scheduled;

22.42.3  S10Nhk designates the total amount of non-synchronized ten-minute
operating reserve scheduled. If the pseudo-unit cannot provide
operating reserve from its duct firing region then
0 < SEnk +S10Shk + S10Nhk < QMLPhk + QDR k; and

22.42.4  S30Rnk designates the total amount of thirty-minute operating reserve

scheduled, where 0 < SEnk + S10Shk + S10Nnk + S30Rhk < QMLPhx +
ODRhk + QDFhnk.

2243 The day-ahead market calculation engine shall convert pseudo-unit
schedules to physical generation resource schedules for energy and
operating reserve, as follows:

22431  If SEnk = MLPnhk, then:
CTEy = SEMLPy, ), - CTShareMLPy, + SEDRy, ;. - CTShareDRy;

STPE,, . = SEMLP, . - STShareMLPy + SEDR), . - STShareDR,, +
SEDFh,k;

RoomDRy,; = QDR — SEDR), ;;
10SDRy,;, = min(RoomDRy, ;,, S10S;,);

10NDRy, ;. = min(RoomDR,,;, — 10SDR), ., S10N,, . );

30RDR;, . = min(RoomDRy,, — 10SDRy,;, — 10NDRy, 1., S30R), 1 );
CT10Sy, = 10SDRy, ;. - CTShareDRy;

STP10Sy,; =/ 10SDR;, . - STShareDR;, + (5108, — 10SDRy, ;)
CT10N,,, = 10NDR,,; - CTShareDR;

STP10N,,; = 10NDRy,; - STShareDR;, + (S10N;,;, — 10NDRy,;.);
CT30Ry, = 30RDRy,; - CTShareDRy; and

STP30R;, = 30RDRy, - STShareDRy. + (S30Ry.; — 30RDR), x).
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22432

22433

If SEnk < MLPhk and is ramping to minimum loading point, then the
conversion shall be determined by the ramp up energy to minimum
loading point.

The steam turbines portion schedules from section 22.4.3.1 shall be
summed to obtain the steam turbine schedule as follows:

STEp = Yk=1..k STPEp;

ST10S, = Y1 1 STP10S) 4;
ST10N,, = Y1 xSTP10N,, ,; and
ST30R, = Y1k STP30R, &.

23 Pricing Formulas

231 Purpose

23.1.1 The day-ahead market calculation engine shall calculate locational
marginal prices using shadow prices, constraint sensitivities and marginal
loss factors.

23.2 Sets, Indices and Parameters

23.2.1 The sets, indices and parameters used to calculate locational marginal prices
are described in section 4. In addition, the following shadow prices from
Passes 1 and 3 shall be used:

23211

23212

23213

23214

23215

SPEmTh, designates the Pass p shadow price for the post-
contingency transmission constraint for facility f € F in contingency
c € Cin hour h;

SPExtThz" designates the Pass p shadow price for the import or export

limit constraint z € Zsch in hour h;

SPLw? designates the Pass p shadow price for the energy balance
constraint in hour h;

SPNIUExtBwdTnrpP designates the Pass p shadow price for the net
interchange scheduling limit constraint limiting increases in net
imports between hour (h - 1) and hour h;

SPNIDExtBwdTnwP designates the Pass p shadow price for the net
interchange scheduling limit constraint limiting decreases in net
imports between hour (h — 1) and hour h;
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23.21.6

23217

23.21.8

23.2.1.9

23.21.10

23.21.11

23.21.12

23.2.1.13

23.21.14

23.2.1.15

SPNIUExtFwdTr? designates the Pass p shadow price for the net
interchange scheduling limit constraint limiting increases in net imports
imports between hour h and hour (h + 1);

SPNIDExtFwdTrP designates the Pass p shadow price for the net
interchange scheduling limit constraint limiting decreases in net
imports between hour h and hour (h + 1);

SPNormTh designates the Pass p shadow price for the pre-
contingency transmission constraint for facility f € F in hour h;

SP10Sw designates the Pass p shadow price for the total
synchronized ten-minute operating reserve requirement constraint in
hour h;

SP10Rw? designates the Pass p shadow price for the total ten-minute
operating reserve requirement constraint in hour h;

SP30Rw? designates the Pass p shadow price for the total thirty- minute
operating reserve requirement constraint in hour h;

SPREGMin10Rn,» designates the Pass p shadow price for the
minimum ten-minute operating reserve constraint for region
r € ORREG 1n hour h;

SPREGMin30Rn, designates the Pass p shadow price for the
minimum thirty-minute operating reserve constraint for region
r € ORREG in hour h;

SPREGMax10Rn,» designates the Pass p shadow price for the
maximum ten-minute operating reserve constraint for region
r EORREG in hour h; and

SPREGMax30Rn,? designates the Pass P shadow price for the
maximum thirty-minute operating reserve constraint for region
r EORREG in hour h.

23.3 Locational Marginal Prices for Energy

23.3.1 Energy Locational Marginal Prices for Delivery Points

23.3.1.1

The day-ahead market calculation engine shall calculate a locational
marginal price and components for energy for each Pass p € {1,3}
and hour h € {1, .., 24} for every bus b € L where a non-dispatchable
or dispatchable generation resource, a dispatchable load, a price
responsive load, an hourly demand response resource, or a non-
dispatchable load is sited and:

23.3.1.1.1 LMPnpP designates the Pass p hour h locational marginal

price for energy;
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23.3.1.1.2 PRefnr designates the Pass p hour h energy locational
marginal price for energy at the reference bus;

23.3.1.1.3 PlJosshe? designates the Pass p hour % loss component; and

23.3.1.1.4 PCongnp? designates the Pass p hour h congestion component.

23.3.1.2  The day-ahead market calculation engine shall calculate an initial
locational marginal price for energy, a locational marginal price
for energy at the reference bus, a loss component and a congestion
component for Pass p € { 1,3} atbusll € L in hour h € {1, ..24},as
follows:

InitLMP;, = InitPRef,’ + InitPLossy, , + InitPCongy, ,
where
InitPRef,’ = SPL};
InitPLossy, , = MglLossy, , - SPL},;

and

InitPCongﬁJb = Z PreConSFy, s, 'SPNOTmTPif

CEC fEFK,e

23.3.1.3  If'the initial locational marginal price for energy at the reference
bus (InitPRef/2) is not within the settlement bounds
(Engy®r@ PrcFlr, EngyPrcCeil), then the day-ahead market
calculation engine shall modify the locational marginal price for
energy at the reference bus as follows:

If InitPRefr? > EngyPrcCeil , PRefr’= EngyPrcCeil
If InitPRefn? < EngyPrcFlr, PRefw? = EngyPrcFlr
Otherwise, PRefw? = InitPRefwP
23.3.1.4  If'the initial locational marginal price for energy
(InitLMPp,pP) is not within the settlement bounds (EngyPrcFlr,

EngyPrcCeil), then the day-ahead market calculation engine shall
modify the locational marginal price for energy as follows:

If InitLMPnv» > EngyPrcCeil, LMPry? = EngyPrcCeil
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If InitLMPnvp < EngyPrcFlr, LMPh = EngyPrcFIr
Otherwise, LMPnvP = InitLMPhpP

23.3.1.5  The day-ahead market calculation engine shall modify the
loss component as follows:

If PRefnp#InitPRefnP, then PLosshy? = MglLosshyP -PRefnP
Otherwise, PLosshy? = InitPLoSSh,b”
23.3.1.6  The day-ahead market calculation engine shall modify the
congestion component as follows:

If LMPnvP - PRefn? — PLosshv? and InitPCongnP have the same

mathematical sign, then PCongn? = LMPhb? — PRefwP — PLOSSh,bP

Otherwise, PCongnv? = 0 and PLosshp? = LMPhv? — PRefn?

23.3.2 Energy Locational Marginal Prices for Intertie Metering Points

23.3.21  The day-ahead market calculation engine shall calculate a locational
marginal price and components for energy for each Pass p € {1,3}
and hour h € {1, .., 24} for intertie zone bus d € D, where:

23.3.2.1.1 EXtLMPnqr designates the Pass RR hour h locational marginal
price for energy;

23.3.2.1.2 IntLMPndP designates the Pass RR hour h intertie border price
for energy;

23.3.2.1.3 ICPnap designates the Pass RR hour h intertie congestion price;

23.3.2.1.4 PRefw? designates the Pass RR hour h locational marginal price

for energy at the reference bus;
23.3.2.1.5 PLosshdP designates the Pass RR hour h loss component;

23.3.2.1.6 PIntCongnaqr designates the Pass RR hour h internal congestion

component for energy;

23.3.2.1.7 PExtCongnaP designates the Pass RR hour h external

congestion component for the intertie congestion price; and
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23.3.2.1.8 PNISLhaP designates the Pass RR hour h net interchange
scheduling limit congestion component for the intertie
congestion price.
23.3.2.2  The day-ahead market calculation engine shall calculate an initial
locational marginal price for energy, a locational marginal price for
energy for the reference bus, a loss component and a congestion
component for energy for Pass p at intertie zone bus d € Da in

intertie zone a € A in hour h € {1, .., 24}, subject to section 23.3.2.8
and 23.3.2.9, as follows:

InitExtLMP, ; = InitIntLMP,; + InitICF,
where
InitPRef, = SPL} ;
InitPLossf:_d = MgELossf}d -.S‘JF'LI;1 ;
InitPIntCong,, ,
= Z PreConSFy ;4 - SPNormT, .

ceC fEFh.C

InitIntLMP,; = InitPRef,’ + InitPLoss} ,
+ InitPIntCongf:}d;

InitICP?, = InitPExtCong}, , + InitPNISL? ;;

InitPExtCongy , = Z EnCoeff,, + SPExtT}, ,;

Z€Zsch

and

InitPNISLy ;, = SPNIUExtBwdT,; — SPNIUExtFwdT,
— SPNIDExtBwdT} + SPNIDExtFwdT,

23.3.2.3 If'the initial locational marginal price for energy
(InitExtLMPn,qP ) is not within the settlement bounds (EngyPrcFlr,
EngyPrcCeil), then the day-ahead market calculation engine shall
modify the intertie border price for energy, and its components, as
follows:
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23.3.2.3.1 The initial locational marginal price for the reference bus
(InitPRef n ?) shall be modified per section 23.3.1.3;

23.3.2.3.2 The initial intertie border price (InitIntLMPs,aP) shall be modified
per section 23.3.1.4, where InitLMPreP = InitIntLMPp,qP;

23.3.2.3.3 The initial loss component (InitPLoss n»P) shall be modified per
section 23.3.1.5; and

23.3.2.3.4 The initial congestion component (InitPCongsy?) shall be modified

per section 23.3.1.6.

23.3.24  If'the initial locational marginal price for energy (InitExtLMPhaP?) is
not within the settlement bounds (EngyPrcFlr, EngyPrcCeil), then the
day-ahead market calculation engine shall modify the locational
marginal price for energy, as follows:

If InitExtLMPha? > EngyPrcCeil, set ExtLMPpq? = EngyPrcCeil
If InitExXtLMPhra? < EngyPrcFlr, set ExtLMPhq4? = EngyPrcFlr

Otherwise, set ExtLMPp,q? = InitExtLMPp,qP

23.3.25 If the modified locational marginal price for energy
(ExtLMPnap ) is equal to the intertie border price for
energy (IntLMPhqP), then the day-ahead market
calculation engine shall modify the external congestion
component for the intertie congestion price and net
interchange scheduling limit congestion components for

the intertie congestion price, as follows:

If ExtLMPhaP = IntLMPhaP , set PExtCongna? = 0 and PNISLnaP = 0

23.3.2.6 If the modified locational marginal price for energy
(ExtLMPnqP) is not equal to the intertie border price for
energy (IntLMPr,qP), then the day-ahead market calculation
engine shall modify the external congestion component for the
intertie congestion price and net interchange scheduling limit
congestion components for the intertie congestion price, as
follows:
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If ExtLMPY; # IntLMP},, set

PNISL}, ;, = (ExtLMP}; — IntLMPF, )

InitPNISL}, ,
InitPNISL} , + InitPExtCongy, ,

If PNISL}, , > NISLPen, PNISL} , = NISLPen

If PNISL), ; < (—=1) - NISLPen, PNISL} , = (—1)-
NISLPen

Then PExtCon‘g}f_d = ExtLMPh??d - IntLMPfEd —
PNISL} ,

23.3.2.7  The day-ahead market calculation engine shall calculate the
intertie congestion price as follows:

ICPha? = PExtCongh,d? +PNISLn,d"

23.3.2.8  The locational marginal price for energy calculated by the day-ahead
market calculation engine shall be the same for all boundary entity
resource buses at the same intertie zone. Intertie transactions
associated with the same boundary entity resource bus, but specified
as occurring at different intertie zones, subject to phase shifter
operation, shall be modelled as flowing across independent paths.

Pricing of these transactions shall utilize shadow prices associated
with the internal transmission constraints, intertie limits and
transmission losses applicable to the path associated to the relevant
intertie zone.

23.3.2.9  When an intertie zone is out-of-service, the intertie limits for that
intertie zone will be set to zero and all import and export boundary
entity resources for that intertie zone will receive a zero schedule
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and the locational marginal price for energy shall be set to the
intertie border price for energy.

23.3.3 Zonal Prices for Energy

23.3.3.1  The day-ahead market calculation engine shall calculate the zonal
price for energy and its components for each Pass p € {1,3} and hour
h € {1,.., 24} for each virtual transaction zone m € M, as

follows:
VZonalF},, = PRef, +VZonalPLossy
+ VZonalPCongy,
where
VZonalPLossy, ,, = WFy %% - PLossy,,
perTIRT
and

VZonalPCongy, ,, = Z WEFYIRT - PCong}, ,

VIRT
beLV]

23.3.3.2 The day-ahead market calculation engine shall calculate the zonal
price for energy and its components for each Pass p € {1,3} and hour
h € {1,.., 24} for non-dispatchable load zone, y € Y as follows:

ZonalP_,fy = PRefhp + Zona!PLossf‘y + ZonaIPCongf:.y
where
ZonalPLossy, , = 2 WEQND% - PLossy, ),
beryPL
and

ZonalPConggy = Z WENDL - PCongy, ,

NDL
beL)
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23.34 Pseudo-Unit Pricing

23.34.1  The day-ahead market calculation engine shall calculate a locational
marginal price and components for energy for each Pass p € {1,3} and
hour h € {1, .., 24} for every pseudo-unitk € {1, .., K} where:

23.3.4.1.1 CTMglLossnkP designates the marginal loss factor for the
combustion turbine identified by pseudo-unit k for hour h in

Pass p;

23.3.4.1.2 STMglLossnkP designates the marginal loss factor for the steam

turbine identified by pseudo-unit k for hour h in Pass p;

23.3.4.1.3 CTPreConSFhrfk designates the pre-contingency sensitivity factor
for the combustion turbine identified by pseudo-unit k on facility f
during hour h under pre-contingency conditions;

23.3.4.1.4 STPreConSFnrk designates the pre-contingency sensitivity factor
for the steam turbine identified by pseudo-unit k on facility f
during hour h under pre-contingency conditions;

23.3.4.1.5 CTSFncrk designates the post-contingency sensitivity factor for the
combustion turbine identified by pseudo-unit k on facility f during
hour h under post-contigency conditions for contingency c; and

23.3.4.1.6 STSFhcrk designates the post-contingency sensitivity factor for
the steam turbine identified by pseudo-unit k on facility f
during hour h under post-contingency conditions for
contingency c.

23.34.2  The day-ahead market calculation engine shall calculate an initial
locational marginal price for energy, a locational marginal price
for energy at the reference bus, a loss component and a congestion
component for Pass P € {1,3} for every pseudo-unitk € {1, .., LL}
inhour h € {1, .., 24}, as follows:
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InitLMF,, = [nitPRef}) + InitPLoss, .+ InitPCong), ,
where

InitPRel=SPL, ;

InitPLoss], ;= MglLoss,, ,"SPL, ;

and

InitPCongy, , = Z PreConSFy s - SPNormT, .

CEC fEFpc

23.3.4.3 If pseudo-unitk € {1, .., K} is scheduled within its Minimum
Loading Point range or not scheduled at all, its marginal loss and
sensitivity factors shall be:

MglLossy,, = CTShareMLP, - CTMglLossy, , + STShareMLP,
-STMg ILoss,flk

PreConSFy r .
= CTShareMLP; - CTPreConSF, s + STShareMLP,
- STPreConSFy

SFh.C.f,k = CTSha?"eMLPk . CTSFh,C,f,k + STShaT'EMLPk . STSFH.C,f,k

23.3.44  If pseudo-unitk € {1, .., K} is scheduled within its dispatchable
region, its marginal loss and sensitivity factors shall be:
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23.3.4.5

MglLossy,, = CTShareDRy, - CTMglLoss}, ,, + STShareDR,,

. STMgILoss;‘:k

PreConSFy s
= CTShareDR,. - CTPreConSF, s + STShareDR,
- STPreConSFy ¢k

SFh,C,f,k = CTSha’reDRk - CTSFh,C,f,k + STSh(ITeDRk . STSFh,C,f,k

If pseudo-unit k € {1, .., K} is scheduled within its duct firing region,
its marginal loss and sensitivity factors shall be:

MgILosslff‘k = STMgILoss;:'k
PreConSFy ;) = STPreConSFy, s

SFh,C,f,f{ - STSFh,C,f,k

23.4 Locational Marginal Prices for Operating Reserve

23.4.1 Operating Reserve Locational Marginal Prices for Delivery Points

23411

The day-ahead market calculation engine shall calculate a locational
marginal price and components for operating reserve for each Pass

p € {1,3} and hour h € {1, .., 24} for a delivery point associated with
the dispatchable generation resource and dispatchable load at bus

b € B, where:

23.4.1.1.1 L30RPnP designates the Pass p hour h locational marginal

price for thirty-minute operating reserve;

23.4.1.1.2 P30RRefr designates the Pass p hour h locational marginal

price for thirty-minute operating reserve at the reference bus;

23.4.1.1.3 P30RCongn? designates the Pass p hour h congestion

component for thirty-minute operating reserve;

23.4.1.1.4 LIONPnw designates the Pass p hour h locational marginal

price for non-synchronized ten-minute operating reserve;

23.4.1.1.5 PIONRefw designates the Pass p hour h locational marginal price
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for non-synchronized ten-minute operating reserve at the

reference bus;

23.4.1.1.6 P10ONCongn? designates the Pass p hour h congestion

component for non-synchronized ten-minute operating reserve;

23.4.1.1.7. L10SPnwP designates the Pass RR hour h locational

marginal price for synchronized ten-minute operating reserve;

23.4.1.1.8. P10SRefn designates the Pass p hour h locational marignal
price or synchronized ten-minute operating reserve at

the reference bus;

23.4.1.1.9  P10SCongns P designates the Pass RR hour h congestion

component for synchronized ten-minute operating reserve; and

23.4.1.1.10 ORREGy S ORREG designates the subset of ORREG consisting of

regions that include bus b.

23.4.1.2  The day-ahead market calculation engine shall calculate an initial
locational marginal price, a locational marginal price at the
reference bus, and congestion components for Pass RR for a delivery
point associated with the dispatchable generation resource and
dispatchable load at bus b € B in hour h € {1, .., 24}, for each class of
operating reserve, as follows:
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nit = Init ef, + Init on,
InitL30RP,, = InitP30RRef, + InitP30RCong, ,

where
InitP30RRef,} = SP30R)
and
InitP30RCong,, ,
= Z SPREGMin30R},
TEORREG)
- Z SPREGMax30R;, .
r€EORREG)

InitL10NP;, = InitP10NRef, + InitP10NCong, ,

where|

InitP10NRef,Y = SP10R? + SP30RY
and
InitP10NCongy, ,

= Z (SPREGMin10R},
rEORREG)
+ SPREGMin30R?, )

- Z (SPREGMax10R},

rEORREG),
+ SPREGMax30R}, )

InitL10SP;, = InitP10SRef! + InitP10SCongj, ,
where
InitP10SRef,Y = SP10S; + SP10R} + SP30R}

and

InitP10SCong}, ,

= > (SPREGMin10R},, + SPREGMin30R},,)
reORREG,

— > (SPREGMax10Rj, + SPREGMax30Rj,)
r€ORREG),
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23.4.1.3 If the initial locational marginal price at the reference bus
(InitP30RRefwP,InitP10NRefr?, or InitP10SRefw’) is not
within the settlement bounds (ORPrcFlr, ORPrcCeil), then
the day-ahead market calculation engine shall modify the
initial locational marginal prices at the reference bus for
each class of operating reserve as follows:

If IInitP30RRefr? > ORPrcCeil , P30RRefr?=ORPrcCeil;
If InitP30RRefrP< ORPrcFlr, P30RRefw’= ORPrcFlr,; Otherwise,

P30RRefnwp=InitP30RRefnP.
If InitP10NRefr? > ORPrcCeil , P1ONRefw’ = ORPrcCeil;

If InitP10NRefr? < ORPrcFlr, P10ONRefw’= ORPrcFlr;

Otherwise, P10NRefnP=InitP10NRefnP.
If InitP10SRefn? > ORPrcCeil , P10SRefw’ = ORPrcCeil,

If InitP10SRefr? < ORPrcFlr, P10SRefw? = ORPrcFlr;

Otherwise, P10SRefw’=InitP10SRefr’

23.4.14. If the initial locational marginal price
(InitL30RPhp?,InitL1ONPhy?,0rInitL10SPhs?) is not
within the settlement bounds (ORPrcFlr, ORPrcCeil),
then the day- ahead market calculation engine shall
modify the initial locational marginal price for each
class of operating reserve as follows:

If InitL30RPhp» > ORPrcCeil , L30RPhy? = ORPrcCeil;
If InitL30RPhp> < ORPrcFlr, L30RPhy> =ORPrcFlr;

Otherwise, L30RPuvP =InitL30RPhbP .

If InitL10ONPny»> ORPrcCeil , L1ONPhy? = ORPrcCelil;
If InitL10ONPhp» < ORPrcFlr, L1ONPny? = ORPrcFlr;

Otherwise, L10ONPuvP =InitL10NPhbP .

If InitL10SPny? > ORPrcCeil , L10SPhy? = ORPrcCeil;
If InitL10SPhy? < ORPrcFlr, L10SPhy? = ORPrcFlr;

Otherwise, L10SPhy? = InitL10SPh?
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23415 If the initial locational marginal price (InitL30RPh,°
AnitL10ONPhP , or InitL10SPhp? ) is not within the settlement
bounds (ORPrcFlIr, ORPrcCeil), then the day-ahead market
calculation engine shall modify the congestion component for

each class of operating reserve, as follows:

Set P30RCongn,vP = L30RPhP — P30RRefnP;
Set PIONCongn,v? = L10ONPhvP — P10NRefrP; and

Set P10SCongn,v? = L10SPhvP — P10SRefnP.

23.4.2 Operating Reserve Locational Marginal Prices for Intertie Metering Points

23.4.21 The day-ahead market calculation engine shall calculate a locational
marginal price and components for operating reserve for each Pass
p € {1,3} and hour h € {1, .., 24} for intertie zone bus d € D, where:
23.42.1.1 EXtL30RPnaP designates the Pass p hour h locational marginal
price for thirty-minute operating reserve;

23.4.2.1.2. P30RRefw designates the Pass p hour h locational marginal
price for thirty-minute operating reserve at the reference bus;

23.42.1.3 P30RIntCongndP designates the Pass p hour h internal
congestion component for thirty-minute operating reserve;

23.4.2.1.4. P30RExtCongnaP designates the Pass p hour h intertie
congestion component for thirty-minute operating reserve;

23.42.1.5. EXtL10NPndP designates the Pass p hour h non-synchronized
ten-minute operating reserve price;

23.42.1.6  P10NRefh p designates the Pass p hour h locational marginal
price for non-synchronized ten-minute operating reserve at the
reference bus;

23.4.2.1.7 PI10NIntCongnadP designates the Pass p hour h internal
congestion component for non-synchronized ten-minute operating
reserve;

23.4.2.1.8. P10NExtCongndP designates the Pass p hour h intertie
congestion component for non-synchronized ten-minute operating
reserve; and

23.4.2.1.9. ORREGad S ORREG designates the subset of ORREG consisting of
regions that include bus d.
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23.4.2.22 The day-ahead market calculation engine shall calculate an initial
locational marginal price, a locational marginal price at the
reference bus, an internal congestion component and an intertie
congestion component for Pass p at intertie zone bus d € Da in

intertie zone a € A'in hour h € {1, .., 24}, for each class of operating

reserve, subject to sections 23.4.2.5 and 23.4.2.6,as follows:

InitExtL30RP,
= InitP30RRef; + InitP30RIntCongy,
+ InitP30RExtCongy, ,

where

InitP30RRef,’ = SP30R};

InitP30RIntCongy, ,
= Z SPREGMin30R}, .
TEORREG4
— Z SPREGMax30R} ;
TEORREG,
InitP30RExtCong}, ,
=— Z 0.5 (EnCoeff,, + 1) - SPExtT,,
ZEZgch
InitExtL10NP;
= InitP10NRef,! + InitP10NIntCongy, ,
+ InitP10NExtCongy, ,
where

InitP10NRef,’ = SP10R} + SP30R};
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InitP10NIntCongy, ,
= Z (SPREGMin10R; . + SPREGMin30R}, )

rEORREG4
- Z (SPREGMax10R})

h,r
TEORREG

+ SPREGMax30R}, )
and

InitP10NExtCongy, ,
=— Z 0.5 (EnCoeff,, + 1) - SPExtT,,

Z€Zsch

23.4.2.3 If'the initial locational marginal price (InitExtL30RPhvP) is not within
the settlement bounds (ORPrcFIr,0RPrcCeil), then the day-ahead
market calculation engine shall modify the initial locational
marginal price, the locational marginal price at the reference bus,
and the external congestion component for thirty-minute operating
reserve as follows:

IntL30R =InitP30RRefw’ + InitP30RIntCongh,d®
If InitP30RRefn? > ORPrcCeil , P30RRefn? = ORPrcCeil ;
If InitP30RRefn? < ORPrcFlr, P30RRefn? = ORPrcFlr;

Otherwise, P30RRefnP = InitP30RRefn?;
Set P30RIntConghna = ExtL30RPnaP — P30RRefn?

If InitExtL30RPh» > ORPrcCeil , ExtL30RPhP =
ORPrcCeil;

If InitExtL30RPh» < ORPrcFlr, ExtL30RPhw = ORPrcFlr;
Otherwise, ExtL30RPnpP = InitExtL30RPhP ; and
Set P30RExtCongh,aP =ExtL30RPnyP — P30RRefnP -

P30RIntConghn,da?

23.4.24  Ifthe initial locational marginal price
(InitExtL10NP/a?) is not within the settlement bounds (@RPrcFlr,
BIRPrcCeil), then the day-ahead market calculation engine shall
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23.5

23.4.2.5

23426

modify the initial locational marginal price, locational marginal
price at the reference bus, and the external congestion component for
ten-minute operating reserve as follows:

IntL10N = InitP10NRefwP + InitP10NIntCongh,qdP
If InitP10NRefr? > ORPrcCeil , P10NRefn? = ORPrcCeil ;
If InitP10NRefr? < ORPrcFlr, P10NRefw’ = ORPrcFlr;

Otherwise, P1ONRefw? = InitP10NRefwP;
Set P1I0ONCongh? = L10NPhvP — P10NRefn?

If InitExtL10NPnw > ORPrcCeil , ExtL10NPnw» = ORPrcCeil;
If InitExtL10NPnw» < ORPrcFlr, ExtL10NPhv? = ORPrcFlr,

Otherwise, ExtL10ONPuy? = InitExtL10NPwy* ; and
Set P10ONExtConghnd? = ExtL10NPhvP — P10ONRefnP -
P10NIntConghn,dP

The locational marginal price calculated by the day-ahead market
calculation engine shall be the same for all boundary entity resource
buses at the same intertie zone. Reserve imports associated with the
same boundary entity resource bus, but specified as occurring at a
different intertie zone, subject to phase shifter operation, shall be
modelled as flowing across independent paths. Pricing of these reserve
imports shall utilize shadow prices associated with intertie limits and
regional minimum and maximum operating reserve requirements
applicable to the path associated to the relevant intertie zone.

When an intertie zone is out-of-service, the intertie limits for that
intertie zone will be set to zero and all boundary entity resources for
that intertie zone will receive a zero schedule for energy and
operating reserve and the intertie operating reserve prices shall be
set equal to the locational marginal price for the reference bus for
that class of operating reserve plus the applicable shadow prices
associated with regional minimum and maximum operating reserve
requirements.

Pricing for Islanded Nodes

PwC | MRP DAM Engine Pre-Implementation Review

194



23.5.1 For non-quick start resources that are not connected to the main island,
the day-ahead market calculation engine may use the following
reconnection logic where enabled by the IESO in the order set out below to
calculate the locational marginal prices for energy:

23.5.1.1

23512

23513

Determine the connection paths over open switches that connect the
non-quick start resource to the main island,

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; and

Select the reconnection path with the highest priority rating, breaking
ties arbitrarily.

23.5.2 For all (i) resources other than those specified in section 23.5.1 not connected
to the main island; (ii) non-quick start resources where a price was not able
to be determined in accordance with section 23.5.1; the day-ahead market
calculation engine shall use the following logic in the order set out below to
calculate locational marginal prices, using a node-level and facility-level
substitution list determined by the IESO:

23.5.2.1

235.2.2

235.23

235.24

235.25

Use the locational marginal price for energy at a node in the
node-level substitution list where defined and enabled by the
IESO, provided such node is connected to the main island;

If no such nodes are identified, use the average locational marginal
price for energy of all nodes at the same voltage level within the same
facility that are connected to the main island,

If no such nodes are identified, use the average locational marginal
price for energy of all nodes within the same facility that are
connected to the main island,

If no such nodes are identified, use the average locational marginal
price for energy of all nodes from another facility that is connected
to the main island, as determined by the facility-level substitution
list where defined and enabled by the IESO; and

If a price is unable to be determined in accordance with sections
23.5.2.1 through 23.5.2.4, use the locational marginal price for
energy for the reference bus.
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Appendix B — IESO Proposed Chapter 7 Amendment - Appendix 7.1
(sections 11.4.1 and 14.4.1)

The amendments to sections 11.4.1 and 14.4.1 of the Market Rules are provided below.

11.4 Conduct Test for Energy

11.4.1 The day-ahead market calculation engine shall perform the Conduct Test for
energy for resources in a narrow constrained area that were identified
pursuant to section 10.8.1 as follows, subject to sections 11.4.2 and 11.4.3. For
each hour h €{1,.., 24} and b € BCondir"4, the day-ahead market
calculation engine shall:

11.4.1.1 Evaluate offers for energy above the minimum loading point: For all k € KnE ,
if PDGhbk > CTEnMinOffer and PDGhbk > min(PDGRefnbk + (abs(PDGRefh,b,k)
*CTEnThresh1N¢A), PDGRefnbk + CTEnThresh2N¢A), where k' € K'npt , then
the Conduct Test was failed for the resource at bus 111 and the day-ahead
market calculation engine shall assign the resource to subset BCT»N¢4 and
add EnergyOfferk to PARAME#,u;

14.4  Price Impact Test for Energy

14.4.1 The day-ahead market calculation engine shall perform the Price Impact
Test for resources that were identified in the corresponding Conduct Test for
energy in section 11.6.1.1, as follows:

14.4.1.1  For local market power for energy:

14.4.1.1.1 Foreachhour h € {1,..,24} and b € BCTNCA, if LMP AP >
min(LMPnRLP + (abs(LMP npRLP) * ITThresh1NCA), LMPppRLP +
ITThresh2N¢A), the Price Impact Test was failed by the resource at bus
b and the day-ahead market calculation engine shall assign the
resource to subset BITWN¢A and add EnergyLMP to LMPITh,;
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