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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
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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 Pre-Dispatch (PD) and
the Real-Time (RT) Calculation Engine for the IESO Market Renewal Program (MRP). The Pre-Dispatch
calculation engine will enable integration between DAM and RT calculation engines producing security-
constrained commitment schedules and prices to maximize the gains from trade while considering resource and
system constraints. The Real-Time calculation engine performs a constrained multi-interval optimization of
energy and operating reserve schedules for the next eleven five-minute intervals by minimizing the “total costs”
from scheduled resources.

The review of the PD and RT engine was conducted from September 2023 to February 2024 using the market
rules described in Chapter 7 - Appendix 7.2A (MR-00459-R00) and Appendix 7.3A (MR-00460-R00)
respectively. This review focused on assessing the compliance of the scheduling and pricing algorithms that
maximize trade gains for energy and operating reserves and ensures grid reliability against the market rules. All
tests were conducted using test data provided by the IESO from October 18, 2023, and November 18, 2023,
respective runs of the PD and RT engine in IESO’s test environment. The purpose of the review was to assess
the compliance of the PD and RT calculation engines against the new market rules. Testing was performed
using test data provided by the IESO on each engine separately.

A suite of automated and scenario tests was developed and executed against the market rules. Automated
tests were used to screen resource schedules to detect economically sub-optimal dispatches and violations of
unit limits or operational limits for both energy and operating reserves for all resources and dispatch hours in
27-hour intervals for PD and 288 five-minute interval periods for RT. 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 how the market rules are
respected within the calculation engines.

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

Summary Findings

The following observations were made during the review of the PD and RT engines:

e The engines 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 both quick-start and non-quick-start 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.

Two (2) exceptions that were observed in the review for the conditions necessary for triggering MPM in the PD
engine as highlighted below.
1. MPM Exceptions — Conduct Test

A subset of resources was incorrectly flagged to have passed or failed the conduct test for energy
resources in a Narrowly Constrained Area (NCA). The IESO indicated that 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.
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2. MPM Exceptions — Price Impact Test

A subset of resources was 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. We also identified a subset of resources that were flagged to have
failed or passed the price impact test when their LMPs are negative. The IESO indicated that this exception
was related to an incorrect mathematical formulation. The IESO informed PwC that a patch for these
exceptions has been applied and tested, 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 PD solution, as well as the overall optimality of the Real-Time (RT) solutions given that
they leverage outputs from PD.

Note: A separate report provides the results of the independent review for the Day-Ahead Market
calculation engine.
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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 PD-CE and the RT-CE was conducted between September 2023 and
February 2024.

Overview of the PD and RT Calculation Engines
Pre-Dispatch Calculation Engine

The PD calculation engine is a dedicated software program that optimizes energy and operating reserves of
resources and provides advisory schedules and prices based on hourly runs that occur before the real-time
dispatch. The PD engine extends DAM commitments for NQS generation facilities if deemed necessary, though
the DAM commitments are maintained as minimum operational requirements to the PD calculation engine.

The PD engine operates over a single pass to determine the least-cost security-constrained advisory schedule
and locational marginal prices (LMPs) based on market participants’ bids and offers submitted while enforcing
operational constraints. The pass commences by determining the optimal unit commitment and economic
dispatch over the optimization horizon, this can also include an extension of the prior commitments established
by the DAM engine, before performing an ex-ante MPM process used in all subsequent PD engine runs.
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Figure 1 provides a simple overview of the overall process for Pre-Dispatch scheduling and pricing. The inputs,
processes and outputs of the PD calculation engine are described below. Further details on the inputs and
outputs of PD detail can be found in Figure 3.

Figure 1: Pre-Dispatch Market Scheduling and Pricing Overview Diagram
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Inputs to the PD calculation Engine

The optimization functions, ex-ante Market Power Mitigation (MPM) process and security assessment functions
that make up the PD 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 from the IESO, 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) and Tie-Breaking
Modifier Database (TBMD), and the security constraint sets, marginal loss factors and loss adjustments
provided as outputs from the security assessment function.

e 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, IESO operating security limits that ensure power flows remain
within reliability criteria, and the network model, as inputs to perform security analysis of the grid.
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Operations of the PD Calculation Engine

The PD engine operates over a single pass to determine the least-cost security-constrained advisory schedule
and locational marginal prices (LMPs) based on market participants’ bids and offers submitted while enforcing
operational constraints. The pass commences by determining the optimal unit commitment and economic
dispatch over the optimization horizon, this can also include an extension of the prior commitments established
by the DAM engine, before performing an ex-ante MPM process used in all subsequent PD engine runs.

The PD dispatch algorithm utilizes an enhanced unit commitment process, considering the operational
properties of NQS generation facilities, and respecting the limitations when performing multi-hour optimization
to make commitment decisions while respecting enforcing DAM commitments as the minimum commitments.

Outputs of the PD Calculation Engine

The results of each PD calculation engine include hourly dispatch schedules for committed resources, advisory
LMPs and zonal prices, as well as binding intertie schedules for immediate next dispatch hour, and NQS
operational commitment extensions. Resource schedules for other hours in the look-ahead period will also be
produced though such schedules will be advisory.

Real-Time Calculation Engine

The Real-time market calculation engine is a software program that performs a constrained multi-interval
optimization of energy and operating reserve schedules for the next eleven five-minute intervals by minimizing
the “total costs” from scheduled resources. The first interval represents the actual dispatch interval with the
remaining ten serving as advisory dispatch instructions. The multi-interval approach ensures resources are
scheduled in advance of actual requirements across the grid by providing participants with an indication of
operational expectations across the next hour.

The RT engine operates over a single pass multi-interval optimization process that performs scheduling and
pricing using resource and system constraints to determine real-time dispatch instructions, advisory dispatch
instructions for subsequent MIO look-ahead period, locational marginal prices (LMPs) and zonal prices. Unlike
the two-pass approach of the legacy Dispatch Scheduler and Optimizer (DSO), the new RT engine will not
require the congestion management settlement credits (CMSC) due to divergence of dispatch schedules and
prices produced from the unconstrained-constrained optimization system.

The RT engine combines the RT dispatch scheduling algorithm with a RT pricing algorithm which determines
LMPs following the principle for price-setting eligibility. It will use initial resource schedules from the Real-Time
scheduling algorithm to compute settlement-ready prices.

Figure 2 provides a simple overview of the overall process for Real-Time scheduling and pricing. The inputs,

processes and outputs of the RT calculation engine are described below. Further details on the inputs and
outputs of RT detail can be found in Figure 4.
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Figure 2: Real-Time Scheduling and Pricing Overview Diagram
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Inputs to the RT calculation Engine

The optimization and security assessment functions that make up the RT calculation engine require different
inputs to ensure proper functionality.

e Optimization Function: It requires market participant inputs (bids, offers, operational characteristics of
facilities, reference levels due to failed Pre-dispatch MPM process), IESO inputs ( sources include Energy
Management System (EMS), Outage Scheduler (OS), Demand Forecast System (DFS), Resource Dispatch
(RD), Dispatch Data Management System (DDMS), Centralized Forecasting System Database (CFSDB)
and Tie-Breaking Modifier Database (TBMD)), and the security constraint sets, marginal loss factors and
loss adjustments provided as outputs from the security assessment function.

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

Operations of the RT Calculation Engine

The Real-Time Market operates over a resource and system constrained single pass to determine resource
schedules and LMPs that meet the market forecasted energy demand using market participants and IESO
inputs.

The Real-time scheduling performs security-constrained economic dispatch of available resources to fulfil the
IESO’s non-dispatchable demand forecast and established operating reserve requirements. It also takes the
pre-dispatch scheduling process pre-determined intertie and hourly demand response resource schedules as
well as operational commitments of NQS resources. Dispatch data from the previous hour’s pre-dispatch to
maximize gains based on the difference between the total price of bids and offers scheduled in real-time
scheduling algorithm.

The Real-Time pricing algorithm will perform similar processes to the RT scheduling algorithm but also
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determine LMPs following the principle for price-setting eligibility. It will use initial resource schedules from the
Real-Time scheduling algorithm to compute settlement-ready prices.

Outputs of the RT Calculation Engine
The result of the RT calculation engine is a set of financially binding resource schedules, and market-settlement

ready prices for all resources for the next five-minute interval and advisory schedules for the subsequent ten
five-minute intervals to ensure reliability.

PwC | MRP PD & RT Engine Review 11




3. Objective and scope of review

Objective

The IESO commissioned the independent pre-implementation review of the PD Calculation Engine and RT
Calculation Engine, to assess if they are operating in compliance with the draft Market Rules for the Ontario
electricity market as defined in the Market Renewal Program (Chapter 7 - Appendix 7.2A (MR-00459-R00) for
PD) (Chapter 7 - Appendix 7.3A (MR-00460-R00) for RT), and as amended in Appendix B of this document.

Scope of review

The tests for the PD and RT Calculation Engine were conducted using test data extracted by the IESO from an
engine run on October 18, 2023, and November 18, 2023, respectively.

Scope inclusions.
e Results of the PD and RT 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 costs, LMPs, and other settlement-ready prices were also considered as part
of the review.

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 the engines, 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 PD
inputs were considered to assess the impact of the Market Power Mitigation process on resulting outputs.

Scope exclusions

The scope does not include:

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

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

e An assessment on how test data integrates across the engines.
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e Other than the PD and RT Calculation Engine, other components within the solution:
— User interface, engine application and any reporting outputs

— Internal processes of the solution such as the validation of completeness and accuracy 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) were outside the scope of our review as
they are dependent on the network design model that represents the IESO grid.

e The following outputs of the engines were also out of scope:
— Obligation Indicator Index (OIl)
—  Flow-limited transmission circuits
— Dynamic loss calculations
— Thresholds determined by the MPM module

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 PD and RT review, our test scenarios were based on Chapter 7 - Appendix
7.2A (MR-00459-R00) and Chapter 7 - Appendix 7.3A (MR-00460-R00) of the IESO Market Rules respectively.
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/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 29, 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 3: Overall Pre-Dispatch Calculation Engine Test Scope
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Figure 4: Overall Real-Time Calculation Engine Test Scope
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4. PwC’s pre-implementation review
approach

Review of the PD Calculation Engine

Our approach to the review was to assess the outputs of the PD and RT calculation engine for violations of the
in-scope Market Rules as drafted in the Market Renewal Program (MRP) Chapter 7 - Appendix 7.2A and
Appendix 7.3A. 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 27-hour intervals (PD) and
all 288 five-minute intervals (RT) of the base case provided by the IESO. We developed and executed
Automated Screening Tests to assess the PD and RT produced schedules for compliance with market rules
related to limit violations and economic optimality. Using these tests, we reviewed each hour (PD) and five-
minute interval (RT) of the test day and all resources within the IESO-controlled grid (~400) scheduled therein.

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 PD and RT inputs for the save
case of the original data and observing the effects on the PD and RT outputs. Save cases are saved data
inputs, intermediate, and final outputs from a PD and RT calculation engine run. These data extracts allowed us
to screen the data that was being outputted from the calculation engines 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 PD and RT procedural and high-level design documentation; and

e Interviewing IESO personnel responsible for the implementation of the PD and RT calculation engine.

Automated testing

We developed and executed Automated Screening Tests to assess the PD and RT calculation engine produced
outputs (i.e., schedules, resource costs, commitments, and prices) for compliance with 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:

e Developing and executing automated tests to assess compliance of the calculation engine output with the
mathematical limits and representations in Appendix 7.2A and 7.3A of the Market Rules as drafted for the
MRP.

e Analysis each of the PD and RT 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.
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This was done for each of the 27-hour (PD) and 288 five-minute (RT) intervals in the dispatch day as
provided in the base case.

o Review of the 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 calculation engine output.

See Table 2 for a list of automated tests performed and its objectives.

Table 2: Overview of PwC’s Automated Tests

Automated Test Test Objectives PD RT
Schedule Variable To check if the resources scheduled are within their expected bounds or Yes Yes
Bounds limits.

Resource Schedule To check if resource schedules respect the operational minimum and Yes Yes
Maximum & maximum limits.
Minimum
OR Scheduling & To check if the resource operating reserve schedules respect their Yes Yes
Ramping schedule requirements and operational limits.
Pseudo-Unit To check that a resource’s pseudo units are modelled correctly based on Yes Yes
Translation & the underlying combustion and steam energy components.
Constraints
Wheeling Through To check that the amount of scheduled export energy equals the amount Yes NA
Transactions of scheduled import energy.
Energy Ramping - To check that the dispatch energy schedules respect a resource’s ramp Yes Yes
MIO capacity throughout its ramp-up and ramp-down periods.
OR Ramping - MIO To check’ that the dlspgtch operating reserve schedules respect a _ Yes Yes
resource’s ramp capacity throughout its ramp-up and ramp-down periods.
Max Number of To check that NQS resource parameters and statuses are respected in the Yes Yes
Starts, MGBRT, solution.
MGBDT - NQS
Total Ener To check that the total energy schedules across all hourly resources Yes Yes
9oy balance out to ensure dispatch reliability. For example, matching the total
balance - Reliability L . .
generation, imports, exports, and interties.
Total OR balance -  To check that total resource operating reserve contributions meet the total Yes Yes
Reliability operating reserve requirements for all the hours.
LMP calculation for  To check that LMPs are being computed consistently in accordance with Yes Yes
Energy and OR the market rules.
To check that resource costs accurately account for appropriate Yes Yes
Resource Cost ; . : . ;
. commitment and dispatch costs in accordance with the applicable market
Calculation rules
MPM Conduct Test To check if the approprlate conditions were met for resources identified to Yes NA
have passed or failed the PD conduct test.
MPM Price Impact  To check if the appropriate conditions were met for resources identified to Yes NA
Test have passed or failed the PD price impact test.
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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.

e Verifying that the scheduled Energy and OR dispatches respect the optimal cost solution.

e Observing potential changes in cost solution.

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

e Observing energy dispatches across hydro-generators.

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

Table 3: Overview of PwC’s Scenario Tests

Scenario Test Test Objectives PD RT
Import & Export To Observe the resource commitments for import and Yes NA
Commitments - Intertie exports.
Testing
Violation Testing for To observe violation variables and how they impact LMPs Yes Yes
Penalty Cost Factors and when conditions are not met.
Intertie Limits
Energy and OR Co- To observe if the scheduled energy and operational reserve  Yes Yes
Optimization dispatches respect the optimal cost solution.

To observe if the solution cost will be higher when NQS Yes NA
Base Case Optimization  resources are not committed or if NQS resources with
Testing - (Non-quick start identical offers and break points have different speed no load
Units) and start-up costs such that only one of the units are

scheduled.

To observe the tie breaking mechanism for variable NA Yes
Tie-Breaking Mechanism  generation resources with equivalent LMPs dispatched for

energy and OR.

To re-compute objective functions to incorporate potential NA Yes

Objective Function

costs or resource scenarios not observed during automated
testing.
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Figure 5: Overview of PwC'’s Pre-Dispatch and Real-Time 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 3 and 4 show a report of the automated and scenario
test results.

Summary of Results
The PD and RT 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 4
for the results on the operational limits that were tested.

2. 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 5, for
the results of the scenario tests conducted.

3. For the Ex-ante MPM in the PD engine, 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, some resources in Narrowly Constrained Areas (NCA) were
incorrectly flagged to have failed or passed.

b. For the MPM Price Impact Test for energy, some resources in Narrowly Constrained Areas (NCA) were
incorrectly flagged to have failed or passed.

The MPM related exceptions impact the overall integrity of the MPM process because incorrectly flagged resources
may lead to incorrect pricing being used for energy offers, start-up cost, and speed-no-load cost, resulting in wrong
unit commitments and locational marginal prices of market participant resources. PwC did not perform any retesting
of the patches that IESO applied to the engine.

Table 4: Result Overview of PwC’s Automated Tests

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

Total Energy balance - Reliability No exceptions NA No exceptions NA
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Automated Test Test Results Comments Test Results Comments

Total OR balance - Reliability No exceptions NA No exceptions NA
LMP calculation for Energy and OR No exceptions NA No exceptions NA
Resource Cost Calculation No exceptions NA No exceptions NA
MPM Conduct Test Exceptions noted IESO informed NA NA

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

MPM Price Impact Test Exceptions noted IESO informed NA NA
PwC that a patch
has been applied
and tested, but
PwC did not
retest.

Table 5: Result Overview of PwC’s Scenario Test

Scenario Test Test Status Comments Test Status Comments
Import & Export Commitments - Intertie No exceptions NA NA NA

Testing

Violation Testing for Penalty Cost Factors ~ No exceptions NA No exceptions NA

and Intertie Limits

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

Tie-Breaking Mechanism NA NA No exceptions NA
Objective Function NA NA No exceptions NA
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Appendices

Appendix A — Chapter 7 - Appendix 7.2 (The Pre-Dispatch Calculation
Engine)

The Market Rules subject of the review is provided below, extracted from Market Rule Amendment Proposal

Form (Identification No. MR-00459-R00) draft published as of July 8, 2022.

1 Appendix 7.2 — The Pre-Dispatch
Calculation Engine Process

1.1 Purpose

1.1.1 This appendix describes the process used by the pre-dispatch calculation
engine to determine commitments, schedules, and prices for the pre-dispatch
look-ahead period.

2 Pre-Dispatch Calculation Engine

2.1 Pre-Dispatch Look-Ahead Period

2.1.1 The pre-dispatch look-ahead period is the time horizon considered in the multi-
hour optimization. The pre-dispatch look-ahead period changes depending on
when the pre-dispatch calculation engine runs:

2.1.1.1 for the pre-dispatch calculation engine runs from 00:00 EST to 19:00 EST in
the current dispatch day, the pre-dispatch look-ahead period consists of the
remaining hours of the current dispatch day; and

2.1.1.2 for the pre-dispatch calculation engine runs from 20:00 EST to 23:00 EST in
the current dispatch day, the pre-dispatch look-ahead period consists of the
remaining hours of the current dispatch day in addition to all hours in the

next dispatch day.
2.2 Pre-Dispatch Calculation Engine Pass
2.2.1 The pre-dispatch calculation engine shall execute one pass, Pass 1, the Pre-

Dispatch Scheduling Process Pass, in accordance with section 7, to produce
pre-dispatch schedules, commitments and locational marginal prices:
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3 Information Used by the Pre-Dispatch
Calculation Engine

3.1.1 The pre-dispatch calculation engine shall use the information in section 3A.1 of
Chapter 7.

4 Sets, Indices and Paramaters Used in the
Pre-Dispatch Calculation Engine

4.1 Fundamental Sets and Indices
4.1.1 A designates the set of all intertie zones;
4.1.2 B designates the set of buses identifying all dispatchable and non-dispatchable
resources within Ontario;
4.1.3 BP¢ C B designates the set of buses identifying dispatchable generation
resources;

4.1.4 BPL C B designates the set of buses identifying dispatchable loads;

4.1.5 BELR © BDG designates the subset of buses identifying energy limited
resources;

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

4.1.7 BHE C BDG designates the subset of buses identifying dispatchable
hydroelectric generation resources;

4.1.8 £ (BHE) designates the set of all subsets of the set 5%,

4.1.9 BUPHEg MBHE) 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;

HE
4.1.10  Bu"ES 2(B™) designates the set of buses identifying all downstream
dispatchable hydroelectric generation resources with a registered forebay that
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4.1.11

4.1.12

4.1.13

4.1.14

4.1.15

4.1.16

4.1.17

4.1.18

4.1.19

4.1.20

4.1.21

4.1.22

4.1.23

4.1.24

4.1.25

4.1.26

are linked via time lag and MWh ratio dispatch data with upstream
dispatchable hydroelectric generation resources with a registered forebay;

B4EC BHE designates the subset of buses identifying dispatchable
hydroelectric generation resources in set s € SHE:

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

BNOo10DF . BPSU designates the subset of buses identifying pseudo-units that
cannot provide ten-minute operating reserve from the duct firing region;

BNesC BDG designates the subset of buses identifying dispatchable nonquick
start resources;

BrsUc BNOS designates the subset of buses identifying pseudo-units;

B/REGCB designates the set of internal buses in operating reserve region I €
ORREG,

B,5TC BPSU designates the subset of buses identifying pseudo-units with a
share of steam turbine p€ PST.

BV¢ € BPG designates the subset of buses identifying dispatchable variable
generation resources;

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

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

DAYS designates the set of days in the look-ahead period. If the lookahead
period spans one day, then DAYS = {tod}. If the look-ahead period spans two
days, then DAYS = {tod, tomy;

D,REGC D designates the set of intertie zone buses identifying boundary entity
resources in operating reserve region r € ORREG:

DX< D designates the subset of intertie zone buses identifying boundary
entity resources that correspond to export bids;

DI D designates the subset of intertie zone buses identifying boundary entity
resources that correspond to import offers;

D, Ddesignates the set of all buses identifying boundary entity resources in
intertie zone a  A;

DI, D, designates the subset of intertie zone buses identifying boundary
entity resources that correspond to import offers in intertie zone a A;
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4.1.27

4.1.28

4.1.29

4.1.30

4.1.31

4.1.32

4.1.33

4.1.34

4.1.35

4.1.36

4.1.37

4.1.38

4.1.39

4.1.40

4.1.41

DICAPEXC D] designates the intertie zone source buses identifying import
offers flagged as capacity imports in time-step ¢t € {4,..,11.47};

DIFMC DI designates the intertie zone buses corresponding to emergency
energy import transactions for time-step € 7.5

DIEMNSC DIEM designates the intertie zone buses corresponding to
emergency energy import transactions that do not support emergency energy

export transactions in time-step t€ T5;

DI/NPC DI designates the intertie zone buses corresponding to inadvertent
energy payback import transactions for time-step £ € 7'S:

DX.C D, designates the subset of intertie zone buses identifying boundary
entity resources that correspond to export bids in intertie zone a€ A,
DXCAPEXC DX designates the intertie zone sink buses identifying export bids
flagged as capacity exports in time-step £;

DX/NPC DX designates the intertie zone buses corresponding to inadvertent
energy payback export transactions for time-step t€ 7;

DXEMC DX designates the intertie zone buses corresponding to emergency
energy export transactions for time-step t€ 7°5;

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

F:€ Fdesignates the set of facilities whose pre-contingency limit was violated

in time step t as determined by a preceding security assessment function
iteration;

F:. € F designates the set of facilities whose post-contingency limit for
contingency c is violated in time step tt as determined by a preceding security
assessment function iteration;

JebE designates the set of bid laminations for energy at bus b € BU DX for
time-step t€ TS;

]t,bms designates the set of offer laminations for synchronized ten-minute
operating reserve at bus b € B for time-step € T5:

J +»'9S designates the set of reference level value laminations for synchronized
ten-minute operating reserve at bus b € B for time-step t € T'S;

]t,bloN designates the set of offer laminations for non-synchronized ten minute
operating reserve at bus b € BU DXfor time-step t € T'S;
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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

4.1.54

J 1b10N designates the set of reference level value laminations for non-
synchronized ten-minute operating reserve at bus b € B for time-step t€ 7.5

J tp30R designates the set of offer laminations for thirty-minute operating reserve
offeratbus b BU DXfortime-step t T5;

J't30R designates the set of reference level value laminations for thirty minute
operating reserve at bus for time-stept 75

K:ipPF € KiuE designates the set of offer laminations for energy corresponding
to the duct firing region of a pseudo-unit at bus b BFSUfor time-step t T:

KipxPR  KipE designates the set of offer laminations for energy corresponding
to the dispatchable region of a pseudo-unit at bus

b € BSUtor time-step t  TS;

K:vE designates the set of offer laminations for energy at bus b € B U DI for
time-step t ETS;

K':pE designates the set of reference level value laminations for energy at bus
b € B for time-step t€ T5:

K:p,LTMLP designates the set of offer laminations for energy quantities up to the
minimum loading point for a non-quick start resource at bus b € BV@for time-
step t€ T§;

K'ip"T™LP 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 EBVOS for time-step t ETS;

K:1'° designates the set of offer laminations for synchronized ten-minute
operating reserve at bus b € B for time-step t € TS;

K105 designates the set of reference level value laminations for
synchronized ten-minute operating reserve at bus b € B for time-step

teTS;

K:10N designates the set of offer laminations for non-synchronized ten-minute
operating reserve at bus b€ BU D[ for time-step t € 7'S’

K':»1ON designates the set of reference level value laminations for

nonsynchronized ten-minute operating reserve at bus b€ Bfor time-step

te TS
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4.1.55 K:n30r designates the set of offer laminations for thirty-minute operating reserve
atbus b€ BU DIfor time-step t€ 75

4.1.56 K':x3%R designates the set of reference level value laminations for thirty-minute
operating reserve at bus b € B for time-step t € T'S;

4.1.57 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;

4.1.58 L/VPLE L, designates the buses contributing to the zonal price for
nondispatchable load zone y € Y;

4.1.59 LnVRTC L, designates the buses contributing to the virtual zonal price for
virtual transaction zone m € M;

4.1.60 M designates the set of virtual transaction zones;

4.1.61 NCA designates the set of narrow constrained areas;

4.1.62  DC(A designates the set of dynamic constrained areas;

4.1.63  B(A designates the set of broad constrained areas;

4.1.64  PSTdesignates the set of steam turbines offered as part of a pseudo-unit,

4.1.65 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;

4.1.66 THERM = {COLD, WARM,HOT designates the set of thermal states for non-quick

start resources;

4.1.67 TS={2,..,n.4p} designates the set of all time-steps in the look-ahead period
that are included in the pre-dispatch calculation engine optimization, where

niap designates the number of time-steps in the look-ahead period;

4.1.68 TStoa & TS designates the time-steps in the look-ahead period that are part of
the current dispatch day;

4.1.69 TStom & TS designates the time-steps in the look-ahead period that are part
of the next dispatch day;

4.1.70 TSC, < TS designates the set of time-steps representing the first hour of a day
ahead operational commitment for the resource at bus b €B;

4.1.71 tiom € TStom designates the first time-step of the next dispatch day;,

4.1.72 Y designates the non-dispatchable load zones in Ontario; and
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4.1.73

4.2.1

42.1.1

42.1.2

422
4221

4222

4223

4224

4225

42.2.6

4.2.2.7

4228

4229

Zsch designates the set of all intertie limit constraints.

4.2 Market Participant Data Parameters

With respect to a non-dispatchable generation resource identified by bus b €
BNDG:

ONDCGpx designates the maximum incremental quantity of energy that may
be scheduled in time-step t € 7.Sin association with offer lamination k EK;pE ;

and

PNDGyy x designates the price for the maximum incremental quantity of
energy in time-step t ETS in association with offer lamination K € Kt,bE .

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

MinQDG,y, designates the minimum loading point for day q € DAYS;

QDGpx designates the maximum incremental quantity of energy above the

minimum loading point that may be scheduled in time-step tE€ TS in
association with offer lamination k EK;pE ;

PDG}y x designates the price for the maximum incremental quantity of
energy in time-step t € TS in association with offer lamination

k EKtbE ;

Q10SDGyx designates the maximum incremental quantity of synchronized

ten-minute operating reserve in time-step t€ TS in association with offer
lamination K& Kt,b'°S;

P10SDGryx designates the price for the maximum incremental quantity of
synchronized ten-minute operating reserve in time-step
t € TS in association with offer lamination K€ Kt,b'°S;

Q10NDG}px designates the maximum incremental quantity of
nonsynchronized ten-minute operating reserve in time-step t€ 7.5'in
association with offer lamination K€ K¢b'oN;

P10NDG:yx designates the price for the maximum incremental quantity of
non-synchronized ten-minute operating reserve in timestep t ETS in
association with offer lamination K€ K¢b'oN;

Q30RDG:p x designates the maximum incremental quantity of thirty-minute

operating reserve in time-step t ETS in association with offer lamination k€
Kt,bSOR;

P30RDGpx designates the price for the maximum incremental quantity of
thirty-minute operating reserve in time-step t € 7.5'in association with offer
lamination K& Kt,b%R;
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42.2.10

42211

42212

422.13

42.2.14

4.2.2.15

4.2.2.16

423

423.1

4232

4233

4234

4235

423.6

ORRDG), designates the maximum operating reserve ramp rate in MW per
minute;

NumRRDGy designates the number of ramp rates provided in timestep t €
TS;

RmpRngMaxDGipw for w € {1..,NumRRDG.»} designates the w'" ramp
rate break point in time-step t E7S;

URRDG:p,w for w € {1,.. MUmRRDG .} designates the ramp rate in
MW per minute at which the resource can increase the amount of energy it
supplies in time-step t € TS while operating in the range between
RmpRngMaxDGtpw-1 and RmpRngMaxDGp,w, where
RmpRngMaxDGtp 00 shall be equal to zero;

DRRDGp,w for w € {1,.. VJumRRD G .} designates the ramp rate in

MW per minute at which the resource can decrease the amount of energy it
supplies in time-step t € TS while operating in the range between
RmpRngMaxDGtpw-1 and RmpRngMaxDGp,w, where
RmpRngMaxDGty,o shall be equal to zero;

RLP30R;), designates the reserve loading point for thirty-minute operating reserve
in time-step t ETS; and

RLP10S;y, designates the reserve loading point for synchronized ten-minute
operating reserve in time-step t ETS.

With respect to a dispatchable non-quick start resource identified by bus b €
BNQS;

LT,,™ designates the lead time in dispatch day q EDAYS for thermal state m €
THERM,;

MGODGyy, designates the minimum generation cost to operate at minimum
loading point in time-step t € TS. This parameter is calculated as follows:

MGODG,, = SNL,,+ Z PLTMLP, ;- QLTMLE, .

TMLP
keKy,

MGBRTDGy), designates the minimum generation block run-time within dispatch
day q EDAYS;

MaxStartsDGg) designates the maximum number of starts per day within
dispatch day q EDAYS;

MGBDTDGypHOT designates the minimum generation block down-time for a hot
thermal state within dispatch day q EDAYS;

MGBDTDGy,WARM designates the minimum generation block down-time for a
warm thermal state in dispatch day q EDAYS;
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4.23.7

4238

4239

4.2.3.10

423.11

4.23.12

423.13

4.2.3.14

4.2.3.15

4.2.4
42.4.1

425

425.1
4252

4253

4254

MGBDTDG g1, O designates the minimum generation block down-time for a cold
thermal state in dispatch day q EDAYS;

PLTML Py x designates the price for the maximum incremental quantity of
energy up to the minimum loading point that may be scheduled in time-step t
ETS in association with offer lamination K EKt,LTMLP;

QL TML Py x designates the maximum incremental quantity of energy up to
the minimum loading point that may be scheduled in time-step

t TS in association with offer lamination kK K ,LTMLP;

RampEgpw™ designates the ramp up energy to minimum loading point in dispatch
day q EDAYS for w € {1,....,RampHrsq,bm} and thermal state
m E THERM,

RampHrsgp™ designates the ramp hours to minimum loading point in dispatch
day q EDAYS for thermal state m € THERM,;

SNL:y designates the speed no-load offer in time-step t E TS;

SUDG,™ designates the start-up offer in time-step t € TS for thermal state
m ETHERM.

SUDG,PAM designates the start-up offer used to evaluate the day-ahead

market commitment starting in time-step t € 7.5C;

SUAdjDG™:» designates the start-up offer that the optimization function will

evaluate in time-step t € TS under thermal state m.

With respect to an energy limited resource identified by bus b € BELR:

MaxDEL;y, designates the maximum daily energy limit for a single

resource with or without a registered forebay within dispatch day q €
DAYS..

With respect to a dispatchable hydroelectric generation resource identified by
bus b EB'E:

MinHMR;y, designates the hourly must-run value in time-step t € TS;
MinHO:y designates the minimum hourly output in time-step t € TS;

MinDEL,y, designates the minimum daily energy limit for a
single resource with of without a registered forebay within dispatch day

g € DAYS,;

MaxStartsHE,), designates the maximum number of starts per day within
dispatch day q EDAYS;
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4255

42.5.6

4.2.6

4.2.6.1

4.2.6.2

4.2.7

42.7.1

4.2.7.2

4273

4238
4.2.8.1

4.2.8.2

4.2.83

StartMWp, for i € {1,..,NStartMWh} designates the start indication value
for measuring maximum number of starts per day; a start is counted between

time-step t and (t + 1) if the schedule increases from below StartMW),; to
at or above StartMWp;; and

(ForLgp,i, ForUyp,y) fori€{1,..,NForyp} designates the lower and upper
limits of the forbidden regions and indicate that the resource cannot be
scheduled between ForLgyiand ForUgpiforalli €{1,.., NForgp} within

dispatch day q EDAYS.

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

MaxSDELys designates the maximum daily energy limit shared by all dispatchable
hydroelectric generation resources in set S € SHE for dispatch day q € DAYS; and

MinSDEL,s designates the minimum daily energy limit shared by all dispatchable
hydroelectric generation resources in set S ESHE within dispatch day q € DAYS.

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

LNK,; EBp"EX Ban™E designates the set of linked dispatchable
hydroelectric generation resources for dispatch day q € DAYS, where
LNK, designates a set with elements of the form (b1, B2) where b1 € Bup
and bz € Bdn',

Laggp1p2€{0,...23} designates the time lag in hours

between upstream dispatchable hydroelectric generation resources

b1 € B 4,'"F and downstream dispatchable hydroelectric generation
resources b2 € Byi'"F for (b1,b2) € LNKq for dispatch day q € DAYS; and

MWHhRatiogp,»» designates the MWh ratio between upstream dispatchable
hydroelectric generation resources b1 € Byt and downstream dispatchable

hydroelectric generation resources by € Bas'F for (b1,b2) € LNKq for dispatch
day q EDAYS.

With respect to a pseudo-unit identified by bus b € B”SY:

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

STShareDRy, designates the steam turbine share of the dispatchable
region;

RampCT,pw™ designates the quantity of energy injected w hours before
the pseudo-unit reaches its minimum loading point in dispatch day

g€ DAYS and thermal state m € THERM that is attributed to the
combustion turbine for w € {1,.., RampHrs,,™ }; and
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4.2.84

429
4.2.9.1

4292

4293

4294

4.2.9.5

4.2.9.6

4.2.9.7

42928

4299

4.2.9.10

4.2.9.11

4.2.9.12

RampST,pw™ designates the quantity of energy injected W hours before
the pseudo-unit reaches its minimum loading point in dispatch day

q € DAYS'for thermal state m € THERM that is attributed to the steam
turbine for w € {1,.., RampHrsgp,™}.

With respect to a dispatchable load identified by bus b € BPL:

QDL designates the maximum incremental quantity of energy that may

be scheduled in time-step € 7.5'in association with bid lamination jE JiyE;

PDL;y; designates the price for the maximum incremental quantity of

energy in time-step ¢ € 7.5in association with bid lamination j€ J¢bE;

Q10S5DL;y,; designates the maximum incremental quantity of synchronized
ten-minute operating reserve that may be scheduled in time-step t E7.S'in
association with offer lamination j € J¢510S;

P10SDLy; designates the price for the maximum incremental quantity of
synchronized ten-minute operating reserve in time-step

t €TS in association with offer lamination j € J¢510S;

Q10NDLy; designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled in time-

step t ETS in association with offer lamination j € Jt510N;

P10ONDL;y,; designates the price for the maximum incremental quantity of
non-synchronized ten-minute operating reserve in timestep tE TS in
association with offer lamination j  J¢610N;

Q30RDL;y; designates the maximum incremental quantity of thirty minute
operating reserve that may be scheduled in time-step t € TS in association
with offer lamination j € Jtb30R;

P30RDL;); designates the price for the maximum incremental quantity of
thirty-minute operating reserve in time-step t ETS in association with offer
lamination j €] 30R;

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

NumRRDL:y, designates the number of ramp rates provided in timestep t €
TS;

RmpRngMaxDLgy,w for W€ {1,., NumRRDL;»} designates the w" ramp
rate break point in time-step t ETS ;

URRDLyw for w € {1,., NumRRDL;»} designates the ramp rate in MW
per minute at which the dispatchable load can increase its amount of energy

consumption in time-step t € TS while operating in
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the range between RmpRngMaxDL:pw-1 and RmgRngMaxDL;yw,
where RmpRngMaxDL:. shall be equal to zero;

42913  DRRDLpwforw € {1..NumRRDL;:} designates the ramp rate in MW per
minute at which the dispatchable load can decrease its amount of energy

consumption in time-step t ETS while operating in the range between

RmpRngMaxDLipw-1 and RmpRngMaxDLsw, where RmpRngMaxDL;y, shall
be equal to zero; and

429.14 QDLFIRM;;, designates the quantity of energy that is bid at the maximum
market clearing price in time-step t € TS.

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

Bupr:

42.10.1  QHDRqy; designates an maximum incremental quantity of reduction in
energy consumption that may be scheduled in time-step tE€ TS in
association with bid lamination j € JbE ;

42.10.2  PHDR;y designates the price for the maximum incremental quantity of
reduction in energy consumption for time-step t € TS in association with bid
lamination j € JbE;

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

42.104 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 boundary entity resource import from intertie zone bus d € DI,
where the locational marginal price represents the price for the intertie metering point:

42.11.1  QIGiqx designates the maximum incremental quantity of energy that may be
scheduled to import in time-step t ETS in association with offer lamination k
Kt,dE ;

PIGqx designates the price for the maximum incremental quantity of energy
may be scheduled to import in time-step t ETS in association with offer
lamination K €K 4E;

42.11.3 Q10NIG:qx designates the maximum incremental quantity of
nonsynchronized ten-minute operating reserve that may be scheduled in

time-step t ETS in association with offer lamination k €K 410N;

42.11.4 PI10NIG:qx designates the price for the maximum incremental quantity of
non-synchronized ten-minute operating reserve in timestep t ETS in
association with offer lamination k € K¢ 410N:
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42115 Q30RIG:qx designates the maximum incremental quantity of thirty-minute
operating reserve quantity that may be scheduled in time-step

t €TS in association with offer lamination k € Kt 43R; and

42.11.6 P30RIG.qx designates the price for the maximum incremental quantity of
thirty-minute operating reserve in time-step t TS in association with offer
lamination K K g30R,

42.12 With respect to a boundary entity resource export to intertie zone sink bus DX,
where the locational marginal price represents the price for the intertie metering point:
42.12.1  QXLq; designates the maximum incremental quantity of energy that may be

scheduled to export in time-step t ~ 7.5'in association with bid lamination j&

J

td™;

42.12.2  PXL:q; designates the price for the maximum incremental quantity of energy
that may be scheduled to export in time-step t ~ 7.5'in association with bid
lamination j € J.qF;

42123 Q10NXLq; designates the maximum incremental quantity of non-
synchronized ten-minute operating reserve that may be scheduled to provide

in time-step t TS in association with offer lamination j  Jt.diwoy;

42124 PI10NXLq; designates the price for the maximum incremental quantity of
non-synchronized ten-minute operating reserve in timestep t  7.5in
association with offer lamination j  Jt,diwoy;

42.12.5 Q30RXL¢a; designates the maximum incremental quantity of thirty-minute
operating reserve that may be scheduled to provide in timestep t  7.5in
association with offer lamination j Jt,dsor; and

P30RXL:q; designates the price for the maximum incremental quantity of
thirty-minute operating reserve in time-step t ETS in association with offer
lamination j  Jtd3or

With respect to a wheeling through transaction:

L  DXX DIdesignates the set of linked boundary entity resource import
and export buses corresponding to wheeling through transactions,

where Ly is a set with elements of the form (dx, di) where dx DXand
di DI

4.3 IESO Data Parameters

4.3.1 Variable Generation Forecast

4.3.1.1 FGyp designates the IESO'’s centralized variable generation forecast for a
variable generation resource identified by bus b B'Cin timestep  7'S.
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432 Variable Generation Tie-Breaking

4.3.2.1 NumVG;designates the number of variable generation resources in the
daily dispatch order for time-step t € 7.5; and

4322 TBM;, € {1,.., NumVG3 designates the tie-breaking modifier for the

variable generation resource at bus b €B"¢ for time-step t  7'S.

43.3 Intertie Curtailments

433.1 [CMaxXL:q designates the maximum limit on the quantity of energy scheduled

for export to intertie zone sink bus d € DX and time-step t € 7.5 as the result of
an intertie curtailment;

4332  ICMinXL:q designates the minimum limit on the quantity of
energy scheduled for export to intertie zone sink bus d € DX and
time step t ETS as the result of an intertie curtailment;

4333 ICMaxIGq designates the maximum limit on the quantity of energy

scheduled for import from intertie zone source bus d €D/ and timestep t €
TS as the result of an intertie curtailment;

4334 [CMax10NIG}q designates the maximum limit on the quantity of non-
synchronized ten-minute operating reserve scheduled for import from intertie

zone source bus d€ D/ and time-step t € 7'S as the result of an intertie
curtailment;

4335 ICMax30RIG:q designates the maximum limit on the quantity of thirty-
minute operating reserve scheduled for import from intertie zone source bus

d €D/ and time-step t€ 7.5 as the result of an intertie curtailment;

433.6 ICMinlG:q designates the minimum limit on the quantity of energy
scheduled for import from intertie zone source bus d €D/ and timestep t €
TS as the result of an intertie curtailment;

433.7 ICMin10NIG:q designates the minimum limit on the quantity of non-
synchronized ten-minute operating reserve scheduled for import from intertie

zone source bus d€ D/ and time-step t € 7'S as the result of an intertie
curtailment; and

4338 ICMin30RIG}q designates the minimum limit on the quantity of thirtyminute
operating reserve scheduled for import from intertie zone source bus d €DI
and time-step t ETS as the result of an intertie curtailment.

434 Operating Reserve Requirements

4.3.4.1 TOT10S: designates the synchronized ten-minute operating reserve
requirement;

4342 TOT10R:designates the total ten-minute operating reserve requirement;

4343 TOT30R; designates the thirty-minute operating reserve requirement;
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43.4.6

4.3.4.7

4348

435
43.5.1

43.5.2

4353

4354

43.6
4.3.6.1

ORRE(G designates the set of regions for which regional operating reserve
limits have been defined;

REGMin10R;, designates the minimum requirement for total ten-minute
operating reserve in region r € ORREG in time-step t E TS;

REGMin30R;, designates the minimum requirement for thirty-minute
operating reserve in region r EORREG in time-step t ETS;

REGMax10R;, designates the maximum amount of total ten-minute

operating reserve that may be scheduled in region r EORREG in timestep t
E€TS; and

REGMax30R;:, designates the maximum amount of thirty-minute operating
reserve that may be scheduled in region r EORREG in timestep t ETS.

Intertie Limits

EnCoeft,, 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;

MaxFExtSch;, designates the maximum flow limit for intertie flow constraint
Z € Zschin time-step tETS;

ExtDSC}designates the net interchange scheduling limit for when the net
flows over all interties from time-step (t— 1) to time-step t decrease; and

ExtUSC; designates the net interchange scheduling limit for when the net
flows over all interties from time-step (t— 1) to time-step t increase.

Resource Minimum and Maximum Constraints

Where applicable the minimum or maximum output of a dispatchable
generation resource or a non-dispatchable generation resource, minimum or
maximum consumption of a dispatchable load, and minimum and maximum
reduction of an hourly demand response resource may be limited due to
reliability constraints, applicable contracted ancillary services, day-ahead
operational commitments, previous pre-dispatch operational commitments,
outages, derates, activation/non-activation of hourly demand response
resources and other constraints, such that:

4.3.6.1.1 MinDL;, designates the most restrictive minimum consumption limit for

the dispatchable load at bus b € B

4.3.6.1.2 MaxDL:, designates the most restrictive maximum consumption limit

for the dispatchable load at bus b EBPL;

4.3.6.1.3 MinNDG;y, designates the most restrictive minimum output limit for the

non-dispatchable generation resource at bus b EBNPC;

4.3.6.1.4 MaxNDGry, designates the most restrictive maximum output limit for the

non-dispatchable generation resource at bus b EBNPC;
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4.3.6.1.5 MinDG}y, designates the most restrictive minimum output limit for the

dispatchable generation resource at bus b EBPC;

4.3.6.1.6 MaxDGyy, designates the most restrictive maximum output limit for the

dispatchable generation resource at bus b EBPC;

4.3.6.1.7 MaxMLPy, designates the maximum output limit in time-step t for the

minimum loading point region of a pseudo-unit at bus b € BPY,

4.3.6.1.8 MaxDR;y, designates the maximum output limit in time-step t for the

dispatchable region of a pseudo-unit at bus b € BPSY,

4.3.6.1.9 MaxDF;y, designates the maximum output limit in time-step t for the

duct firing region of a pseudo-unit at bus b € B™SY,;

4.3.6.1.10 MinHDR;}, designates the minimum load reduction level that may be

scheduled for the hourly demand response resource at bus b € B"PR; and

4.3.6.1.11 MaxHDR;), designates the maximum load reduction level that may be

4.3.7
4.3.7.1

4.3.7.2

4.3.73

4.3.74

4.3.7.5

4.3.7.6

4.3.7.7

scheduled for the hourly demand response resource at bus b € B"PR,

Constraint violation penalties for time step t€ 7.5

(PLdViolSchy;, QLdViolSchy;) for i€ {1,.., Nravioid designates the price-
quantity segments of the penalty curve for under generation used by the Pre-
Dispatch Scheduling algorithm in section 8 and the Reference Level
Scheduling algorithm in section 12;

(PLdViolPrc:, QLdViolPrc) for i€ {1,.., Nravioi designates the
pricequantity segments of the penalty curve for under generation used by the
Pre-Dispatch Pricing algorithm in section 9 and Reference Level Pricing
algorithm in section 13;

(PGenViolSch:, QGenViolSch) for i € {1,.., Nenvioit} designates the
price-quantity segments of the penalty curve for over generation used by the
Pre-Dispatch Scheduling algorithm in section 8 and the Reference Level
Scheduling algorithm in section 12;

(PGenViolPrc;, QGenViolPrc) for i€ {1,.., Ngenvioid designates the
price-quantity segments of the penalty curve for over generation used by the
Pre-Dispatch Pricing algorithm in section 9 and Reference Level Pricing
algorithm in section 13;

(P10SViolSchs;, Q10SViolSchy;) for i € {1,.., Niosviors designates the
price-quantity segments of the penalty curve for the synchronized ten-minute
operating reserve requirement used by the Pre-Dispatch Scheduling
algorithm in section 8 and the Reference Level Scheduling algorithm in
section 12;

(P10SViolPrc;, Q10SViolPrcy) for i € {1,..,N1osvior} designates the price-
quantity segments of the penalty curve for the synchronized ten-minute
operating reserve requirement used by the Pre-Dispatch Pricing algorithm in
section 9 and Reference Level Pricing algorithm in section 13;

(P10RViolSchs;, Q10RViolSchy;) for i € {1,.., N1orvioi designates the
price-quantity segments of the penalty curve for the total ten-minute
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4.3.7.8

4.3.7.9

4.3.7.10

4.3.7.11

4.3.7.12

4.3.7.13

4.3.7.14

4.3.7.15

4.3.7.16

operating reserve requirement used by the Pre-Dispatch Scheduling
algorithm in section 8 and the Reference Level Scheduling algorithm in
section 12;

(P10RViolPrc:;, Q10RViolPrc:) for i € {1,.., N1orvioid designates the
price-quantity segments of the penalty curve for the total ten-minute
operating reserve requirement used by the Pre-Dispatch Pricing algorithm in
section 9 and Reference Level Pricing algorithm in section 13;

(P30RViolSchy;, Q30RViolSchy;) for i € {1,.., N3orvioi designates 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 Pre-Dispatch Scheduling algorithm in
section 8 and the Reference Level Scheduling algorithm in section 12;

(P30RViolPrcii, Q30RViolPrcy;) for i € {1,.., N3orvioid} designates 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 Pre-Dispatch Pricing algorithm in section 9
and Reference Level Pricing algorithm in section 13;

(PREG]OR VI'OISC]]t,i, QREG]OR VI'OJSC]]t,i) for i€ {1,--;NREG'10RVialt}
designates the price-quantity segments of the penalty curve for area total
ten-minute operating reserve minimum requirements used by the Pre-
Dispatch Scheduling algorithm in section 8 and the Reference Level
Scheduling algorithm in section 12;

(PREG10RViolPrc:,QREG10RViolPrc:) fori € {1,..,NR5510RV1'01[}
designates the price-quantity segments of the penalty curve for area total
ten-minute operating reserve minimum requirements used by the
Pre-Dispatch Pricing algorithm in section 9 and Reference Level

Pricing algorithm in section 13;

(PREG30R VI'OISC']]t,i, QREG30R VI'OJSC]]t,i) for i€ {1,--;NREG'30RVialt}
designates the price-quantity segments of the penalty curve for area thirty-
minute operating reserve minimum requirements used by the Pre-Dispatch
Scheduling algorithm in section 8 and the Reference

Level Scheduling algorithm in section 12;

(PREG30RViolPrcii, QREG30RViolPrcy;) for i € {1,.., Nrecsorvioid
designates the price-quantity segments of the penalty curve for area thirty-
minute operating reserve minimum requirements used by the
Pre-Dispatch Pricing algorithm in section 9 and Reference Level Pricing
algorithm in section 13;

(PXREG10RViolSch:;, QXREG10RViolSchy) for i€ {1,.., Nxreciorvioid
designates the price-quantity segments of the penalty curve for area total
ten-minute operating reserve maximum restrictions used by the
Pre-Dispatch Scheduling algorithm in section 8 and the Reference Level
Scheduling algorithm in section 12;

(PXREG10RViolPrc, QXREG10RViolPrcy;) for | € {1,.., Nxrec1orvioid
designates the price-quantity segments of the penalty curve for area total
ten-minute operating reserve maximum restrictions used by the
Pre-Dispatch Pricing algorithm in section 9 and Reference Level Pricing
algorithm in section 13;
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4.3.7.17

4.3.7.18

4.3.7.19

4.3.7.20

4.3.7.21

4.3.7.22

4.3.7.23

4.3.7.24

4.3.7.25

(PXREG30RViolSchs;, QXREG30RViolSchy;) for i € {1,.., Nxrec3orvioid
designates the price-quantity segments of the penalty curve for area total
thirty-minute operating reserve maximum restrictions used by the
Pre-Dispatch Scheduling algorithm in section 8 and the Reference Level
Scheduling algorithm in section 12;

(PXREG30RViolPrc:i, QXREG30RViolPrcy;) for i € {1,--,NXREG30RV1'01t}
designates the price-quantity segments of the penalty curve for area total
thirty-minute operating reserve maximum restrictions used by the
Pre-Dispatch Pricing algorithm in section 9 and Reference Level Pricing
algorithm in section 13;

(PPrelTLViolSchti, QPrelTLViolSchft,) for i € {1,.., NpreiLviolf:}
designates 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 Pre-Dispatch Scheduling algorithm in section 8 and the Reference
Level Scheduling algorithm in section 12;

(PPrelTLViolPrctti, QPrelTLViolPrctt) for i € {1,.., NPrelTLVioltt}

designates 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 Pre-Dispatch Pricing algorithm in section 9 and Reference Level
Pricing algorithm in section 13;

(PITLViolSchctti, QITLViolSchctt,) for i € {1,.., NITLViolct} designates
the price-quantity segments of the penalty curve for exceeding the
contingency ¢ EC post-contingency limit of the transmission constraint for

facility f€ F used by the Pre-Dispatch Scheduling algorithm in section 8 and
the Reference Level Scheduling algorithm in section 12;

(PITLViolPrcctyi, QITLViolPrccty) for i € {1,.., NiTLViolst} designates
the price-quantity segments of the penalty curve for exceeding the

contingency ¢ EC post-contingency limit of the transmission constraint for

facility f€ F used by the Pre-Dispatch Pricing algorithm in section 9 and
Reference Level Pricing algorithm in section 13;

(PPreXTLViolSchzyi, QPreXTLViolSchzyy) for | € {1,.., NPreXTLViolzs}
designates the price-quantity segments of the penalty curve for exceeding

the flow limit specified by Z € Zsch used by the PreDispatch Scheduling
algorithm in section 8 and the Reference Level Scheduling algorithm in
section 12;

(PPreXTLViolPrc;i, QPreXTLViolPrcy,) for i € {1,.., Nprextivioizs
designates the price-quantity segments of the penalty curve for exceeding

the flow limit specified by Z € Zsch used by the PreDispatch Pricing algorithm
in section 9 and Reference Level Pricing algorithm in section 13;

(PNIUViolSchs;, QNIUViolSchy) for i € {1,.., Nywvioid designates the
price-quantity segments of the penalty curve for exceeding the timestep t net
interchange increase constraint between time-steps (t-1) and

t used by the Pre-Dispatch Scheduling algorithm in section 8 and the
Reference Level Scheduling algorithm in section 12;

PwC | MRP Review — Pre-Dispatch and Real-Time Market Calculation Engine

38



4.3.7.26

4.3.7.27

4.3.7.28

4.3.7.29

4.3.7.30

4.3.7.31

4.3.7.32

4.3.7.33

4.3.7.34

(PNIUViolPrc;, QNIUViolPrcy) for i € {1,.., Nywviois designates the
price-quantity segments of the penalty curve for exceeding the timestep t net
interchange increase constraint between time-steps (t-1) and

t used by the Pre-Dispatch Pricing algorithm in section 9 and
Reference Level Pricing algorithm in section 13;

(PNIDViolSch:i, QNIDViolSchy) for i € {1,.., Nnipvioi designates the
price-quantity segments of the penalty curve for exceeding the timestep t net
interchange decrease constraint between time-steps (t-1) and

t used by the Pre-Dispatch Scheduling algorithm in section 8 and the
Reference Level Scheduling algorithm in section 12;

(PNIDViolPrc;, QNIDViolPrcy;) for i € {1,.., Nyviois designates the
price-quantity segments of the penalty curve for exceeding the timestep t net
interchange decrease constraint between time-steps (t-1) and

t used by the Pre-Dispatch Pricing algorithm in section 9 and Reference
Level Pricing algorithm in section 13;

(PMaxDelViolSch.;, QMaxDelViolSchy) for i € {1,.., Nyaxperviois)
designates the price-quantity segments of the penalty curve for exceeding a
resource’s maximum daily energy limit used by the PreDispatch Scheduling
algorithm in section 8 and the Reference Level Scheduling algorithm in
section 12;

(PMaxDelViolPrci, QMaxDelViolPrcy;) for i € {1,.., Nyaxpeivioid
designates the price-quantity segments of the penalty curve for exceeding a
resource’s maximum daily energy limit used by the PreDispatch Pricing
algorithm in section 9 and Reference Level Pricing algorithm in section 13;

(PMinDelViolSchs, QMinDelViolSchy) for i € {1,.., Nuinpetvioidy
designates the price-quantity segments of the penalty curve for
underscheduling a resource’s minimum daily energy limit used by the Pre-
Dispatch Scheduling algorithm in section 8 and the Reference Level
Scheduling algorithm in section 12;

(PMinDelViolPrci, QMinDelViolPrcy) for i € {1,..,Numinperviort}
designates the price-quantity segments of the penalty curve for
underscheduling a resource’s minimum daily energy limit used by the
PreDispatch Pricing algorithm in section 9 and Reference Level Pricing
algorithm in section 13;

(PSMaxDelViolSch:;, QSMaxDelViolSchy;) for i € {1,..,Nsmaxpevioir}
designate the price-quantity segments of the penalty curve for exceeding a
shared maximum daily energy limit used by the PreDispatch Scheduling
algorithm in section 8 and the Reference Level Scheduling algorithm in
section 12;

(PSMaxDelViolPrc;, QSMaxDelViolPrcy;) for i € {1,..,Nuaxpetvior}
designate the price-quantity segments of the penalty curve for exceeding a
shared maximum daily energy limit used by the Pre-Dispatch Pricing
algorithm in section 9 and Reference Level Pricing algorithm in section 13;
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4.3.7.35

4.3.7.36

4.3.7.37

4.3.7.38

4.3.7.39

43.8
4.3.8.1

4.3.8.2

4.3.83

4.3.8.4

439
4.3.9.1

4.3.9.2

4393

(PSMinDelViolSch:;, QSMinDelViolSchy) for i € {1,..,Nsminpenior}
designate the price-quantity segments of the penalty curve for under-
scheduling a shared minimum daily energy limit used by the Pre-
Dispatch Scheduling algorithm in section 8 and the Reference Level
Scheduling algorithm in section 12;

(PSMinDelViolPrc;, QSMinDelViolPrcy) for i € {1,..,Nsuinpenvior}
designate the price-quantity segments of the penalty curve for
underscheduling a shared minimum daily energy limit used by the
PreDispatch Pricing algorithm in section 9 and Reference Level Pricing
algorithm in section 13;

(POGenLnkViolSchy, QOGenLnkViolSchy;) for i € {1,..,NogenLnkviort}
designate the price-quantity segments of the penalty curve for over
generation on a downstream resource used by the Pre-Dispatch Scheduling
algorithm in section 8 and the Reference Level Scheduling algorithm in
section 12;

(PUGenLnkViolSch:;, QUGenLnkViolSchy) for i € {1,..,Nugentnkvioi}
designate the price-quantity segments of the penalty curve for under
generation on a downstream resource used by the Pre-Dispatch Scheduling
algorithm in section 8 and the Reference Level Scheduling algorithm in
section 12; and

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

Price Bounds

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

EngyPrcFirdesignates and is equal to the settlement floor price for
energy;

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

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

Ex-Ante Market Power Mitigation

BCACondThresh designates the threshold for the congestion component
of a resource’s locational marginal price for energy, above which the
resource will meet the broad constrained area condition, 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;
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4.3.9.5

43.9.6

4.3.9.7

4.3.9.8

4399

4.3.9.10

4.3.9.11

PDGRef:y x designates the reference level value for energy lamination K'e

K'iuE for the resource at bus bEBPCin time-step tETS:

P10SDGRefhx designates the reference level value for synchronized ten-
minute operating reserve lamination K' € K',5105 for the resource at bus b €
BDG in time-step t ETS;

P10ONDGRef: x designates the reference level value for nonsynchronized
ten-minute operating reserve lamination K'€ K'¢, 10N for the resource at bus
b € BS in time-step tE TS;

P30RDGRef:vx designates the reference level value for thirty-minute
operating reserve lamination K'€ K',30R for the resource at bus b € BDG in
time-step t €TS;

P10SDLRef;y; designates the reference level value for synchronized ten-
minute operating reserve lamination j'€ J'¢»10S for the resource at bus b €
BDL in time-step t ETS;

P10NDLRef;y,; designates the reference level value for non-synchronized
ten-minute operating reserve lamination j'€ J'¢p10N for the resource at bus b
EBDL in time-step t E TS;

P30RDLRef:, designates the reference level value for thirty-minute operating
reserve lamination j'€ ]',30R for the resource at bus b € BC in time-step t € TS

SUDGRef designates the reference level value for the start-up offer for

the resource at bus b€ BV®S in time-step t € TS;

SNLRef, designates the reference level value for the speed no-load

offer for the resource at bus b €BVAS in time-step t € TS;

4.3.9.13

4.3.9.14

4.3.9.15

4.3.9.16

PLTMLPRef, designates the reference level value for the energy up to
the minimum loading point reference level lamination k' € K’,,L™LP of the

offer for the resource at busb € BPG in time-step t ETS;

CTEnThresh 1Vt 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%;

CTEnThresh2VN¢A 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;

CTSUThreshVt4 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%;
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43917 CTSNL ThreshV¢A 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%;

4309.18 CTEnThresh19¢4 designates the conduct threshold for a resource in a
dynamic constrained area as a percent increase above the reference level
value of the energy offer for the resource and is equal to 50%;

439.19 CTEnThresh2P¢4 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;

4.3.9.20 CTSUThresh?Pc4 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%;

43921 CTSNL ThreshPc4 designates the conduct threshold for a resource in a
dynamic 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%;

4.3.9.22 CTEnThresh15¢4 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%;

. CTEnThresh25¢4 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;

43924  CTSUThresh?t4 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%;

4.3.9.25 CTSNL ThreshB¢4 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%;

43926 CTEnThresh16MP 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%;

4.3.9.27 CTEnThresh2GMP 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;

4.3.9.28 CTSUThresh%™? 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%;

4.3.9.29  CTSNLThresh® 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%;

43930 CTORThresh1O9RL 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%;
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4.3.9.31

4.3.9.32

4.3.9.33

4.3.9.34

4.3.9.35

4.3.9.36

4.3.9.37

4.3.9.38

4.3.9.39

4.3.9.40

4.3.9.41

4.3.9.42

4.3.9.43

CTORThreshZ0RL designates the local 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;
CTEnThresh19RL designates the local marker 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%;

CTEnThreshZ0RL 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%;

CTSNL ThreshORL 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%;

CTORThresh20RG 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;

CTSUThresh®R¢ 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%;

CTSNL Thresh©RG 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

PwC | MRP Review — Pre-Dispatch and Real-Time Market Calculation Engine

43



4.3.9.44

4.3.9.45

4.3.9.46

4.3.947

4.3.9.48

4.3.9.49

4.3.9.50

4.3.9.51

4.3.9.52

4.3.9.53

4.3.10

operating reserve below this value are excluded from the Conduct Test and
is equal to $5/MW;

ITThresh1Nc4 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%;

ITThresh2Nc4 designates the price impact threshold for a resource in a
narrow 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;

ITThresh10¢4 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%;

ITThresh20¢4 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¢4 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 locational marginal
price output from section 13 and is equal to 100%;

ITThresh2B°4 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;

ITThresh1¢MP 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%;

ITThresh2GMP 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;

ITThresh10R¢ 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

ITThreshZ20RG 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.

Weighting Factors for Zonal Prices
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4.3.10.1

4.3.10.2

43.11

43.11.1

43.11.2

43.11.3

43.11.4

4.3.11.5

4.3.11.6

43.12

4.3.12.1

43.12.2

4.3.12.3

WF:mpVRT designates the weighting factor for bus b € L»'R™ used to

calculate the price for virtual transaction zone m € M for time-step t € TS

and is equal to the weighting factor used in the day-ahead market for the
applicable hour;

W,y uNPL designates the weighting factor for bus b € LNP-, used to
calculate the price for non-dispatchable load zone y €Y for time-step

t € TS. The weighting factors shall be obtained by renormalizing the load
distribution factors so that for a given time-step the sum of weighting factors
for a non-dispatchable load zone is equal to one.

Day-Ahead Market Scheduled Intertie Transactions

SIGT:qPAM designates the day-ahead market scheduled quantity of import
energy for intertie zone source bus d € D/ in time-step t € {4,..,nLAp};

S10NIGTqPAM designates the day-ahead market scheduled quantity of
non-synchronized ten-minute operating reserve for intertie zone source bus

d € DI in time-step t€ {4,..,nLap};

S30RIGT:4PAM designates the day-ahead market scheduled quantity of
thirty-minute operating reserve for intertie zone source bus d € DI in time-

step t € {4,...nLap};

SXL T:qaPAM designates the day-ahead market scheduled quantity of export
energy for intertie zone sink bus d € DX in time-step t € {4,..,nLap};

S10NXLT:4P2M designates the day-ahead market scheduled quantity of
non-synchronized ten-minute operating reserve for intertie zone sink bus d €

DX in time-step t € {4,..,nLap}; and

S3O0RXL T:qPAM designates the day-ahead market scheduled quantity of
thirty-minute operating reserve for intertie zone sink bus d € DX in time-step

te {4,..,I1LAP}.
Import Offers Without a Day-Ahead Market Schedule

SI1GTqEXTRA designates the extra quantity of energy for import from intertie
zone source bus d€ DI in time-step t € {4,..,nLap} that may be considered

for the purpose of reliability;

S10NIGT:EXTRA designates the extra quantity of non-synchronized ten-
minute operating reserve for import from intertie zone source bus

d € DI in time-step t € {4,..,nLap} that may be considered for the
purpose of reliability; and

S30RIG T qEXTRA designates the extra quantity of thirty-minute operating
reserve for import from intertie zone source bus d € DI in time-step t €
{4,..,nLAp} that may be considered for the purpose of reliability.
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44.1
4.4.1.1

442
4421

4422

4423

4424

443
4.43.1

4432

4.4 Other Data Parameters

Non-Dispatchable Demand Forecast

FL:designates the total province-wide non-dispatchable demand forecast
for time-step t € TS calculated by the security assessment function.

Internal Transmission Constraints

PreConSFi 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 time-step t under pre-contingency conditions;

AdjNormMaxFlow s designates the limit corresponding to the maximum
flow allowed on facility f in time-step t under pre-contingency conditions;

SF:.tp 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 time-step t under post-contingency conditions for
contingency c; and

AdjEmMaxFlow,. designates the limit corresponding to the maximum
flow allowed on facility f in time-step t under post-contingency conditions for
contingency C.

Transmission Losses

MglILoss:, designates the marginal loss factor and represents 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 € B
U D in time-step tETS; and

LossAdj; designates any adjustment needed for time-step t € TS 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.

5 Initialization

5.1.1

5.1 Purpose

The initialization processes set out in this section 5 shall occur prior to the
execution of the pre-dispatch calculation engine described in section 2.2.1
above.
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5.2.1

522

5.2 Reference Bus

The IESO shall use Richview Transformer Station as the pre-dispatch

calculation engine’s default reference bus for the calculation of locational
marginal prices.

If the default reference bus is out of service, another in-service bus shall be
selected.

5.3 Islanding Conditions

e Inthe event of a network split, the pre-dispatch calculation engine shall:

5.3.1.1 only evaluate resources that are within the main island,

5.3.1.2 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

54.1

5.5.1

5.6.1

5.6.1.1

5.6.1.2

reference bus does not fall within the main island.

5.4 Variable Generation Tie-Breaking

For each time-step t € TS, each variable generation resource bus b € B¢
and each offer lamination K € K;1E , the offer price PDG:px shall be modified

to PDGyox— (TBMt>/ NumVGt)p, where p is a small nominal value of
order 10-4.

5.5 Pseudo-Unit Constraints

Constraints for pseudo-units corresponding to minimum and maximum

constraints on physical resources shall be determined in accordance with
section 15.

5.6 Dispatch Data Across Two Dispatch Days

If the pre-dispatch look-ahead period spans two dispatch days, then the pre-
dispatch calculation engine shall set the parameters below as follows:

LNKC, which designates the linked dispatchable hydroelectric generation
resources and is defined by:

LNK,,; ifDAYS = ftod)

LA { LNK,,, iFDAYS = f{tod,tom} "

LagCy1b:, which designates the time lag between dispatchable
hydroelectric generation resources (b1, b2) € LINKC and is defined by:

LaoC . Lagtod,bl,bz IfDAYS ={tod}
i E Lagom,py,b, if DAYS = {tod,tom}’
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5.6.13

5.6.1.4

5.6.1.5

5.6.1.6

5.6.1.7

5.6.1.8

5.6.1.9

5.6.1.10

MWhRatioCp1,b., which designates the MWh ratio for dispatchable
hydroelectric generation resources (b1, b2) € LNKC and is defined by:

MWbRatjotod,bl,bz IfDA Ys ={ de}

Mianed - { MWhRatiowmy 5, I DAYS= {todtom}’

MinQDGCy, which designates the minimum loading point for dispatchable
generation resource b € BP¢ and, subject to section 5.6.2, is defined by:
MinQDGyyqp if DAYS = {tod}

MinQDGC), = {MjHQDGtom,b if DAYS = {tod,tom}’

MGBRTDGC), which designates the minimum generation block run time for non-

quick start resource b € BV and, subject to section
5.6.2, is defined by:

MGBRTDG if DAYS={tod}

MGBRTDGC, = {MGBRTDGmm,b IfDAYS = {tod,tom}

MGBDTDGCym, which designates the minimum generation block down time for
non-quick start resource b € BVCS for thermal state m € THERM and is defined by:

vcapTpeen < | MEBPTDG g, ifDAYS={tod]
b=\ MGBDTDGY,,,  ifDAYS={tod.tom}’

LTCy™, which designates the lead time for non-quick start resource b €

BN for thermal state m € THERM and is defined by

LTCM= LT;gd,b IfDAYS:{l'Od}
ol oy odon)

RampHrsCy™, which designates the ramp hours to minimum loading point for a

non-quick start resource b € BV?S for thermal state m € THERM and is defined by:

RampHrsg,;, if DAYS = {tod}
RampHrs; if DAYS = {tod,tom}

tom,b

RampHrsC)' = {

RampECpw™ for w € {1,.., RampHrsCy™}, which designates the ramp up energy
to minimum loading point for a non-quick start resource b € BNOS for thermal state
m € THERM and is defined by:

e RampE{ ;. if DAYS = {tod}
AMPESbw =) RampE™,. , ., if DAYS = {tod,tom}’

RampCTCyu™ for w € {1,..,RampHrsCy™}, which designates the
ramp up energy to minimum loading point for the combustion
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turbine associated with the pseudo-unit at bus b € BPS for thermal state
m € THERM and is defined by:
RampCT)y, . if DAYS={tod}

RampCTCpl, = { RampCT? if DAYS = {tod,tom}’

5.6.1.11  RampSTCpw™ for WE {1,.,RampHrsCs™}, which designates the ramp up
energy to minimum loading point for the steam turbine portion of the pseudo-

unit at bus b€ BFSUfor thermal state m € THERM and is defined by:

- . RampST. 5, p . if DAYS ={tod}
amps51Cp,, = RampST2, iIf DAYS = {tod,tom}’

5.6.2  If a non-quick start resource receives a commitment prior to the 20:00 EST
pre-dispatch calculation engine run but that commitment is not yet
complete, then:

5.6.2.1 MinQDGioqp and MGBRTDGhoap shall continue to be applied until the
commitment is complete; and

5.6.2.2 MinQDGtomp and MGBRTDGromp shall be applied for any new
commitments made in the 20:00 EST pre-dispatch calculation engine run or
later.

5.6.3 For all other daily dispatch data, except the single-cycle mode flag determined
in section 15.5, the current day value shall be used for all dispatch hours in the
current dispatch day and the next day value shall be used for all dispatch
hours in the next dispatch day.

5.7 Start-Up Offers for Non-Quick Start
Resource Advancements

5.7.1 The pre-dispatch calculation engine shall use start-up offers for non-quick start
resources with a day-ahead operational commitment as follows:

5.7.1.1 If the time-step t in the set of hours preceding the start-up time tpav€ TSCp
of a day-ahead operational commitment in day q € DAYS are such that t €
{max(tparr(MGBRTDG,, + MGBDTDG:H0M)2). ..., toans}, then:

If SUDGp™= SUDGpPAM, then set SUAdJDGiy™ = SUDGep™
If SUDGipy™ < SUDGPAM, then set SUAdJDG™ = SUDGypPAM

5.7.1.2 If the time-step t in the set of hours preceding the start-up time tpau€ TSCs of
a day-ahead operational commitment in day q € DAYS are offersuch that t
& {max tp,,r (MGBRTDG,» + MGBDTDG,H0T), 2),... tpau}, then:
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SUAdjDGtom = SUDGtbm

5.8 Non-Quick Start Resource First Time-Step
Available to Start

5.8.1 The pre-dispatch calculation engine shall determine the first time-step a non-
quick start resource can be scheduled to its minimum loading point as follows:

5.8.1.1 For a non-quick start resource at bus b € BV¢S that has not been scheduled
at or above its minimum loading point for [nitDownHrsp hours:

5.8.1.1.1 10 </nitDownHrsy+ t — 1 < MGBDTDGCy°7, then the
resource cannot be scheduled to reach minimum loading point in time-
stept e TS;

5.8.1.1.2 If InitDownHrsy+ LTCy"0T+ 1 < MGBDTDGC,WARM, then a lead

time of LTCy"T will be applied and the resource can be scheduled to
its minimum loading point in time-step t € TS only if t = LTC,HOT + 2;

5.8.1.1.3 If InitDownHrsy + LTCyWARM + 1 < MGBDTDGCyOLD, then a lead
time of L TCy"ARM will be applied and the resource can be scheduled to
its minimum loading point in time-step t € TS only if £ = LTCy"WARM + 2;

and

5.8.1.1.4 If a lead time of LTCyCOLP will be applied and the resource can be
scheduled to its minimum loading point in time-step t € TS only if £ =
LTCbcoLD + 2.

5.9 Initial Scheduling Assumptions

5.9.1 Initial Schedules

5.9.1.1 The following parameters designate the initial energy schedules used for
time-step 1 of the pre-dispatch look-ahead period and shall be based on the
values determined by the IESO’s energy management system for internal
resources and the most recent interchange schedules for time-step 1 for
boundary entity resources:

5.9.1.1.1  SDL;p; designates the amount of energy that a dispatchable load is

scheduled to consume at bus b € BPL;

5.9.1.1.2 SHDR;p; designates the amount of energy an hourly demand response
resource is scheduled to reduce consumption at bus b € BHPR;

5.9.1.1.3 SXL;4; designates the amount of energy a bounday entity resource is
scheduled to export at bus d EDX;

5.9.1.1.4 SDGipx designates the amount of energy that a dispatchable
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generation resource is scheduled to provide at bus b € B°S;

5.9.1.1.5 SCTip designates the schedule of the combustion turbine associated
with the pseudo-unit at bus b € B,

5.9.1.1.6 5577y designates the schedule of steam turbine p € PST;

5.9.1.1.7 SIG14x designates the amount of energy that a boundary entity resource
is scheduled to import from intertie zone source bus

depr;

59.1.2 The initial schedules for non-quick start resources shall be determined to
align with the commitment status logic described in section 5.9.2.

5.92 The following parameters designate initial commitment status, number of hours
in operation and number of hours down for time-step 1 of the pre-dispatch
look-ahead period:

5.9.2.1 ODGy, designates whether the dispatchable generation resource at bus b
EBNUS has been scheduled at or above its minimum loading point in time-

step 1, where ODG 1y, shall be set to ODGzy, from the previous pre-
dispatch calculation engine run unless the real-time calculation engine has
kept such resource at or above its minimum loading point to respect a

reliability constraint. In such cases, ODG1,, shall be determined by the real-
time calculation engine advisory schedule;

59.2.2  [nitOperHrsy designates the number of consecutive hours at the end of

time-step 1 for which the resource at bus b€ BV®S has been, and is
anticipated to be, operating at or above its minimum loading point. For

resources with ODG 1y = 0, InitOperHrsy shall be set to zero; and

5923 InitDownHrs), designates the number of consecutive hours at the end of time-

step 1 for which the resource at bus b €8V has not been, and is not
anticipated to be, operating at or above its minimum loading point. For resources

with ODG1p = 1, InitDownHrsyp shall be set to zero.

593 Initial Net Interchange Schedule

5931 The initial net interchange schedule value shall be the difference between all
imports to Ontario and all exports from Ontario for timestep 1. By default, this
value will be based on fixed schedules for imports and exports from the real-
time calculation engine.

594 Number of Starts for Non-Quick Start Resources

594.1 NumStartsy designates the number of starts the resource at bus b€ BNQS
has incurred in the current dispatch day, plus any anticipated starts in time-
step 1.

5.9.5 Number of Starts for Hydroelectric Resources

59.5.1 NumStartsHE} designates the number of starts the resource at bus b €
BHE has incurred in the current dispatch day, plus any anticipated starts in
time-step 1.
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5.9.6

Cumulative Energy Production for Energy Limited Resources and Dispatchable
Hydroelectric Resources

5.9.6.1 EngyUsed} designates the energy already provided by the resource at bus

b € BELRU BHE in the current dispatch day, plus the energy scheduled in
time-step 1; and

5.9.6.2 EngyUsedSHE; designates the energy already provided in the current

5.9.7
5.9.7.1

59.7.2

dispatch day by all resources sharing a maximum daily energy limit or
minimum daily energy limit in set S € SHE plus the energy scheduled in time-
step 1.

Past Hourly Production for Linked Hydroelectric Resources

For linked hydroelectric resources, the past hourly energy production of upstream
resources shall be used to schedule downstream resources for time-steps in the
pre-dispatch look-ahead period within the time lag. These past hourly production
schedules shall be equal to the output determined by the IESO’s energy
management system based on real-time telemetry less any production scheduled
as part of an operating reserve activation. For all linked hydroelectric resources

(b1,b2) € NKC and all time-steps t €TS such that t < LagCpi,bz, PastMWhyp:
designates the total energy produced by resource bb: exactly LagCp1,b2 hours

prior to time-step t.

The schedules of downstream resources linked to time-step 1 upstream resource
schedules shall be pre-determined based on the average value of the upstream
resource advisory schedules from the last real-time calculation engine run that
successfully completed before the pre-dispatch calculation engine run
commenced. If the advisory schedule reflects an operating reserve activation for
an upstream resource, then the schedule determined by the real-time calculation
engine run prior to the operating reserve activation shall be used. For all linked

hydroelectric resources (b1.b;) ELNKC and all time-steps t €TS such that t =

LagCyp1,b2, PastMWhi designates the total energy determined for resource b1 for
time-step 1 to be used for scheduling downstream resources in time-step t.

6 Security Assessment Function in the
Pre-Dispatch Calculation Engine

6.1.1

6.1 Interaction between the Security
Assessment Function and
Optimization Functions

The scheduling and pricing algorithms of the pre-dispatch 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.
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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 The security assessment function shall use the physical resource
representation of combined cycle facilities that are registered as pseudounits.

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 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:

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

6.2.2.2 the schedules for non-dispatchable generation resources and

dispatchable generation resources; and

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

6.3 Security Assessment Function
Processing

6.3.1 The security assessment function shall determine the province-wide non-
dispatchable demand forecast for time-step t, FLt, as follows:

6.3.1.1 determine forecast MW quantities for all load resources and losses using the
IESO demand forecasts for demand forecast areas, load distribution factors,
and 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 FL;: by adding the forecast MW quantities determined for each
non-dispatchable load, each price responsive load, and each dispatchable
load with no bid, including forecast MW losses in the demand forecast areas.

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

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

6.3.2.2 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 nonlinear DC power
flow analysis fails to converge, the base case solution function shall use a
linear DC power flow analysis.
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6.3.2.3

6.3.2.4

6.3.2.5

6.3.2.6

6.3.2.7

6.3.2.8

6.3.2.9

6.3.2.10

6.4.1

6.4.1.1

6.4.1.2
6.4.1.3
6.4.1.4

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 precontingency
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.

Violated post-contingency limits shall be linearized using postcontingency
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 timestep.
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 Pre-Dispatch Scheduling and the Reference Level Scheduling
algorithms described in sections 8 and 12, respectively, shall use the
marginal loss factors for each time step calculated by the security
assessment function.

The Pre-Dispatch Pricing and Reference Level Pricing algoritms described in
sections 9 and 13, 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

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

a set of linearized constraints for all violated pre-contingency and post-
contingency limits for each time-step. 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 time step;
the marginal loss factors as described in sections 6.3.2.8 - 6.3.2.10; and

loss adjustment quantity for each time-step.
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7  Pass 1: Pre-Dispatch Scheduling
Process

7.1.1

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

the Pre-Dispatch Scheduling algorithm described in section 8;

the Pre-Dispatch Pricing algorithm described in section 9;

the Constrained Area Conditions Test described in section 10;

the Conduct Test described in section 11;

the Reference Level Scheduling algorithm described in section 12;
the Reference Level Pricing algorithm described in section 13; and

the Price Impact Test described in section 14.

8 Pre-Dispatch Scheduling

8.1.1

8.2.1

8.3.1
8.3.1.1

83.1.2

8.1 Purpose

The Pre-Dispatch 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, subject to section
14.7.1.3, to meet the IESO'’s provincewide non-dispatchable demand forecast
and /ESO-specified operating reserve requirements for each hour of the pre-
dispatch look-ahead period.

8.2 Information, Sets, Indices and Parameters

Information, sets, indices and parameters used by the Pre-Dispatch
Scheduling algorithm are described in sections 3 and 4.

8.3 Variables and Objective Function

The Pre-Dispatch Scheduling algorithm shall solve for the following variables:
SDL;py , which designates the amount of energy that a dispatchable load is
scheduled to consume at bus b € BPL in time-step t € 7.5in association with

lamination j € JbE;

S105DLy,; , which designates the amount of synchronized ten-minute operating

reserve that a dispatchable load is scheduled to provide at bus b €BPL in time-step

t €TS in association with lamination j € Jt,btos;
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83.14

8.3.1.5

8.3.1.6

8.3.1.7

83.1.8

8.3.1.9

8.3.1.10

8.3.1.11

8.3.1.12

8.3.1.13

8.3.1.14

S10NDLyp , which designates the amount of non-synchronized ten minute
operating reserve that a dispatchable load is scheduled to provide at bus b€
BPLin time-step t € TS in association with

lamination j € Jtbion;

S30RDL;y , which designates the amount of thirty-minute operating
reserve that a dispatchable load is scheduled to provide at bus b €EBPL in
time-step t ETS in association with lamination j € Jt,bsox;

SHDR;p;, which designates the amount of energy reduction scheduled for
an hourly demand response resource at bus b € BPR in time-step t ETS in
association with lamination € Ji b ;

SXL¢q;, which designates the amount of energy a boundary entity resource
is scheduled to export at bus d EDX'in time-step t € 7.Sin association with
lamination j € Jy.qF;

S10NXL:q;, which designates the amount of non-synchronized ten minute
operating reserve that a boundary entity resource is scheduled to provide at
bus d € DX'in time-step t € 7.S'in association with lamination j € Jt,d3o;

S30RXL:q; , which designates the amount of thirty-minute operating reserve
that a boundary entity resource is scheduled to provide bus d EDXin time-
step t€ TS in association with lamination j € Jt,dox;

SNDGepx , which designates the amount of energy that a non dispatchable
generation resource is scheduled to provide at bus b € BVGin time-step t €
TS in association with lamination k EK¢pE;

SDGepx , which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDGCpat bus b €
BDG in time-step t € TS in association with lamination kK € K:,E ;

ODGyy, , which designates whether the dispatchable generation resource at
bus b € BPG has been scheduled at or above its minimum loading point in
time-step t€ TS;

IDGyy, , which designates whether the dispatchable generation resource at
bus b € BPG has been scheduled to reach its minimum loading point in time-
stept €TS;

S105DGrpx , which designates the amount of synchronized ten-minute
operating reserve that a dispatchable generation resource is scheduled to

provide at bus b € B¢ in time-step t € TS in association with lamination k
€ K%%s.

S10NDGpx , which designates the amount of non-synchronized tenminute
operating reserve that a dispatchable generation resource is scheduled to
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provide at bus b €BPC in time-step t € 7.Sin association with lamination K €
K,bion

8.3.1.15  S30RDGyyx , which designates the amount of thirty-minute operating reserve that a
dispatchable generation resource is scheduled to provide at bus b€ BPG in time-
step t E TS in association with lamination K € Ktb3or;

8.3.1.16 SCT , which designates the schedule of the combustion turbine associated
with the pseudo-unit at bus b € BPUin time-step t € 75

8.3.1.17  S85T%p , which designates the schedule of steam turbine p €EPS7'in time-step
t €TS;

8.3.1.18  O10R:p , which designates whether the pseudo-unit at bus b € BNO10DF
has been scheduled for ten-minute operating reserve in timestep t € T'S;

8.3.1.19  OHO:sy , which designates whether the dispatchable hydroelectric
generation resource at bus b € B#E has been scheduled at or above

MinHOy in time-step tETS:
8.3.1.20  OFRyy,i for i€ {1,..,NForyy} , which designates whether the dispatchable

hydroelectric generation resource at bus b € B#E has been scheduled at or
below ForLgp,, or, at or above ForUpgp, in timestep t ETS;

8.3.1.21 [HE, , which designates whether the dispatchable hydroelectric generation
resource at bus b EBHE registered a start between timestep (t— 1) and t as
a result of its schedule increasing from below StartMWp; to at or above
StartMWy, for i€ {1,.., NStartMWp};

8.3.1.22  S/G:qx , which designates the amount of energy that a boundary entity
resource is scheduled to import from intertie zone source bus d € DI in time-
step t € 7Sin association with lamination K €K 4&;

8.3.1.23  S10NIG:qx , which designates the amount of non-synchronized ten-minute
operating reserve that a boundary entity resource is scheduled to provide

from intertie zone source bus d €DI in time-step t€ 7.Sin association with
lamination kK €K 410N:

83.1.24 S30RIG:qx , which designates the amount of thirty-minute operating
reserve that a boundary entity resource is scheduled to provide from intertie

zone source bus d€ DI in time-step t €7.5'in association with lamination k €
K 430R:

8.3.1.25  TB:, which designates any adjustment to the objective function to facilitate
pro-rata tie-breaking in time-step t € 75, as described in section 8.3.2.1; and

8.3.1.26  ViolCost;, which designates the cost incurred in order to avoid having the
schedules violate constraints in time-step t € 7.5, as described in section
8.3.2.3.
8.3.2 The objective function for the Pre-Dispatch Scheduling algorithm shall
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maximize gains from trade by maximizing the following expression:

Z (Ob}]DLt - ObjHDR,+ ObjXL, - OijDGt)
- ObjDG, - ObjIG, - TB, - ViolCost,

teTls
where|
Z SDLypyPDLyp) - Z S10SDLyy;-PLOSDLyy; -
08
ObjDL, = It s
peph Z SLONDLyp;-PLONDLp, ;- Z S30RDLyj,;-P30RDL,
elo" S es”

ObjHDR, = Z Z SHDR,;,PHDR 1 |
beBR \ j eff,

z SXLyq;PXLy g - z SLONXL 4;PLONXL 4
10N
ObyXL, — Z J€lza JERY ;
o . Z S30RXLyq;-P30RXLy

Jerd®
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ObJNDG= SNDG, ;-PNDGyy, ;,-) ;

beBNoG (kesz A

ObjDG, =
Z SDGy,x'PDGyp i + Z S108DG,p, 4 PLOSDGy e +

keky, kekp®
' ' + Z (0DG.y-MGODGy, +

5he Z SLONDGy 1 -PLONDG, 1+ Z S30RDG, 1 PRORDGsy | pigies
ke ke

IDGyySUAdiDG, )

and
Z SIG, 41 PlGygy + Z S1ONIG, 4 PLONIG, gx

kekE kekioV
ObjIG, = Z # &
ke

8.3.2.1 The tie-breaking term 75 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 75Pen by the amount of the lamination
scheduled and then dividing by the maximum amount that could have been
scheduled. That is:
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TBDL,+ TBHDR -+ TBXL + TBNDG,

e + TBDG, + TBIG,

Where

z ((SDLW)Z-TBPen) N z ((51051)1%,_,, J)Z-TBPEH) N
}]lUS'

QDL y; QLOSDL,y;

J€lty

S ((ﬂDNDLEbJ)Z-TBPen)_i_ z ((ﬁDRDLEb_;)z‘TBPen)
- QL0NDL,,, pos Q30RDL,,,

TBDL,~=

2
(SHDR,,,)" -TBPen
TBHDR = Z z — ;
f QHDR, ,; /
beBTOR \ jeff, b

Z (SXLyy)" TBPen N Z (SL1ONXL, )’ -TBPen
: QXLE@} TON mONXLﬂd}
TBXL= S Tea J€d
dEDY M ((SBORXLM ,-) ‘TBPen)
JER 0}?

BORXL, 4y

TBNDG =

(SNDG,)" “TBPen
ONDGyp i ’

beBNDE \ e, (

(SDQ wi) - TBPen (S108DG, )" -TBPen
QDG;;&}; kEKwS Q].OSDG}’b’k

TBDG=

bEBW

QLONDGyp g BORDGyp i

/""'-—""'“"\

ﬁEﬁ’mN

Z ((S]Guik)z-TBPen) . z ((ﬂONIng;{)Z-TBPen)
1Gyx ONIG, gz
XL Utza K exa0N AOMCeas

kEKg

deDi % ((5303!0505;()2 '?ZB’Pen)
k EXSOR

TBIG,=

BORIG, 44

8.3.2.2 ViolCost: shall be calculated for time-step t € TS using the following
variables:

8.3.2.2.1 SLdViol:;, which designates the violation variable affiliated with

segment [ € {1,.., Nravio} of the penalty curve for the energy balance
constraint allowing under-generation;
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8.3.2.2.2

8.3.2.2.3

8.3.2.2.4

8.3.2.2.5

8.3.2.2.6

8.3.2.2.7

8.3.2.2.8

8.3.2.2.9

SGenViols , which designates the violation variable affiliated with

segmenti € {1,..,N(;eny,-o1[} of the penalty curve for the energy balance
constraint allowing over-generation;

S10S5Viol. , which designates the violation variable affiliated with

segment i € {1,..., N1osvio} of the penalty curve for the synchronized
ten-minute operating reserve requirement;

S10RViol: , which designates the violation variable affiliated with

segment i € {1,...,N10RV,'01f} of the penalty curve for the total ten-minute
operating reserve requirement;

S30RViol:; , which designates the violation variable affiliated with

segment i € {1,..., N3orvioi} of the penalty curve for the thirty minute
operating reserve requirement and, when applicable, the flexibility
operating reserve requirement;

SREG10RViol:.;, which designates the violation variable affiliated with

segment i€ {1,..,NREG10RViO1t} of the penalty curve for violating the area
total ten-minute operating reserve minimum requirement in region r €

ORREG;

SREG30RViol:ti | which designates the violation variable affiliated with
segment i € {1,.., Nreczorvior} of the penalty curve for violating the area
thirty-minute operating reserve minimum requirement in region I €

ORREG;
SXREG10RViol,; , which designates the violation variable

affiliated with segment i € {1,.., Nxreczorviord of the penalty curve for
violating the area total ten-minute operating reserve maximum restriction

in region r € ORREG;

SXREG30RViol.; , which designates the violation variable

affiliated with segment i € {1,.., Nxzeczorvior} of the penalty curve for
violating the area thirty-minute operating reserve maximum restriction in

region r EORREG;

8.3.2.2.10 SPrelTLViolg; , which designates the violation variable affiliated with

segment [ € {1,.., Nprerrrvioir} of the penalty curve for violating the pre-
contingency transmission limit for facility f €F;

8.3.2.2.11 SITLViol.; , which designates the violation variable affiliated with

segment | € {1,.., Ni7zvioiss:} of the penalty curve for violating the post-
contingency transmission limit for facility f €F and contingency c € C;

8.3.2.2.12 SPreXTLViol,; , which designates the violation variable affiliated with

segment i€ {1,..,NPreXTLV1'olz,t} of the penalty curve for violating the
import/export limit affiliated with intertie limit constraint zZ € Zsq;

PwC | MRP Review — Pre-Dispatch and Real-Time Market Calculation Engine

61



8.3.2.2.13 SNIUViol:; , which designates the violation variable affiliated with
segment | € {1,..,NN1UV,-01f} of the penalty curve for exceeding the net
interchange increase limit between time-steps (t-1) and t;

8.3.2.2.14 SNIDViol:; , which designates the violation variable affiliated with
segment [ € {1,.., Nypvior} of the penalty curve for exceeding the net
interchange decrease limit between time-steps (t-1) and t;

8.3.2.2.15 SMaxDelViolnb.i , which designates the violation variable affiliated with
segment i € {1,.., Nyaxpervior} of the penalty curve for exceeding the
maximum daily energy limit constraint for a resource at bus b € BELR;

8.3.2.2.16 SMinDelViol., , which designates the violation variable affiliated
with segment i € {1,.., Nyinpeivior} of the penalty curve for violating the

minimum daily energy limit constraint for a resource at bus b € BHE;

8.3.2.2.17 SSMaxDelViol.s; , which designates the violation variable

affiliated with segment i € {1,.., Nsyaxpervior} of the penalty curve for
exceeding the shared maximum daily energy limit constraint for

dispatchable hydroelectric generation resources in set s € SHE;

8.3.2.2.18 SSMinDelViol;s; , which designates the violation variable

affiliated with segment i € {1,.., Nsminperviord} 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 SOGenLnkViol:w12),i , which designates the violation variable

affiliated with segment i € {1,.., Nogenznkviold of the penalty curve for
violating the linked dispatchable hydroelectric generation resources

constraint by over-generating the downstream resource, for (bb,) €
LNK such that b1 €BypHE and bz € B4 HE; and

8.3.2.2.20 SUGenLnkViol;n12),i , which designates the violation variable

affiliated with segment i € {1,.., NyGenLakviol} of the penalty curve for
violating the linked dispatchable hydroelectric generation resources
constraint by under-generating the downstream resource, for (b1.by) €
LNK such that b1 € B,,"E and b2 € By,E.

8323 ViolCost;: shall be calculated as follows:
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ViolCost, =

SLdViol,-PLdViolSch,, -
=1.Npgviol
z SGenViol,-PGenViolSch,; + Z $10SViol,-PLOSViolSch,; +

i=1..Ngen ol =1.N105Viols

z S10RViol, ;P10 RViolSch,, + Z 530 RViol,-P30 RViolSch, , +

=1.Nogviol =1.N30RViol;

SREG10RViol, . ;"PREG10RViolSch,; |+

reORREG \ i=1.NREG10RViol;

SREG30RViol,,;"PREG30RViolSch,; | +

rEORREG \ i=1..NREe30RViols

SXREG10RViol, ,-PXREGL0 RViolSch,; | +

rEORREG \ I=1..Nypea10 Rvioly

SXREG30RViol,,"PXREG30RViolSch,,;

=1.Nxrec 7
FEORREG ahaenRyE

& Z z SPrelTLViol,,;"PPrelTLViolSchy,;

fEFs \1=1.Npreiriviols,

% Z Z z SITLViol, , -PITLViolSch,

cEC fEF: . !=1,,N;n_y,‘ojqﬂ

i Z Z SPreXTLViol,,;-PPreXTLViolSch,,,
2€Z5e \ = 1.NpreXTivick, ¢

+ Z SNIUViol,-PNIUViolSch,, + Z SNIDViol,,-PNIDViolSch,

I=1.Nngoviol i=1.N Dol
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+ Z Z SMaxDelViol, , -PMaxDelViolSch, ,,
beRELR

1=1..NpgaxDelVioly

+ Z Z SMinDelViol, , ;~PMinDelViolSch,

BEBE \ I =1.Npsinpeiviols

+ Z Z SSMaxDelViol, , ;PSMaxDelViolSch, . ;

SESHE \ I1=1..NspaxDelViols

5 Z Z SSMinDelViol,, -PSMinDelViolSch,

SESHE \ 1=1..NspinDeiviol,

+ z z SOGenLnkVioly g, 1) - POGenLnkViolSchy, /
(b1by) ELNK \ 1=T.N

+ z z SUGenLnkViol, o, 1, "PUGenLnkViolSch,,
(b1, b) ELNK \ i=1.N¢

8.4 Constraints

8.4.1 The constraints described in sections 8.5 — 8.7 apply to the optimization
function in the Pre-Dispatch Scheduling algorithm.

8.5 Dispatch Data Constraints Applying to
Individual Hours

8.5.1 Scheduling Variable Bounds

8.5.1.1 A Boolean variable ODGyy indicates whether the resource at bus b € BPG is
committed in time-step t€ TS. A value of zero indicates that a resource is not
committed, while a value of one indicates that it is committed. Therefore:
ODG 1, € {0,1} for all time-steps t€ 7'Sand all buses b€ B26.

8.5.1.2 Reliability must-run resources are considered committed for all must run
hours.

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

8.5.14 Dispatchable generation resources that have minimum loading points, start-up
offers, speed no-load offers, minimum generation block runtimes and minimum

generation block down times equal to zero shall be considered committed for all
hours.
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85.15 If the dispatchable generation resource at bus b € BPG is considered

8.5.1.4 in time-step t € 7S then:
ODGtp =1

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

0

0

o

o O

o

[==

o

0
0

<SDL,;; < ODL,,_

<S10SDL,s; < Q10SDL,_
<S10NDL,;; < QIONDL,,

< S30RDL,;; < Q30RDL,;

<SHDR,;; < QHDR,,_

<SXL,4; < OXL,,.

<SI0NXL,,; < QIONXL,

<S30RXL,;; < Q30RXL, ,,

<SNDG,;; < ONDG,, ,

<SIG, 4 < QIG, ,

<SIONIG; 4 = QIONIG, ..

< SB30RIG, 4 < @BORIG,

for all time-steps € TS

for all b € BPL, j €%,
forall b €B™L, j €J,9°;
for all b € B, j €Ji5;
for all b € BPL, j € BOF;
for all b € BPR j € J5,;
foralld €DX, j €JF;;
for all d €DX, j €J;
forall d €DX, j € 2%,
for all b €BPC, k €K%,
foralld €DI k €Ky
foralld €DI k €K,y"; and
for all de DI ke K2%F

8.5.1.7 Generation resources may be scheduled for energy and/or operating reserve

only if their commitment status is equal to 1. Therefore, for all time-steps t
ETS

0 <SDG,;; < ODG,;QDG,, ,
0 <S10SDG,; < ODG,,-Q10SDG,, ,

0 <S10NDG,; < ODG,;-Q10NDG, , ,

and

0 < S30RDG,,; < ODG,,"QBORDG,

8.5.2 Resource Minimums and Maximums for Energy
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8.5.2.1 A constraint shall limit schedules for dispatchable loads within their minimum
and maximum consumption for a time-step. For all timesteps t € 7.5'and all
buses be BPL:

MinDL,, < SDL,,,; < MaxDL,,,

J€ley

8.5.2.2 The non-dispatchable portion of a dispatchable load shall always be
scheduled. For all time-steps t € 7.S'and all buses b€ BPL:

Z SDL,,; > QDLFIRM,
J€ley

8.5.2.3 A constraint shall limit schedules for non-dispatchable generation resources
within their minimum and maximum output for a time-step. For all time-steps

t €75 and all buses be BVDG:
MinNDG,, < Y SNDG,,, <MaxNDG,),
KERE,

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

For all time-steps t ETS and all buses b € BPC,

Min(MaxDG,,,FG, ) ifb € B¢

AdjMaxDG,, = {quﬂ(?m otherwise

and

AdjMinDG,, = Min(MinDG,,,AdjMaxDG, ).

For all time-steps t ETS and all buses b € BPC:
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8.5.2.5

8.5.2.6

8.5.2.7

8.5.3
8.5.3.1

8.5.3.2

8533

8534

8.5.4

AdjMinDG,,, < MinQDGC,- ODG, ,+ SDG,,; < AdjMaxDG,,.

keKg,,

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

maximum constraints, MinQDGCy > AdjMaxDGyp, then the commitment
status value, ODGyp, shall be changed to a value between 0 and 1.

If the total offered quantity does not exceed the minimum, MinQDGC, + 2

extbe QDG < AdiMinD Gy, then the resource shall receive a schedule of
zero.

Minimum and maximum limits placed on hourly demand response resource
schedules for the purposes of reflecting activation/nonactivation decisions

shall be respected. For all time-steps t€ 7.5 and all buses b€ B1PR:

MinHDR,, < Z SHDR,),, < MaxHDR, ),
I€ltn

Off-Market Transactions

For all time-steps t € 7.5'and all intertie zone buses corresponding to an
inadvertent energy payback export transaction d € DX/NF-

Z XL,y = Z OXL,y
f.e-f;d /€ td

For all time-steps t € 7.Sand all intertie zone buses corresponding to an
inadvertent energy payback import transaction d € DI/NP:

Z SIG, 41 = Z 0IG, 41
KkeKE, keKE,

For all time-steps t € 7.S'and all intertie zone buses corresponding to an
emergency energy export d€ DX/£M.

Z SXLyqy = Z QXL q,
J"ﬁ'fmf JE) td

For all time-steps t € 75'and all intertie zone buses corresponding to
emergency energy import d € DIEM.

Z SIG, 4 = Z 0IG, ;.

kEKT 4 kEKE
Intertie Minimum and Maximum Constraints

PwC | MRP Review — Pre-Dispatch and Real-Time Market Calculation Engine

67



8.5.4.1 A constraint shall limit export schedules beyond the first two forecast hours
of the pre-dispatch look-ahead period to the corresponding day ahead market
schedules for export transactions, subject to Chapter 7, section 5.2.2. For

time-step t € {1,..,11.47 and intertie zone sink bus d € DX such that d&
DXecareExU DXtEmU DXtINP.

SXL, 5y = SXLTDM;

J€lta

SIONXL, ;< SLONXLTZ™;

sy
and
Z; S30RXL, 4; < S3ORXLT}M.
Jefed
8.5.4.2 Import offers with no day-ahead market schedule may be evaluated

beyond the first two forecast hours of the look-ahead period for the
purpose of reliability.

8.5.43 A constraint shall limit import schedules beyond the first two forecast hours
of the pre-dispatch look-ahead period to the corresponding day ahead
market schedules for import transactions plus any additional offered
quantities permitted for reliability reasons, with the exception of transactions
flagged as capacity imports or off-market transactions, subject to Chapter 7,

section 5.2.2. For time-step t€ {4,.., 11,47} and intertie zone source bus d€
APEX
DI'such that d € DI U prsmy plwe.
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SIGy yi = SIGTEH 1 SIGTEE™4,

kREKE 4

S10NIGy gy < STONIGTS{M + S10NIGTFTR4;

rkex}oN
and

S30RIG, 45 < S30RIGTLSM + S30RIGTESTRA,
rkekiqR

8.54.4 A constraint shall limit intertie schedules as a result of intertie curtailments.
For intertie zone sink bus d € DX and time-step t € 75"

ICMinXL,; < ; SXL, 4, < [CMaxXL,,.
J€led

8.5.4.4.1 For intertie zone source bus d € D/and time-step t € 7S

ICMinlG,y < Y  SIG,qy < ICMaxIG,y;

keR td
ICMin10NIG, ;< z S10NIG, 4 = ICMax10NIG, ;;
kek3ON
and

ICMin30RIG, ;< Z S30RIG, 5, <ICMax30RIG,
R

kEKSY

8.5.5 Operating Reserve Requirements
8.5.5.1 The total synchronized ten-minute operating reserve, nonsynchronized ten-minute

operating reserve and thirty-minute operating reserve scheduled from a
dispatchable load shall not exceed:

8.5.5.1.1 the dispatchable load’s ramp capability over 30 minutes;
8.55.1.2 the total scheduled load less the non-dispatchable portion; and

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

85514 These restrictions shall be enforced by the following constraints for
all time-steps t € 7Sand all buses b € BP~:
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SL0SDL,,,+ z SIONDL,,;+ Z S30RDL,,; <30-ORRDLy;

Jeles” jeres” 2

Z S105DL,, ,+ Z SLONDL,,,+ > S30RDL,,, EZ SDL,, - QDLFIRM,
Jeley® Jefs” Jels" J€lzh

and

Z;KSIOSDLMJ—F ; SIONDLM,J-—!- Z S30RDL;,,_:,JEZ; SDL:,bJ- -MinDL; .
JET 5 J& .{,bN E«’:a__bR JE€Ts

j

8.5.5.2 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 time-steps t €

7S and all buses b € BPL:

S10SDL,,;+ Y SIONDL,,; <10-ORRDL,

ey’ jeles”

8.5.5.3 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

all time-steps t € 7°S'and all intertie zone sink buses d€ DX

10V

Jeledf R

€l

SIONXL,,, + ) S30RXL,, EZ SXL,,
J€lea

8.5.54 The total operating reserve scheduled from a committed dispatchable
generation resource shall not exceed that resource’s: (i) ramp capability over
30 minutes; (ii) remaining capacity; and (iii) unscheduled capacity. These

restrictions shall be enforced by the following constraints for all time-steps t
€ TS and all buses be BPG:
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; S10SDG,pi+ Y SIONDGu+ > S30RDG,,, <30-ORRDGy;
ke

e kekgN keK3R
; S5108DGy, , + Zﬂ S10NDG, .+ S30RDG, ;. = (QDGy - SDGyy )i
kKLY kekON kek3R KEKY,
and

S10SDG, . + Z S10NDG, ;. + z S30RDG,
keKEDS kekEN kEKZRR

< AdjMaxDG,,, — Z DG,y — MinQDGC,.
kEKt,b
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8.5.5.5 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 time-steps t
TSand all buses b BPG:

S5105DGy . + z S10NDG, ;. = 10 - ORRDG,,.
KeK}S kekioN
8.5.5.6 The amount of synchronized fen-minute operating reserve that a

dispatchable generation resource is 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 time-steps t €
TS and all buses b € BPG with RLP10S:, > 0:

S10SDG, j &

10S
keKED

1
< | MinQDGC, - ODG,, + ) SDG,yy -(W)
t,b

min{10 - ORRDG,, Z Q10SDG,

105
k€Ki

8.5.5.7 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 time-

steps t € TSand all buses b € BPG with RLP30R:, >0:

S30RDG,

kekoR

1
< MinQDGCb ' ODGtJb & SDGt'h’k . (W)
t,

keKy)

min< 30 - ORRDG,, Z Q30RDG, 4

lekiR
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8.5.5.8 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 time-steps t ETS and all intertie
zone source buses d € DI

S10NIG; 4 + 2 S30RIG, 4) <= (QIG 44 — SIGyq;)-

kekioN kekioR kEK;y

8.5.6 Pseudo-Units

8.5.6.1 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 15. For all time-

steps t € TS and pseudo-unit buses b € Brsu:
SCT,;, = (1 — STShareMLP,) - MinQDGC,, - ODG,,,
+(1 — STShareDR),) - Z SDG,p e |
kEK R

and for all time-steps t ETS and steam turbines p EPST:

STShareMLP, - MinQDGC, - ODG,,, +

3lep= Z STShareDR,, + Z SDGepx |+ Z SDGep
beBy" KEKPR

F
keK:,

8.5.6.2 Maximum constraints shall be enforced on the operating region to which they
apply for both energy and operating reserve schedules. For all time-steps t€
TS and pseudo-unit buses b € BPSU:
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MinQDGC, - ODG,, < MaxMLP,,,

Z SDG, ) < MaxDR,,,

kEKPR
Z SDG, ,, < MaxDF,,,

keKPE

and
$D6;5 0 Z S10SDG, , , + Z S10NDG, ,
KEKE) keKEIS kek N
+ Z S30RDG, ,, < MaxDR, , + MaxDF, ,.
kekFIR

8.5.6.3 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 time-steps t € 7.5 and pseudo-unit
buses b€BNO10DF,

O10R,, € {0,1},
and
SDG, . + Z 5105DG, ;) + Z S10NDG, , ;
kEKE, kex}9S ek N

< MaxDR, , + (1 — 010R,,) - MaxDF, ,

8.5.6.3.1 For all time-steps t € TS, pseudo-unit buses b€ BNO10DF gnd laminations
k € Kt duos:

S105DG,,, < O10R,,-Q10SDG, ;.

8.5.6.3.2 For all time-steps t €T, pseudo-unit buses b € BVO10DF gnd laminations
Kk € Kt,b1on:
SLONDG, ;< O10R,,QLONDG, .

8.5.6.4 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 in in time-step t ETS will be equal to:

8.5.6.4.1 SCTy if the pseudo-unit is scheduled at or above minimum loading point;

8.5.6.4.2 RampCTCpw™ if the pseudo-unit is scheduled to reach minimum
loading point in thermal state m € THERM in time-step t + w for
w € {1,.,RampHrsCy"3; or
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8.5.6.4.3 0 otherwise.

8.5.6.5 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 S57%;p plus any contribution from pseudo-unit b € B,ST
ramping to minimum loading point as given by RampSTCjw™ for a pseudo-
unit scheduled to reach minimum loading point in thermal state m € THERM
in time-step (t + w) for w € {1,.., RampHrsCy™}.

8.5.7 Dispatchable Hydroelectric Generation Resources

8.5.7.1 A dispatchable hydroelectric generation resource shall be scheduled to at
least its hourly must-run quantity. For all time-steps t € 7.5 and dispatchable
hydroelectric generation resource buses b € BHE:

0DG,, - MinQDGC, + SDG,,, = MinHMR, ,.
REK;Y

8.5.7.2 A dispatchable hydroelectric generation resource shall either be scheduled to
0 or to at least its minimum hourly output. For all timesteps t ETS and all
hydroelectric generation resource buses b EBHE:

OHO,, €{0,1};
ODG, , - MinQDGC, + SDG, ,; = MinHO, , - OHO, , ;
KEKD,
and for all k €K7
0 <SDG,; <OHO,,-ODG

tLhk'

8.5.7.3 A dispatchable hydroelectric generation resource shall not be scheduled
within its forbidden regions. For dispatch days Q€ DAYS, all time-steps t€ 7.5
in dispatch day q, all dispatchable hydroelectric generation resource buses b
€BHE and all i€ {1,.., NForgp}:
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OFR:bef E{O,i},

0DG,, - MinQDGC, + Y SDGyyy
ke"ft.b
< OFRyp - ForLg,, + (1—OFR.,;)

MinQDGC, + QDG |

kEKp),

and

0DG,, - MinQDGC, + Z SDGypx = (1 — OFR,,;) - ForlU,,..
kc"Kt.b

8.5.8 Wheeling Through Transactions
8.5.8.1 The amount of scheduled export energy must be equal to the amount of
scheduled import energy for wheeling through transactions. For all time-steps
t €TS and all linked boundary entity resource buses (dx,dJ) € Lt

SXLy gy = Z $16 i
Jeltax kEK a4

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 URRDLy to represent a ramp up rate selected from URRDLw
and uses DRRDLj to represent a ramp down rate selected
from DRRDL¢,p,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 URRDG:sw and uses DRRDG) to represent a ramp down rate
selected from DRRDG¢,s,w.

8.6.1.3 The pre-dispatch 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 time-step 1 are obtained from

the initial scheduling assumptions in section 5.9. For all timesteps t E7'S
the ramping rates in all ramping constraints shall be adjusted to allow the
applicable resource to:

8.6.1.3.1  ramp down from its lower limit in time-step (t — 1) to its upper limit in time-
step t; and
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8.6.1.3.2 ramp up from its upper limit in time-step (t — 1) to its lower limit in time-

8.6.1.5

8.6.1.6

8.6.1.7

step t.

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 time-steps t € TS and buses b € BDL:

SDL,_,,,; — 60+ DRRDL, < Z Dy
JEIE 1p JEIED
< SDL,_,,; + 60 - URRDL,.

J‘IEE !: 1.b

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 time-steps t € TS and alll
buses b € BHDR:

(QHDR,_,,; — SHDR,_. , ;) — 60 - URRHDR,

J€Jt_1p

I

(QHDR,;, ; —SHDR, ;)

J€ltp

I

(QHDR,_,,; —SHDR,_y,,,) + 60 - DRRHDR,,.

JEIt_1 b

Energy schedules for a dispatchable generation resource that is committed
cannot vary by more than an hour’s ramping capability for the applicable

resource. For all time-steps t € 7.5 and all buses b€ B¢ :

8.6.1.7.1 For the first hour a resource reaches its minimum loading point, where

ODG = 1,0DGr1p= 0, the following constraint shall be applied:

0< SDG,,x < 30 URRDG,
kEKE
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8.6.1.7.2 If the resource stays on at or above minimum loading point and ODG=
1,0DGr1p= 1, the following constraint shall be applied:

SDG,_,px — 60- DRRDG, < Z 5 oW
kEKtn‘L.D kEKI.b
< SDG,_, + 60 - URRDG,
kEKF 1 p

8.6.1.7.3 For the last hour the resource is scheduled at or above minimum loading

point before being scheduled off, where ODG,=1,0DGs+1,pp = 0, the
following constraint shall be applied:

0< SDG,,, < 30-DRRDG,

kEKE )

8.6.1.8 The first and third constraint in section 8.6.1.6 do not apply to a quick start
resource.

8.6.1.9 For time-steps where non-quick start resources are ramping up to minimum loading
point, energy shall be scheduled for these resources 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 time-steps t € 7.5'and all buses b € BPL:

z S10SDL,,, + z S10NDL,, , + z S30RDL, ,

IS JEIR" JeIEp"
< Z B = Z SDL,_,,; + 60 - DRRDL,
JEIth JET 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 time-steps t € 7.Sand all buses b € BP¢.
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S10SDG, ,, + Z S1ONDG,, , + Z S30RDG, ,
kEKEDS ek keKOR
< SHE, 5.4 Z SDGy,, + 60 - URRDG);

kEKE 1 5 kEKE,

510SDG, , . + Z S10NDG, ;. + 2 S30RDG,

KEKPDS ek N kekFOR
+ S5DG.p 1 < [(t —n)-60+ 30]-URRDG, - ODG,,
kEK

where n is the time-step of the last start before or in time-step t; and

S10SDG, , x + Z S10NDG,, . + Z S30RDG, ,

keK}DS reki9N kek 3R
+ SDG, ;. < [(m—t) 60+ 30]- DRRDG,, - ODG,

kEK}),

where m is the time-step of the last shutdown in or after time-step t.

8.6.3 Non-Quick Start Resources

8.6.3.1 Schedules for a non-quick start resource shall not violate such resource’s minimum
generation block run-times, minimum generation block down times and maximum
number of starts per day.
8.6.3.2 In the first forecast hour of the pre-dispatch look-ahead period, a resource’s

current hours on shall determine any remaining minimum generation block run-
time to enforce. If 0 < /nitOperHrsy < MGBRTDGtoqp, then the resource at
bus b € BNQS has yet to complete its minimum generation block run-time, and:

0ODG2,5,0DG3,b,...,0DGCminniap MGBRTDGroan- InitOperHrsy + )b = 1.

8.6.3.3 In the first forecast hour of the pre-dispatch look-ahead period (i.e. time-step
2), the number of hours a resource has been down shall determine any
remaining minimum generation block down time to enforce and shall respect
the minimum generation block down time for a hot thermal state. If 0 <

InitDownHrs, < MGBDTDG:,quH°T, then the resource at bus b EBNQS
has yet to complete its minimum generation block down time, and:
0ODG2,b,0DG3,b,...,0D Gmin(nLAP,MGBDTDGtod,bHOT—InitDownHrsb + 1),b = 0.
8.6.34 If ODGr1p =0 and ODGyy, = 1 for time-step t € 75, then the resource at bus
b €BNQS has been scheduled to start up during time-step t and shall be

scheduled to remain in operation until it has completed its minimum generation
block run-time or to the end of the pre-dispatch look-ahead period. Therefore:
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ODGt+1,b,0DGt+ 2b,...,ODGmin(miapt + MGBRTDGCh-1),b = 1.

8.6.3.5 If ODGr1p =1 and ODGyp = 0 for time-step t €75, then the resource at bus

b €BNQS has been scheduled to shut down during time-step t and shall be
scheduled to remain off until it has completed its hot minimum generation
block down time or to the end of the pre-dispatch look-ahead period.
Therefore:

ODGt+ 1,b,0DGt+ 2, ...,ODGmin(mLap,t + MGBDTDGCbHor—1),b = 0.

8.6.3.6 A Boolean variable /DGy indicates that the non-quick start resource at bus

b € BV is scheduled to reach its minimum loading point in time-step t € 7.5
after being scheduled below its minimum loading point in the preceding time-
step. A value of zero indicates that a resource is not scheduled to reach its
minimum loading point, while a value of one indicates that it is scheduled to
reach its minimum loading point. Therefore, for all time-steps t € 7.5and all

buses b € BVNCS:

e { 1 ifODGpy = 0and ODG,p= 1
é 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 € BNes.

IDG, , < MaxStartsDG,,, , — NumStarts,,q »-

te T-\'to d

8.6.3.7.1 and if the pre-dispatch look-ahead period spans two dispatch days then:

IDG,;, < MaxStartsDG;,,, p.

teTStom

8.6.3.8  For a non-quick start resource at bus b € BV?S that has been offline
InitDownHrsp hours, and for future minimum loading point time-step t €

{1,....nLap}, the pre-dispatch calcluation engine shall assign a start-up offer
and ramp energy to minimum loading point profile as follows:

8.6.3.8.1 If 0 </nitDownHrsy+ t— 1 SMGBDTDGC 0T, then the

resource cannot be scheduled in time-step t;

8.6.3.8.2 If MGBDTDGC 0T < [nitDownHrsy+ t— 1 < MGBDTDGCyWARM,
then the resource will be assigned a “HOT” thermal state for timestep tt

and the start-up offer SUDG:,HOT shall apply. The ramp up energy to
minimum loading point profile shall be RampECy.tHoT for we
{1,.,RampHrsCy™;
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8.6.3.8.3 If MGBDTDGCy"WArRM < [nitDownHrspy+ t—1 <

MGBDTDGCyCPLD, then the resource will be assigned a “WARM” thermal

state for time-step t and the start-up offer SUDG,WARM shall apply. The
ramp up energy to minimum loading point profile shall be

RampECpWARM for w € {1,.., RampHrsCy™}; and

8.6.3.8.4 If MGBDTDGCy 00 < InitDownHrsp + t— 1 then the resource
will be assigned a “COLD” thermal state for time-step t and the start-
up offer SUDG, OLD shall apply. The ramp up energy to minimum

loading point profile shall be RampECp,wCOLP for w €
{1,.,RampHrsCy™}.

8.6.3.9 For a non-quick start resource at bus b EBNQS that is in-service as determined
by its initial condition, the pre-dispatch calculation engine shall assign a start-
up offer and ramp up energy to minimum loading point profile associated with
the future thermal state as specified in section 8.6.3.8.

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;

8.6.4.1.3 for all buses b € BELR where an energy limited resource is located and all
time-steps T € 7S04
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ODG, , - MinQDGC, +

+ 100RConv

108

+ 300RConv

S10SDGr . +

kekFN

S10NDGy , ;.

S30RDGr

30R

kEKFY

SM{IXDEEVI'O{TJ,'{

t=1.Npaxpetviolp

< MaxDEL,,,, — EngyUsed,,.

8.6.4.2

If the pre-dispatch look-ahead period spans two dispatch days, the

constraints in section 8.6.4.1 shall apply to an energy limited resource for

each dispatch day, and shall

consider the amount of energy already

provided by the resource for the current dispatch day. Therefore, for all

buses b€ BELR where an energy limited resource is located and all time-

steps TE€ TSiom:

ODG,, - MinQDGC, +

t=teom.T
+ 100RConv
keSS

+ 300RConv

30R
kEKF,

t=1.NpaxDelVioly

where the factors 10 ORConvand

SDG,p 1

kEKE )

S10SDGrgs S10NDGy ;5
10N

k€EKTp

S30RDGyp, 1

SMaxDelVioly,; < MaxDEL,,,, ;.

30 ORConv 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
pre-dispatch calculation engine to find a solution.
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8.6.5 Dispatchable Hydroelectric Generation Resources

Dispatchable hydroelectric generation resources shall be scheduled for at
least their minimum daily energy limit. If the pre-dispatch lookahead period
spans two dispatch days, the constraint shall be applied for both days.
Violation variables for under-scheduling a resource’s minimum daily energy
limit may be used to allow the pre-dispatch calculation engine to find a

solution. For all dispatchable hydroelectric generation resource buses b

0DG,, - MinQDGC, + SDG,5

tETStod kEK

+ 2 SMinDelViol, ,,; | = MinDEL,,4, — EngyUsed,,.
i=1.NpinDelviol;

8.6.5.1.1 and if the pre-dispatch look-ahead period spans two dispatch days, for all
hydroelectric resource buses b € BHE:

0DG,, - MinQDGC, + Y SDG,y,
tETStom kEKE

+ Z SMinDelViol,, ; | = MinDEL,,, »-

i=1.NpinDelviols

8.6.5.2 A Boolean variable IHE: 1 indicates that a start for the hydroelectric dispatchable
generation resource at bus b € B"E was counted in timestep t € TS 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 for i € {1,.., NStartMW}. A value of zero indicates that a start
was not counted, while a value of one indicates that a start was counted. Therefore,

for all time-steps t € TS, buses b € B'F and start indication values i € {
1,..,NStartMWh):

1 lf ODGE"l,b 'Mf?lQDGCb + SDGE“'l,b.k < Stﬂ?"tMWb’i

KEKf 1p

IHE,,,; =
and | ODG,, - MinQDGC, + SDGy i = StartMW,

keK;p

\ 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. If the pre-dispatch look-ahead period spans two dispatch days, this
constraint shall be applied for both days. The following constraint shall apply

for all buses b € B7E-

IHE, ,; | < MaxStartsHE,,4 , — NumStartsHE,,.

tETStga \i=1.NStartMWy

8.6.5.3.1 and if the pre-dispatch look-ahead period spans two dispatch days, for
buses b€ BHE:

z Z IHE,,, | < MaxStartsHE,, ».

tETStom \i=1.NStartMWy

8.6.5.4 The schedules for multiple dispatchable hydroelectric generation resources
with a registered forebay shall not exceed shared maximum daily energy
limits. If the pre-dispatch look-ahead period spans two dispatch days, the
constraint shall be applied for both days, where the constraint for today shall
consider the amount of energy already provided by resources with a
registered forebay. Violation variables for over-scheduling the maximum
daily energy limit may be used to allow the pre-dispatch calculation engine

to find a solution. For all sets s ESHE and all time-steps T € 7Sy

Z Z 0DG,;, - MinQDGC, + Z SDG i
t=2.T \b eBfiE

kEK,

o Z 100RConv z SI0E B, Z S10NDGy
beBsiE

108 10N
keKFY; kEKFS,

+ 300RConv Z S30RDGr

kek3OR

- Z SSMaxDelViolyo; < MaxSDEL,,; s — EngyUsedSHE

i=1.NsmaxDeviolp

8.6.5.4.1 and if the look-ahead period spans two dispatch days, then for all sets SE
SHE and all time-steps T € TStom:

PwC | MRP Review — Pre-Dispatch and Real-Time Market Calculation Engine

84



Z Z 0DG,, - MinQDGC, + Y SDG,,,
t=ttom.T \ b eBHE

108 10N
kEKT.b ke K'rb

i Z 100RConv Z Cu g1 7)) Z S10NDGy ),
beBHE

+ 300RConv Z S30RDGr 4

kekF9R

- Z SSMaxDelVioly ,, < MaxSDEL

t=1.NsmaxDetvioly

where the factors 10 ORConvand 30 ORConv 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. If the pre-
dispatch look-ahead period spans two dispatch days, the constraint shall be
applied for both days, where the constraint for today shall consider the amount
of energy already provided by resources with a registered forebay. Violation
variables for underscheduling the minimum daily energy limit may be used to

allow the pre-dispatch calculation engine to find a solution. For all sets S €
SHE:

Z Z ODG, , - MinQDGC), + Z SDG; 1
teTStod \b €BLE

+ Z SSMinDelViol, ;; | = MinSDEL,,, s — EngyUsedSHE,

i=1.NsMinDelViol;

8.6.5.5.1 and if the pre-dispatch look-ahead period spans two dispatch days, then for
all sets s ESHE:

Z Z 0DG,, - MinQDGC, + Y SDG,,,
tETStom \ b €B{E kEK

+ 2 SSMinDelViol, ,; | = MinSDEL,,,..

i=1.NsMinDelViols

PwC | MRP Review — Pre-Dispatch and Real-Time Market Calculation Engine

85



8.6.5.6

8.6.5.7

8.6.5.8

8.6.5.9

8.6.5.10

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

For linked dispatchable hydroelectric generation resources, time-steps in
which the upstream resources schedule is not determined in the predispatch
calculation engine optimization, the constraint shall link either the historical or
time-step 1 anticipated production for the upstream resources to the schedule
for the downstream resources.

For all linked dispatchable hydroelectric generation resources between
upstream resources b1€ By, and downstream resources b2 € Ban’E for
(b1.D2) € LNKC and all time-steps t€ 7'S such that t < LagCp bo+1:

Z ODG,, - MinQDGC,, + Z SDGy by

byEBE kEK(Y,

& Z SOGenLnkVt’oirr{bl,bz)Jg

i=1.NogenLnkViols

+ z SUGenlnkViol, . 5.y

i=1.NygenLnkViols

= MWHhRatioCy, ;,, - PastMWh,,, .

For linked dispatchable hydroelectric generation resources, time-steps in
which both the upstream and downstream resource schedules are determined
in the pre-dispatch calculation engine optimization, the constraint will link the
scheduling variables for both the upstream and downstream resources.

For all linked dispatchable hydroelectric generation resources between
upstream resources b1 € B,,/"F and downstream

resources bz € Begy for (by,b;) € [ NKCand time-steps t € 7.5 such that t
+ LagCpibs< Nr4p.
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Z ODG¢yragey, b, - MINQDGC, + z SDGy1agey, pyibak

E E
b2€Bgn k€Kt+LagCy, p, bz

— 2 S0GenlnkViol

i=1.NogenLnkvioltspag, ,
1.2

t+La.§bl.bz-(b1’b2)'£

. z SUGenLnkViolyyiag, , (bb0.

i= 1<-NUGenLnkVioIt+Lagb b
1:U2

— MWhRatioC, . - ODG,,. - MinQDGC, + SDG,,
bl,bz f.bl 1 7 1.k
biEByE kEKEp,

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 time-
step t € TS, With.y, shall be represented by:

: DL
SDL,}; ifbEB
: Je]
Wlthf,b = i '
: HDR
Z (QHDR,; — SHDR, ) ifbeB
'Elty
8.7.1.2 The total amount of export energy scheduled at intertie zone bus d € DX in

time-step t € TS, With.q, as the exports from Ontario to the intertie zone bus
shall be represented by:

Witht,d — SXLt,d,j'
J€lta

8.7.1.3 The total amount of injections scheduled at internal bus b € B in timestep t €
TS, Injyp, shall be represented by:
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Inj,, = Offerlnj,, + Ramplnj,,

where:
Z SNDG, if b € BNDG
kEKt,b
Offerlnj,, =
0DG,, - MinQDGC, + Z SDGypx  if b € B
kEKEy,
and
Ramplnj,

RampEC[', - IDG,y,, if b € BN®S
w=1..min(RampH:r‘ng‘.nLAp—t) !

0 otherwise

8.71.4 The total amount of import energy scheduled at intertie zone bus d EDI in

time-step t € 75, /njq, as the imports into Ontario from that intertie zone
bus shall be represented by:

ITI’jt,d — Z SIGt,dJk'

KEKE,

8.7.1.5 Injections and withdrawals at each bus shall be multiplied by one plus the
marginal loss factor calculated by 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 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 pre-dispatch calculation
engine to produce a solution. For time-step t € 7.5, the energy balance shall
be:

L f Z (1 + MglLoss, ) - Withy ),

beBDLypHDR

+ Z (1+ MglLoss,4) - With 5 — Z SLdViol, ;
deEDX £=1"NLdVioIt

= Z (1 + MglLoss,;) - Inj,
beBNDGyRDG

+ Z (1 +MglLoss, ) - Injeq — Z SGenViol,
deDI iml..NGenviaEt

+ LossAdj,.
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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 may 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 time-step t € 75

z S10SDL.,; | + Z z S10SDG, 1 | + 2 S10SViol, ;

beBDL \ je 108 beBDE \ gekldS i=1.Niosviol,
= TOT10S;;
z Z S10SDLyy; | + Z Z S10SDG; p, &
beBPL \ je 105 beBDC \ kex}oS
i Z Z S10NDL;y; | + Z Z S10NXL; g
beBDL \ jejlpN deDX \ jesioN
a2 Z Z S10NDG: ;. | + Z Z S10NIG; g
beBPS \kek N deDI \ kek}oN

- Z S10RViol,; = TOT10R,;

iﬂl--NmRvioIt

and
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S10SDL¢y ; |+ z Z S105DGp i |+ z z S10NDLy,

DL 103 DG 108 DL \ .- 710N
bEB €], bEB kEK} ) bEB E]tb

SlONXLt,d,,- g Z Z S10NDG,
EIION

DG 10N
bEBPC \ keK}Y

dEDX
smmcmk + Z Z S30RDL,
1 \kek2N BERHE Y jeyRik
+ Z Z S30RXL, 4 ;
deDX -E]ggﬂ bEBDG kEK”R
+ Z Z S30RIG, 4 | + Z S30RViol,; = TOT30R,.
kEKEDR
td

i=1 NBORV:olt

S30RDG:,»,;¢

8.7.2.3  The following constraints shall be applied for each time-step t € _TS
and each region r € _ORREG:
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S10SDL,,; | + Z Z S10SDG,,

beBREGNBDL \ jejios beBFEGNBDEG \ kekip®
+ Z S10NDLyp ; | + Z S10NXL; 4 ;
beBRECNBDL \ jesiiV deDFESnpx \ jejteN
4 Z S10NDG; 1 | + z S10NIG 4
beBFECNBPE \kek [PV deDRECnpr \kek}IN

n Z SREG10RViol,,; > REGMin10R, ;

i=1.NggGioRViol;

S10SDL;,; |+ Z Z S10SDGe x

beBRECBDL \ jejios beBRECNBDG \ kek}pS

+ Z S10NDL,,; | + Z Z S10NXLy 4 ;

beBRECNBPL \ jejioN deDFECnpx \jeig

+ Z Z S10NDG, ;. | + Z Z S10NIG, 4,

beBRECNBDE \ ek 1OV deDREC DI \ ek 19N

- Z SXREG10RViol,.; < REGMax10R,,;

i=1.NxpEGioRViel;

S105DLsp; |+ Z S105DGp
BEBFECNBPL \ jej2os bEBFECNBDE \ kek:Ds

+ Z Z S10NDL;y; | + Z Z S10NXL, 4 ;
beBREGNBDL \ je 19N deDRECnDx \ jejioV

+ Z S10NDGp | + Z S10NIG 4
beBfECNBPE \ kekipN deDFECnDI \kek}N

+ Z Z S30RDL;y; | + Z Z S30RXLy g4 ;
bEBRECNBDL |\ je 3R deDFECnDX \ jeJiR

+ Z Z S30RDGpp | + Z Z S30RIG, 4
beBFECnBDG \ kek3)R deDFEYnDI \ kekER

+ Z SREG30RViol,,; = REGMin30R,,;

i=1.Npegsorviol;

and
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+ z ( Z SIONDLRM)
beBFECNBPL \ jejipN

+ Z SlONXLm) z Sl(}SDLtJbJ-
depFECnpx \ jesioN beBREGNRDL \ jej10s

+ Z 5‘105‘1)6‘“”c Z S10NDG, 1,
beBRECNBDG \ gek}ps b&B‘REGnBDG keI

+ Z ( Sl(}NIGrdk) ( Z S30RDLH,Jk>
deDFEeAps \ ek beBFECNRDL \ je 30k

+ Z (Z S3ORXLMJ) ( Z S30RDGt_b_k)
deDREGnpx \ jej2oR beBRECNBDG \kek3iR

+ Z ( S30RIG 4 1 SXREG30RViol, ;;
deDRECnpI \kek3IR

< REGMax30R,,.

i=1, NXREczoRle,

8.7.3 IESO Internal Transmission Limits

8.7.3.1 The Pre-Dispatch Scheduling algorithm shall produce a set of energy
schedules 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 8.7.1.5, shall be used to
produce these schedules.

8.7.3.2 Pre-contigency, SPrelTLViols:, and postcontingency, SITLViol..,
transmission limit violation variables shall allow the pre-dispatch
calculation engine to find a solution.

8.7.3.3 For all time-steps t € 7S and facilities f € F}, the linearized constraints for
violated pre-contingency limits obtained from the security assessment function
shall take the form:

PreConSF, ;s - Inj, ), — Z PreConSF, ;) « With
peRNDG DG bERDPLpHDR
+ Z PreConSFifq-Ijrq — Z PreConSF,f 4 With, 4
deDI dEDX
- Z SPrelTLViols,; = AdjNormMaxFlow, .

i =1.Nprerrivioly,

8.7.3.4 For all time-steps t € 75, contingencies C€ C, and facilities f € Fi., the
linearized constraints for violated post-contingency limits obtained from the
security assessment function shall take the form:
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beBNDGgDG

8.7.4
8.7.4.1

a€A: EnCoef fg -#0

SFecn e — SFocsn Withey + ) SFoppa

bepPLypHDR d€eDI

. Injtjd - Z SFt.c,f,d : Witht.d
deDX
- z SITLViol.;; = AdjEmMaxFlow, .

i=1.Nir1viol, s,

Intertie Limits

The Pre-Dispatch Scheduling algorithm shall produce a set of energy and
operating reserve schedules that respect any security limits associated with

interties between Ontario and intertie zones. For all time-steps t € 7.5'and all
constraints z € Zscx:

EnCoeff,, Z Z S = Z Z KL

deDI, ke;{fd dEDX, feffd

S1ONIG, 4z + z S30RIG, 4 | +

deDIlg \kek}9¥ kEKZIR
+-0.5* (EnCoeff, . +1) ’ ’
S10NXL, 4 ; + S30RXL; 4 ;
d€DXq \ jejioN JEJZOR

SPreXTLViol,,; = MaxExtSch, ,.

i=1.NpreconxTLViol, ;

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.

8.74.2 Changes in the hour-to-hour net energy schedule over all interties shall not
exceed the net interchange scheduling limit. The net import schedule shall
be summed over all intertie zones for a given time-step to obtain the net
interchange schedule for the time-step, and shall not:

8.7.4.2.1 exceed the net interchange schedule for the previous time-step plus the

net interchange scheduling limit; and

8.7.4.2.2 be less than the net interchange schedule for the previous time-step minus

8.74.3

the net interchange scheduling limit.

Violation variables shall be provided for both the up and down ramp limits to
allow the pre-dispatch calculation engine to find a solution and for all time-

steps t€ T
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Z Z Ly (PR Z Z §XLy-i.q5— ExtDSC; = Z SNIDViol, ;

deDI kEKtE—Ld deEDX jE}tE—Ld i=1-*NN!DVio[t
deDI kEde deDX J'Effa
< Z Z 16 s~ Z Z SXLy—14; + ExtUSC,
deDI kEKf_ o deDX je ;f_ ik

+ Z SNIUVioly ;.

i =1L.Nn1uviol,

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 Pre-Dispatch Scheduling algorithm
and for time-steps t € TS:
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0 < SLdViol,; < QLdViolSch,;

0 < SGenViol,; < QGenViolSch,;

0 < S105Viol,; < Q10SViolSch,

0 < S10RViol,; < Q10 RViolSch,;

0 < S30RViol,; < @Q30RViolSchy;

0 < SREG10RViol,.;; < QREG10RViolSch,;

0 < SREG30RViol,.; < QREG30RViolSch,
0 < SXREG\0RViol,,; < QXREG10RViolSch,,
0 < SXREG30RViol,,; < QXREG30 RViolSchy;
0 < SPrelTLViolg,; < QPrelTLViolSchy,

0 < SITLViol,z,; < QITLViolSch,z,

0 < SPreXTLViol,,; < QPreXTLViolSch,,,

0 < SNIUViol,; < QNIUViolSch,;

0 < SNIDViol,; < QNIDViolSch,;

0 < SMaxDelViol,,,; < QMaxDelViolSch, , ;

0 < SMinDelViol,,; < QMinDelViolSch,,, ;

0 < SSMaxDelViol, ;; < @QSMaxDelViolSch,
0 < SSMinDelViol,.; < QSMinDelViolSch,  ;

0 < SOGenLnkVioly, 1, ;< QOGenLnkViolyp, 1, ; for all (by,b,) € LNK, 1€ {1,., Nogentnkvior, };

and

for all 7 €{1,.., Nygvio}:

for all 7 €{1,.., Ngenvior,}:

forall 7 €{1,.., Miosyios}:

for all i € {1,.., Vioryior}:

for all 7 €{1,..,N30gpior};

for all r € ORREG, i €{1,...Ngge1orvios}:
for all r € ORREG, i € {1,., Ngggsorvion/:

forall re ORRFEG, 1€ {L--;NXREGlﬂ'RWaif}:
forall re GRREG i€ {L--zNXREGSGRWGIr}:

for all f€ F, i€ {1,... Nprerrevion,,}):
forall c€ G € Fy, i€ {1,..Nipryjo, .. )
for all z€ Zgy, 1€ {1,.. Nprexrrviol, }:
for all 7€ {1,... Nyjvion,}:

for all 7 € {1,.. Nypyios}:

for all be BELR i€ (1,., Nppaxpervion, }:
for all be B, i€ {1,., Nygnperviol }:
for all s€ SHE, i € {1,.,Noppaxperviol };

for all s€ SHE, i € {1,., Nsympervio };

0 < SUGenLnkVioly, », i < QUGenLnkViolyp, », ; for all (by,b;) € LNK, i € {1,..,Nygensniviol,}-

8.8 Outputs

8.8.1
and commitments.
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9 Pre-Dispatch Pricing

9.1.1

9.2.1

9.2.1.1

92.1.2

9213

9.2.14

9.2.1.5

9.2.1.6

9.1 Purpose

The Pre-Dispatch Pricing algorithm shall perform a security-constrained
economic dispatch to maximize gains from trade using dispatch data submitted
by registered market participants, subject to section 14.7.1.3, and resource
schedules and commitments produced by the Pre-Dispatch Scheduling
algorithm to meet the IESO’s province-wide non-dispatchable demand forecast
and IESO-specified operating reserve requirements for each hour of the pre-
dispatch look-ahead period.

9.2 Information, Sets, Indices and Parameters

Information, sets, indices and parameters used by the Pre-Dispatch Pricing
algorithm are described in section 3. In addition, the following resource
schedules and commitments determined by the Pre-Dispatch Scheduling
algorithm shall be used by the Pre-Dispatch Pricing algorithm:

SDGivkPPS designates the amount of energy that the dispatchable

generation resource is scheduled to provide above MinQDGC) atbus b €
BELR U BYE in time-step t € TS in association with lamination k € KEt,b;

ODG» PPS designates whether the dispatchable generation resource at bus b

€ BPC was scheduled at or above its minimum loading point in time-step t €
TS;

S105DG 1v4PS designates the amount of synchronized ten-minute operating
reserve that the dispatchable generation resource is scheduled to provide at

bus b € BE-R U BHE in time-step t € TS in association with lamination k €
Kt,b108;

S10NDG»xPPS designates the amount of non-synchronized ten-minute
operating reserve that the dispatchable generation resource is scheduled to

provide at bus b € BE-R U B"F in time-step t € TS in association with
lamination k € K"V ;

S30RD G kP designates the amount of thirty-minute operating reserve that
the dispatchable generation resource is scheduled to provide at bus b € BELR
U BE in time-step t € TS in association with lamination k € Kt,b®R; and

OHO:™PS designates whether the dispatchable hydroelectric generation
resource at bus b € B"F has been scheduled at or above MinHO;s in time-

stept € TS.
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9.3 Variables and Objective Function

9.3.1 The Pre-Dispatch Pricing algorithm shall solve for the same variables as in the
Pre-Dispatch Scheduling algorithm, section 8.3.1, with the following exceptions:

9.3.1.1 IDGy, for bus b € BPG and time-step t € TS shall not appear in the
formulation;

93.1.2 ODGy» for bus b € BP® and time-step t € TS will be fixed to a constant
value, as determined by the Pre-Dispatch Scheduling algorithm;

9.3.1.3 OHO:» for bus b € B"F and time-step t € TS will be fixed to a constant
value, as determined by the Pre-Dispatch Scheduling algorithm;

9.3.14 IHE:p, for b € B'E, time-step t € TS and start indication value i €
{1,..,NStartMW} shall not appear in the formulation;

9.3.1.5 SOGenLnkViol.p1,b),ifor (b1,b2) € LNK such that b1 € B,"Fand b2 € Bu"E,
time-step t € TS and i € {1,..,NogenLnkviort} shall not appear in the formulation; and

9.3.1.6 SUGenLnkViolp1,b2),ifor (b1,b2) € LNK such that b1 € Bu,"Fand b2 € Ban'*,
time-step t € TS and i € {1,..,NucenLnkviort} shall not appear in the formulation.

9.3.2 The objective function for the Pre-Dispatch Pricing algorithm shall maximize gains from
trade by maximizing the following expression:

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

teT.

where:
ObjDL,
Z SDLep j-PDLyy; — Z S10SDL.y ; - P10SDL,; ; —
_ z J €Iy JEIES® :

e Z S10NDLy, ;- PIONDL,,, ; — Z S30RDL,, ;- P30RDL, ;

10N 20R

J€Jip J€leh

ObjHDR, = Z Z SHDR; ), ;- PHDR: ), ; |;

beRHDR je]fb
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Z SXLegj PXLyyj — Z S10NXL; g, - PLONXL, g ;
J‘E]fd jejtl,gN
& . Z S30RXL, ;- P3ORXL, 4,

i€

ObjXL, =

ObjNDG, = SNDG -PNDG i
J) t t.h.k t.b.k
bepNDG kekE,

Z SDGypy - PDGepy + Z S10SDGyp - P10SDGpyx +

. kekE, kekE9S
0bjDG, = ' -
o z S10NDG, ;. - PLONDG, 1 + Z S30RDGyy . - P3ORDG
kex}oN kexgk

SIGt,d,k " PIGt,d,k + z SlONIGt,d,k - PlONIGt’d’k

ObjIG, = Z keKE, kekiN
= + ) S30RIGyax - PIORIGx
kek:R
9.3.2.1 The tie-breaking term, TB;, shall be the same term described in section
8.3.2.1.
93.2.2 ViolCost; shall be calculated as follows:
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ViolCost, = Z SLdViol,; - PLdViolPrc,;

i=1L.Npdviol,

= Z SGenViol,; - PGenViolPrc,;

i= 1--NGenV1'o.Et

+ Z $10SViol, ; - P10SViolPre, ;

i=1.N1osviol,

+ Z S10RViol,; - P10RViolPrc, ;

i=1.N1orviol;

+ Z S30RViol, ; - P30RViolPrc, ;

i=1.Nzorviol,

=+ Z Z SREG10RViol, .; - PREG10RViolPrc, ;
TEORREG i=1r-NREGIORVEaIt
+ z SREG30RViol,..; - PREG30RViolPrc,;
TEORREG \i=1.NgrgGaorviol,
+ Z Z SXREG10RViol, ,; - PXREG10RViolPrc,;
rEORREG \i=1.NxrEG10RViol;
& Z Z SXREG30RViol, ;- PXREG30RViolPrcy;
TEORREG \i=1.NxREG30RViol;
+ Z z SPrelTLViol;,; - PPrelTLViolPrcs,;
FE€Fe \i =L.NpreiTLvioly,

+Z z Z SITLViol, s ; - PITLViolPre, s

c€EC fEF; f=1--NITLVE01cf|t

4 Z Z SPreXTLViol,,; - PPreXTLViolPrc,,;

2€Zscp \i=1.NprexTLViol,

3 z SNIUViol,; - PNIUViolPrc, ;

i =L.NN1uviol,

+ Z SNIDViol,; - PNIDViolPrc, ;

i=1.NNipviol,

+ z SMaxDelViol, ;, ; - PMaxDelViolPrc, ,;

bEBELR \i =1.Npmaxpelvioly
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1 Z Z SMinDelViol, ,; - PMinDelViolPrc,,

beBHE \ i =1.Npinpeiviol,

v Z Z SSMaxDelViol, ,; - PSMaxDelViolPrc, ;

SsESHE \i =1.Nsmaxpelviol,

+ Z Z SSMinDelViol, ¢ ; - PSMinDelViolPrc, g;

SESHE \i 1--N.S‘Mir1Deil/ioit

9323 The objective function of the Pre-Dispatch Pricing algorithm in section 9.3.2
shall be subject to the constraints described in sections 9.4 - 9.8.

9.4 Constraints

9.4.1 The constraints described in sections 9.5, 9.6, 9.7 and 9.8 apply to the
optimization function in the Pre-Dispatch Pricing algorithm.

9.5 Dispatch Data Constraints Applying to
Individual Hours

9.5.1 Scheduling Variable Bounds

9.5.1.1 Energy and operating reserve schedules shall not be negative and shall not
exceed the quantity respectively offered for energy and operating reserve. For
all time-steps t € TS:
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0 <SDL,;; < ODL,, forall b €BPL, j € J5;

0 <S10SDL,; < Q10SDL,, forall b € B™L,j €%,
0 <SI0NDL;,; < QLONDL,,. for all b €B°F, j €1,
0 <S30RDL,;; < Q30RDL, for all b € BPL, j € 3%,

for all b € BPR EJfb;

for all d EDX, j €Jy;

s f,d,j
0 <SIONXL,4; < QIONAL, . foralld €DX,j €J,3";
0 <S30RXL,4; < Q30R)CLMJ forall d € DX, j EJfOR;
0 <SNDG,; < ONDG,,, for all b € B’P°, k €K}y
0 <SIG4; < OIG, ., for all d €DI, k €KEy;
0 <SI10NIG, 45 < QlONIGMk foralld € DI k EKig,N; and
0 <S30RIG,,; < Q30RIG, ,, foralld €DI, k €K,
9.5.1.2
dispatchable generation resource may be scheduled for energy and
operating reserve only if its commitment status variable, as determined by the
Pre-Dispatch Scheduling algorithm, is equal to 1. For all timesteps t € TS:
0 < SDG,y < ODGEY®-QDGyyy for all b€ B¢, ke K%;

0 < S105DGy i < ODGL*-QLOSDGyp i forall be B”, ke K\%°;
0 < SIONDG, ;< ODGY*-QIONDG,,;  forall be B”, ke Ki)V;and

0 < S30RDG,,; < ODGLY*-Q30RDG,,,  forall be B, ke K3oF.

where ODGPs is a fixed constant in the above constraints, per section 9.8.1.1.

9.5.2 Resource Minimums and Maximums
9.5.2.1 The constraints in section 8.5.2 shall apply in the Pre-Dispatch Pricing
algorithm.
953 Off-Market Transactions

9.5.3.1 The constraints in sections 8.5.3.1 and 8.5.3.2 for inadvertent payback
transactions shall apply in the Pre-Dispatch 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 the Pre-Dispatch
Pricing algorithm.
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9533

9.54
9.54.1

9.5.5
9.5.5.1

9.5.6
9.5.6.1

9.5.7
9.5.7.1

For all time-steps t € TS and all boundary entity resources scheduled to
import emergency energy that does not support an export d € DIEMNS.

Z SIGt.d,k — 0

E
kEK; 4

Intertie Minimum and Maximum Constraints
The constraints in section 8.5.4 shall apply in the Pre-Dispatch Pricing
algorithm as well.

Operating Reserve Scheduling
The constraints in section 8.5.5 shall apply in the Pre-Dispatch Pricing
algorithm as well.

Pseudo-Units
The constraints in section 8.5.6 shall apply in the Pre-Dispatch Pricing
algorithm as well.
Dispatchable Hydroelectric Generation Resources

The constraints in section 8.5.7 shall apply in the Pre-Dispatch Pricing
algorithm as well, with the following exceptions:

9.5.7.1.1 energy offer laminations corresponding to the hourly must-run amount

shall be ineligible to set prices;

9.5.7.1.2 minimum hourly output constraints shall be replaced by the constraints in

section 9.8; and

9.5.7.1.3 a dispatchable 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.

9.5.8 Wheeling Through Transactions
9.5.8.1 The constraints in section 8.5.8 shall apply in the Pre-Dispatch Pricing
algorithm as well.
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 Pre-Dispatch Pricing
algorithm as well.
9.6.2 Operating Reserve Ramping
9.6.2.1 The constraints in section 8.6.2 shall apply in the Pre-Dispatch Pricing

algorithm as well.
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9.6.3 Energy Limited Resources

9.6.3.1 The constraints in section 8.6.4 shall apply to energy limited resources. If a
resource’s maximum daily energy limit is binding, then the constraints in
section 9.8 shall also 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 under-
scheduling a resource’s minimum daily energy limit shall be provided to allow
the pre-dispatch calculation engine to find a solution. For all dispatchable

hydroelectric generation resource buses b € BHE,

z ODGPPS - MinQDGC,, + Z SDGypx
t€TStod KEKE,

+ Z SMinDelViol, ,; | = MinDEL;sq 5
f*‘}---NMinDeIVio!t

— EngyUsed,,.

9.6.4.1.1 If the pre-dispatch look-ahead period spans two dispatch days, for all
hydroelectric resource buses b& BHE:

ODGEPS - MinQDGC, + Z SDG;si

t€TStom kEbe

+ z SMinDelViol; ), ; | = MinDELy, p-
£=1‘-NMialDeiV1'o!t

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 Pre-
Dispatch Scheduling algorithm.

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 pre-dispatch calculation engine to find a solution. For all

sets S€E SHE and all timesteps TE€ TSto4:
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Z Z ODGEPS - MinQDGC, + Z SDG,p x
t=2.T \p eBHE keKE,

+ Z 100RConv Z ST0SDGy 354 + z S10NDGr

beBHE keKTYS kekp Y

+ 300RConv Z S30RDGr p i

30R
kKEKy

— Z SSMaxDelVioly s; = MaxSDELyyq s — EngyUsedSHE.

II'"“1--J\J'.Sj‘t'l’a;'d_).CJIVEQI-,»

9.6.4.3.1 If the look-ahead period spans two dispatch days, then for all sets S €
SHE and all time-steps T ET Stom:

Z Z ODGEPS - MinQDGC,, + Z SDGyp

t=ttom-T \b EB_{IE kEbe

+ Z 100RConv Z SIBSBGrys: L Z S10ND s

beBHE keSS kekFN

+ 300RConv Z S30RDGrp i

20R
kEKFY

= Z SSMaxDelVioly s ; = MaxSDEL;,,,

i= 1-'NSMaxDeIVi0£T

where the factors Z00RConvand 300RConv shall be applied to
scheduled ten-minute operating reserve and thirty-minute operating
reserve to convert MW into MWh.

9.6.44 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 pre-dispatch calculation engine to find a solution.

For all sets s € SHEt,qand all time-steps t € TStq.
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Z Z ODGEP® - MinQDGC, + Z SDG, p,

t€TStoq \b eBHE KEKE),

" Z SSMinDelViol,

i=1.NgMminpelviol,

= MinSDEL.,; s — EngyUsedSHE;.

9.6.4.4.1 If the look-ahead period spans two dispatch days, then for all sets S €
SHE and all time-steps t € TStom:

Z Z ODGFPS - MinQDGC, + Z SDG,

tETStom bEBfE REbe

* Z SSMinDelViol, s; | = MinSDEL;,y, s.

i= 1-vN.S‘MinDeIVioIt

9.7 Constraints for Reliability Requirements

9.7.1 Energy Balance

9.7.1.1 The constraint in section 8.7.1 shall also apply in the Pre-Dispatch Pricing
algorithm, except the marginal loss factors used in the energy balance
constraint in the Pre-Dispatch Pricing algorithm shall be fixed to the marginal
loss factors used in the last optimization function iteration of the Pre-Dispatch
Scheduling algorithm.

9.7.2 Operating Reserve Requirements
9.7.2.1 The constraints in section 8.7.2 shall also apply in the Pre-Dispatch Pricing
algorithm.
9.7.3 IESO Internal Transmission Limits

9.7.3.1 The constraints in section 8.7.3 shall also apply in the Pre-Dispatch Pricing
algorithm, except the sensitivities and limits considered shall be those
provided by the most recent security assessment function iteration of the Pre-
Dispatch Pricing algorithm.

9.7.4 Intertie Limits
9.7.4.1 The constraints in section 8.7.4 shall also apply in the Pre-Dispatch Pricing
algorithm.
9.7.5 Penalty Price Variable Bounds

9.7.5.1 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 time-steps t € 75
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0 = SLdViol,; < QLdViolPrc,; for all 7 €{1,.. N qyior};

0 = SGenViol,; = QGenViolPrc;; for all 7 €{1,... Ngepyios};
0 = S108Viol,; = Q10 SViolPrc,; for all 7 €{1,.., Myosvi01,};
0 = S10RViol,; = QL0RViolPrc,; for all 7 €{1,... Niogprc )
0 = S30RViol,; = Q30 RViolPrc,; for all 7 €{1,.., N30 zprc,}
0 = SREG10RViol,.; = QREG10RViolPrc,; for all r € ORREG, 1 €{1,.., Nggerorpre,};
0 = SREG30RViol,..; = QREG30RViolPrc,; for all r € ORREG, 1 €{1,.., Ngggzorpre,};

0 < SXREG\0RViol,.; < QXREGIORViolPrc,; ~ for all r € ORREG, i € {1,., Nyggciorere;
0 < SXREG30RViol,.; < QXREG30RViolPrc,;  for all r € ORREG, i €{1,.,Nygggsorere);

0 < SPrelTLVioly,; < QPrelTLViolPrc,, forall £€ F, 1 €{L,. Npreripre);

0 < SITLVioly.,; < QITLViolPrcs,,; forall c €C FEFy, 1 €L, Nprripre, 3
0 = SPreXTLViol,,; < QPreXTLViolPrc,,, forall z € Zscpy 1 € {1, Nprexripre, J;

0 < SNIUViel,; < QNIUViolPrc,,; for all i € {1,.., Nyypre,};

0 < SNIDViol,; < QNIDViolPrc,; for all 7 €{1,.., Nyipprc,};

0 = SMaxDelViol,;; = QMaxDelViolPrc,; forall b € BFIR j € {1, Npgaxpervion 3

0 < SMinDelViol,,; < QMinDelViolPrc, for all b € B, i € {1,, Nyinpervion,};

0 = SSMaxDelViol,; = QSMaxDelViolPrc, ; for all s € SHE, i €{1,.., Nspsaxpeivios, }; and
0 = SSMinDelViol, ;; = QSMinDelViolPrc, ; for all s € SHE; i €{1,.., Nspinpetvion,

9.8 Constraints to Ensure the Price Setting
Eligibility of Offer/Bid Laminations

9.8.1 Commitment Status Variables

9.8.1.1 Commitment decisions shall be fixed to the commitment statuses of resources
calculated by the Pre-Dispatch Scheduling algorithm in section 8. For all time-
steps t € TS and all buses b € BPC:

ODGtb = ODGebpps.

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 Pre-Dispatch Scheduling algorithm, the schedules calculated by
the Pre-Dispatch Scheduling algorithm shall determine the price-setting
eligibility of the resource’s energy and operating reserve offer laminations. In
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each time-step, energy or operating reserve laminations up to the total amount
of energy and operating reserve scheduled in the Pre-Dispatch Scheduling
algorithm shall be eligible to set prices. For bus b € BELR, if there exists a time-
step T € TSta such that:

z ODGEPS - MinQDGC,, + Z SDGEPR

t=2.T keKE),

+ 100RConv Z S10SDGR2S. + z S10NDGTDS,

keK}SS ke
+ 300RConv Z S30RDGEDS, | = MaxDEL,q, — EngyUsed,
kEKZIR

9.8.2.1.1 then the maximum daily energy limit constraint shall be considered
binding in the Pre-Dispatch Scheduling algorithm. In such

circumstances, the following constraints must hold for bus b € BELR for
all time-steps t € 7Ss4.

Z SDGypp < Z SDGEPy + €,
KB

Z SDGyp . + Z S10SDG, 1. + Z S10NDG, . + Z S30RDG, 1

keKE, kek29S kek N kek:OR
-1
< MaxDELpq ), — EngyUsed, — 2 Z SDGFPS |
=2 kekf,

where €1is a small positive constant.

9.8.2.2 If the pre-dispatch look-ahead period spans two dispatch days, then for bus b
€ BELR if there exists a time-step T € 7S;m such that:

ODGEPS - MinQDGC, + z SDG Ex

t=tiom.T kEKEb

+ 100RConv Z S10SDGFY5 + Z S10NDGFYS,

keSS ke
+ 300RConv Z S30RDGERS, | = MaxDEL,,,, ,
kekZ9E

9.8.2.2.1 then the maximum daily energy limit constraint is considered to be binding
for the next dispatch day in Pre-Dispatch Scheduling algorithm. In such
circumstances, the following constraints must hold for bus b €BELR for all

time-steps t € TStom:
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z §Dtn = z SDGEPS + ¢,
B

z Gt z ST0SD G5 Z S10NDG, 5 + z S30RDG, 5
keKE, keklS kekipl kekZpR
t—-1
< MaxDELymp — z Z SDGEER.

T=tom kexfb

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 Pre-Dispatch Scheduling
algorithm, such resource shall also be scheduled at or above its minimum
hourly output in the Pre-Dispatch 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 Pre-
Dispatch Scheduling algorithm, the resource shall also receive a zero
schedule in the Pre-Dispatch Pricing algorithm and shall be ineligible to set

prices in the energy market. For all time-steps t € TS and dispatchable
hydroelectric generation resource buses b € B"E:

ODGEPS - MinQDGC, + Z SDG, ), = MinHO,, - OHOFPS

keKE,
and for all k Ebe:

0 < SDGt,b,k < OHOPDStb -QDGt,b,k.

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 Pre-Dispatch Scheduling algorithm.
The resource’s schedule shall be between the same start indication values as
determined in the Pre-Dispatch Scheduling algorithm. For all dispatchable

hydroelectric generation resource buses b € B"F and all time-steps t € TS:
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If 0 < ODG/" - MinQDGCy + Xyee ik, SDGLRR < StartMW,y,

then
0 < ODGEP® - MinQDGC, + Z SDG.px < StartMW, ; — 0.1
kEKE),
If StartMWj,; < ODGL}° -MinQDGC), + Y, kekZ, SDGLY; < StartMW), ;. for
1€{1,.,(NStartMW,,-1)},
then
StartMW,,; < ODGEPS - MinQDGC, + Z SDGy5

KEKE,

= StartMW,,;+, — 0.1
IfODGEP® - MinQDGCy, + ¥, KE, SDG{P% = StartMW, ystaremw),»
then
ODG!PS - MinQDGC,, + Z SDGyp e = StartMWy ystaremw,-
kekE,

9.8.3.3 For a dispatchable hydroelectric generation resource with a minimum daily
energy limit that was binding in the Pre-Dispatch Scheduling algorithm, the
offer laminations corresponding to the energy schedules calculated in the Pre-
Dispatch Scheduling algorithm shall be ineligible to set prices. For all
dispatchable hydroelectric generation resource buses b € B such that
MinDELto4 > 0 and

ODGFPS - MinQDGC,, + Z SDG{P% | < MinDEL,oq;, — EngyUsed,,

LETStod KEKE,

9.8.3.3.1 the following constraints must hold for all time-steps t € TSty and offer

laminations K € K pE

SDGtb k=SDGtb kpps,

9.8.3.3.2 If the pre-dispatch look-ahead period spans two dispatch days, for
all dispatchable hydroelectric generation resource buses b € BHE such
that MinDELtmp > 0 and

Z ODGEDS - MinQDGC, + Z SDGEPR | < MinDEL,op,

tETStom kEKtBI-b
9.8.3.3.3 the following constraints must hold for all time-steps t € TStwm and offer

laminations K € K¢pE:
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SDGtb,k= SDGtb,kPDS.

9.8.34 For a dispatchable hydroelectric generation resource with a shared minimum
daily energy limit that was binding in the Pre-Dispatch Scheduling algorithm,
the offer laminations corresponding to the energy schedules calculated for all

resources in the set S€ SHE in the Pre-Dispatch Scheduling algorithm shall
be ineligible to set prices. Thus, for each set s ESHE:

Z Z 0ODG/PS - MinQDGC, + Z SDGrps

t€TStoa \b €BHE KEKE),

< MinSDEL,,qs — EngyUsedSHE,,

9.8.3.4.1 the following constraints must hold for all time-steps t €T Stoq E:

ODG,, - MinQDGC,, + z S0

b eBHE kEKE),

> Z ODGEPDS - MinQDGC, + z SBGEY

b eBHE kEKE,

9.8.3.4.2 If the pre-dispatch look-ahead period spans two dispatch days, then for
each set s € SHE:

Z Z ODGEPS - MinQDGC,, + Z SDGPP3 | | < MinSDEL,qpm s

tETStom \ b EBSHE REKtBI-b

9.8.34.3 the following constraints must hold for all time-steps t € TStom:

Z GDGET.EI B M”lQDGCb + Z SDGt.b.k

b eBHE keKE,

> Z ODGEPS - MinQDGC, + Z SDGEPS,
b eBHE keKp,

9.8.3.5 For a dispatchable hydroelectric generation resource with a binding maximum
daily energy limit in the Pre-Dispatch Scheduling algorithm, the schedules
calculated in the Pre-Dispatch 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 Pre-Dispatch Scheduling algorithm,
in each hour, the offer laminations up to the sum of energy and operating
reserve schedules calculated in Pre-Dispatch Scheduling algorithm for all
resources in each set S € SHE will be eligible to set prices. For each set S€
SHE, if there exists T € TSwd such that:
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Z Z ODGEPS - MinQDGC, + Z SDGFDS

t=2.T \ peBH® KEKE,

4 Z 100RConv Z S10SDGEDS, + Z S10NDGEYS,

bepHE keSS REREGY

+ 300RConv Z S30RDGERS, | | = MaxSDEL, ., — EngyUsedSHE,.

F0R
KEKT )

9.8.3.6.1 then the maximum daily energy limit constraint is considered to be
binding for the current dispatch day in the Pre-Dispatch Scheduling
algorithm. In such circumstances, the following constraints shall apply for

all time-steps t € TStd:

z Z SDG55 = z Z SDG{D3 + €,

beBEE kekf, beBEE kekE,
Z Z 506,55 Z S10SDGyp 5 + Z S10NDG, 5 + Z S30RDG,
beBHE \kekE, kexids kek N kexpR

=1
< MaxSDELoqs — EngyUsedSHE — Z Z Z SDGEP.
beBHE T=2 gekf,
where € is a small positive constant.

9.8.3.6.2 If the pre-dispatch look-ahead period spans two dispatch days, if there
exists a time-step T € TStom such that:

Z Z ODGFPS - MinQDGC, + Z SDGPPS
t=trom.T \beBHE KEKE),

# z 100RConv Z S10SDGFRS, + Z S10NDG1Y5%

beBHE keKSS keRp Y

+ 300RConv z S30RDGFYS. | | = MaxSDEL,,, o

30R
kEK; ),

9.8.3.6.3 then the maximum daily energy limit constraint is considered to be

binding for the next dispatch day in the Pre-Dispatch Scheduling algorithm.

In such circumstances, the following constraints shall apply for all time-
steps t€ T'Stom:
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Z Z SDGypy < Z Z SDG{P% + ¢,

beBEE kekf) beBHE kekE,

SDGppp + Z S10SDGyp i + Z S10NDGypx + Z S30RDGy
beBE \kekF, keKs kek N kekipR
t-1
< MaxSDELqyp s — Z Z Z SDGPDS.

beBHE T=tom kekF,

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 Pre-Dispatch Scheduling algorithm, such resource shall
be scheduled between its Pre-Dispatch Scheduling algorithm schedule plus
or minus a tolerance A specified by the IESO. The resource schedule shall 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 linked
downstream dispatchable hydroelectric generation resources b2 such that

(b1,b2) € LNKCwhere b1 € ByyHE and b2 € Byt and all time-steps t€ TS

ODG{p? - MinQDGC,, + Z SDGFP% — A < ODGP® - MinQDGCy, + Z SDG;p, i

KEKy, KEKE),
< ODGEDS - MinQDGC,, + Z SDGipsy + A
ke;{sz

9.8.3.7.1 For all linked dispatchable hydroelectric generation resources b1 such that
(b1,b2) € LNKCwhere b1€ By, and b€ Ban" and all time-steps t€
TS such that t + LagCpip2< nr4p.

ODG{p® - MinQDGCy,, + Z SDG{P% — A < ODGEPS - MinQDGC,,, + Z SDG, . x

k€K, KEKE),

< ODGEPS - MinQDGC,, + Z SDGipok + A

KEKEy,

9.9 Outputs

9.9.1 Outputs for the Pre-Dispatch Pricing algorithm include the following:
9.9.1.1 shadow prices;
9.9.1.2 locational marginal prices and their components; and
99.13 sensitivity factors.
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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 narrow constrained areas and dynamic constrained areas and the
information published therein in accordance with section 22 of Chapter 7 shall
be inputs for 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 Pre-Dispatch Pricing algorithm shall be used by the
Constrained Area Conditions Test:

10.2.2.1  LMPPPP, which designates the locational marginal price for bus b € B in
time-step t € TS;

10222  PCong:pPPP, which designates the congestion component of the locational
marginal price for bus b € Bin time-step t € T'S;

10.2.2.3  ExtLMP.4PP, which designates the locational marginal price for intertie bus
d€ Dintime-stept € TS

10.2.2.4  PExtCong:4"PP, which designates the intertie congestion component of the
locational marginal price for intertie bus d € D in time-step t € TS;

10.2.2.5  PIntCong;q"P?, which designates the internal congestion component of the
locational marginal price for intertie bus d € D in time-step t € TS;

10.2.2.6  IntLMP:4PPP, which designates the intertie border price for intertie bus d € D
in time-step t € TS;

10.2.2.7 SPNormT.FPP, which designates the shadow price for the precontingency

transmission constraint for facility f € F in time-step t € TS;
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10.2.2.8

10.2.2.9

10.2.2.10

10.2.2.11

10.2.2.12

10.3.1

10.3.1.1

10.3.1.2

10.3.1.3

10.3.1.4

10.3.1.5

10.3.1.6

10.3.1.7

SPEm T} PP, which designates the shadow price for the postcontingency
transmission constraint for facility f € F in contingency ¢ € C in time-step t €
TS;

SPNIUExtBwdT/#PF, which designates the shadow price for the net
interchange schedule limit constraint limiting increases in net imports between

time-step (t - 1) and time-step
L30RPPPP, which designates the locational marginal price for thirty minute

operating reserve atbus b € B in time-step t € TS;

L10NP;x,PPP, which designates the locational marginal price for nonsynchronized ten-
minute operating reserve at bus b € B in time-step t € TS; and

L10SP;:,PPP, which designates the locational marginal price for synchronized
ten-minute operating reserve atbus b € B in time-step t € TS.

10.3 Variables

The pre-dispatch calculation engine shall use the constrained area conditions
tests in sections 10.4 and 10.5 to identify the resources that are part of the
following data sets:

BCondNCA, which designates the resources in a narrow constrained area

that must be checked for local market power for energy in timestep t € TS;

BCondPCA which designates the resources in a dynamic constrained area
that must be checked for local market power for energy in timestep t € TS;

BCondBtA | which designates the resources in a broad constrained area to
be checked for local market power for energy in time-step t € TS;

BCondMP, which designates the resources to be checked for global market
power for energy in time-step t € TS;

BCond/%, which designates that resources to be checked for local market
power for synchronized ten-minute operating reserve in timestep t € TS;

BCondZ9N, which designates that resources to be checked for local
market power for non-synchronized ten-minute operating reserve in time-

stept ETS;

BCond?9R, which designates that resources to be checked for local market
power for thirty-minute operating reserve in time-step t € TS;
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10.3.1.8  BCond/MP10s which designates that resources to be checked for global

market power for synchronized ten-minute operating reserve in time-step t €

TS;

10.3.1.9  BCondSMP1O0N which designates that resources to be checked for global
market power for non-synchronized ten-minute operating reserve in time-step

t e TS; and

10.3.1.10 BCondSMP30R which designates that resources to be checked for global
market power for thirty-minute operating reserve in time-step t € TS.

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 area

10.4.1.1 If at least one transmission constraint for a narrow constrained area or

dynamic constrained area is binding in the Pre-Dispatch Pricing algorithm,

then all resources identified within the narrow constrained area or dynamic

constrained area shall undergo the applicable Conduct Test in section 11 and:

10.4.1.1.1 For each n € NCA and time-step t € TS: For each transmission facility that

transmits flow into n, f €,V if SPNorm T*PP# 0 or SPEm Tt.f°PP# 0
for the inbound flow limit, the pre-dispatch calculation engine will place 1n in
the set VCA, and assign the resources in n to the set BCondNCA; and

10.4.1.1.2 For each d € DCA and time-step t € TS: For each transmission facility that
transmits flow into d, f €EF,P¢4, if SPNorm T:*PP#0 or SPEm T FPP#0
for the inbound flow limit, the pre-dispatch calculation engine will place d in
the set DCA; and assign the resources in n to the set BCondPCA.

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 NCA{, which designates the narrow constrained areas that qualify for
market power mitigation for energy in time-step t € TS; and

10.4.1.2.2 DCA/{, which designates the dynamic constrained areas that qualify for
market power mitigation for energy in time-step t € TS.

10.4.2 Constrained Area Conditions Test for the Broad Constrained Area

10.4.2.1 If the congestion component of the locational marginal price of 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 using the broad constrained area

thresholds. For each time-step t ETS and bus b€ B¢ such that b &

BCondVeA,UBCondPC4,, it PCongn,'P? > BCACondThresh, the pre-
dispatch calculation engine will then place resource b in the set BCond#¢A .
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10.5 Constrained Area Conditions Test for
Global Market Power (Energy)

10.5.1 The pre-dispatch calculation engine shall test resources that can meet
incremental load within Ontario for global market power, subject to section
10.5.2, if:

10.5.1.1 the intertie border prices at the global market power reference intertie zones
are greater than the /BPThresh threshold value, indicated in time-step t €

TS by:

10.5.1.1.1 IntLMP:qtP? > [BPThresh for bids and offers, d € DGMPRef,

corresponding to the boundary entity resource bus for the global
market power reference intertie zones; and

10.5.1.2 atleast one of the following conditions is met:
10.5.1.2.1 import congestion, represented by a negative intertie congestion

component, is present on all of the global market power reference intertie
zones, indicated in time-steps t = {2,3} by:

10.5.1.2.1.1  PExtCong:a*°? < 0 for bids and offers, d € DGMFRef
corresponding to the boundary entity resource bus for the global
market power reference intertie zone; or

10.5.1.21.2 the net interchange schedule limit is binding for imports,
represented by a non-zero net inferchange schedule limit shadow
price for incremental imports, indicated in time-steps t = {2,3} by:

SPNIUExtBwdT#PP# 0

10.5.2 If the conditions in sections 10.5.1 are met, then the pre-dispatch calculation
engine shall test resources that can meet incremental load within Ontario for

global market power, for each time-step t € 7, place all b € BPCin the set
BCondtMP  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 PCong,*o? < PIntCong**"— $1/MWh where d € DGMPRef s 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 SPNorm T:*PP# 0 or SPEm TtcPDpP
#0.
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10.6 Constrained Area Conditions Test for Local
Market Power (Operating Reserve)

10.6.1 Subject to section 10.6.2, 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 if bisin a region with a non-zero minimum requirement, then bb is subject to

the Conduct Test and is placed in the set BCond:'°%, BCond:'N,or BCond:**R
10.6.2 A resource shall not qualify for local market power mitigation testing for
operating reserve if the resource is located in a region with a binding

maximum constraint and for each resource b € BPG (U BPL and time-step t
eETS:

10.6.2.1 if bis 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 € BPG U BPL and timestep t € 75
10.7.2.1 if L10SP:nFP? > ORGCondThresh, the pre-dispatch

calculation engine shall add resource b to BCondtMF,10s,

10.7.2.2 if L10NPPPF > ORGCondThresh, the pre-dispatch calculation

engine shall add resource b to BCond“F;10N; and

10.7.2.3  if L30RP:FP? > ORGCondThresh, the pre-dispatch calculation engine shall add

resource b to BCondMP,30R

10.7.3 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:

10.7.3.1 if bis in a region with a binding maximum constraint, then b shall be exempt
from the Conduct Test.
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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 reference level
values for those resources.

11.2 Information, Sets, Indices and Parameters

11.2.1 Information, sets, indices and parameters for the Conduct Test are described in
sections 3 and 4. In addition, the list of resources produced pursuant to section
10.8.1 shall be used by the Conduct Test.

11.3 Variables

11.3.1 The pre-dispatch 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 BCTN¢4 designates the resources in a narrow constrained area that failed
the Conduct Test for at least one financial dispatch data parameter in time-

step t€ TS:

11.3.1.1.2 BCTPA designates the resources in a dynamic constrained area that
failed the Conduct Test for at least one financial dispatch data parameter

in time-step t € 7';

11.3.1.1.3 BCT#“A4 designates the resources in a broad constrained area that failed
the Conduct Test for at least one financial dispatch data parameter in time-

stepte 7S

11.3.1.1.4 BCT5MP designates the resources that failed the global market power for
energy Conduct Test for at least one financial dispatch data parameter in

time-step t € 7';
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11.3.1.1.5 BCTPRL designates the resources that failed the local market power for
operating reserve Conduct Test for at least one dispatch data parameter in

time-step t € 7°5: and

11.3.1.1.6 BCT{9RC designates the resources that failed the global market
power Conduct Test for operating reserve for at least one financial
dispatch data parameter in time-step t € 7.

11.3.1.2 The following financial dispatch data parameters for all time-steps t € 7'S":

11.3.1.2.1 PARAME? y, which designates the set of dispatch data parameters that
failed the energy Conduct Test at bus b€ { BCTN¢AU BCTPCAU

BCTEAY BCT{EMPy in time-step t, and may include the following
financial dispatch data parameters:

11.3.1.2.1.1  EnergyOfferi, which designates a non-zero quantity of energy above

the minimum loading point in association with offer lamination k €K ,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:

11.3.1.2.21  EnergyToMLP, which designates the non-zero quantity of
energy up to the minimum loading point in association with offer

lamination K€ K;pLTMLP failed the Conduct Test;

11.3.1.2.2.2 SUOffer, which designates the start-up offer failed the Conduct Test;
and

11.3.1.2.2.3  SNLOffer, which designates the speed no-load offer failed the
Conduct Test.

11.3.1.2.3 PARAMOR;y, designates the set of financial dispatch data parameter that
failed the operating reserve Conduct Test for bus b € {BCT9RLU

BCTORG} in time-step t, and may include the following financial dispatch
data parameter:

11.3.1.2.3.1  OR10SOfter, which designates the non-zero quantity of synchronized
ten-minute operating reserve in association with offer lamination k € K¢b
108 failed the Conduct Test;

11.3.1.2.3.2 OR10NOffery, which designates the non-zero quantity of
nonsynchronized ten-minute operating reserve in association with

offer lamination k € Ktbos failed the Conduct Test; and

11.3.1.2.3.3 OR30ROftery, which designates the non-zero quantity of
thirty-minute operating reserve in association with offer lamination
Kk € Kt,b3r failed the Conduct Test;

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  SUOffer, which designates the start-up offer failed the Conduct Test;
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11.3.1.2.4.2 SNLOffer, which designates the speed no-load offer failed the
Conduct Test; and

11.3.1.24.3 EnergyToMLPy, which designates the non-zero quantity of up to the

minimum loading point in association with offer lamination K € K¢ pE
failed the Conduct Test.

11.4 Conduct Test for Energy

11.4.1 The pre-dispatch 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 time-

step t € TSand b € BCond/Nt4, the pre-dispatch calculation engine shall:

11.4.1.1 Evaluate energy offers above minimum loading point: For all K €
KEiy, if PDGivy>CTEnMinOffer and PDGyx> min (PDGRefp
*(I + CTEnThreshiven, PDGRefnx + CTEnThresh2vesy  where K' €
K}, then the Conduct Test was failed by the resource at bus b and the

pre-dispatch calculation engine shall assign the resource to subset BCT/N¢A
and add EnergyOfferkto PARAMEy;

11.4.1.2 Evaluate offers for energy for the range of production up to minimum
loading point: For all time-steps prior to and including the last timestep
where conditions are met for the Constrained Area Conditions Test, for all

k € Kepl™LP it PLTMLPwx > CTEnMinOffer and PLTMLP:p x>
min (PLTMLPRefp*(1 + CTEnThreshivesy, PLTMLPRef v +

CTEnThresh2nca, where k' € KibE, then the Conduct Test was failed by
the resource at bus b and the pre-dispatch calculation engine shall assign

the resource to subset BCT/V¢4 and add EnergyToML Py to
PARAME, and PARAMOR:y;

11.4.1.3 Evaluate start-up offers: For all time-steps prior to and including the last
time-step t where conditions are met for the Constrained Area Conditions

Test in section 10, if SUDGw> SUDGRefin*(1 + CTSUThreshVe4),
then the Conduct Test was failed by the resource at bus b and the pre-

dispatch calculation engine shall assign the resource to subset BCT/V¢A

and add SUOfferto PARAME}, and PARAMOR:p; and

11.4.1.4 Evaluate speed no-load offers: For all time-steps prior to and including the
last time-step where conditions are met for the Constrained Area

Conditions Test, if SNL;»,> SNLRef;,*(1 + CTSNLThreshNcA), then
the Conduct Test was failed by the resource at bus b and the predispatch

calculation engine shall assign the resource to subset BCT/V¢4 and add
SNLOfferto PARAME:, and PARAMOR;y.

11.4.2 For resources identified pursuant to section 10.8.1 in a dynamic constrained
area or broad constrained area, the pre-dispatch calculation engine shall use

the steps in section 11.4.1, using resources in BCondP;or BCondBt4;, as
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1143

11.4.4

11.5.1

11.5.1.1

the case may be, in place of BCondVt4,and using the applicable Conduct Test
thresholds CTEnThreshirca, CTEnThreshzrca, CTEnThreshise,
CTEnThreshzsca, CTSUThreshPCA, CTSUThresh?¢A, CTSNLThreshPcA,

CTSNLThreshB¢A. If any of the financial dispatch data parameters of a
resource fail the Conduct Test, the resource shall be assigned to subset

BCTyPCA or BCTyPC4, as the case may be.

For resources identified pursuant to section 10.8.1 that were selected for global
market power mitigation testing for energy, the pre-dispatch calculation engine

shall use the steps in section 11.4.1, using resources in BCond/™P in place of
BCondVt4, and the applicable global market power Conduct Test thresholds
CTEnThreshisvr, CTEnThreshzevr, CTSUThreshGMP,

CTSNL Thresh@MP. If any of the applicable financial dispatch data parameters
of a resource fails the Conduct Test, the resource shall be assigned to subset

BCTyeMP,
If a resource is assigned to more than one of the sets, BCond"¢4;, BCondP¢4;,

BCondpfcA,, and BCondtMF;, only the Conduct Test with the most restrictive
threshold levels shall be performed for that resource.

11.5 Conduct Test for Operating Reserve

The pre-dispatch 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 time-stept € TSand b € BCondt®® U BCondaoN U BConda®, the
pre-dispatch calculation engine shall:

Evaluate offers for operating reserve as follows:

11.5.1.1.1 for all K € Kt,btos such that P10SDGrv x> CTORMinOffer and

P10SDGebx > min(P10SDGRefy *(L + CTORThreshl ),

P10SDGRefivx + CTORThresh2RL), where k € K’'hbios | then the
Conduct Test was failed for the resource at bus b and the
predispatch calculation engine shall assign the resource to subset

BCTRL and add OR10SO0fterxto PARAMOR;y,;

11.5.1.1.2 for all K € Kt,btov such that P1ONDGrnx> CTORMinOffer and

P10NDG > min(P10ONDGRefix*(1 + CTORThreshl ™),

’ 10
P10ONDGRefix + CTORThreshzorr), where k € KnbN, then the
Conduct Test was failed for the resource at bus b and the
predispatch calculation engine shall assign the resource to subset

BCTRL and add OR10NOfterxto PARAMOR;y;

11.5.1.1.3 for all kK € Kt,bsor such that PZORDGrp x> CTORMinOfferand

P30RDG ) >min( P3ORDGRefin*(1 + CTORThreshl ORLY

P30RDGRefn)c + CTORThreshzor, where K' € K3°hbR, then the
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Conduct Test was failed for the resource at bus b and the
predispatch calculation engine shall assign the resource to subset

BCTPRL and add OR30ROfferito PARAMORy;

. 10
11.5.1.1.4 for al / € Jebs it P10SDLyw; > CTORMinOfferand P10

SDLtbj > min(P10SDLRefiv; A+ CTORThreshiorr),
P10SDLRef;,;+CTORThresh2 %Rl where / "€ Jip' 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

BCTORL and add OR10SO0fferito PARAMOR;y;

: 10
11.5.1.1.5 for all / € Jebn it PLONDLyw; > CTORMinOfferand

P10 NDGuv; >min(P10NDLRef; A+ CTOR Threshl ),

1y 10
P10 NDLRefin;+CTOR Thresh2RLy, where /' € JibN, 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°RL and add OR10NOffery to PARAMOR:p; and

11.5.1.1.6 for all / E/2br it P3ORDLy; > CTORMinOfferand

11.5.1.2

11.5.1.3

11.5.1.4

P30RDLyy; >min(P30RDLRefy; "1+ CTOR Threshl ©™),

30
P30RDLRefinj+ CTORThresh2orL, where j' €/cbR  then the

Conduct Test was failed for the dispatchable load at bus bb and the day-
ahead market calculation engine shall assign the resource to subset

BCTRL and add OR30ROfterxto PARAMOR;y;

Evaluate start-up offers: For all time-steps prior to and including the last time-
step where conditions are met for the Constrainted Area Conditions Test, if

SUDGw> SUDGRef*(1 + CTSUThresh©RL), then the Conduct Test
failed for the resource at bus b and the pre-dispatch calculation engine shall

assign the resource to subset BCTPRL and add SUOffer to PARAMOR;y,
and PARAME:y,

Evaluate speed no-load offers: For all time-steps prior to and including the last
time-step where conditions are met for the Constrainted Area Conditions Test,

if SNLep> SNLRefip*(1 + CTSNL ThreshORL), then the Conduct Test was
failed for the resource at bus b and the predispatch calculation engine shall

assign the resource to subset BCTORL and add SNLOfterto PARAMOR;y
and PARAME:y; and

Evaluate offers for energy for the range of production up to the minimum
loading point: For all time-steps prior to and including the last time-step where

conditions are met for the Constrainted Area Conditions Test, for all K €
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Kol ™LP it PLTMLP x> CTEnMinOfterand PLTMLP,; x> min
(PLTMLPRefip (1 + CTEnThreshiorr), PLTMLPRefx +

CTEnThresh20RL, where k' € K%, then the Conduct Test was failed for
the resource at bus b and the pre-dispatch calculation engine shall assign the

resource to subset BCT:RL and add EnergyToMLPito PARAMOR;y, and

PARAMEy,.
11.5.2 The pre-dispatch 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 pre-dispatch calculation engine shall use the steps set out in section

11.5.1 using resources in BCond/MP195, BCondGMP1ON,

and BCondMP30R in place of BCondZ%, BCond/%V, and BCond/3'k,
respectively, and the applicable Conduct Test thresholds (CTORThreshiore,
CTORThreshzore, CTSUThreshOoRG, CTSNLThreshOr¢, CTEnThreshiore,

CTEnThreshzor6). The resources shall be assigned to the subset BCTAORG.

11.5.3 If a resource is assigned to more than one of BCond/MP105, BCondGMP10N, and

BCondMP30R only the Conduct Test with the most restrictive threshold levels shall
be performed for that resource.

11.6 Outputs

11.6.1 Subject to section 11.6.2, the outputs of the Conduct Test shall include the
following for each time-step t € 75

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  Arevised set of financial dispatch data parameters replaced with reference level
values for resources that:

11.6.1.3.1 has one or more financial dispatch data parameters that failed a Conduct
Test for the current pre-dispatch calculation engine run; and

11.6.1.3.2 has one or more financial dispatch data parameters that failed both the
Conduct Test and failed the Price Impact Test in previous predispatch
calculation engine runs.

11.6.1.4 For offers for energy and operating reserve with multiple laminations:

11.6.1.4.1 if the offer lamination for energy that corresponds to the minimum
loading point fails the Conduct Test, the pre-dispatch calculation engine
shall replace all offer laminations for energy up to the minimum loading
point,

11.6.1.4.2 if one or more offer laminations for energy above the minimum loading
point fails the Conduct Test, the pre-dispatch calculation engine shall
replace all offer laminations for energy up to and above the minimum
loading point; and

PwC | MRP Review — Pre-Dispatch and Real-Time Market Calculation Engine



11.6.1.4.3 if one or more offer laminations for operating reserve fails the Conduct

11.6.1.5

11.6.2

Test, the pre-dispatch calculation engine shall replace all offer laminations
for operating reserve.

For a non-quick start resource whose start-up offer failed the Conduct Test,
identified in section 11.6.1.1, the pre-dispatch calculation engine shall use the
start-up offer reference level value to evaluate any advancements pursuant to
section 5.7.

The pre-dispatch 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

12.1.1

12.1.2

12.2.1

12.2.2

12.3.1

12.3.2

12.1 Purpose

The pre-dispatch 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.

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 14.7.1.3 and 12.2.2, to meet the IESO'’s
province-wide non-dispatchable demand forecast and IESO-specified operating
reserve requirements for each hour of the pre-dispatch look-ahead period.

12.2 Information, Sets, Indices and Parameters

Information, sets, indices and parameters used by the Reference Level
Scheduling algorithm are described in section 3 and section 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

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.

12.3 Variables and Objective Function

The pre-dispatch calculation engine shall solve for the variables listed in
section 8.3.1.

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.
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12.4.1

12.5.1

12.4 Constraints

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.

12.5 Outputs

Outputs of the Reference Level Scheduling algorithm include resource
schedules and commitments.

13 Reference Level Pricing

13.1.1

13.1.2

13.2.1

13.2.1.1

13.2.12

13.1 Purpose

The pre-dispatch calculation engine shall perform the Reference Level Pricing
algorithm whenever the Reference Level Scheduling algorithm has been
performed.

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 value for resources subject to
14.7.1.3 and 13.2.2, and resource schedules and commitments produced by the
Reference Level Scheduling algorithm, to meet the /IESO'’s province-wide non-
dispatchable demand forecast and IESO-specified operating reserve
requirements for each hour of the pre-dispatch look-ahead period.

13.2 Information, Sets, Indices and Parameters

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:

SDGyy R | which designates the amount of energy that a dispatchable
generation resource is scheduled to provide above MinQDGC), at bus
b € BELRU BHEin time-step t € 7.5in association with lamination k €

KtbE;

ODGRs, which designates whether a dispatchable generation resource at
bus b € BPG was scheduled at or above its minimum loading point in time-
stept ETS;
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13.2.14

13.2.1.5

13.2.1.6

13.2.2

13.3.1

13.3.2

13.4.1

13.4.1.1

13.4.1.2

13.4.1.3

S10SDGyp KRS, which designates the amount of synchronized ten-minute

operating reserve that a dispatchable generation resource is scheduled to
provide at bus b € BELR U BHEin time-step t € 7.Sin association with

10
lamination k EKt,bS;

S10NDGbRLS, 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 BHEin time-step t € T.Sin association with
lamination kK € Kzb10N

S1 ORDG},b,kRLS, 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 time-step t € 7.Sin association with lamination k € Ktb30R; and
OHORLSy, |, which designates whether the dispatchable hydroelectric
generation resource at but b € BYE has been scheduled at or above
MinHOyy, in time-step t € T'S.

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 in Section 11.

13.3 Variables and Objective Function

The pre-dispatch calculation engine shall solve for the variables set out in
section 9.3.1.

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.

13.4 Constraints

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:

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;

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

for the constraints in section 9.8, the outputs from the
Pre-Dispatch Scheduling algorithm shall be replaced with the
outputs from the Reference Level Scheduling algorithm as follows:

13.4.1.3.1 SDGPPS shall be replaced by SDG, RS for all t € TS, b € BELRU BYE,

k E Kt‘dE
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13.4.1.3.2 ODGyu"PS shall be replaced by ODG:pRS for allt € TS, b € BPG;
13.4.1.3.3 IDGpPPS shall be replaced by /DGR for all t € TS, b € BPG,

13.4.1.3.4 §105DGtpxFPS shall be replaced by S70SDGp xRS forallt € TS, b €
BELR Y BHE Kk € Ky,p108:

13.4.1.3.5 S10NDG,,PP® shall be replaced by S710NDG, RS forallt € TS, b

€ BELR BHE K € K,pl0N;

13.1.4.3.6 SZORDGpxPPS shall be replaced by S3ORDG, xRS forallt € TS, b €
BELR Y BHE Kk € Ki,p3R; and

13.4.1.3.7 OHO,PPs shall be replaced by OHO:pRS forall t € TS, b € BYE.

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 pre-dispatch 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 Pre-Dispatch Pricing algorithm with those produced by the
Reference Level Pricing algorithm; and

14.1.2.2  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 4.3.9.

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
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from the Pre-Dispatch Pricing algorithm and the Reference Level Pricing
algorithm shall be used:

14.2.1.1 LMP;,FPP, which designates the locational marginal price for energy at bus b

€B in time-step t€ TS from the Pre-Dispatch Pricing algorithm;

142.1.2 L30RP:,PPP, which designates the locational marginal price for thirty minute

operating reserve at bus bE B in time-step t ETS from the Pre-Dispatch
Pricing algorithm;

142.1.3  L10ONP;,PPP, which designates the locational marginal price
for nonsynchronized ten-minute operating reserve at bus b€ B in
time-step t ETS from the Pre-Dispatch Pricing algorithm;

14.2.14  L10SP:,PPP, which designates the locational marginal price for synchronized
ten-minute operating reserve atbus b €B in time-step t ETS from the Pre-
Dispatch Pricing algorithm;

14.2.1.5 LMP,RP, which designates the locational marginal price for energy at bus b
€B in time-step t€ TS from the Reference Level Pricing algorithm;

142.1.6  L30RP:p,RP, which designates the locational marginal price for thirtyminute

operating reserve at bus bE B in time-step t € 7S from the Reference Level
Pricing algorithm;

14.2.1.7 L1ONPpRLP, which designates the locational marginal price for

nonsynchronized ten-minute operating reserve at bus b€ B in time-step t ETS
from the Reference Level Pricing algorithm; and

14.2.1.8 L 10SPpRLP, which designates the locational marginal price for

synchronized ten-minute operating reserve at bus b € B in time-step tE TS
from the Reference Level Pricing algorithm.

14.3 Variables

14.3.1 The pre-dispatch 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
time-steps t € TS, where:

14.3.1.1.1 BIT/NtA designates the resources in a narrow constrained area that failed
the Price Impact Test for the locational marginal price for energy;

14.3.1.1.2 BITP¢4 designates the resources in a dynamic constrained area that
failed the Price Impact Test for energy locational marginal price;

14.3.1.1.3 BIT#¢4 designates the resources in a broad constrained area that failed
Price Impact Test for energy locational marginal price;
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14.3.1.1.4 BIT{MP designates the resources that failed the Global Market Power
(energy) Price Impact Test for energy locational marginal price;

14.3.1.1.5 BITPRL designates the resources that failed the Local Market Power

(operating reserve) Price Impact Test for at least one type of operating
reserve locational marginal price;

14.3.1.1.6 BIT{ORG designates the resources that failed the Global Market Power

(operating reserve) Price Impact Test for at least one type of operating
reserve locational marginal price; and

14.3.1.1.7 LMPIT:), designates the locational marginal price that failed the
Price Impact Test for bus b € BITNCAU BITPCAU BITACAU
BITMPY BITORLU BITORG in time-step t € TS and

14.3.1.2  Locational marginal prices for energy and operating reserve for each
resource at bus b € BP¢ U BPL 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 synchronized ten-minute operating
reserve locational marginal price failed the Price Impact Test;

14.3.1.2.3 OR10NLMP designates that the non-synchronized ten-minute operating
reserve locational marginal price failed the Price Impact Test; and

14.3.1.2.4 OR30RLMP designates that the thirty-minute operating reserve locational
marginal price failed the Price Impact Test.

14.4 Price Impact Test for Energy

14.4.1 The pre-dispatch 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 time-step t ETS and b € BCT/VA, if
LMPeopop > min( LMPeorLP* (1 + ITThreshinc4), LMPebRLP +

NCA

ITThresh2"™"), the Price Impact Test was failed by the resource at bus b
and the pre-dispatch calculation engine shall assign the resource to subset
BIT/ and add EnergyLMPto LMPIT;y;

14.4.1.1.2 For each time-step t ETS and b € BCTP4, if
LMPrpppp > Min(LMPeorup (X + [TThreshipca), LMP:bRrLP +

ITThresh2prca), the Price Impact Test was failed by the resource at bus b and
the pre-dispatch calculation engine shall assign the resource to subset
BIT#4 and add EnergyLMPto LMPIT;y; and
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14.4.1.1.3 For each time-step t ETS and b € BCT54, if

LMP:opop> Min(LMPeorLp (X + [TThreshipca), LMPbRLP +

ITThresh2sca), the Price Impact Test was failed by the resource at bus b
and the pre-dispatch calculation engine shall assign the resource to subset

BIT# and add EnergyLMPto LMPIT:y; and

14.4.1.2 For global market power for energy:

14.4.1.2.1 For each time-step t €ETS and b € BCT:GMP it
LMPropop> Min(LMPeobrip* (1 + [TThreshicmp), LMPtbRrLP +

ITThreshzevp), the Price Impact Test was failed by the resource at bus
b and the pre-dispatch calculation engine shall assign the resource to

subset BIT:“MP and add EnergyLMPto LMPITy.

14.5 Price Impact Test for Operating Reserve

14.5.1 The pre-dispatch 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 time-step t € TS
and b € BCTORL.

14.5.1.1.1 If L30RP;:,FPP? > L3ORP:,RP, then the Price Impact Test was failed by
the resource at bus b and the pre-dispatch calculation engine shall assign
the resource to subset BIT{9RL and add OR3ORLMPto LMPITy;

14.5.1.1.2 If LZ1ONP,PPP > L 10NP;,RLP, then the Price Impact Test was failed by
the resource at bus b and the pre-dispatch calculation engine shall assign
the resource to subset BIT:9RL and add OR10ONLMPto LMPIT}y; and

14.5.1.1.3 If LIOSPPPP > L10SP:,RLP, then the Price Impact Test was failed by
the resource at bus b and the pre-dispatch calculation engine shall assign

the resource to subset BIT°RL and add OR10SLMPto LMPIT:y; and
14.5.1.2  For global market power for operating reserve, for each time-step t € TS
and b € BCTORG:
14.5.1.2.1 If L30 RP¢,PP? > min(L3ORPR¥P*(1 + ITThreshiors), L30RP,RYP +

ORG
ITThresh2”""), then the Price Impact Test was failed by resource at
bus b and the pre-dispatch calculation engine shall assign the resource

to subset B/T°R¢ and add OR3ZO0RLMPto LMPIT:y;

14.5.1.2.2 If L1ONP,PPP> min(L10ONPLRYP* (1 + ITThresh19R6),

L10ONPRYP + ITThresh2oré), then the Price Impact Test was failed
by the resource at bus b and the pre-dispatch calculation engine shall
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assign the resource to subset BIT{9R¢ and add OR10NLMPttt
LMPIT:p; and

14.5.1.2.3 If LI10SP;,PPP> min(L10SPRWP* (1 + [TThreshiok), L10SPpRYP +

ITThreshzors), then the Price Impact Test was failed by the resource at
bus b and the pre-dispatch calculation engine shall assign resource to

subset BIT{OR¢ and add OR10SLMPto LMPIT:y.

14.6 Revised Financial Dispatch Data Parameter
Determination

14.6.1 A resource that fails the Price Impact Test in a time-step (tt) shall have its
financial dispatch data parameters revised as follows:

14.6.1.1  If the resource has failed a Price Impact Test for energy and is in BIT/V¢4,
BITPCA, BITHCA, BIT{CMP the financial dispatch data parameters in
PARAMEy shall be used to determine the financial dispatch data parameters
that shall be replaced with the resource’s applicable reference level value.

14.6.1.2 If the resource has failed a Price Impact Test for operating reserve and is in

BITORL or BITPRG, the financial dispatch data parameters in PARAMOR:y
shall be used to determine the financial dispatch data parameters that shall be
replaced with the resource’s applicable reference level value.

14.6.1.3 If a non-quick-start resource has failed a Price Impact Test in any time-step,
the commitment cost parameters (start-up offer, speed-noload offer, or
energy offer associated with the minimum loading point) that failed the
corresponding Conduct Test shall be replaced with the resource’s applicable
reference level value for that time-step. For any time-steps prior, any
commitment cost parameters for that resource that failed the Conduct Test
shall be replaced with the resource’s applicable reference level value in those
time-steps. This is expressed as:

14.6.1.3.1 For each time-step t ETS and all b e BVesN (BITNcAU BITPcAU
BIT#CAUBIT“MP), for hours prior to and including the hour that failed the
Price Impact Test, T€ {Z--8, if b EBCTNCAU BCTP¢A U BCTBCA U
BCTrMP and PARAMETy contains any of the commitment cost
parameters SUOfter, SNLOffer, or EnergyToMLPy, replace these

parameters with reference level values.

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 PARAMORTy, shall be checked in
place of PARAME'y.

14.6.1.5 |If a resource 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 time-step t € 7.5
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14.6.1.5.1 if BIT/V¢4includes one or more resources in a narrow constrained area, n,

each resource b € BCT¢A for narrow constrained area, n, shall have the
parameters in PARAME?y, replaced with its reference level values; and

14.6.1.5.2 if BIT{’‘4includes one or more resources in a dynamic constrained area,

14.6.1.6

d, each resource b € BCTPC4 for dynamic constrained area, d, shall have
the parameters in PARAMEy, replaced with its reference level values.

If a non-quick-start resource in a narrow constrained area or a dynamic
constrained area has failed a Price Impact Test, each nonquick-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 time-step. For any
time-steps 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 time-steps. This is
expressed as:

14.6.1.6.1 For all time-steps up to the time-step in which a resource failed the Price

Impact Test for a narrow constrained area, for all b EBCTNCA, if
PARAME:y contains any of the commitment cost parameters SUOffer,

SNLOffer, or EnergyToMLP;, replace these parameters with
reference level values.

14.6.1.6.2 For all time-steps up to the time-step in which a resource failed the Price

14.6.1.7

Impact Test for a dynamic constrained area, for all b € BCT 4, if
PARAME}y, contains any of the commitment cost parameters

SUOfter, SNLOffer, or EnergyToMLPy, replace these parameters

with reference level values.

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 time-step t € TS, if B/T:9RL includes one or more resource in

14.6.1.8

operating reserve region, I, all resources, b € BIT:9RL for operating

reserve region T, shall have the parameters in PARAMOR;y, replaced with
reference level values.

If a non-quick-start resource fails the local market power for operating reserve
Price Impact Test in any time-step, 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

time-step. For any time-steps prior, any commitment cost parameters of non-
quick-start resources that failed the Conduct Test shall be replaced with the

resource’s applicable reference level value in those time-steps. This is expressed

as:

PwC | MRP Review — Pre-Dispatch and Real-Time Market Calculation Engine

132



14.6.1.8.1 For all time-steps up to the time-step in which a resource failed the Price
Impact Test for 1, for all b € BCTORL, it PARAME contains any of the

commitment cost parameters SUOffer, SNLOffer, or EnergyToMLP;,
replace these parameters with reference level values.

14.7 Outputs

14.7.1 The pre-dispatch calculation engine shall prepare the following outputs, subject
to section 14.7.2, for each time-step t € 7.S":

14.7.1.1 The set of resources that failed the Price Impact Test for all time-steps in the pre-
dispatch look ahead period, by condition, in accordance to sections 14.4 and
14.5. Those resources shall be added to the accumulated set of resources
from previous pre-dispatch calculation engine runs which failed the Price
Impact Test in the current time-step t € TS;

14.7.1.2  The locational marginal prices for energy and operating reserve that failed the
Price Impact Test for each resource at bus bb in accordance to sections 14.4
and 14.5;

14.7.1.3 A revised set of offer data to be used by the next pre-dispatch calculation
engine run and next real-time hour. The revised set of offer data will be for the
resources that failed the Price Impact Test:

14.7.1.3.1 in current pre-dispatch calculation engine run replacing offer data that failed
the Conduct Test with the applicable reference level values, in accordance
with section 14.6; and

14.7.1.3.2 in previous pre-dispatch calculation engine runs with financial
dispatch data parameters that were decided to be mitigated in previous pre-
dispatch calculation engine runs replaced with reference level values.

14.7.2 The pre-dispatch calculation engine shall not replace financial dispatch data parameters from
a resource with that resource’s applicable reference level value if the financial dispatch data
parameters is less than the reference level value.

15 Pseudo-Unit Modelling

15.1 Pseudo-Unit Model Parameters

15.1.1 The pre-dispatch 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 KK
combustion turbines and one steam turbine:

15.1.1.1 CMCR\ designates the registered maximum continuous rating of combustion
turbine K€ {143 in Mw;

15.1.1.2  CMLPxdesignates the minimum loading point of combustion turbine k
E{L..K} in Mw;
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15.1.1.3 SMCR designates the registered maximum continuous rating of the steam
turbine in MW;

15.1.1.4  SMLP designates the minimum loading point of the steam turbine in
MW for a 1x1 configuration;

15.1.1.5 SDF designates the amount of duct firing capacity available on the steam
turbine in MW,

15.1.1.6  STPortioni designates the percentage of the steam turbine capacity
attributed to pseudo-unit k € {1, K} and

15.1.1.7 CSCMy € {0,1} designates whether pseudo-unit k€ {1..K s flagged
to operate in single cycle mode, subject to section 15.5.

15.1.2 The pre-dispatch calculation engine shall calculate the following model
parameters for each pseudo-unit kK €{1,.K}:

15.1.2.1  MMCRx designates the maximum continuous rating of pseudo-unit k and is
calculated as follows:

CMCR, + SMCR-STPortion,(1 — CSCMy)

15.1.2.2 MML Py designates the minimum loading point of pseudo-unit k and
is calculated as follows:

CMLP, + SMLP(1— CSCM))

15.1.2.3  MDFj designates the duct firing capacity of pseudo-unit k and is calculated as
follows:

SDF-STPortion,(1 — CSCM))
15.1.2.4  MDRy designates the dispatchable capacity of pseudo-unit k and is calculated

as follows:

MMCRy — MMLP;— MDFy

15.1.3 The pre-dispatch calculation engine shall define three operating regions of
pseudo-unit k € {1,-K3 as follows:

15.1.3.1 The minimum loading point region shall be the capacity between 0 and
MMLPy,

15.1.3.2 The dispatchable region shall be the capacity between MML Py and
MMLPy+ MDRy;

15.1.3.3 The duct firing region shall be the capacity between MMLPy+ MDR) and
MMCRy.
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15.1.4 The pre-dispatch calculation engine shall calculate the associated combustion
turbine and steam turbine shares for the three operating regions of pseudo-unit k

€{1...K} as follows:
15.1.4.1 For the minimum loading point region:

15.1.4.1.1 Steam turbine share: S7ShareMLP, = oL Ol

MMLP,

CMLP
X and

MMLPY

15.1.4.1.2 Combustion turbine share: CT.ShareMLP, =

15.1.4.2 For the dispatchable region:
15.1.4.2.1 Steam turbine share:

_ (I-CSCMy)(SMCR-STPortiony-SMLP-SDF-STPortions) . 1

STShareDR) = T ; an
k

. . CMCR-CMLP,
15.1.42.2 Combustion turbine share: C7ShareDR; = #;
i
15.1.4.3 For the duct firing region:
15.1.4.3.1 Steam turbine share shall be equal to 1; and

15.1.4.3.2 Combustion turbine share shall be equal to 0.

15.2 Application of Physical Resource
Deratings to the Pseudo-Unit Model

and

15.2.1 The pre-dispatch calculation engine shall apply deratings submitted by market

participants to the applicable dispatchable capacity and duct firing capacity

parameters for a pseudo-unit, where:

15.2.1.1  CTCap:x designates the capacity of combustion turbine k € {1,.. K} in time-

step t as determined by submitted deratings;

15.2.1.2  STCap:designates the capacity of the steam turbine in time-step t as
determined by submitted deratings; and

15.2.1.3  TotalQ:x designates the total quantity of energy for pseudo-unit kK €
{1,.., K} in time-step t.

15.2.2 The pre-dispatch calculation engine shall solve for the following operating region

parameters for each pseudo-unit K € {1,..K}:

152.2.1  MLPsx , which designates the minimum loading point of pseudo-unit k in time-

step t;

15.2.2.2 DR, which designates the dispatchable region capacity of pseudounitK in

time-step t; and

15.2.2.3  DFjx , which designates the duct firing region capacity of pseudo-unit k in

time-step t.
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15.2.3 Pre-Processing of De-rates

15.2.3.1 The pre-dispatch calculation engine shall perform the following preprocessing
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

k € {1,..,K] for time-step t € TS:

15.2.3.1.1 Step 1: Calculate the amount of offered energy attributed to each
combustion turbine (CTAmt:x) and steam turbine portion (S7Amt:x):

If TotalQx < MMLPythen:
Calculate CTAmt:x = 0; and

Calculate STAmtx = 0.
Otherwise:
CTAmMtMLP= MMLPy.CTShareML Py, and

STAmMtMLP= MMLP;.STShareMLP;.
If TotalQu> MMLPy+ MDRy, then:

CTAmtDR = MDR.CTShareDRy;

STAmtDR = MDR.STShareDRy; and

STAmtDF= (1-CSCMy) *( TotalQu- MMLP MDRY).

Otherwise:

CTAmtDR = (TotalQw- MMLPy).CTShareDR
STAmtDR = (TotalQu-MMLPy).STShareDRy,
STAmtDF=o;

CTAmty = CTAMmtMLP+ CTAmtDR; and
STAmty = STAmtMLP+ STAmtDR + STAmtDF.

15.2.3.1.2 Step 2: Allocate the steam turbine capacity to each pseudo-unit:

STAmt, ) .
. a
% iimi .

PRSTCap, ;= (

15.2.3.1.3 Step 3: Determine if the pseudo-unit is available:
If CTAmti < CMLPy, then the pseudo-unit is unavailable.
If STAmty < SMLP(1 — CSCMy), then the pseudo-unit is unavailable.

If CTCapex < CML Py, then the pseudo-unit is unavailable.
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If PRSTCap:x < SMLP(1 — CSCMy), then the pseudo-unit is unavailable.

15.2.3.1.4 Step 4: Initialize the operating region parameters for time-step t€ TS
to the model parameter values:

Set MLPix= MMLPk.
Set DRy = MDR.

Set DFix= MDFx.

15.2.3.1.5 Step 5: Apply the derating on the combustion turbine to the dispatchable
region:

Calculate P so that CMLPx+ P.CTShareDR. MDR= CT( Capex;
and

Set DRy = min(DR , P.MDRy).

15.2.3.1.6 Step 6: Apply the derating on the steam turbine to the duct firing and
dispatchable regions for pseudo-units not operating in single cycle mode:

Calculate R so that SMLP + R-STShareDR;-MDR; = PRSTCap, .
If R< 1, update DF,, =0, and DR, ;= min(DR,;, R-MDR}).

If R > 1, update DF,;, = min(DF,;, PRSTCap,-SMLP-
STShareDR;-MDRy,).

15.24 Available Energy Laminations

15.2.4.1 The pre-dispatch calculation engine shall determine the offer quantity
laminations that may be scheduled for energy and operating reserve in each

operating region for time-step t € TS for each pseudo-unit k € {1/"'/(},
subject to section 15.2.4.2, where:

15.2.4.1.1 QML Py designates the total quantity that may be scheduled in the
minimum loading point region;

15.2.4.1.2 QDR:x designates the total quantity that may be scheduled in the
dispatchable region; and

15.2.4.1.3 QDF;x designates the total quantity that may be scheduled in the duct
firing region.

15.2.4.2 The available offered quantity laminations shall be subject to the following
conditions:

0 <QMLPtx SMLPtk;
0 <QDRtx <DRk;
0 <QDFik <DFtk;
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if QMLP: < MLP;x, then the pseudo-unit is unavailable and
QDR = QDF = 0; and if QDR < DRyx, then QDFyx = 0.

15.3 Convert Physical Resource Constraints to
Pseudo-Unit Constraints

15.3.1 The pre-dispatch calculation engine shall convert physical resource constraints
to pseudo-unit constraints, where:

PSUMIin:A designates the minimum limitation on pseudo-unit k determined
by translating constraint q. When constraint q does not provide a minimum
limitation on pseudo-unit Kk, then PSUMIn:4 shall be set equal to 0;

PSUMax; 9 designates the maximum limitation on pseudo-unit K determined
by translating constraint q. When constraint q does not provide a maximum
limitation on pseudo-unitk, then PSUMax; 9 shall be set equal to ML P;x
DR[,k + DFt,k;

CTCmtdx designates whether combustion turbine k is
considered committed in time-step t  TS.

The pre-dispatch calculation engine shall calculate the minimum and maximum
limitations, subject to section 15.3.3.1, as follows:

Minimum limitation: MinDGx PSUMingA

Maximum limitation: MaxDG — ming e {L.& PSUMaxa

where Q designates the number of constraints impacting a combined cycle
facility that have been provided to the pre-dispatch calculation engine.

1533 Pseudo-Unit Minimum and Maximum Constraints

15.3.3.1 Pseudo-unit minimum and maximum constraints shall be calculated as follows:

15.3.3.1.1 PSUMinx = PMin, where PMin shall be a minimum constraint provided
on pseudo-unit K € {1..K for time-step t ETS; and

15.3.3.1.2 PSUMax:x = PMax, PMax shall be a maximum constraint provided on
pseudo-unit k € {1} for time-step t € 735.

1534 Combustion Turbine Minimum and Maximum Constraints

15.3.4.1 |If the 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:

If CTMin < MLP.CTShareMLPy, then set
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TShareMLPy )

STMinMLP= CTMin- T , and

STMinDR = 0.
Otherwise, if CTMin > MLP, ;-CTShareMLP}, then set

STMinMLP= MLP,-STShareMLP,;, and

STHINDR = (CTMIMLF CTStarenL.n ()

Therefore:

PSUMin,, = CTMin + STMinMLP + STMinDR.

15.3.4.2 If a 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:

PSUMiny = CTMin.

15.3.4.3 If the 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 < MLPix.CTShareMLPy, then the pseudo-unit is unavailable
(i.e. PSUMaxk = 0).

Otherwise, calculate the effect of the constraint on the steam turbine
within the minimum loading point and dispatchable regions:

STMaxMLP = MLP,-STShareMLP,
TShareDR,,
STMaxDR = (CTMax-MLP,-CTShareMLB, )- /

CTShareDR
PSUMax;, = CTMax + STMaxMLP + STMaxDR

15.3.4.4 If a 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:

PSUMax;x = CTMax.

15.3.5 Steam Turbine Minimum and Maximum Constraints
15.3.5.1 The pre-dispatch calculation engine shall convert a stream turbine minimum
constraint to a pseudo-unit constraints as follows:

15.3.5.1.1 Step 1: Identify AS {ka}, which designates the set of pseudo-
units to which the constraint may be allocated where pseudo-unit K
€{1..K}is placed in set A if and only if CSCMy= 0 and CTCmtd = 1.

If the set A is empty, then no further steps are required, otherwise proceed
to Step 2.
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15.3.5.1.2 Step 2: Determine the steam turbine portion of the capacity of pseudo-unit
ke A4

STCap, = QMLE,,-STShareMLE, + QDR,;-STShareDR, + QDF,,.

15.3.5.1.3 Step 3: Allocate the STMin constraint to each pseudo-unit K €A,
where STMin constraint shall be allocated equally to each pseudo-unit

Kk €A and and STPMinis limited by S7TCap.
15.3.5.1.4 Step 4: The steam turbine portion minimum constraint shall be converted
to a pseudo-unit constraint,where for each pseudo-unit KE A:
If STPMiny, < MLF,;-STShareMLF, then set
CTMinMLP, = STPMin, (M) and
STShareMLPy
CTMinDR; = 0.
Otherwise, if STPMiny = MLP, ;-STShareMLP,, then set

CTMinMLB, = MLP,-CTShareMLP,;, and

CTMinDRy = (STPMin-MLP,-STShareMLF,) (—gjﬁ;‘;"’ﬁﬁ")
k-

Therefore:
PSUMin, = STPMin, + CTMinMLE, + CTMinDR,.

15.3.5.2  If pseudo-units with sufficient steam turbine capacity are not commited, then
the pre-dispatch calculation engine shall not convert the entire quantity of the
steam turbine minimum constraint to pseudounit constraints.

15.3.5.3  The steam turbine maximum constraint shall be converted to a pseudounit
constraint as follows:

STAmt,
ZwE{l,..,K} STAmtt,w

15.3.5.3.1 If the converted steam turbine maximum constraint limits the
steam turbine portion to below its minimum loading point, then

PSUMaxz = 0.

15.3.5.3.2 Otherwise, calculate R so that SMLP + R-STShareDR.MDR; =
PRSTMaxx:
If R< 1, set PSUMax, ;= MLP,, + min(DR,;, R-MDR}).

PRSTMax,; = ( ) -STMax.

If R > 1, set PSUMax, ;= MLP.,+ DR, +
PRSTMax,-SMLP-STShareDR -MDR,,

15.3.5.4 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
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15.3.5.1 shall be used to determine equal pseudo-unit minimum
and maximum constraints.

15.4 Steam Turbine Forced Outages

154.1 If the steam turbine experiences a forced outage, the pre-dispatch calculation
engine shall evaluate the corresponding pseudo-units as resources being offered
in single cycle mode.

15.5 Single-Cycle Mode Flag Across Two
Dispatch Days

15.5.1 If the pre-dispatch look-ahead period spans two dispatch days and the single
cycle mode flag across the two dispatch days differs, then the pre-dispatch
calculation engine shall apply the following:

15.5.1.1 If there are no future minimum constraints for the pseudo-unit before the end
of the first dispatch day and if the IESO’s energy management system
indicates that the combustion turbine associated with the pseudo-unit is not
online, then the pre-dispatch calculation engine shall use the single cycle
mode flag of the second dispatch day for the entire pre-dispatch look-ahead
period.

15.5.1.2  If there are no minimum reliability or commitment constraints on the pseudo-
unit which cross into the next dispatch day and either there is a future minimum
reliability or commitment constraint on the pseudo unit that ends before the end
of the first dispatch day or if the IESO’s energy management system indicates
that the combustion turbine associated with the pseudo-unit is online, then the
pre-dispatch calculation engine shall:

15.5.1.2.1 use the single cycle mode flag of the first dispatch day for the pre-dispatch
look-ahead period in the first dispatch day and use the single cycle mode
flag of the second dispatch day for the pre-dispatch look-ahead period in
the second dispatch day; and

15.5.1.2.2 schedule the pseudo-unit to 0 MW in the first hour of the second dispatch
day.

15.5.1.3  If there is a minimum reliability or commitment constraint on the pseudo-unit
that crosses into the next dispatch day, then the pre-dispatch calculation
engine shall:

15.5.1.3.1 use the single cycle mode flag of the first dispatch day for the pre-
dispatch look-ahead period in the first dispatch day and the beginning
hours of the second dispatch day to meet such constraint;

15.5.1.3.2 use the single cycle mode flag of the second dispatch day for pre-dispatch
look-ahead period in the second dispatch day after such constraint for the
pseudo-unit has completed; and

15.5.1.3.3 schedule the pseudo-unit to 0 MW in the first hour for which no reliability or
commitment constraint applies in the second dispatch day.
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15.6.1

15.6.1.1

15.6.1.2

15.6.1.3
15.6.1.4

15.6.1.5

15.6.1.6

15.6.1.7

15.6.1.8

15.6.1.9

15.6.1.10

15.6.1.11

15.6.1.12

15.6.2

15.6.2.1

15.6 Conversion of Pseudo-Unit Schedules to
Physical Resource Schedules

For a combined cycle facility with K combustion turbines and one steam turbine,
the pre-dispatch calculation engine shall compute the following energy and
operating reserve schedules for time-step t € TS:

CTEtk, which designates the energy schedule for combustion turbine k
E{l,..,](}.

STPE:x , which designates the energy schedule for the steam turbine portion
of pseudo-unit k €{L..K}
STE;, which designates the energy schedule for the steam turbine;

CT10Sx, which designates the synchronized ten-minute operating reserve
schedule for combustion turbine k € {1, &} ;

STP10S:k, which designates the synchronized ten-minute operating
reserve schedule for the steam turbine portion of pseudo-unit kK € {11--;](};

ST10St, which designates the synchronized ten-minute operating reserve
schedule for the steam turbine;

CT10N¢x, which designates the non-synchronized ten-minute operating
reserve schedule for combustion turbine k E{L--/K};

STP10Nx, which designates the non-synchronized ten-minute operating
reserve schedule for the steam turbine portion of pseudo-

unit kK 6{1/--/1(};

ST10NMN;, which designates the non-synchronized ten-minute operating reserve
schedule for the steam turbine;

CT30Rt,, which designates the thirty-minute operating reserve schedule for
combustion turbine k € {1, /&};

STP30R:x, which designates the thirty-minute operating reserve schedule for
the steam turbine portion of pseudo-unit k € {1,-+K}; and

ST30R:, which designates the thirty-minute operating reserve schedule for
the steam turbine.

The pre-dispatch calculation engine shall determine the following energy and
operating reserve schedules for pseudo-unit K €{1,..K}in time-step t € 75"

SE:x , which designates the total amount of energy scheduled and SE¢x =
SEMLP:x + SEDR:x + SEDF;x where:

15.6.2.1.1 SEMLP;x designates the portion of the schedule corresponding to the

minimum loading point region, where 0 < SEMLP< QMLP;y;
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15.6.2.1.2 SEDR:x designates the portion of the schedule corresponding to the
dispatchable region, where 0 <SEDRx SQDR:x and SEDR:> 0 only
if SEMLPi = QMLPsy;

15.6.2.1.3 SEDF;x designates the portion of the schedule corresponding to the duct
firing region, where 0 <SEDFx <QDFix and SEDF> 0 only if SEDRx
= QDR

15.6.2.2  510S;x , which designates the total amount of synchronized tenminute
operating reserve scheduled;

15.6.2.3 S10N;x, which designates the total amount of non-synchronized tenminute
operating reserve scheduled. If the pseudo-unit cannot provide operating

reserve from its duct firing region, then 0 < SE.x +

§10S¢ + S10Nx < OMLP, + QDRy; and

15.6.24 S30R: , which designates the total amount of thirty-minute operating
reserve scheduled, where 0 <SE; T S105;, + S10N, + S30R <

QMLP:x + QDRix + QDFix.

15.6.3 The pre-dispatch calculation engine shall convert pseudo-unit schedules to physical
generation resource schedules for energy and operating reserve, as follows:

15.6.3.1  If SEnx = MLPxx, then:

CTE,; = SEMLP,;-CTShareMLP, + SEDR,, ;-CTShareDR;;

STPE,; = SEMLPF,,-STShareMLF, + SEDR, ;-STShareDR; + SEDF;
RoomDR, = QDR -SEDR,;

10SDR, ;= min(RoomDR,;, 5105, ,);

10NDR, = min(RoomDR, ;. - 10SDR;,S10N,z);

30RDR, = min(RoomDR; ;- 105DR, - LONDR, 4, S30R;);
CT10S, = 108SDR, ;. CTShareDR;

STP10S, ;= 10SDR, ;-STShareDR; + (5105, ;- 10SDR, ;);
CTION = 10NDR, ,-CTShareDR;

STP1ON.x = 10 NDR,-STShareDR;, + (S10N; ;- 10 NDR,z);
CT30R, ;= 30RDR, ;-CTShareDR); and

STP30R, ;= 30RDR,;-STShareDR; + (S30R,;,-30RDR, ;)
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15.6.3.2

15.6.3.3

If SEtx < MLP:x 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 15.6.3.1 shall be summed

to obtain the steam turbine schedule as follows:

STE: = Yk=1,,xk STPE;

ST10S; = Yj=1,,k STP10S, s
ST10N; = Y=y x STP10N,; and
ST30R, = Y=1.x STP30R, .

16 Pricing Formulas

16.1.1

16.2.1

16.2.1.1

16.2.1.2

16.2.1.3

162.1.4

16.2.1.5

16.2.1.6

16.1 Purpose

The pre-dispatch calculation engine shall calculate locational marginal prices
using shadow prices, constraint sensitivities and marginal loss factors.

16.2 Sets, Indices and Parameters

The sets, indices and parameters used to calculate locational marginal prices
are described in section 4. In addition, the following shadow prices from Pass 1

shall be used:

SPEmT:.f' , which designates the Pass 1 shadow price for the post
contingency transmission constraint for facility € F in contingency
c € Cin time-step t;

SPExtT:,! , which designates the Pass 1 shadow price for the import or
export limit constraint Z € Zsch in time-step ¢

SPL1;, which designates the Pass 1 shadow price for the energy balance
constraint in time-step t;

SPNIUExtBwdT, which designates the Pass 1 shadow price for the net
interchange scheduling limit constraint limiting increases in net imports

between time-step (t— 1) and time-step

SPNIDExtBwdT, which designates the Pass 1 shadow price for the net
interchange scheduling limit constraint limiting decreases in net imports
between time-step (t — 1) and time-step ¢

SPNIUExtFwdT, which designates the Pass 1 shadow price for the net
interchange scheduling limit constraint limiting increases in net imports

between time-step t and time-step (t + 1);
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16.2.1.7 SPNIDExtFwdT, which designates the Pass 1 shadow price for the net
interchange scheduling limit constraint limiting decreases in net imports

between time-step t and time-step (t + 1);

16.2.1.8 SPNormT , which designates the Pass 1 shadow price for the
precontingency transmission constraint for facility f € F in time-step t;

16.2.1.9  SP10S5{, which designates the Pass 1 shadow price for the total synchronized
ten-minute operating reserve requirement constraint in time-step f;

16.2.1.10 SP10R:, which designates the Pass 1 shadow price for the total ten-minute
operating reserve requirement constraint in time-step t;

16.2.1.11 SP30R/, which designates the Pass 1 shadow price for the total thirty-minute
operating reserve requirement constraint in time-step f;

16.2.1.12 SPREGMini10R.! , which designates the Pass 1 shadow price for the
minimum ten-minute operating reserve constraint for region

r € ORREGn time-step t;

16.2.1.13 SPREGMin30R:* , which designates the Pass 1 shadow price for the
minimum thirty-minute operating reserve constraint for region

r € ORREG n time-step t;

16.2.1.14 SPREGMaxi10R. , which designates the Pass 1 shadow price for the
maximum ten-minute operating reserve constraint for region

r € ORREG n time-step t; and

16.2.1.15 SPREGMax30R.+ , which designates the Pass 1 shadow price for the
maximum thirty-minute operating reserve constraint for region r €
ORREG in time-step t.
16.3 Locational Marginal Prices for Energy

16.3.1 Energy Locational Marginal Prices for Delivery Points

16.3.1.1  The pre-dispatch calculation engine shall calculate a locational marginal price and

components for energy for Pass 1 and each timestep t € TS for every bus b € L
where a non-dispatchable or dispatchable generation resource, a dispatchable load,
an hourly demand response resource, or a non-dispatchable load is sited and:

16.3.1.1.1 LMP;p! designates the Pass 1 time-step t locational marginal price for

energy;

16.3.1.1.2 PRef{ designates the Pass 1 time-step t locational marginal price for
energy at the reference bus;

16.3.1.1.3 PLoss:p! designates the Pass 1 time-step t loss component; and

16.3.1.1.4 PCongt,! designates the Pass 1 time-step t congestion component.
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16.3.1.2  The pre-dispatch 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 1 at

bus b € L in time-step t € TS, as follows:
InitLMP! = InitPRef! + [nitPLoss:y! + InitPCongy?

where:
InitPRef! = SPLL;
[nitPLoss,, = MglLossy,-SPL;

and

InitPCongly, = ) PreConSF,p, -SPNormTi+ )" ) SFycpySPEMTL, .
FEF; CEC fEFr,

16.3.1.3 If the initial locational marginal price for energy at the reference bus (InitPRefil) is
not within the settlement bounds (EngyPrcFIr, EngyPrcCeil), then the pre-dispatch
calculation engine shall modify the locational marginal price for energy at the
reference bus as follows:

If InitPRef> EngyPrcCelil, set PRef! = EngyPrcCeil
If InitPRef < EngyPrcFlIr, set PRef! = EngyPrcFir
Otherwise, set PRef! = InitPRef:!

16.3.1.4 If the initial locational marginal price for energy (InitLMP!.v) is not within the

settlement bounds (EngyPrcFir, EngyPrcCeil), then the pre-dispatch calculation
engine shall modify the locational marginal price for energy as follows:

If InitLMP,' > EngyPrcCeil, set LMP;y' = EngyPrcCeil
If InitLMPip! < EngyPrcFir, set LMPy! = EngyPrcFIr

Otherwise, set LMP;p! = InitLMP;p!

16.3.1.5 The pre-dispatch calculation engine shall modify the loss component as
follows:

If PRefi’+# InitPRef, set PLossi' = MgILossyy! - PRef!

Otherwise, set PLoSS:y! = InitPLosSkp!

16.3.1.6  The pre-dispatch calculation engine shall modify the congestion component as
follows:
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If LMP! - PRefi- PLoss:pt and [nitPCongiy! have the same
mathematical sign, then set PCongip! = LMP;p!- PRef!- PLOSSt»!

Otherwise, set PCong:y! = 0 and set PLoSSip! = LMP;y! - PRef!

16.3.2 Energy Locational Marginal Prices for Intertie Metering Points

16.3.2.1 The pre-dispatch calculation engine shall calculate a locational marginal price
and components for energy for Pass 1 and each timestep t € TS for intertie
zone bus d € D, where:

16.3.2.1.1 ExtLMP;q* designates the Pass 1 time-step t locational marginal price for

energy;

16.3.2.1.2 [ntLMP:q! designates the Pass 1 time-step t intertie border price for

energy,;

16.3.2.1.3 ICP:q! designates the Pass 1 time-step t intertie congestion price;

16.3.2.1.4 PRef{ designates the Pass 1 time-step t locational marginal price for
energy at the reference bus;

16.3.2.1.5 PL0ss:q! designates the Pass 1 time-step t loss component;

16.3.2.1.6 PIntCongq! designates the Pass 1 time-step t internal congestion
component for energy;

16.3.2.1.7 PExtCong:q! designates the Pass 1 time-step t external congestion
component for the intertie congestion price; and

16.3.2.1.8 PNISL!.q designates the Pass 1 time-step t net interchange scheduling
limit congestion component for the intertie congestion price.

16.3.2.2  The pre-dispatch calculation engine shall calculate an initial locational
marginal price for energy, a locational marginal price for energy for the
reference bus, a loss components and a congestion components for energy

for Pass 1 at intertie zone bus d € D, in intertie zone a € A in time-step t,
subject to sections 16.3.2.8 and 16.3.2.9, as follows:
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InitExtLMP,; = [m’t[nt_LME’ld + fm’thPgd
where:

InitPRef! = SPL;

InitPLoss,,= MglLoss, ;-SPL;,

Im'.tPIntCong,},d

= Z PreConSF, ¢4 -
fEF:

SPNormT} + Z Z SFycfa SPEMTi,p;
cEC fE€F;,
InitintLMP. ;= InitPRef} + InitPLoss;;+ InitPIntCongi ;;
InitPExtCongs = Y. ,ez.., EnCoeft, , - SPExtT,,;
and

InitPNISLy; = SPNIUExtBwdT} - SPNIUExtFwdT} - SPNIDExtBwdT} + SPNIDExtFwdT};
fm'ﬂCRfd = InitPExtC onglt_ 4+ InitPNISL, 4

16.3.2.3 If the initial locational marginal price for energy (InitExtLMP.q1) is not

within the settlement bounds (EngyPrcFir, EngyPrcCeil), then the pre-
dispatch calculation engine shall modify the intertie border price for energy,
and its components, as follows:

16.3.2.3.1 The initial locational marginal price for the reference bus (/nitPRef:) shall
be modified as per section 16.3.1.3;

16.3.2.3.2 The initial intertie border price (InitlntL.MP:4!) shall be modified as per
section 16.3.1.4, where [nitLMP:p! = InitintLMP:q? ;

16.3.2.3.3 The initial loss component (/nitPLo0ss:q! ) shall be modified as per section
16.3.1.5; and

16.3.2.3.4 The initial internal congestion component (/nitPlntCong;q! ) shall be
modified as per section 16.3.1.6, where InitPCongp! =
InitPIntCongq!.

16.3.2.4 If the initial locational marginal price for energy (InitExtLMP;q41) is not

within the settlement bounds (EngyPrcFIr, EngyPrcCeil), then the pre-
dispatch calculation engine shall modify the locational marginal price for
energy, as follows:

If InitExtLMP:qt > EngyPrcCeil, set ExtLMP;q' = EngyPrcCeil
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If InitExtLMP:qt < EngyPrcFlr, set ExtLMP.q' = EngyPrcFir
Otherwise, set ExtLMP:ql = InitExtL MPq!

16.3.2.5 If the modified locational marginal price for energy (ExtLMP;ql) is equal to

the intertie border price for energy (IntLMPq1), then the

predispatch calculation engine shall modify the external congestion
component for the intertie congestion price and net interchange scheduling
limit congestion component for the intertie congestion price, as follows:

If EXtLMPrqt = IntLMPyq' , set PExtCongia' = 0 and PNISL1;q=0

16.3.2.6 If the modified /ocational marginal price for energy (ExtLMP! ;) is not
equal to the intertie border price for energy (IntLMP!.q), then the pre-
dispatch calculation engine shall modify the external congestion
component for the intertie congestion price and net interchange
scheduling limit congestion component for the intertie congestion price,
as follows:

If ExtLMP.; # IntLMPE,,, set

InitPNISL}, 4 )
d.

PNISIY = (ExtLMP., — IntLMPL) -
ta=( td ta) ( [nitPN[Sth a7+ lnitPEXtCong}l

If PNISL; ;> NISLPen, set PNISL, ;= NISLPen
If PNISL, ; < (-1)-NISLPen, set PNISL. ;= (-1)-NISLPen
Then PExtCong},= ExtLMPL,-IntLMP-,-PNISL. ,
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16.3.2.7 The pre-dispatch calculation engine shall calculate the
intertie congestion price as follows:

[CPrd1 = PExtCongtd1 + PNISLitd

16.3.2.8 The locational marginal price for energy calculated by the
predispatch 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.

16.3.2.9 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
and the Jlocational marginal price for energy shall be set to the
intertie border price for energy.

16.3.3 Zonal Prices for Energy

16.3.3.1 The pre-dispatch calculation engine shall calculate the zonal price
for energy and its components for Pass 1 and each time-step t for
each virtual transaction zone me€ M, as follows:

VZonalPim! = PRef! + VZonalPLoSStm! +

VZonalPCongim! where

VZonalPLosst,, = Z WFYIRT . PLoss},

beLyRT
and
s R VIRT Pl
VZonalPCongi,, = Z WF W, - PCong;
beLVIRT

16.3.3.2  The pre-dispatch calculation engine shall calculate the zonal price for
energy and its components for Pass 1 and each time-step t for each

non-dispatchable load zone y € Y, as follows:

ZonalP' = PRef! + ZonalPLossi' + ZonalPCongey*

where:
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ZonalPLoss}, = Z WFD} - PLoss;,

NDL
beLY

and
ZonalPCongt, = Z WFYD) - PCongy),

NDL
bELy

16.3.3.3  The Ontario zonal price is calculated per section 16.3.3.2 where the
non-dispatchable load zone is comprised of all non-dispatchable loads
within Ontario.

16.3.4 Pseudo-Unit Pricing
16.3.4.1 The pre-dispatch calculation engine shall calculate a locational

marginal price and components for energy for Pass 1 and each
timestep t for every pseudo-unit K € {1,..,K}, where:

16.3.4.1.1 CTMgILoss! designates the marginal loss factor for the

combustion turbine identified by pseudo-unit k for time-step t
in Pass 1;

16.3.4.1.2 STMgILoss:» designates the marginal loss factor for the
steam turbine identified by pseudo-unit k for time-step t in Pass
1;

16.3.4.1.3 CTPreConSFisx designates the pre-contingency sensitivity factor
for the combustion turbine identified by pseudo-unit k on facility f
during time-step t under pre-contingency conditions;

16.3.4.1.4 STPreConSFisx designates the pre-contingency sensitivity
factor for the steam turbine identified by pseudo-unit k on

facility f during time-step t under pre-contingency conditions;

16.3.4.1.5 CTSF;.rx designates the post-contingency sensitivity factor
for the combustion turbine identified by pseudo-unit k on facility

f during time-step t under post-contingency conditions
for contingency c; and

16.3.4.1.6 STSF;.rk designates the post-contingency sensitivity factor for
the steam turbine identified by pseudo-unit k on facility f during
timestep t under post-contingency conditions for contingency c.

16.3.4.2  The pre-dispatch 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 1 and each time-step t for every

pseudo-unitk € {1,..,K3}, as follows:
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]m’tLMﬂ}k =InitPRef} + Im'rPLossé i+ [nitPC ong‘} o
where:
[nitPRef}=SPILL;
[nitPLoss,;=MglLoss,;-SPL;

and

InitPCong}, = Z PreConSF, ¢ ; - SPNormT, + Z Z SFycpi " SPEMT],
fEFt c€C fEFM

16.3.4.3 If pseudo-unit K €{1...K} is scheduled within its minimum loading point range
or not scheduled at all, its marginal loss and sensitivity factors shall be:

MglLoss;, = CTShareMLB, -CTMglLoss;; + STShareMLP, -STMgILoss};,

PreConSF, ¢, = CTShareMLF,: CTPreConSF ¢, + STShareMLF,- STPreConSF, g,
SFecrr = CTShareMLP, -CTSF, ¢y + STShareMLP, -STSF; . ¢k

16.3.4.4 If pseudo-unit k € {1...K} is scheduled within its dispatchable

region, its marginal loss and sensitivity factors shall be:
MglLoss; = CTShareDR,-CTMglLoss;;+STShareDR-STMgILossy,,

PreConSF;¢;, = CTShareDR,- CTPreConSF, g, + STShareDR - STPreConSF, ¢y
SF,crx = CTShareDR, -CTSF, .y + STShareDR - STSF, . ¢

16.3.4.5 If pseudo-unit k €{1,..K} is scheduled within its duct firing region, its
marginal loss and sensitivity factors shall be:

Mg]Loss% =S TMg]Loss% &
PreConSF, g = STPreConSF, g
SFycrk = STSFycpk

16.4 Locational Marginal Prices for
Operating Reserve

16.4.1 Operating Reserve Locational Marginal Prices for Delivery Points

16.4.1.1 The pre-dispatch calculation engine shall calculate a locational
marginal price and components for operating reserve for Pass
1 and each time-step t for a delivery point associated with the
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dispatchable generation resource and dispatchable load at bus
b € B, where:

16.4.1.1.1 L30RP:»! designates the Pass 1 time-step t locational
marginal price for thirty-minute operating reserve;

16.4.1.1.2 P30RRef designates the Pass 1 time-step t locational
marginal price for thirty-minute operating reserve at the
reference bus;

16.4.1.1.3 P30RCong:y! designates the Pass 1 time-step t

congestion component for thirty-minute operating
reserve,

16.4.1.1.4 L10NP;,! designates the Pass 1 time-step t locational

marginal price for non-synchronized ten-minute operating
reserve,

16.4.1.1.5 P10NRef designates the Pass 1 time-step t locational marginal
price for non-synchronized ten-minute operating reserve at the reference

bus;
16.4.1.1.6 P10NCong:y' designates the Pass 1 time-step t congestion

component for non-synchronized ten-minute operating reserve;

16.4.1.1.7 L10SP.! designates the Pass 1 time-step t locational

marginal price for synchronized ten-minute operating
reserve;

16.4.1.1.8 P10SRef designates the Pass 1 time-step t locational
marginal prices for synchronized fen-minute operating reserve
at the reference bus;

16.4.1.1.9 P10SCong:y! designates the Pass 1 time-step t congestion

component for synchronized ten-minute operating reserve;
and

16.4.1.1.10 ORREGE ORREG as the subset of ORREG consisting of
regions that include bus b.
16.4.1.2  The pre-dispatch calculation engine shall calculate an initial
locational marginal price, a locational marginal price at the

reference bus, and congestion components for Pass 1 for a
delivery point associated with the dispatchable generation

resource and dispatchable load at bus b € B in time-step t €
TS, for each class of operating reserve, as follows:

InitL30RP;p! = InitP30RRefi! + InitP30RCongp!

where
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InitP30RRef;! = SP30R!

and

InitP30RCong}, = Z SPREGMin30R}, — Z SPREGMax30R},

rEORREG), rEORREG),

InitL10NF}, = InitP\0 NRef} + InitP1ONCongy,,

where
InitPLONRef! = SP1OR: + SP30R!
and
InitP10NCong},
= Z (SPREGMin10R}, + SPREGMin30R},)
rEORREG)
— Z (SPREGMax10R}, + SPREGMax30R},)
rEORREGY
InitL10SP}, = InitP10SRef} + InitP10SCong,,,
where
[nitP10SRef} = SP10S} + SPIOR: + SP30R:
and
InitPlOSCon.gtl_b
= Z (SPREGMin10R}, + SPREGMin30R},)
rEORREG)
— Z (SPREGMax10R;}, + SPREGMax30R},)
rEORREG),

16.4.1.3  If the initial locational marginal price at the reference bus
(InitP30RRef!, InitP10NRef, or InitP10SRef) is not within

the settlement bounds (ORPrcFIr, ORPrcCeil), then the pre-
dispatch calculation engine shall modify the locational marginal price
at the reference bus for each class of operating reserve as follows:

If InitP30RRef> ORPrcCeil, set P30RRef = ORPrcCeil
If InitP30RRef! < ORPrcFlIr, set P30RRef! = ORPrcFIr,
Otherwise, set P30RRefi! = InitP30RRef{.

If InitP10NRef!> ORPrcCeil, set P10NRef! = ORPrcCeil

If [nitP1oNRef! < ORPrcFlir, set P1oNRef! = ORPrcFIr
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Otherwise, set P1o0NRef!! = InitP1oNRef!

If /[nitP10SRef, ORPrcFIr> ORPrcCeil, set 10SRefi! =
ORPrcCeil

If InitP10SRefy!, ORPrcFlr< ORPrcFir, set 10SRef{! =
ORPrcFiIr

Otherwise, set 10SRef{! = [nitP10SRef!

16.4.1.4 If the initial locational marginal price (InitL30RP:',Initl. 10NP:pt, or
InitL 105P:p!) is not within the settlement bounds (ORPrcFIr,

ORPrcCeil), then the pre-dispatch calculation engine shall modify the
locational marginal price for each class of operating reserve as follows:

If InitL30RP;,* > ORPrcCelil set L30RP;»! = ORPrcCelil
If InitL30RP;»' < ORPrcFIr, set L30RP;,! =

ORPrcFlr; Otherwise, set L30RP¢p! = InitL30RPp?!.

If /nitL10NP:t > ORPrcCeil set L10ONPw! = ORPrcCeil
If InitL10NPyw' < ORPrcFIr, set L10ONP! =

ORPrcFlr; Otherwise, set L10NPy! = InitL10NPy! .

If InitL10SP:,' > ORPrcCeil, set L10SP¢p! = ORPrcCeil;
If /[nitl10SP:! < ORPrcFlr, set L10SPip! = ORPrcFlr;
Otherwise, set L10SP:p! = InitL10SP:p! .

16.4.1.5 If the initial locational marginal price (InitL30RP:vt ,InitL10NP:p!,
InitL10S5P:p1) is not within the settlement bounds (ORPrcFlr,

ORPrcCeil), then the pre-dispatch calculation engine shall modify the
congestion component for each class of operating reserve as follows:

Set P30RCongp! = L30RP;u! -P30RRef!;
Set P10NCong,! = L10NP;,! -P10NRef:!; and

Set P10SCongip! = L10SP,! -P10SRef:!.

16.4.1.6  Operating Reserve Locational Marginal Prices for Intertie Metering
Points
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16.4.1.7 The pre-dispatch calculation engine shall calculate a locational
marginal price and components for operating reserve for Pass 1

and each time-step t € TS for intertie zone bus d € D, where:

16.4.1.7.1 ExtL30RP;q! designates the Pass 1 time-step t locational
marginal price for thirty-minute operating reserve;
16.4.1.7.2 P30RRef! designates the Pass 1 time-step t locational

marginal price for thirty-minute operating reserve at the
reference bus;

16.4.1.7.3 P30RIntCong:q! designates the Pass 1 time-step t internal

congestion component for thirty-minute operating reserve;

16.4.1.7.4 P30RExtCong:q! designates the Pass 1 time-step t intertie

congestion component thirty-minute operating reserve;

16.4.1.7.5 ExtL10NP.q! designates the Pass 1 time-step t locational

marginal price for non-synchronized ten-minute operating reserve;,

16.4.1.7.6 P10NRef{ designates the Pass 1 time-step t locational
marginal price for non-synchronized ten-minute operating
reserve at the reference bus;

16.4.1.7.7 P10NIntCong:q! designates the Pass 1 time-step t internal
congestion component for non-synchronized ten-minute
operating reserve;

16.4.1.7.8 P10NExtCongq! designates the Pass 1 time-step t external
congestion component for non-synchronized ten-minute
operating reserve; and

16.4.1.7.9 ORREG/< ORREG as the subset of ORREG consisting of
regions that include bus d.
16.4.1.8 The pre-dispatch calculation engine shall calculate initial

locational marginal price, locational marginal price at the
reference bus, internal congestion component and external

congestion component for Pass 1 at intertie zone bus d € D, in

intertie zone a € A in time-step t € TS, for each class of
operating reserve, subject to sections 16.4.1.11 and 16.4.1.12,
as follows:
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InitExtL30RP., = InitP30 RRef} + InitP30RIntCong, ;+ InitP30 RExtCong, ,
where:
[nitP30 RRef! = SP30RL;
[nitP30RIntCongty = Y. rcorpec, SPREGMIn30R. .- ¥, corpec, SPREGMax30R: ;
and

InitP30RExtCong}, = — Z 0.5 (EnCoeff,, + 1) - SPExtTZ,.

Z2€Zgch

InitExtL10NP 4! = InitP10NRefi! + InitP10NIntCongiq! + InitP10NExtCong; 4?
where:

[nitP1o0NRefi! = SP10R + SP30R¢!;
InitP10NIntCongiq! = YreorrecaSPREGMin10R;t + SPREGMin30R.! -

> reORREGISPREGMax10Rr,t1 +

SPREGMax30Rr,t1; and

InitP10NExtCong;y = — Z 0.5 - (EnCoeff,, + 1) - SPExtTZ,

Z€EZsch

16.4.1.9  If the initial locational marginal price (InitExtL30RP;p!) is not

within the settlement bounds (ORPrcFIr, ORPrcCeil), then the
pre-dispatch calculation engine shall modify the locational marginal
price, the locational marginal price at the reference bus, and the
external congestion component for thirty-minute operating reserve
as follows:

IntL30R = [nitP30RRef! + [nitP30RIntCongiq' ;
If /nitP30RRefi’> ORPrcCeil, set P30ORRef! = ORPrcCeil
If [nitP30RRef! < ORPrcFIr, set P3ORRef! = ORPrcFIr:
Otherwise, set P3ORRef = InitP30RRef,

Set P30RIntCong;q* = ExtL30RP:p! - P3ORRel;

If InitExtL30RP:! > ORPrcCeil, set ExtL30RP:p! =
ORPrcCelil
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If [nitExtL30RP:,! < ORPrcFiIr, set ExtL30RP;y! =
ORPrcFIr:

Otherwise, ExtL30RP:p! = InitExtL.30RP:p! ; and

Set P3ORExtCong;qt = ExtL30RP;! - P3ORRef -
P30RMmtCongq!

16.4.1.10 If the initial locational marginal price (InitExtL10NP;p!) is not

within the settlement bounds (ORPrcFIr, ORPrcCeil), then the
pre-dispatch calculation engine shall 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= InitP10NRet! + InitP10NIntCong;q;

If [nitP10NRef! > ORPrcCelil, set P10NRef! = ORPrcCelil
If InitP10NRef! < ORPrcFIr, set P10ONRef! = ORPrcFIr,
Otherwise, P10NRefy! = InitP10NRef!; and

Set P10NIntCongidt = L10NPy,* — P10ONRef;

If InitExtL10NP;,' > ORPrcCeil, set ExtL10NP;,' = ORPrcCelil;

If InitExtL10NPwp! < ORPrcFlr, set ExtL10NP! =
ORPrcFlr;
Otherwise, ExtL30RP:! = [nitExtL10NP:! ; and

Set P10ONExtCongid! = ExtL10NP! - P10NRef/-
P10NIntCongq!

16.4.1.11 The locational marginal price calculated by the pre-dispatch
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 ocurring 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.

16.4.1.12 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
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16.5.1

16.5.1.1

16.5.1.2

16.5.1.3

16.5.2

16.5.2.1

16.5.2.2

16.5.2.3

16.52.4

16.5.2.5

for that class of operating reserve plus the applicable shadow
prices associated with regional minimum and maximum operating
reserve requirements.

16.5 Pricing for Islanded Nodes

For non-quick start resources that are not connected to the main
island, the pre-dispatch 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:

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.

For all (i) resources other than those specified in section 16.5.1 not
connected to the main island; (ii) non-quick start resources where a
price was not able to be determined in accordance with section
16.5.1; the pre-dispatch calculation engine shall use the following
logic in the order set out below to calculate locational marginal
prices for energy, using a node-level and facility-level substitution
list determined by the /IESO:

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
16.5.2.2 through 16.5.2.4, 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"A, 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 PDGnbk > CTEnMinOffer and PDGhbk > min(PDGRefnk + (abs(PDGRefh,b,k)
*CTEnThresh1N¢A), PDGRefnbk + CTEnThresh2N¢A), where k' € K'npt , 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 BCT»N¢4 and
add EnergyOfferk to PARAMEn,;

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:

144.1.1.1 Foreachhour h € {1,..,24} and b € BCTyN4, if LMPh 40P >
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 BIT»N¢A and add EnergyLMP to LMPITh,;
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Appendix C — Chapter 7 - Appendix 7.3 (The RT Calculation Engine)

Appendix Description:

This is from the Market Rule Amendment Proposal Form (ldentification No. MR-00460-R00) draft as
published as of July 8, 2022.

1 Appendix 7.3 — The Real-Time
Calculation Engine Process

1.1 Purpose

1.1.1 This appendix describes the process used by the real-time calculation engine to determine
schedules and prices for the real-time market and real-time look-ahead period.

2 Real-Time Calculation Engine
2.1 Real-Time Look-Ahead Period

2.1.1 The real-time look-ahead period is the time horizon of the multi-interval
optimization that includes the dispatch interval and the subsequent ten
five-minute intervals.

2.2 Real-Time Calculation Engine Pass

2.2.1 The real-time calculation engine shall execute one pass, Pass 1, the
Real-Time Scheduling and Pricing Pass in accordance with section 7, to
produce real-time schedules and locational marginal prices.

3 Information Used by the Real-Time
Calculation Engine

3.1.1 The real-time calculation engine shall use the information in section 3A.1
of Chapter 7.
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4

4.1

Sets, Indices and Parameters Used by

the Real-Time Calculation Engine

Fundamental Sets and Indices

4.1.1

4.1.2

4.1.10

4.1.11

4.1.12

4.1.13

4.1.14

A designates the set of all intertie zones;

B designates the set of buses identifying all dispatchable and non-
dispatchable resources within Ontario;

BP6¢ c Bdesignates the set of buses identifying dispatchable generation
resources;

BPLc B designates the set of buses identifying dispatchable loads;

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

BHE ¢ BPG designates the subset of buses identifying dispatchable
hydroelectric generation resources;

BNPG c B designates the set of buses identifying non-dispatchable
generation resources;

BNoBid c B designates the set of buses identifying dispatchable loads with
no bid for energy;

BNeoffer ¢ B designates the set of buses identifying generation resources
with no offer for energy;

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

BNOS ¢ BPG designates the subset of buses identifying dispatchable non-
quick start resources;

BPSU ¢ BNOS designates the subset of buses identifying
pseudounits;

B/REG ¢ B designates the set of internal buses in operating
reserve region r € ORREG;

BT ¢ BPSU designates the subset of buses identifying pseudo-units with

a share of steam turbine p € PS7;
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4.1.15

4.1.16

4.1.17

4.1.18

4.1.19

4.1.20

4.1.21

4.1.22

4.1.23

4.1.24

4.1.25

4.1.26

4.1.27

4.1.28 JipE designates the set of bid laminations for energy at b € BPL for interval i €

B"¢ c BPG designates the subset of buses identifying dispatchable
variable generation resources,

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

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

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

D. € D designates the set of all buses identifying boundary entity
resources in intertie zone a € A;

DI c D designates the subset of intertie zone buses identifying boundary
entity resources that correspond to import offers;

DI, c D, designates the subset of intertie zone buses identifying
boundary entity resources that correspond to import offers in intertie zone

acA;

DX c D designates the subset of intertie zone buses identifying boundary
entity resources that correspond to export bids;

DX, € D, designates the subset of intertie zone buses identifying

boundary entity resources that correspond to export bids in intertie zone a
€A;

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

Fi c F designates the set of facilities whose pre-contingency limit was
violated in interval i as determined by a preceding security assessment
function iteration;

Fi. c F designates the set of facilities whose post-contingency limit for
contingency c is violated in interval i as determined by a preceding
security assessment function iteration;

I = {1,..,n1} designates the set of all intervals, where nn;; designates the
number of five-minute intervals considered within the real-time look-ahead
period;

[;
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4.1.29

4.1.30

4.1.31

4.1.32

4.1.33

4.1.34

4.1.35

4.1.36

4.1.37

4.1.38

4.1.39

Jip108 designates the set of offer laminations for synchronized ten-minute

operating reserve at bus b € BPL for interval i € [;

Jip1ON designates the set of offer laminations for non-synchronized ten-

minute operating reserve at bus b € BPL for interval

Jip30R designates the set of offer laminations for thirty-minute operating

reserve at bus BDL for interval [;

KipPF Kb designates the set of offer laminations for energy
corresponding to the duct firing region of a pseudo-unit at bus BPSUin

interval [;

KipPRE K| 1E designates the set of offer laminations for energy
corresponding to the dispatchable region of a pseudo-unit atbus b BPSY

ininterval  I;

KipE designates the set of offer laminations for energyat ~ BNP¢  BPC

forintervali I;

KipMP K E designates the set of offer laminations for energy

corresponding to the minimum loading point region of a pseudo-unit at bus

BPSUVin interval 1€ ;

K108 designates the set of offer laminations for synchronized ten-minute

operating reserve atbus ~ BPC forintervali I;

Kip10N designates the set of offer laminations for non-synchronized ten-

minute operating reserve atbus ~ BPY for interval 1€ [;

K »30r designates the set of offer laminations for thirty-minute operating

reserve at bus BDG for interval i  I;

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;
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4.1.40 L,""RTC [ designates the buses contributing to the virtual zonal price for
virtual transaction zone m € M;

4.1.41 L,NPLC L, designates the buses contributing to the zonal price for non-
dispatchable load zone y €Y;

4.1.42 M designates the set of virtual transaction zones;

4.1.43 PST designates the set of steam turbines offered as part of a pseudo-unit;

4.1.44 Y designates the non-dispatchable load zones in Ontario.

4.2 Market Participant Data Parameters

4.2.1 With respect to a non-dispatchable generation resource identified by bus b
e BNPG:

42.1.1 FNDGip designates the fixed quantity of energy scheduled for
interval i € [;
4.2.1.2  PNDGipk designates the price for the maximum incremental
quantity of energy in interval i € I in association with offer
lamination K € KipE; and

42.1.3  ONDGipx designates the maximum incremental quantity of

energy that may be scheduled in interval i € I in association with
offer lamination

k e KibE.

4.2.2 With respect to a dispatchable generation resource identified by bus b €
BPG,

422.1 DRRDGipw for w € {1,.,NumRRDG:i} designates the ramp
rate in MW per minute at which the resource can decrease the
amount of energy it

supplies in interval i € I while operating in the range between
RmpRngMaxDGipw-1 and RmpRngMaxDGip w;

4222 NumRRDG:y designates the number of ramp rates provided for
interval i € [;

4.2.23 ORRDGY) designates the maximum operating reserve ramp rate
in MW per minute;

4224  PDGipk designates the price for the maximum incremental
quantity of energy in interval i € I in association with offer

lamination kK € KjpE;
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4225

4226

4.22.7

4228

4229

4.2.2.10

4.2.2.11

42212

42213

4.2.2.14

4.2.2.15

P10SDGiyx designates the price for the maximum incremental
quantity of synchronized ten-minute operating reserve in interval

i € I in association with offer lamination k € Kj,10S;

PI10ONDGiyx designates the price for the maximum incremental
quantity of non-synchronized ten-minute operating reserve in

interval i € I in association with offer lamination k € Kj,10N:

P30RDG:x designates the price for the maximum incremental
quantity of thirty-minute operating reserve in interval i € I in
association with offer lamination k € K p30R;

ODGip,x designates the maximum incremental quantity of
energy above the minimum loading point that may be scheduled

in interval i € I in association with offer lamination k € KipE;

Q10SDGipx designates the maximum incremental quantity of
synchronized ten-minute operating reserve in interval 1€ [ in
association with offer lamination k€ K1;bs;

QI10NDG:px designates the maximum incremental quantity of
nonsynchronized ten-minute operating reserve in interval 1 € I in
association with offer lamination k€ K10;bn:

O30RDGipx designates the maximum incremental quantity of
thirty minute operating reserve in interval 1 € [ in association
with offer lamination LbR;

RLP30R;}, designates the reserve loading point for thirty-minute
operating reserve in interval 7€ [;

RLP10S;p designates the reserve loading point for
synchronized ten minute operating reserve in interval I;

RmpRngMaxDGipw for w  {1...NumRRDGip} designates
the wi" ramp rate break point for interval  [;

URRDGipwforw  {1,.,NumRRDGI,b} designates the ramp
rate in MW per minute at which the resource can increase the

amount of energy it supplies in interval [ while operating in
the range between RmpRngMaxDGipw-1 and

RmpRngMaxDGipw, where RmpRngMaxDGip0 shall be
equal to zero.

4.2.3 With respect to a dispatchable non-quick start resource identified
by bus b € BN

4231

MinQDG) designates the minimum loading point indicating the
minimum output at which the resource must be scheduled
except for times when the resource is starting up or shutting
down.
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4.2.4 With respect to a dispatchable hydroelectric generation resource identified
by bus b € BIE:

4241

(ForLipw,ForUipw) for w €{1,..,NForip} designate the lower
and upper limits of the forbidden regions in interval € | and
indicate that the resource cannot be scheduled between
ForLipw and ForUiyw for all

wE {1,..,NFOI"i,b}.

4.2.5 With respect to a pseudo-unit identified by bus b € B"SU:

4.2.5.1

4252

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

STShareDR)y designates the steam turbine share of the
dispatchable region.

4.2.6 With respect to a generation resource with no offer for energy identified by
bus b € BNeOfer:

4.2.6.1

FNOG:), designates the fixed quantity of energy scheduled for

injection for interval i € I determined by the IESO's energy
management system.

4.2.7 With respect to a dispatchable load identified by bus b € BDL:

4.2.7.1

4272

4.2.73

4.2.74

4275

4.2.7.6

DRRDLipw forw € {1,.,NumRRDL,i} designates the ramp
rate in MW per minute at which the dispatchable load can
decrease its amount of

energy consumption in interval i € I while operating in the range
between RmpRngMaxDLip,w-1 and RmpRngMaxDLip,w;

NumRRDLiy designates the number of ramp rates provided for
interval i € [;

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

PDLiy; designates the price for the maximum incremental
quantity of energy in interval i € I in association with bid
lamination j € JipE;

PI0ONDLiy; designates the price for the maximum incremental

quantity of non-synchronized ten-minute operating reserve in
. .= 710
interval i € I in association with offer lamination j € /i6N;

P10SDLiy,; designates the price for the maximum incremental
quantity of synchronized ten-minute operating reserve in interval

.. - . e jE Y
i € | in association with offer lamination / LbS;
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4.2.7.7

4.2.7.8

4279

4.2.7.10

4.2.7.11

4.2.7.12

4.2.7.13

4.2.7.14

P30RDLiy; designates the price for the maximum incremental
quantity of thirty-minute operating reserve in interval i € I in
association with offer lamination j € Jip30R;

ODLip; designates the maximum incremental quantity of
energy that may be scheduled in interval i € | in association
with bid lamination j € JibE;

ODLFIRM;y designates the quantity of energy that is bid at the
maximum market clearing price in interval i € [;

Q10NDL;p; designates the maximum incremental quantity of
nonsynchronized ten-minute operating reserve that may be

scheduled in interval i € I in association with offer lamination j €
Jip1ON;

Q10SDLip; designates the maximum incremental quantity of
synchronized ten-minute operating reserve that may be
scheduled in interval i € I in association with offer lamination j €

Jip10s;

QO30RDLiy; designates the maximum incremental quantity of
thirty minute operating reserve that may be scheduled in interval

0
i e I in association with offer lamination j /gbR;

RmpRngMaxDLiyw for w € {1,.,NumRRDLip} designates the
wt ramp rate break point for interval i € I;

URRDLipw for w € {1,..NumRRDLip} designates the ramp
rate in MW per minute at which the dispatchable load can

increase its amount of energy consumption in interval i € I while
operating in the range between RmpRngMaxDLiyw-1 and

RmpRngMaxDLiy,w, where RmpRngMaxDLip,0 shall be equal
to zero.

4.2.8 With respect to an hourly demand response resource identified by bus b €

BHDR.

4.2.8.1

4.2.9 With respect to a dispatchable load with no bid for energy atbus b €

4.2.9.1

FHDR;}, designates the fixed schedule of energy consumption

for interval i € I determined by the activation of the hourly
demand response resource.

BNoBid .

FNBLip designates the fixed quantity of energy scheduled for

consumption for interval 1 € I determined by the IESO's energy
management system.
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4.2.10 With respect to a boundary entity resource import at intertie zone bus

d € DI, where the locational marginal price represents the price for the
intertie metering point and its fixed schedules are the most recent
interchange schedules:

4.2.10.1

4.2.10.2

4.2.10.3

4.2.10.4

4.2.10.5

4.2.10.6

FIGPrciq designates the fixed quantity of energy scheduled to
import for interval i € I and used for calculating locational
marginal prices;

FIGSchigq designates the fixed quantity of energy scheduled to
import for interval i € I and used for determining schedules;

FI10NIGPrciq designates the fixed quantity of non-
synchronized ten minute operating reserve scheduled for

interval i € I and used for calculating locational market prices;

F10NIGSchiq designates the fixed quantity of non-
synchronized ten minute operating reserve scheduled for in

interval i € I and used for determining schedules;

F30RIGPrciq designates the fixed quantity of thirty-minute
operating reserve scheduled for interval i € I and used for
calculating locational marginal prices; and

F30RIGSchiq designates the fixed quantity of thirty-minute

operating reserve scheduled for interval i € I and used for
determining schedules.

4.2.11 With respect to a boundary entity resource export at intertie zone bus d €

DX, where the locational marginal price represents the price for the intertie
metering point and its fixed schedules are the most recent interchange
schedules:

4.2.11.1

42.11.2

4.2.11.3

42114

42.11.5

FXLPrcid designates the fixed quantity of energy scheduled to
export for interval 7 € | and used for calculating locational
marginal prices;

FXLSchid designates the fixed quantity of energy scheduled to
export for interval 7 € [ and used for determining schedules;

F10NXLPrciq designates the fixed quantity of non-
synchronized ten minute operating reserve scheduled for

interval 7 € I and used for calculating locational marginal prices;

FI10NXLSchiq designates the fixed quantity of non-
synchronized ten minute operating reserve scheduled for

interval 7 € | and used for determining schedules;

F30RXLPrciq designates the fixed quantity of thirty-minute

operating reserve scheduled for interval 7 € I and used for
calculating locational marginal prices; and
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42.11.6 F30RXLSchiq designates the fixed quantity of thirty-minute

operating reserve scheduled for interval 7 € I and used for
determining schedules.

4.3 IESO Data Parameters

4.3.1 Variable Generation Forecast

4.3.1.1 FGiy designates the IESO'’s centralized variable generation forecast
for a variable generation resource identified by bus b €B"C for interval / € 1.

4.3.2 variable Generation Tie-Breaking

43.2.1  NumVG;designates the number of variable generation
resources in the daily dispatch order for interval 7 € I; and

4322  TBMy€ {1,..NumVGi} designates the tie-breaking modifier for

the variable generation resource at bus b € BYC for interval 7€ .

4.3.3 Operating Reserve Requirements

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

4332 REGMinlORi, designates the minimum requirement for total
ten-minute operating reserve in region r € ORREG in interval i
el;

4333 REGMin30Ri, designates the minimum requirement for thirty-
minute operating reserve in region r € ORREG in interval i € [;

4334 REGMaxI0R;r designates the maximum amount of total ten-
minute operating reserve that may be scheduled in region r €
ORREG ininterval i € [;

4335 REGMax30R;r designates the maximum amount of thirty-
minute operating reserve that may be scheduled in region r €
ORREG inintervali e I;

43.3.6 TOTIO0S: designates the synchronized ten-minute operating
reserve requirement;

4.3.3.7 TOTIOR; designates the total ten-minute operating reserve
requirement; and

4.3.3.8 TOT30Ri designates the thirty-minute operating reserve
requirement.

4.3.4 Resource Minimums and Maximums

434.1  Where applicable the minimum or maximum output of a
dispatchable generation resource and minimum or maximum
consumption of a dispatchable load may be limited due to
reliability constraints, applicable contracted ancillary
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services, day-ahead operational commitments, pre-dispatch
operational commitments, outages, derates, operating
reserve activation, and other constraints, such that:

4.3.4.1.1 MaxDF;, designates the maximum output limit in interval

i for the duct firing region of a pseudo-unit at bus b € BPSY;

4.3.4.1.2 MaxDGip designates the most restrictive maximum
output limit for the dispatchable generation resource in

interval i at bus b € BPC;

4.3.4.1.3 MaxDL;p designates the most restrictive maximum
consumption limit for the dispatchable load in interval i at
bus b € BPL;

4.3.4.1.4 MaxDRi)p designates the maximum output limit in interval

i for the dispatchable region of a pseudo-unit at bus b €
BPSU.

4.3.4.1.5 MinDGip designates the most restrictive minimum output
limit for the dispatchable generation resource in interval i
at bus b € BPY; and

4.3.4.1.6 MinDLip designates the most restrictive minimum
consumption limit for the dispatchable load in interval i at
bus b € BPL.

4.3.5 Control Action Adjustments for Pricing

43.5.1 CAAdj: designates the demand adjustment required to calculate
locational marginal prices appropriately when voltage reduction
or load shedding has been implemented.

4.3.6 Constraint Violation Penalties for interval i € I

43.6.1  (PLdViolSchiw,QLdViolSchiw) for w € {1,..,NLavioli}
designate the price quantity segments of the penalty curve for
under generation used by the Real-Time Scheduling algorithm in
section 8;

43.6.2 (PLdViolPrciw,QLdViolPrciw) for w € {1,..,NLavioli}
designate the price quantity segments of the penalty curve for
under generation used by the Real-Time Pricing algorithm in
section 9;

43.6.3  (PGenViolSchiw,QGenViolSchiw) for W € {1,.,NGenvioli}
designate the price-quantity segments of the penalty curve for
over generation used by the Real-Time Scheduling algorithm in
section 8;
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43.64

4.3.6.5

4.3.6.6

4.3.6.7

4.3.6.8

4.3.6.9

43.6.10

4.3.6.11

4.3.6.12

4.3.6.13

(PGenViolPrciw,QGenViolPrciw) for w € {1,..,NGenvioli}
designate the price-quantity segments of the penalty curve for
over generation used by the Real-Time Pricing algorithm in
section 9;

(P10SViolSchiw,Q10SViolSchiw) for w € {1,..,N1osvioli}
designate the price-quantity segments of the penalty curve for
the synchronized ten minute operating reserve requirement
used by the Real-Time Scheduling algorithm in section 8;

(P10SViolPrciw,Q10SViolPrciw) for w € {1,..,Niosvioli}
designate the price-quantity segments of the penalty curve for
the synchronized ten minute operating reserve requirement
used by the Real-Time Pricing algorithm in section 9;

(P10RViolSchiw,Q10RViolSchiw) for w € {1,..,Niorvioli}
designate the price-quantity segments of the penalty curve for
the total ten-minute operating reserve requirement used by the
Real-Time Scheduling algorithm in section 8;

(P10RViolPrciw,Q10RViolPrciw) for w € {1,..,N10rvioli}
designate the price-quantity segments of the penalty curve for
the total ten-minute operating reserve requirement used by the
Real-Time Pricing algorithm in section 9;

(P30RViolSchiw,Q30RViolSchiw) for w € {1,..,N30rvioli}
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 Real-Time Scheduling algorithm in section 8;

(P30RViolPrciw,Q30RViolPrciw) for w € {1,..,N30rvioli}
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 Real-Time Pricing algorithm in section 9;

(PREGI10RViolSchiw,QREG10RViolSchiw) for w €

{1,..,NrREG10RVI0li} designate the price-quantity segments of the
penalty curve for area total fen-minute operating reserve
minimum requirements used by the Real Time Scheduling
algorithm in section 8;

(PREGI10RViolPrciw,QREGI10RViolPrciw) forw €

{1,..,NrREG10RVI0li} designate the price-quantity segments of the
penalty curve for area total ten-minute operating reserve
minimum requirements used by the Real Time Pricing
algorithm in section 9;

(PREG30RViolSchiw,QREG30RViolSchiw) for w €

{1,..,NREG30RVi0li} designate the price-quantity segments of the
penalty curve for area thirty minute operating reserve minimum
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requirements used by the Real-Time Scheduling algorithm in
section 8;

4.3.6.14 (PREG30RViolPrciw,QREG30RViolPrciw) forw €

{1,..,NrREG30RVi0li} designate the price-quantity segments of the
penalty curve for area thirty minute operating reserve minimum
requirements used by the Real-Time Pricing algorithm in
section 9;

43.6.15 (PXREGIORViolSchiw,OXREGI0RViolSchiw) for w €

{1,.,NxrEG10RVI0li} designate the price-quantity segments of the
penalty curve for area total ten-minute operating reserve
maximum restrictions used by the Real Time Scheduling
algorithm in section 8;

43.6.16 (PXREGIORViolPrciw,OXREGIORViolPrciw) for w €

{1,..,NxrEGI0RVI0li} designate the price-quantity segments of the
penalty curve for area total ten-minute operating reserve
maximum restrictions used by the Real-

Time Pricing algorithm in section 9;

4.3.6.17 (PXREG30RViolSchiw,OXREG30RViolSchiw) for w €

{1,..,NxrEG30RVioli} designate the price-quantity segments of the
penalty curve for area total thirty-minute operating reserve
maximum restrictions used by the Real Time Scheduling
algorithm in section 8;

4.3.6.18 (PXREG30RViolPrciw,OXREG30RViolPrciw) for w €

{1,..,NxrEG30RVi0li} designate the price-quantity segments of the
penalty curve for area total thirty-minute operating reserve
maximum restrictions used by the Real Time Pricing algorithm in
section 9;

4.3.6.19 (PPrelTLViolSchyiw, QPrelTLViolSchyiw) forw €

{1,..,NrreitLVi0lf1} 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 Real-Time
Scheduling algorithm in section 8;

43.6.20 (PPrelTLViolPrcfiw, QPrelTLViolPrctiw) forw €

{1,..,NrreitLVi0lf1} 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 Real-Time
Pricing algorithm in section 9;

43.6.21 (PITLViolSchetiw, QITLViolSchefiw) for w € {1,..,NiTLViolc}
designate the price-quantity segments of the penalty curve for

exceeding the contingency ¢ € C post-contingency limit of the

transmission constraint for facility f € F used by the Real-Time
Scheduling algorithm in section 8;
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4.3.6.22

4.3.6.23

(PITLViolPrccfiw, QITLViolPrcefiw) for W € {1,..,NirLviolc i}
designate the price-quantity segments of the penalty curve for

exceeding the contingency ¢ € C post-contingency limit of the

transmission constraint for facility f € F used by the Real-Time
Pricing algorithm in section 9; and

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

4.3.7 Price Bounds

4.3.7.1

4.3.7.2

4.3.7.3

43.74

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

EngyPrcFlr designates and is equal to the settlement floor
price for energy;

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

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

4.3.8 Weighting Factors for Zonal Prices

4.3.8.1

4.3.8.2

4.4

WEimp'IRT designates the weighting factor for bus b € L,,"’R"
used to calculate the price for virtual transaction zone m € M for

interval i € and shall be equal to the weighting factor used in
the day-ahead market for the applicable hour;

W 74,NPL designates the weighting factor for bus b € L, NL used
to calculate the price for non-dispatchable load zone y € Y for

interval i € I and shall be obtained by renormalizing the load
distribution factors so that the sum of weighting factors for a
non-dispatchable load zone and for a given interval is one.

Other Data Parameters

4.4.1 Non-Dispatchable Demand Forecast

44.1.1

FL: designates the five-minute province-wide non-dispatchable

demand forecast for interval 7 € | calculated by the security
assessment function.

4.4.2 Internal Transmission Constraints

4.42.1

PreConSFisp designates the pre-contingency sensitivity factor
for bus b € B UD indicating the fraction of energy injected at bus

b which flows on facility f during interval i under pre-contingency
conditions;

4422 AdjNormMaxFlowir designates the limit corresponding to the

maximum flow allowed on facility f in interval i under pre-
contingency conditions;
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5

5.2

5.3

4423 SFi.rp designates the post-contingency sensitivity factor for bus
b € B UD indicating the fraction of energy injected at bus b

which flows on facility f during interval i under post-contingency
conditions for contingency cc; and

4424  AdjEmMaxFlowi.r designates the limit corresponding to the
maximum flow allowed on facility f in interval i under post-
contingency conditions for contingency C.

4.4.3 Transmission Losses

443.1 LossAdj: designates any adjustment needed for interval 7€ I 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; and

4.43.2 MglLossip designates the marginal loss factor and represents 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€ B UD in interval /1 € .

Initialization

Purpose

5.1.1 The initialization processes set out in this section shall occur prior to the
execution of the real-time calculation engine described in section 2.2.1
above.

Reference Bus

5.2.1 The IESO shall use Richview Transformer Station as the real-time

calculation engine’s default reference bus for the calculation of /ocational
marginal prices.

5.2.2 If the default reference bus is out of service, another in-service bus shall

be selected.

Islanding Conditions

5.3.1 Inthe event of a network split, the real-time calculation engine shall:

5.3.1.1 only evaluate resources that are within the main island,

5.3.1.2 use only forecasts of demand forecast areas in the main
island, and

PwC | MRP Review — Pre-Dispatch and Real-Time Market Calculation Engine

176



5.4

5.5

5.6

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.

Variable Generation Tie-Breaking

5.4.1 For each interval / € I, each variable generation resource bus b € B"" G and
each offer lamination ke be, the offer price PDGipx shall be updated to

PDGipx - (TBMip/NumVG:) p, where p is a small nominal value of

order 104

Pseudo-Unit Constraints

5.5.1 Constraints for pseudo-units corresponding to the minimum and maximum
constraints on physical resources shall be determined in accordance with

section 10.

Initial Scheduling Assumptions

5.6.1 Initial Schedules

5.6.1.1 Initial energy schedules shall be based on the values

deteremined by the IESO’s energy management system and the

schedules from the previous real-time calculation engine run,
where:

5.6.1.1.1

5.6.1.1.2

5.6.1.1.3

5.6.1.1.4

5.6.1.1.5

5.6.1.1.6

RTDLTel 1) designates the energy management system

MW value for the dispatchable load at bus b € BPL;

SDLSchopPrev designates the schedule determined for

the dispatchable load at bus b € BPL by the Real-Time
Scheduling algorithm in section 8, of the previous real-
time calculation engine run;

RTDGTel.1p designates the energy management system
MW value for the dispatchable generation resource at bus

b e BPY:

SDGSch¢y, designates the schedule determined for

the dispatchable generation resource at bus b € BPG by
the Real-Time Scheduling algorithm in section 8, of the
previous real-time calculation engine run;

SDLPrct gy, designates the schedule determined for

the dispatchable load at bus b € BPL by the Real-Time
Pricing algorithm in section 9, of the previous real-time
calculation engine run; and

SDGPrc*re"gy, designates the schedule determined for
the dispatchable generation resource at bus b € BPY by
the Real-Time Pricing algorithm in section 9, of the
previous real-time calculation engine run.
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5.6.1.2  For the dispatchable load at bus b, the intitial schedule,

SDLInitSchop, for the Real-Time Scheduling algorithm in
section 8, shall be determined as follows:

5.6.1.2.1 Step 1: Calculate TelUpop using the submitted up ramp
rates and break points to determine the maximum
consumption level the dispatchable load can achieve in

five minutes from RTDLTel 1 ;

5.6.1.2.2 Step 2: Calculate Tel/Downop using the submitted down ramp rates
and break points to determine the minimum consumption
level the dispatchable load can achieve in five minutes

from RTDLTel.1y; and

5.6.1.2.3 Step 3: If the schedule from the previous real-time
calculation engine run is achievable by ramping from the

RTDLTel 1, then set the initial schedule to the schedule
from the previous real-time calculation engine run.
Otherwise, set the initial schedule to the nearest
boundary:

If TelDown0.b = SDLSch"*"0;, < TelUpoy, then
set

SDLInitScho,b= SDLSchopPrev

If SDLSchopPrev < TelDownoy, then set
SDLInitSchoy = TelDownoyp

Otherwise, set SDLInitSchoy = TelUpop.

5.6.1.3  For the dispatchable generation resource at bus b, the initial

schedule, SDGInitSchoy, for the Real-Time Scheduling
algorithm in section 8, shall be determined as follows:

5.6.1.3.1 Step 1: Calculate TelUpop using the submitted up ramp
rates and break points to determine the maximum
production level the resource can achieve in five minutes

from RTDGTel-1p;

5.6.1.3.2 Step 2: Calculate ZelDowny, using the submitted down ramp
rates and break points to determine the minimum
production level the resource can achieve in five
minutes from RTDGTel-1,; and

5.6.1.3.3 Step 3: If the schedule from the previous real-time calculation engine
run is achievable by ramping from the ZTDGTel-1,, then

set the initial schedule to the schedule from the previous
real-time calculation engine run. Otherwise, set the initial
schedule to the nearest boundary:

If TelDown0.b = SDGSchopPrev < TelUpoy then set
SDGInitScho,b= SDGSch" oy,
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If SDGSchopPrev < TelDownoy, then set
SDGInitSchoy = TelDownoy

Otherwise, set SDGInitSchop = TelUpop.

5.6.1.4  For the dispatchable load at bus b, the intitial schedule,

SDLInitPrcop, for the Real-Time Pricing algorithm in section 9,
shall be determined as follows:

If SDLSch"0y, < SDLPrcf0y, < SDLInitSchoy or

SDLInitScho.b = SDLPrc"*0, < SDLSch?™*o)
then set

SDLInitPrc0,b= SDLInitScho;
Otherwise set SDLInitPrcop = SDLPrc’ oy .

5.6.1.5 For the dispatchable generation at bus b, the intitial schedule

SDGInitPrcop, for the Real-Time Pricing algorithm in section 9,
designates the initial schedule for the dispatchable generation
resource at bus b and is determined as follows:

If SDGSch” 0y, < SDGPrct oy, < SDGInitSchoy,
or

SDGInitScho.b S SDGPrcP0p, < SDGSchP oy,
then set

SDGInitPrcoy = SDGInitSchoy;
Otherwise set SDGInitPrco.b = SDGPrct gy, .

5.6.2 Start-up and Shutdown for Non-Quick Start Resources

5.6.2.1 The start-up and shutdown for non-quick start resources at bus
b € BN9S and interval 7 € I shall be based on the following

parameters that are determined based on observed resource
operation as well as confirmed start-up and shutdown times:

5.6.2.1.1 AtZeroip€ {0»1}, which designates that the resource is
scheduled to be offline;

56.21.2 SUip , Which designates that the resource must
be scheduled on its start-up trajectory. This input may
indicate an upcoming confirmed start-up or that the
resource has started ramping up already;

5.6.2.1.3 AtMLPip€ {0,1}, which designates that the resource is
scheduled to operate at or above its minimum loading
point due to a minimum generation constraint or the
resource shutdown has yet to be confirmed by the /ESO;

5.6.2.1.4 EvalSDip € {0,1} which designates that the resource
has been decommitted by the pre-dispatch calculation
engine, such decommitment has been confirmed by the
IESO, and the resource can be evaluated for energy
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schedules below its minimum loading point but can still be
scheduled at or above its minimum loading point, and

56.2.1.5 SD;,€ {0’1}, which designates that the resource must
be

scheduled on its shutdown trajectory. This input may
indicate an upcoming mandatory shutdown or that the
resource has already started ramping down.

5.6.2.2 For all parameters in section 5.6.2.1:

AtZeroip + SUip +AtMLP;y + EvalSDip + SDip = 1.

6 Security Assessment Function in
the Real-Time Calculation Engine

6.1 Interaction between the Security Assessment
Function and Optimization Functions

6.1.1 The scheduling and pricing algorithms of the real-time calculation engine
pass 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 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 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:

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

6.2.2.2  the schedules for non-dispatchable generation

resources and dispatchable generation resources; and

6.2.2.3  the schedules for boundary entity resources at each

intertie zone.
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6.3

Security Assessment Function Processing

6.3.1 The security assessment function shall determine the province-wide non
dispatchable demand forecast quantity, FFLL:, using demand forecasts for
demand forecast areas, the IESO’s energy management system MW
quantities and the scheduled quantities from the previous real-time calculation
engine run as follows:

6.3.1.1
6.3.1.2

6.3.1.3

6.3.14

sum the /ESO five-minute demand forecasts for demand forecast areas;

subtract the expected consumption of all physical hourly
demand response resources;

subtract the expected consumption of all virtual hourly demand
response resources; and

subtract the expected consumption of all dispatchable loads.

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

6.3.2.1

6.3.2.2

6.3.2.3

6.3.2.4

6.3.2.5

6.3.2.6

6.3.2.7

6.3.2.8

A base case solution function shall prepare a power flow
solution for each interval in the real-time look-ahead period. The
base case solution function shall select the power system model
state applicable to the forecast of conditions for the interval 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.

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 interval. The impact of losses on branches
between the resource bus and the resource connection point to
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6.3.2.9

6.3.2.10

6.3.2.11

the IESO-controlled grid and losses on branches outside Ontario
shall be excluded when determining marginal loss factors.

The real-time calculation engine shall use a set of fixed marginal
loss factors for each dispatch hour. The same set of fixed
marginal loss factors shall apply to all five-minute intervals that
fall in the dispatch hour. The set of fixed marginal loss factors for
each dispatch hour shall be determined based on the marginal
loss factors calculated in the previous hour by the Real-Time
Scheduling algorithm in section 8 of the real-time calculation
engine.

The marginal loss factors for the advisory intervals that fall in the
hour following the dispatch hour shall be determined based on
the fixed marginal loss factors for the dispatch hour described in
section 6.3.2.9 and the marginal loss factors calculated by the
Real-Time Scheduling algorithm in section 8 of the previous
real-time calculation engine run.

The Real-Time Scheduling and Real-Time Pricing algorithms in
sections 8 and 9, respectively, shall use the same set of
marginal loss factors.

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

6.4.13
6.4.1.4

a set of linearized constraints for all violated pre-contingency and
post-contingency limits for each interval. 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
interval;

the marginal loss factors as described in sections 6.3.2.8 - 6.3.2.11;
and
loss adjustment quantity for each interval.

7  Pass 1: Real-Time Scheduling and
Pricing

7.1.1

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

* the Real-Time Scheduling algorithm described in section 8;

* the Real-Time Pricing algorithm described in section 9;
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8 Real-Time Scheduling

8.1

8.2

8.1.1

8.2.1

8.3

8.3.1

Purpose

The Real-Time Scheduling algorithm shall perform a security-constrained
economic dispatch to maximize gains from trade using dispatch data
submitted by registered market participants or where applicable, the
reference level values for financial dispatch data parameters mitigated in
previous pre-dispatch calculation engine runs in accordance with
Appendix 7.2A, section 14.7, to meet the IESO’s province-wide non-
dispatchable demand forecast and IESO-specified operating reserve
requirements for each interval of the real-time look-ahead period.

Information, Sets, Indices and Parameters

Information, sets, indices and parameters used by Real-Time Scheduling
algorithm are described in sections 3 and 4.

Variables and Objective Function

The Real-Time Scheduling algorithm shall solve for the following variables:
8.3.1.1  SDLipj, which designates the amount of energy that a
dispatchable load scheduled at bus b € BPL in interval i € | in

association with lamination j € Ji,bE;

8.3.1.2  S10SDLip;, which designates the amount of synchronized ten-
minute operating reserve that a dispatchable load is scheduled

to provide at bus b € BPL in interval i € I in association with
lamination j € Jip105;

8.3.1.3  SIONDLip,;, which designates the amount of non-synchronized
tenminute operating reserve that a dispatchable load is

scheduled to provide at bus b € BPLin interval i € | in association
with lamination j € Ji»10N;

8.3.1.4  S30RDLipj, which designates the amount of thirty-minute
operating reserve that a dispatchable load is scheduled to

provide at bus b € BPL in interval i € I in association with
lamination j € J;»,30R;
8.3.1.5  SNDGipx, which designates the amount of energy that a non-

dispatchable generation resource scheduled at bus b € BN in
interval i € I in association with lamination k € KjpE;
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8.3.1.6

8.3.1.7

83.1.8

8.3.1.9

8.3.1.10

8.3.1.11

8.3.1.12

8.3.1.13

SDGip,x, which designates the amount of energy that a
dispatchable generation resource is scheduled at bus b € BP¢

in interval i € I in association with lamination k € KjpE;

S10SDGipx, which designates the amount of synchronized ten-
minute operating reserve that a dispatchable generation

resource is scheduled to provide at bus » € BPY in interval i € |
in association with lamination k € Ki,b10s;

SI0ONDG:px, which designates the amount of non-synchronized
tenminute operating reserve that a dispatchable generation
resource is scheduled to provide at bus b € B in interval i € |
in association with lamination k € Kib10N;

S30RDGipx, which designates the amount of thirty-minute
operating reserve that a dispatchable generation resource is
scheduled to provide at bus b € BPY in interval i € I in

association with lamination k € Kj,30R;

SCTip, which designates the schedule of the combustion turbine
associated with the pseudo-unit at bus b € B”V in interval i € [;

SS8Tip, which designates the schedule of steam turbine p € PST
ininterval i € ;

TBi, which designates any adjustment to the objective function

to facilitate pro-rata tie-breaking in interval i € I, as described in
section 8.3.2.1; and

ViolCosti, which designates the cost incurred in order to avoid

having the schedules violate constraints for interval i € I, as
described in section 8.3.2.3.

8.3.2 The objective function for the Real-Time Scheduling algorithm shall
maximize gains from trade by maximizing the following expression:
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z (ObjDL; — ObjNDG; — ObjDG; — TB; — ViolCost;)

i=1.ng
where:

ObjDL;
z SDL;y ;i PDL;y,; — Z S10SDL; ), ; - P10SDL;), ; —
j €Ity JEIS®
piobL Z S10NDL;,, ;- PIONDL;,, ; — Z S30RDL;,,; - P30RDL;,;

ey e

ObjNDG; = Z Z SNDG; 5 - PNDG; . |;

bEBNDPE \ kekf,
and

Z SDGi,b.k 22 PDGi,b,k + Z SlOSDGlbk = PlOSDGi‘ka +

E 108
kekf, kEKE)

0bjDG; =
5o Z S10NDG; ) - PLONDG;, + z S30RDG; 1% - P30RDG; 1 x
keRTgY KERTER

8.3.2.1  The tie-breaking term (75:) 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:

TB; = TBDL; + TBNDG; + TBDG,;

where:

z (SDL;,,;)” - TBPen N Z (S10SDL;y,)" - TBPen N
ODL 5 Q10SDL;,,

jEIgs

i eJE
TBDL; = Z e 2 2
byt Z ((smwmi_b_j) -TBPen)+ Z ((SBORDL,;JI,U;) -TBPen)

Q10NDL;p ; Q30RDL;, ;

30R

j E]ﬁﬁ JElip
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(SNDG; ;)" - TBPen
QNDG;p ’

(S108DGyy )" - TBPen

TBNDG; = (
beBNDE \rekE,
and
keKf,
TBDG; = '

Z ((soci}b,k)z .TBPen

0DGy s ) i ( Q10SDG; 4

Q10NDG;

s ((S101\!19(;,;,1,‘,%)2 : TBPen) N ((5301219(;5_{,‘,1‘,,)2 -TBPen
ke KEK] PR

8.3.2.2  ViolCost; shall be calculated for interval i € I using the following

variables:

8.3.2.2.1

8.3.2.2.2

8.3.2.2.3

8.3.2.2.4

8.3.2.2.5

8.3.2.2.6

SLdVioliw, which designates the violation

variable affiliated with segment W € {1,..,NLavioii}
of the penalty curve for the energy balance
constraint allowing undergeneration;

SGenVioliw, which designates the violation
variable affiliated with segment w €

{1,..NGenvioii} of the penalty curve for the energy
balance constraint allowing overgeneration;

S10SVioliw, which designates the violation
variable affiliated with segment w €

{1,..N10svioii} of the penalty curve for the
synchronized ten-minute operating reserve
requirement;

S10RVioliw, which designates the violation
variable affiliated with segment w €

{1,..N10rvioii} of the penalty curve for the total
ten-minute operating reserve requirement;

S30RViol;w, which designates the violation
variable affiliated with segment w €
{1,..N30rvioii} of the penalty curve for the thirty-
minute operating reserve requirement and,
when applicable, the flexibility operating reserve
requirement;

SREG10RViolriw, which designates the
violation variable affiliated with segment w €

{1,..NrEGI0RVIoli} Of the penalty curve for
violating the area total ten-minute operating

reserve minimum requirement in region I €

ORREG;
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8.3.2.2.7  SREG30RVioly;w, which designates the
violation variable affiliated with segment w €

{1,..NrEG30RVIoli} Of the penalty curve for
violating the area thirty-minute operating
reserve minimum requirement in region

r € ORREG:;

8.3.2.2.8 SXREGIO0RVioly;w, which designates the
violation variable affiliated with segment w €

{1,..NxrEG10RVi0li} Of the penalty curve for
violating the area total ten-minute operating
reserve maximum restriction in region

r € ORREG:;

8.3.2.2.9 SXREG30RVioly;w, which designates the
violation variable affiliated with segment w €

{1,..NxrEG30RVi0li} Of the penalty curve for
violating the area thirty-minute operating reserve
maximum restriction in region

r € ORREG:;

8.3.2.2.10 SPrelTLViolsiw, which designates the violation
variable affiliated with segment w €

{1,..NprerrLviolfi} of the penalty curve for
violating the pre-contingency transmission limit

for facility f € F; and

8.3.2.2.11 SITLViolctiw, which designates the violation
variable affiliated with segment w €

{1,..NitLviolcs} of the penalty curve for violating
the post-contingency transmission limit for

facility f € F and contingency c € C.

8.3.2.3 ViolCost; shall be calculated as follows:
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ViolCost, = z SLdViol,,, - PLdViolSchy,,

w=1.Npavioy;

— z SGenViol,,, - PGenViolSch;,,

w=1.Ngenvio;

+ z $10SViol,,, - P10SViolSch,,,

w=1.N1psviol;

4 z S10RViol,,, - P1ORViolSch,,,

w=1.N1gRvioy;

4 z S30RViol,,, - P30RViolSch,,,

w=1.N3oRrvioy;

i z z SREG10RViol, ,,, - PREG10RViolSch,,

rEORREG \w=1.NREG10RViol;

+
rEORREG

SREG30RViol, ;,, - PREG30RViolSch,,,

w=1.NREG30RViol;

+
rEORREG

SXREG10RViol, ;,, - PXREG10RViolSch;,,

w=1.NXREG10RViol;

+
rEORREG

SXREG30RViol, ;,, * PXREG30RViolSch;,,

w=1.NYREG30RViol;

T L e

+ Z Z SPrelTLViol,,,, - PPreITLViolSch, ,,

fEF; \w= 1--NPreITLVI'OIf.,'

+2 z 2 SITLViol, ., - PITLViolSch, ; .., |

cEC f€F;c \W=1.NrrLViol f,

8.4 Constraints

8.4.1 The Real-Time Scheduling algorithm optimization function shall apply the
constraints described in sections 8.5 — 8.7.

8.5 Dispatch Data Constraints Applying to Individual
Intervals

8.5.1 Scheduling Variable Bounds

8.5.1.1 No schedule shall be negative, nor shall any schedule exceed
the quantity offered for energy and operating reserve
respectively. Therefore:
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0 <SDL;;< ODL,, forall be BPL, je fE,;

0 = S105DL;y; = QLOSDL, forall b€ B™, je /i35,

0 < S10NDL,; < QLONDL;y, for all be B, je OV

0 < S30RDL;,,; < GBORDL,,,; for all b€ B, je€ 3%/

0 < SNDG,,;, < QNDG, . forall b€ BV?S, k€ K%;

0 < SDGypy < QDG y for all be B, ke K3,

0 < 5108DG,,, < QL0SDG,, , for all b€ B, k€ K\9%;

0 < SIONDG,,,; < QLONDG,, forall be B, ke K;3"; and
0 < S30RDG,,,, < BORDG,, for all b€ BPS, k€ K3oF

for all intervals 7€ [,

8.5.1.2 A non-quick start resource cannot provide energy when it is
scheduled to be offline. Therefore, for all intervals I € I, non-
quick start resource buses b € BVes, and offer laminations
k e KEi,b:
0 < SDGyp, < (1-AtZero;y,) QDG

8.5.1.3 A non-quick start resource cannot provide operating reserve
unless it is scheduled at or above its minimum loading point.

Therefore, for all intervals 7 € | and non-quick start resource
buses b € BNQS;

0 <S10SDG,, . < (AtMLP,, + EvalSD;,) - Q105DG, for all k € K325,
0 <S10NDG,,, < (AtMLP,;, + EvalSD,,) - Q10NDG,,, forall k € K}2V; and
0 <S30RDG,,; < (AtMLP,;, + EvalSD,,)) - Q30RDG,, for all k € K32R,

8.5.2 Resource Initial Conditions

8.5.2.1  The initial schedule for a dispatchable load at bus b € BP" shall
be fixed to the resource initial schedules. For all dispatchable
load buses b € BP-:

SDLyy,, = SDLInitSchy,
J€Jop

8.5.2.2  The initial schedule for a dispatchable generation resource at

bus b € BPG shall be fixed to the resource initial schedules. For
all dispatchable generation resource buses b € BPC:

SDGyp s = SDGInitSchy,,

kEKob
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8.5.3 Resource Minimums and Maximums for Energy

8.5.3.1 A constraint shall limit schedules for dispatchable loads within
their minimum and maximum consumption for an interval. For
all intervals 7 € / and all buses b € BP-:

MinDL,, < Y SDLy,; < MaxDLy,.
JEIip

8.5.3.2  The non-dispatchable portion of a dispatchable load shall always
be scheduled. For all intervals 7€ I and all buses b € BPL:

SDL,;,; = QDLFIRM, .

jE'JrL.b

8.5.3.3  The non-dispatchable generation resources shall be scheduled
to the fixed quantity determined by their observed output. For all

intervals 7 € | and all buses b € BNPG;

SNDG,,, = FNDG,,,.
kKEK

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

8.5.3.41 For all intervals 7 € | and all buses b € BP¢,
min(MaxDG;,,FG,;,) if b € BY¢

AdjMaxDG;;, = {MaxDGi_b otherwise

and

AdjMinDG,;, = min( MinDG;,, AdiMaxDG,}).

8.5.34.2 For all intervals 1 €l and all buses b €BPS:;

AdjMinDG,;, < SDG;y,, < AdjMaxDG,,.
kEKY,

8.5.3.5 Aconstraint shall limit the schedule for a non-quick start resource
at or above its minimum loading point when such resource is
committed or when the resource shutdown is yet to be confirmed

by the IESO. For all non-quick start resource buses b € BNQS and
intervals i € [:

SDGyp = AtMLP,;, - MinQDG,,.
kEKY,

8.5.4 Operating Reserve Requirements
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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:

8.54.11 the dispatchable load’s ramp capability over 30 minutes;

8.5.4.1.2 the total scheduled consumption 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.
8.5.4.2  These restrictions shall be enforced by the following constraints
for all intervals i € I and all buses b € BPL:

S10SDL,, ; + Z S10NDL,, , + Z S30RDL,,; <30 - ORRDL,;

. STos SToN .ZT30R
JEILS JEIip T&1ip

S10SDL,, ; + 2 S10NDL,, ; + z S30RDL,,, < Y SDLyy; — QDLFIRM,;;

: 5 . oN . 30R ;
Jelip J€lip JElip JEIip

and

S10SDL,, + 2 S10NDL,, , + 2 S30RDLy,, < Y SDLyy; — MinDLyy,.
jerip® i€lip" JEIBR J€TEy
8.5.4.3 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 consumption over 10 minutes, as limited
by its operating reserve ramp rate. This restriction shall be
enforced by the following constraint for all intervals i € I and all

buses b € BPL:

S10SDL;;;+ Zb S10NDL

N

i,b,j = 10 g ORRDLb.

JEJZ;,SS €L
8.5.4.4 The total operating reserve scheduled from a dispatchable
generation resource shall not exceed the resource’s ramp
capability over 30 minutes, its remaining capacity, and its
unscheduled capacity. These restrictions shall be enforced by
the following constraints for all intervals i € I and all buses b €

BPG;
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S10SDGipx i+ Z S10NDG; . + Z S30RDG; . < 30 - ORRDG,;

108 10N 30R
kEK; KEKj), KEK| )

S10SDGjp -+ Z S10NDG; 5 + Z S30RDG;

108 10N 30R
KEKES KEK]S keK?)

= Z (@DG;ipy — SDG;p 1) ;

E
kEK[),

and

S10SD Gyt Z S10NDG;p 5 + Z S30RDG;

108 10N 30R
kEK} KEK}S keK?)

< AdjMaxDG;, — Z SDG; 1 i

kekE,

8.5.4.5  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 intervals i € I and
all buses b € BPY:

S10SDG;p ;. + Z S10NDG; s = 10 - ORRDG,,.
keK}PS kek PN
8.5.4.6 The amount of synchronized ten-minute operating reserve that a
dispatchable generation resource is 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 intervals i € I and all buses b €
BPG with RLP10Sip > 0:

S10SDG;

1
< SDGipp | | o=
Z s (RLPwSm)

E
kEKE,

108
kEKS

min<{ 10 - ORRDG,, Z Q10SDG; p i
KEKDS

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
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restriction shall be enforced by the following constraint for all
intervals 1 € I and all buses b € BP¢ with RLP30R; > 0:

S30RDG;

keKFHR
1
= E SDGipr |' | =——
o RLP30R; ),

kEKE,

min<{ 30 - ORRDG,, Z Q30RDG;

KERTER

8.5.5 Pseudo-Units

8.5.5.1 A constraint shall be required to calculate physical generation
resource schedules from pseudo-unit schedules using the steam
turbine

STShareMLP,, - Z SDGipr |+

MLP
keKi}

SSTMod;,, =

ST
B2\ STShareDR, - Z SDGipy | + Z SDG;p

DR DF
KEKD) kek))

shares in the operating regions of the pseudo-unit determined in

section 10. For all intervals i € I and pseudo-unit buses b €
BPSU.

SCTMod;,, = (1 — STShareMLP,) - Z L9) [0

kek}F

+ (1 — STShareDR)) - Z SDG;p i |

kek DR

8.5.5.1.1 and for all intervals i € I and steam turbines p € PST:

8.5.5.2  Maximum constraints shall be enforced on the operating region
to which they apply for both energy and operating reserve

schedules. For all intervals i € I and pseudo-unit buses b € B"SU:
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Z SDG; . < MaxDR;,,

kEKDE

SDG; . < MaxDF;,,

DF
kekD}
and

SDG; 1+ ZD SDGipx+ ) S10SDGypi+ ) S10NDG,

;) 108 10N

R F
kEK ), keK;, kEK |}, keK;,

+ S30RDG;, , < MaxDR,;, + MaxDF;,

i
OR
keK;,

8.5.5.3  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 to provide ten-minute
operating reserve whenever the pseudo unit is scheduled for
energy in its duct firing region.

8.5.5.4  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-unitat bus b € BPSU
in interval i € I, SCT;} shall be equal to:

8.5.5.4.1 SCTModiy if the pseudo-unit is scheduled at or above
minimum loading point;

8.5.5.4.2 the portion of UpTrajip or DnTrajip defined in the section 8.6.2
that was allocated to the combustion turbine in
accordance with section 10.6 if the resource is ramping to
or ramping from its minimum loading point; or

8.5.5.4.3 0 otherwise.

8.5.5.5 Forthe 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, SSTip shall be equal to SSTMod;, where SSTip will
be corrected to account for the contribution from pseudo-units b
S BpST ramping to or ramping from minimum loading point as

determined by the allocation of UpTrajiy or DnTrajip in
accordance with section 10.6.

8.5.6 Dispatchable Hydroelectric Generation Resources
8.5.6.1 A dispatchable hydroelectric generation resource shall be
scheduled within its forbidden region if the resource is being

ramped through the forbidden region at its maximum offered
ramp capability.
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8.6 Dispatch Data Inter-Interval/Multi-Interval
Constraints

8.6.1 Energy Ramping
8.6.1.1  For disptachable loads, the ramping constraint in section 8.6.1.4
uses URRDLy to represent a ramp up rate selected from
URRDLip,w and uses DRRDLj to represent a ramp down rate
selected from DRRDLp w.

8.6.1.2 For disptachable generation resources, the ramping constraint in section
8.6.1.5 uses URRDG?H to represent a ramp up rate selected
from URRDGip,w and uses DRRDG) to represent a ramp
down rate selected from DRRDGip w.
8.6.1.3  The real-time 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 the case of dispatchable loads, energy schedules cannot vary
by more than an interval’s ramping capability for that resource.
This constraint shall be enforced by the following for all intervals

i el and buses b € BpL:

Z SDL; 17— 5-DRRDL, < Z SDL;p ;
JEIE1p JEI s
< Z SDL;_1;+5-URRDL,.
JE€IE 1 p

8.6.1.5  Energy schedules for a dispatchable generation resource cannot
vary by more than an interval’'s ramping capability for that
resource. This constraint shall be enforced by the following for all

intervals i € | and buses b € BPG:

Z SDGi—l,b,k 7 5 * DRRDGb = Z SDGin‘k

E E
kEKE |}, keKip

< Z SDG;_1 px + 5 URRDG,.

E
REKEH 1.b

8.6.2 Non-Quick Start Resource Start-up and Shutdown

8.6.2.1 For all intervals in the real-time look-ahead period in which a
non-quick start resource is scheduled to start-up, such resource
shall be scheduled on a fixed ramp-up trajectory as determined

by its offered ramp rates. The ramp-up trajectory (UpTrajip) for
interval i € I such that SU;p=1 is determined as follows:

8.6.2.1.1 Ifi =1, then UpTrajip shall be determined from the
resource initial schedule and the offered ramp up capability;
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8.6.2.1.2 If i>1 and SUiip = 0, then UpTrajip shall be
determined from the offered ramp up capability from 0O;

and 8.6.2.1.3 For all intervals i € I such that

SUip=1:

Z SDGi,b,k — UpT?‘ajin.
kekf,
8.6.2.2  Forall intervals in the real-time look-ahead period in which a
non-quick start resource is scheduled to shutdown, such

resource shall be scheduled on a fixed ramp-down trajectory as
determined by its offered ramp rates. The ramp-down trajectory

(DnTrajip) for interval i € [ such that SD;p, = 1 is determined as
follows:

8.6.2.2.1 Ifi =1, then DnTrajip shall be determined from the
resource initial schedule and the offered ramp down
capability;

8.6.2.2.2 Ifi > 1and SDi.1,p = 0, then DnTrajip shall be MinQDGp; and

8.6.2.2.3 Ifi > 1and SDi.1p= 1, then DnTrajip shall be
determined from the offered ramp down capability from

DnTraji-1p.

8.6.2.24 For all intervals i € I such that SD;p, = 1:

SDG; , x = DnTraj;,.
keKE,
8.6.3 Operating Reserve Ramping

8.6.3.1 Constraints shall be applied to recognize that interval to
interval changes to a dispatchable load’s schedule for energy
may modify the amount of operating reserve that the

resource can provide. For all intervals i € [ and all buses b €

BDL;
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S10SDL;, ; + Z S10NDL;,,; + Z S30RDL;p j

jeitss eI JEIR
e = Z SDL;_15j + Z SDL;;; + 30 - ORRDL,
JEIE 1 b J€IEy
and

S10SDL;, ; + Z S10NDL; ) ;

jerip® jerng”
= — Z SDLi—Lb,j + Z SDLi.b,j + 10 - ORRDLb
TEIf i J€Ify

8.6.3.2 Constraints shall be applied to recognize that interval to
interval changes in a dispatchable generation resource’s
schedule for energy may modify the amount of operating

reserve that the resource can provide. For all intervals i € |
and all buses b € BPC:

S105DG s+ Z S10NDG; 5 + z S30RDG;

108 10N 30R
kEK; KEKjy, KEKjp

= Z SDGi—l,f),k S Z SDGi,b,k + 30 2 ORRDGL,
KEKE 1, e,

and
S10SDG;p ;. + Z S10NDG; p i
kEK}DS ke N

= Z SDGI’:—Lb,k - Z SDGf,b,k + 10 * ORRDGb.
KEKE | keKE,

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
€ Bininterval i € I, With shall be:

Z SDL;,; if b € BP

Wl.thib = jEIEb
‘ FHDR;, if b € BHPR
FNBL; ), if b € BNoBid
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8.7.1.2  The total amount of export energy scheduled at intertie zone bus

d € DXin interval i € [, Withi g, as the fixed exports from
Ontario to the intertie zone export bus shall be:

With;q = FXLSch;.

8.7.1.3  The total amount of injections scheduled at internal bus b € B, in
interval i € I, Inj;» shall be:

( Z SNDG; if b € BNDG
keKE,
Injip = o Z (53 if b € BPS
keKE,
\FNOG;, if b € BNoOffer

8.7.1.4  The total amount of import energy scheduled at intertie zone bus

d € DI ininterval j € 1, Injiq, as the imports into Ontario from
that intertie zone bus shall be:

Injiq = FIGSchi .

8.7.1.5 Injections and withdrawals at each bus shall be multiplied by one
plus the marginal loss factor to reflect the losses or reduction in
losses that result when injections or withdrawals occur at
locations other than the reference bus. These loss-adjusted
injections and withdrawals must then be equal to each other
after taking into account the adjustment for any discrepancy
between total and marginal losses. Load or generation reduction
associated with the demand constraint violation shall be
subtracted from the total load or generation for the real-time
calculation engine to produce a solution.

For interval i € I, the energy balance shall be:

FL; + Z (1+ MglLoss; ) - With;,
bepPLypHDR,gNoEid

+ Z (1+ MglLoss; 4) " With; 4 — Z SLdViol;,,
deDx w=1.Npavioi,

= Z (1+ MglLoss;y,) - Inji
pegNDG DG gNoOf fer

+ Z (1+ MglLoss;q) - Injiq — Z SGenViol;,,
deDI w=1.NGenViol;

+ LossAdj;.

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
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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 intervali € [;

Z Z S10SDL;,; | + Z Z S10SDG;

DL \ :-;108 DG 105
beB J€Iip beB keK]p

+ Z 5108Viol;,, = TOT10S;

w=1.Nyosviol;
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Z Z S10SDL,; |+ Z Z S10SDG;

DL : S DG )
beB JEfil,ﬁ' beB kexl{g

i+ Z Z S10NDL;y ;
beBPL \ je 1oN

+ Z Z S10NDG;p; |+ Z F10NXLSch; 4

pepDG kEKﬁ{,’N deDX
o+ Z F10NIGSch; 4 + Z S10RViol;,,
deDI w=1.N1oRViol;
= TOT10R;;
and
Z Z S10SDL;y; |+ Z Z 5105DG; p
beBPL \ jej2oS beBPE \kex}pS
+ Z z S10NDL;y ;
beBDL \ jeioN
+ Z Z S1I0NDG; 1 | + Z F10NXLSch; 4
beRDG kexggN deDX
+ Z F10NIGSch; ; + Z Z S30RDL;
deDI bepDL \ je 3R
+ Z Z S30RDG; 1 | + Z F30RXLSch; 4
beBDG \ ek 3OR deDx
e Z F30RIGSch; 4 + Z S30RViol;,,
d€eDI w=1.N3zoRVial,
> TOT30R,.

8.7.2.3 The following constraints shall be applied for each interval i € / and
each region r € ORREG:
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S10SDLy,; | + Z z S10SDG,, 1

beRECNBDL \ jesios beBRECNBDG \keg}S

+ Z z S10NDL;,; | + Z Z S10NDG; p .
beBREGNRDL \ jej 10N beBREGnBDE \ ek 19N

+ Z F10NXLSch; 4 + Z F10NIGSch; 4
deDREGnpx deDREGnp;

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

W=L1.NREG10RViol;

Z Z S10SDL;y; |+ Z Z S10SDG, p 1

beBREGnBDL \ je 108 beBREGNBDG \ keg}DS

+ Z Z S10NDL;,,; | + Z Z S10NDG;

berFEGnRDL \ jesipN beBFECnBPE \ kel
+ Z F10NXLSch; 4 + Z F10NIGSch; 4
depRESnpx deDREGnpy

— Z SXREG10RViol, ;,, < REGMax10R,,;

W=1.NXREG10RViol;

S10SDL;p; | + Z Z S5105SDG; p 1
beRRESNRDL \ jerlos beRREGNRDE \ jek})S

+ Z Z S10NDL;y; | + Z Z S10NDG; j, i
beBREGnBDL \ jestpN beBREGNEDE \kekpN

+ Z F10NXLSch; 4 + Z F10NIGSch; 4
deDREGnpx deDREGAD]

+ Z Z S30RDL;y; | + Z Z S30RDG; i
beREEGnBDL \ je 30R beBREGNEDE \ kek PR

+ Z F30RXLSch; 4 + Z F30RIGSch; 4
deDFECnpx deDpEECnpy

+ Z SREG30RViol, ;,, = REGMin30R;,;

W=1.NREG30RVi0l;

and
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Z Z S108DLyy ; |+ Z Z S10SDG;p, p
beBREGNBDL \ jejtds beBFECNBDE \ kex[pS

+ Z Z S10NDL;p; | + Z Z S10NDG; j
beBFEENBPL \ jeslpN beBFEGNEDE \kek PN

+ Z F10NXLSch; 4 + Z F10NIGSch; 4

depREGnpx depRECnpr

+ Z (Z SSORDLI-JDJ-)
peBBEGnEDL \ je 3pR

+ Z Z S30RDG;p, | + Z F30RXLSch; 4
beBFECnBPE \kek PR

deDpEFSnpx
+ Z F30RIGSch; 4
depFEGnpr

_ Z SXREG30RViol, ,,
w:l..Nstasoniati

< REGMax30R;,.

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 8.7.1.5, shall be used to produce these schedules.

8.7.3.2  Pre-contigency, SPrelTLViolsiw, and post-contingency,
SITLViolcfiw, transmission limit violation variables shall allow
the real-time calculation engine to find a solution.

8.7.3.3  For allintervals i € I and facilities f € Fj, the linearized
constraints for violated pre-contingency limits obtained from the
security assessment function shall take the form:

PreConSF, ¢, - Inj;
begNDGUBDGUBNOOffeT‘

= Z PreConSF;y - With;

bEBDLUBHDRUBNOB!d

+ Z PreConSFis 4 - Injiqg — Z PreConSF; ¢ 4

deDI deDX
= Withyy — Z SPrelTLViols; ,

W=1.NprelTLViols;
< AdjNormMaxFlow; .
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8.7.3.4  Forallintervals i € I, contingencies ¢ € C, and facilities f € Fijp,
the linearized constraints for violated post-contingency limits
obtained from the security assessment function shall take the

form:
SFicrp - INjip
beBNDGUBDGUBNDOffBT
— Z SFicrp - Withyp + Z SFicra
bEBDLUBHDRUBNOB[d deDI
“Inj g — Z SFicra- With g

deDX
= Z SITLViol. 5., < AdjEmMaxFlow; r.

W=L.NirLviol, ¢

8.7.4 Penalty Price Variable Bounds

8.7.4.1 Penalty price variables shall be restricted to the ranges
determined by the constraint violation penalty curves for the
Real-Time Scheduling algorithm and for all intervals i € I

0 <SLdViol;,, < OLd ViofSckI.’w for all w € {1,...Npaviol, } 5

0 < SGenViol,,, < OGen VfofSchi,w for all w € {1,..,Ngenviol, } 5

0 < S108Viol,,, < Q10SViolSch, . forallw € {1,.., Nygsvior; }5

0 < S10RViol,,, < Q10RViolSch, forallw € {1,.., Nyoryioy };
0 < S30RViol;,, < Q30RViolSch;,, forallw € {1,.., N3ogyioy };
0 < SREG10RViol, ;,, < OREG10RViolSch, for all € ORREG, w € {1,... Nazc1orrior }:
0 < SREG30RViol, ;,, < OREG30RViolSch,, for all € ORREG, w € {1,..Npgcsorvio,}:

0 < SXREG10RViol, ;,, < OXREG10RViolSch  forall r € ORREG, w € {1,.., Nygsgiorviol,};
0 < SXREG30RViol, ;,, < QXREG30RViolSch, ~ for all r € ORREG, w € {1,...NxpEas0rviel )

0 <SPrelTLViols;,, < QPrelTLViolSch

and

0 <SITLViol,y;,, < QITLViolSch, forall ¢ € C, f€ Fyo, w € {1, Ni1viol. . }-

for allfe Fi7 wE {la--aNPm[TLViolm};

AR
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8.8 Outputs

8.8.1 Outputs for the Real-Time Scheduling algorithm includes resource
schedules.

9 Real-Time Pricing
9.1 Purpose

9.1.1 The Real-Time Pricing algorithm shall perform a security-constrained
economic dispatch to maximize gains from trade to meet the IESO’s
province-wide non-dispatchable demand forecast and the IESO-specified
operating reserve requirements for each interval of the real-time look-
ahead period.

9.2 Information, Sets, Indices and Parameters

9.2.1 Information, sets, indices and parameters used by the Real-Time Pricing
algorithm are described in sections 3 and 4. In addition, the following
resource schedules from the Real-Time Scheduling algorithm in section 8
shall be used in the Real-Time Pricing algorithm:

9.2.1.1  SD;ipR™S € {0,1}, which designates whether the dispatchable
generation resource at bus b € BNQS was scheduled on a
shutdown trajectory in interval i € I such that EvalSDip = 1;

9.2.1.2  SDLInitSchop, which designates the initial schedule for the

dispatchable load at bus b € BPL used in the Real-Time
Scheduling algorithm in section 8; and

9.2.1.3  SDGInitSchoyp, which designates the initial schedule for the

dispatchable generation resource at bus b € BPG used in the
Real-Time Scheduling algorithm in section 8.

9.3 Variables and Objective Function

9.3.1 The Real-Time Pricing algorithm shall solve for the same variables as the
Real Time Scheduling algorithm in section 8.3.1.

9.3.2 The objective function for the Real-Time Pricing algorithm shall maximize
gains from trade by maximizing the expression in section 8.3.2 for the
Real-Time Scheduling algorithm.

9.3.3 ViolCosti shall be calculated as follows:
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ViolCost; = ; SLdViol;, - PLdViolPrc;,,
W=1Npgyiol

- Z SGenViol;, - PGenViolPrc;,
W=1.Ngenpiol

& Z 510SViol;,, - P10SViolPrc;,,
wW=1.N1osviol,

+ Z S10RViol;,, - P10RViolPrc;,
wW=1.N1opv0l

+ ; 'S30RViol,,,- P30RViolPrc,,
wW=1..N30pyiol

2 ( SREGIGRVI'OET,J,-’W'PREGlURViOIPTCE‘W)
EG \w=1.Nggc10rVial,

SREG30RViol, ;- PREG3 oRViozprci_w)

w=1. NREG3URV[oE

SXREG1 ORVioI,.iJW-PXREGIURVEOIPTCLW)

SXREG30RViol,,,,- PXREG30RViolPrc;,,

("‘ =L N);'Rsmewmf

EG \w=1. Nmsc:sowoz

o Z SPrelTl, Violf_ijw . PPreITLViolPrcmw
EF; “’=1"NP:~91Tvarﬂ
e Z z NZ SITLVIZOICPN_W : PITLVI'OIP?‘CCJ’LW .
cEC fEF w=1 IT‘I.'[’wICfE-

9.3.3.1 The constraints in section 9.4 shall apply to the Real-Time
Pricing algorithm.

9.4 Constraints

9.4.1 The Real-Time Pricing algorithm optimization function shall apply the
constraints described in sections 9.5 — 9.8.

9.5 Dispatch Data Constraints Applying to Individual
Intervals

9.5.1 Scheduling Variable Bounds

9.5.1.1  The constraints in section 8.5.1 shall apply in the Real-Time
Pricing algorithm, with the following exceptions for a non-quick

start resource bus b € BNYS and interval i € I, where:

9.5.1.1.1 AtZeroip shall be replaced by AtZero;pRTP;
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9.5.1.1.2 AtMLP;y shall be replaced by AtMLP;pRTP; and
9.5.1.1.3 EvalSDiy, shall be replaced by EvalSD;pRTP.

9.5.2 Resource Initial Conditions

9.5.2.1  The initial schedule for a dispatchable load at bus b € BPL shall
be fixed to the resource initial schedules. For all dispatchable

load buses b € BP":
Z SDLOJbJ- = SDLInitPrcg,
J€loy
9.5.2.2  The initial schedule for a dispatchable generation resource at

bus b € BPY shall be fixed to the resource initial schedules. For
all dispatchable generation resource buses b € BDG:

S SDGyy, =SDGInitPrcy),

E
keKy

9.5.3 Resource Minimums and Maximums
9531 The constraints in section 8.5.3 shall apply in the Real-Time
Pricing algorithm, with the following exception:

9.5.3.1.1 AtMLP;y shall be replaced by AtMLP; R’ where
AtMLP;pRTP is determined in accordance with section

9.8.1.
9.5.4 Operating Reserve Requirements

9.54.1 The constraints in section 8.5.4 shall apply in the Real-Time
Pricing algorithm.

9.5.5 Pseudo-Units
9.5.5.1 The constraints in section 8.5.5 shall apply in the Real-Time
Pricing algorithm.
9.5.6 Dispatchable Hydroelectric Generation Resources

9.5.6.1  The constraints in section 8.5.6 shall apply in the Real-Time
Pricing algorithm.

9.6 Dispatch Data Inter-Interval/Multi-Interval
Constraints

9.6.1 Energy Ramping
9.6.1.1 The constraints in section 8.6.1 shall apply in the Real-Time
Pricing algorithm.
9.6.2 Non-Quick Start Resource Start-up and Shutdown
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9.6.2.1  The constraints in section 8.6.2 shall apply in the Real-Time
Pricing algorithm, with the exception of the non-quick start
resource start-up and shutdown statuses, which are determined
in accordance with section 9.8.1.
9.6.3  Operating Reserve Ramping

9.6.3.1 The constraints in section 8.6.3 shall apply in the Real-Time
Pricing algorithm.

9.7 Constraints for Reliability Requirements

9.7.1 Energy Balance

9.7.1.1 The constraint in section 8.7.1 shall apply in the Real-Time
Pricing algorithm, with the following exceptions:

9.7.1.1.1 FXLSchiq shall be replaced by FXLPrciq in section
8.7.1.2;

9.7.1.1.2 FIGSchigq shall be replaced by FIGPrcigq in section
8.7.1.4; and

9.7.1.1.3 The energy balance constraint in section 8.7.1.5 shall be
modified to account for the demand adjustment required
to calculate locational marginal prices when a voltage
reduction or load shedding has been implemented, as
follows:

FI; * CARd Z (1+ MglLoss,,) - Withy,,

pegpDLygHDR pNoBid

+ Z (1 +MglLoss; ;) - With; 4
deDX

- Z SLdViol;,,
w=1.Nrdviol;

= z (1 +MgllLoss;p) - Inj; ),
pepNDG DG, gNoOf fer

+ Z (1+MglLoss; 4) - Inj; 4
deDI

— Z SGenViol;,, + LossAdj;.

W=1--NGenVioIi

9.7.2 Operating Reserve Requirements

9.7.2.1  The constraint in section 8.7.2 shall apply in the Real-Time
Pricing algorithm, with the following exceptions:

9.7.21.1 FI10NXLSchiq shall be replaced by F'1ONXLPrciq for all
d e DX;
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9.7.2.1.2 FI0NIGSchiq shall be replaced by F'1ONIGPrciq for all
d € DI;

9.7.2.1.3 F30RXLSchigd shall be replaced by F30RXLPrciq for all
d € DX; and

9.7.2.1.4 F30RIGSchigq shall be replaced by FF30RIGPrciq for all
de DL

9.7.3 IESO Internal Transmission Limits

The constraints in section 8.7.3 shall apply in the Real-Time
Pricing algorithm except the sensitivities and limits considered
shall be those provided by the most recent security assessment
function iteration of the Real-Time Pricing algorithm.

9.7.4  Penalty Price Variable Bounds

9.74.1 The following constraints shall restrict the penalty price
variables to the ranges determined by the constraint violation

penalty curves. For all intervals i € I:

0 <SLdViol;,, < QLde]Prc . forall w € {L1,...Ngpior, }3

0 <SGenViol;,, < QGeanoiPrc . for all w € {1,...Ngenyiol, } 5

0 < S108Viol; ,, < QiOSVJO/Prc . forall w € {L,...Nospior, };

0 < S10RViol;,, < QlORVzofPic ‘ forall w € {1,...Niogyiol,}

0 <830RViol;,, < Q30RViolPr: G forallw € { L,...N3grviol, }5

0 < SREG10RViol,;,, < OREG10RViolPrc, for allr € ORREG, w € {1,...NggGiorviol, };
0 < SREG30RViol,,;,, < OREG30RViolPre, for all » € ORREG, w € {1,...Ngga3orviol,} 3
0 = SXREG10RViol,.;,, < OXREG10RViolPre; for all € ORREG, w € {1,...Nxrec10rviol, }
0 < SXREG30RViol, ;,, < OXREG30RViolPre, forall» € ORREG, w € {1,...NxggG3orviol, } >
0 <SPrelTLViol;;,, < OPrelTL ViolPrcﬂw forall fe F;,we {l,..,NPm;HVm&f };and

0. < SITLViol ri 4 _OITLV:OTP}C . forallc € C fEF; ., wE {1,..,NHLV,~0}C’J&_}.

9.8 Constraints to Ensure the Price Setting Eligibility
of Offer/Bid Laminations

9.8.1 Non-Quick Start Resources

9.8.1.1  The Real-Time Pricing algorithm shall modify the following start-
up and shutdown statuses for a non-quick start resource at bus

b € BNQS and interval 7€ [I:
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9.8.1.1.1 AtZero;pRTPE {01} which designates that the resource

is not scheduled and is calculated as follows:

AtZeroi,bRTP = AtZeroi,b.

9.8.1.1.2 SUiktE {0'1}, which designates that the resource must
be scheduled for energy on its start-up trajectory and is
calculated as follows:

SUIibRTP = SUib.

9.8.1.1.3 AtMLP;pRTP € {01} which designates that the resource
is scheduled for energy at or above the minimum loading
point and is calculated as follows:

AtMLPi‘b Lf L"UCELSI‘)I-J) =0
— SDFTS if EvalSD;, = 1

L,

AtMLPRTP = { "

9.8.1.1.4 EvalSD:,RTPE {01} which designates that the resource
can be

scheduled for energy below the minimum loading point
and is calculated as follows:

EvalSD;pRTP = 0.
9.8.1.1.5 SD;yrmE {0'1}, which designates that the resource must

be scheduled for energy on its shutdown trajectory and is
calculated as follows:

SDRTP SDi,b lf HUG.ISJDLE, =0
kb | SDE® if EvalSD;), = 1

9.9 Outputs

9.9.1 Outputs for the Real-Time Pricing algorithm include:
9.9.1.1 shadow prices;
9.9.1.2 locational marginal prices and their components; and

9.9.1.3 sensitivity factors.

10 Pseudo-Unit Modelling

10.1 Pseudo-Unit Model Parameters

10.1.1 The real-time calculation engine shall use the following registration and
dispatch data to determine the underlying relationship between a pseudo-unit
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and the associated physical resources for a combined cycle facility with KK
combustion turbines and one steam turbine:

10.1.1.1  CMCRx, which designates the registered maximum continuous
rating of combustion turbine K € {1,.,K} in MW,

10.1.1.2  CMLPx, which designates the minimum loading point of
combustion turbine K€ {1,.,K} in MW;

10.1.1.3 SMCR, which designates the registered maximum continuous
rating of the steam turbine in MW,

10.1.1.4 SMLP, which designates the minimum loading point of the
steam turbine in MW for a 1x1 configuration;

10.1.1.5 SDF, which designates the amount of duct firing capacity
available on the steam turbine in MW,

10.1.1.6  STPortionk, which designates the percentage of the steam
turbine capacity attributed to pseudo-unit k € {1,.,K}; and

10.1.1.7 CSCM; € {0,1}, which designates whether pseudo-unit k €
{1,.,K} is flagged to operate in single cycle mode.

10.1.2 The real-time calculation engine shall calculate the following model
parameters for each pseudo-unitk € {1,..K}:

10.1.2.1  MMCR, which designates the maximum continuous rating of
pseudo-unit K and is calculated as follows:

CMCRi + SMCR-STPortioni-(1 —CSCMjy)
10.1.2.2  MMLPr, which designates the minimum loading point of
pseudo-unit K and is calculated as follows:

CMLPi+ SMLP-(1 —CSCMp)

10.1.2.3  MDFr¥, which designates the duct firing capacity of pseudo-unit
k and is calculated as follows:

SDF-STPortioni(1 —CSCMjy)

10.1.2.4 MDRk, which designates the dispatchable capacity of pseudo-
unit K and is calculated as follows:

MMCRy —MMLPr—MDF¥
10.1.3 The real-time calculation engine shall define three operating regions of

pseudo-unit k € {1,..K}, as follows:

10.1.3.1 The minimum loading point region shall be the capacity between

0 and MMLPx;
10.1.3.2 The dispatchable region shall be the capacity between MMLPj
and

MMLPr + MDRy;
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10.1.3.3  The duct firing region shall be the capacity between MMLPj. +
MDRi and MMCRx.

10.1.4 The real-time calculation engine shall calculate the associated combustion
turbine and steam turbine shares for the three operating regions of pseudo-

unitk € {1,..K}, as follows:

10.1.4.1 For the minimum loading point region:

SMLP(1—CSCMy)
MMLPy,

CMLP;,
MMLPY

10.1.4.1.1 Steam turbine share: S7ShareMLP, =

10.1.4.1.2 Combustion turbine share: CTShareMLP, = and

10.1.4.2 For the dispatchable region:
10.1.4.2.1 Steam turbine share:

STShareDR;=

MDRy,

10.1.4.2.2 Combustion turbine share:

CMCRy~ CMLP,
CTShareDR, = #‘; and
k

10.1.4.3 For the duct firing region:
10.1.4.3.1 Steam turbine share shall be equal to 1; and
10.1.4.3.2 Combustion turbine share shall be equal to 0.

10.2 Application of Physical Resource Deratings
to the Pseudo-Unit Model

10.2.1 The real-time calculation engine shall apply deratings submitted by market
participants to the applicable dispatchable capacity and duct firing capacity
parameters for a pseudo-unit, where:

10.2.1.1 CTCapix designates the capacity of combustion turbine k €
{1,.,K} in interval i as determined by submitted deratings;

10.2.1.2  STCapi designates the capacity of the steam turbine in interval i
as determined by submitted deratings; and

10.2.1.3  TotalQ;x designates the total offered quantity of energy for
pseudo-unitk € {1,., K} in interval i.

10.2.2 The real-time calculation engine shall solve for the following operating
region parameters for each pseudo-unitk € {1,..,K}:

10.2.2.1 MLP;x designates the minimum loading point of pseudo-unit k
in interval i;

PwC | MRP Review — Pre-Dispatch and Real-Time Market Calculation Engine

(1= CSCM;) (SMCR-STPortion— SMLP-SDF-STPortiony) . ¢

211



10.2.2.2 DRy designates the dispatchable capacity region of pseudo-unit
Kk in interval i; and

10.2.2.3 DFix designates the duct firing capacity region of pseudo-unit k
in interval i.

10.2.3 Pre-Processing of De-rates

10.2.3.1 The real-time calculation engine shall perform the following
preprocessing 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 K € {1,..,K} for interval i € /:

10.2.3.1.1 Step 1: Calculate the amount of the offer for energy that is
attributed to each combustion turbine (CTAmt;x) and
steam turbine portion (STAmtix):

If TotalQix <
MMLPx, then:
Calculate
CTAmtix = 0;
and  Calculate
STAmtix = 0.

Otherwise:

CTAmtMLP =MMLPr.CTShareMLPr; and
STAmtMLP =MMLPw.STShareMLPk.
If TotalQix > MMLPi+MDRy, then:
CTAmtDR = MDRk'CTShareDRy;
STAmtDR = MDRr.STShareDRk;, and

STAmtDF = (1 - C5CMy)-
(TotalQix—MMLPr—MDRy).

Otherwise:

CTAmtDR = (TotalQix—MMLPr).CTShareDRy,
STAmtDR = (Total Qix—MMLPr).STShareDRy;
STAmtDF = 0;

CTAmtix= CTAmtMLP + CTAmtDR; and

STAmtix=STAmtMLP +STAmtDR +STAmtDF.
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10.2.3.1.2 Step 2: Allocate the steam turbine capacity to each pseudo-
unit.

STAmt;, ) o
i

PRSTCap; ;=
- (E we {1,k STAmt;,,

10.2.3.1.3 Step 3: Determine if the pseudo-unit is available:

If CTAmtix < CMLPr, then the pseudo-unit is
unavailable.

If STAmti < SMLP(1 = CSCMp) then the
pseudo-unit is unavailable.

If CTCapix < CMLPx, then the pseudo-unit is
unavailable.

If PRSTCapiy. < SMLP(1 = CSCM}) then the
pseudo-unit is unavailable.

10.2.3.1.4 Step 4: Initialize the operating region parameters for
interval 1 €I to the model parameter values:

Set MLPix = MMLPk.
Set DRix = MDR.

Set DFix = MDFkx.

10.2.3.1.5 Step 5: Apply the derating for the combustion turbine to
the dispatchable region:

Calculate P so that CMLPr + P.CTShareDRx.
MDRy =
CTCapiyx; and

Set DRix = min(DRix , P MDRY).

10.2.3.1.6 Step 6: Apply the derating for the steam turbine to the
duct firing and dispatchable regions for pseudo-units not
operating in single cycle mode:

Calculate R so that SMLP+ R-STShareDR«.MDRx
= PRSTCapix.

If R <1, update DFix
=0, and DRix = min
(DRix, R.MDRy).

If R >1, update DFix = min
(DFix,PRSTCapix—SMLP— STShareDR.MDRY).

10.2.4 Available Energy Laminations
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10.2.4.1 The real-time calculation engine shall determine the offer
quantity laminations that may be scheduled for energy and
operating reserve in each operating region for interval i € | for
each pseudo-unit k € {1,..,K}, subject to section 10.2.4.2,
where:

10.2.4.1.1 QOMLP;x designates the total quantity that may
be
scheduled in the minimum loading point region;

10.2.4.1.2 (QDRix designates the total quantity that may
be scheduled in the dispatchable region; and

10.2.4.1.3 (QODFx designates the total quantity that may
be scheduled in the duct firing region.

10.2.4.2 The available offered quantity laminations shall be subject to
the following conditions:

0 < OMLPik< MLPik;
0 < ODRik< DRik;
0 < ODFix= DFik;
if OMLPix < MLP:y, then the pseudo-unit is unavailable
and OQDRix =
QODFix=0; and

if ODRix < DRix, then QDFix = 0.

10.3 Convert Physical Resource Constraints to
Pseudo-Unit Constraints

10.3.1 The real-time calculation engine shall convert physical resource constraints
to pseudo-unit constraints, where:

10.3.1.1 PSUMin;x designates the minimum limitation on pseudo-unit k
determined by translating constraint q. When constraint g does
not provide a minimum limitation on pseudo-unit K, then
PSUMin;a shall be set equal to 0;

10.3.1.2 PSUMaxixd designates the maximum limitation on pseudo-unit
k determined by translating constraint q. When constraint g
does not provide a maximum limitation on pseudo-unit K, then
PSUMaxixa shall be set equal to MLPix+DRix+DFix; and

103.1.3 CTCmtd;E {0,1} designates whether combustion turbine kK
€ {1,..K} is considered committed in interval i € 1.
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10.3.2 The real-time calculation engine shall calculate the minimum and maximum
limitations, subject to section 10.3.3.1, as follows:

10.3.2.1 Minimum limitation: MinDGix — manEzfl,..Q}PSUMini,kq

10.3.2.2 Maximum limitation: MaxDGix — minflE{l/--Q}PSUMaxi,kq

where Q designates the number of constraints impacting a
combined cycle facility that have been provided to the real-
time calculation engine.

10.3.3 Pseudo-Unit Minimum and Maximum Constraints

10.3.3.1 Pseudo-unit minimum and maximum constraints shall be
calculated as follows:

10.3.3.1.1 PSUMinix = PMin where PMin shall be a minimum
constraint provided on pseudo-unit K €{1..k} for interval
i€l; and

10.3.3.1.2 PSUMaxix =PMax where PMax shall be a maximum
constraint provided on pseudo-unit k € {1..A} for interval
i€ /.

10.3.4 Combustion Turbine Minimum and Maximum Constraints

10.3.4.1 If the 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:

If CTMin < MLF,;-CTShareMLF,, then set

ShareMLPy,
STMinMLP= CTMin- T_s‘};areMLPl)

STMinDR= 0.
Otherwise, if C7Min = MLF,;-CTShareMLF,, then set
STMinMLP = MLF,;-STShareMLF,,

STMinDR= (CTMin-MLP,-CTShareMLB,) %ﬁf‘ J

Therefore:
PSUMin;; = CTMin+ STMinMLP + STMinDR.
10.3.4.2 If a 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:

PSUMinix= CTMin.
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10.3.4.3 If the pseudo-unit is not flagged to operate in single cycle mode,
then the combustion turbine maximum constraint shall be
converted to a pseudounit constraint as follows:

If CTMax < MLPix.CTShareMLPr, then PSUMaxix = 0
and the pseudo-unit is unavailable.

Otherwise, calculate the value of the constraint on the steam
turbine within the minimum loading point and dispatchable
regions:

STMaxMLP = MLF,;-STShareMLF,

TSbareDRy

STMaxDR = ( CTMax-MLF,;-CTShareMLF, ) CTShareDR.

PSUMax;, = CTMax + STMaxMLP + STMaxDR

10.3.4.4 If a pseudo-unit is flagged to operate in single cycle mode, then
the combustion turbine maximum constraint shall be converted
to a pseudounit constraint as follows:

PSUMaxix = CTMax.

10.3.5 Steam Turbine Minimum and Maximum Constraints

10.3.5.1 The real-time calculation engine shall convert a stream turbine
minimum constraint to a pseudo-unit constraints as follows:

10.3.5.1.1 Step 1: Identify A < {1,..,1(}, which designates the set of pseudo-

units to which the constraint may be allocated where
pseudo-unit 'G {L..K} is placed in set A if and only if
CSCMi=0and CTCmtd;x = 1. If the set A is empty,
then no further steps are required, otherwise proceed to

Step 2.
10.3.5.1.2 Step 2: Determine the steam turbine portion of the

capacity for pseudo-unit KE A:

STCapix = QMLPix.STShareMLPr + ODRix.STShareDRx

+ ODFiix.

10.3.5.1.3 Step 3: Allocate the STMin constraint to each pseudo-
unit K €A, where STMin constraint shall be allocated
equally to each pseudounit K €A , where STPMink is
limited by STCapr.

10.3.5.1.4 Step 4: The steam turbine portion minimum constraint
shall be converted to a pseudo-unit constraint ,where for
each pseudo-unit KE A:
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If STPMiny, < MLF,;-STShareMLF,. then set

CTMinMLP, = STPMiny- (S0

STShareMLP;) ' and

CTMinDR; = 0.

Otherwise, if STPMiny = MLF,;*STShareMLF,, then set
CTMinMLF, = MLPF,;-CTShareMLF;; and

CTMinDR, = (STPMiny-MLP,-STShareMLE,) (%)
Therefore:

PSUMin;; = STPMing+ CTMinMLB, + CTMinDRy.
Therefore:

PSUMinix = STPMink + CTMinMLPr + CTMinDR4.

10.3.5.1.4 If pseudo-units with sufficient steam turbine capacity are
not commited, then the real-time calculation engine shall
not convert the entire quantity of the steam turbine
minimum constraint to pseudo-unit constraints.

10.3.5.2 The steam turbine maximum constraint shall be converted to a
pseudounit constraint as follows:

. STAmt;;
PRSTMax;,, = -STMax.

E wefl,. K} STAH?I}; 7%

If the converted steam turbine maximum constraint limits
the steam turbine portion to below its minimum loading

point, then
PSUMaxix = 0.
Otherwise, calculate R so that SMLP + R-STShareDRx.
MDRi=
PRSTMaxix

If R <1, set PSUMaxix = MLP;x + min(DR;x , RMDRY).

If RR , set PSUMaxix= MLPix + DRix + PRSTMaxi-
SMLPSTShareDRi.MDR.

10.3.5.3 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 10.3.5.1 shall be used to determine equal
pseudo-unit minimum and maximum constraints.
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10.4 Steam Turbine Forced Outages

10.4.1 If the steam turbine experiences a forced outage, the real-time calculation
engine shall evaluate the corresponding pseudo-units as being offered in
single cycle mode.

10.5 Determination of Energy Management
System MW Values for Pseudo-Units

10.5.1 The real-time calculation engine shall determine the effective energy
management system MW value for each pseudo-unit from the IESO’s energy
management system MW values for the corresponding physical resources,
where:

10.5.1.1 CTTelk designates the energy management system MW value
for combustion turbine k € {L-.&}

10.5.1.2 STTel designates the energy management system MW value for
the steam turbine;

10.5.1.3 PSUTelk designates the effective energy management system
MW value for pseudo-unit k € {1 K],

10.5.1.4 TMLPx designates the effective minimim loading point operating
range for the time at which energy management system MW
value was determined;

10.5.1.5 TDRy designates the effective dispatchable region operating
range for the time at which energy management system MW
value was determined; and

10.5.1.6 TDFr}, designates the effective duct firing region operating range
for the time at which energy management system MW value was
determined.

10.5.2 The real-time calculation engine shall determine the effective energy
management system MW values for pseudo-units as follows:

10.5.2.1 Step 1: For all combustion turbines, assign the following
energy management system MW values to the

corresponding pseudo-unitk € {1,.,K}:
10.5.2.1.1 CTMLPTel; , which designates the MW value assigned

to the combustion turbine’s share of the minimum loading
point region and is calculated as follows:

CTMLPTelx = min{CTTelr ,CTShareMLPi TMLPx
}.

10.5.2.1.2 CTDRTel , which designates the MW value assigned to
the combustion turbine’s share of the dispatchable region
and is calculated as follows:
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If CTMLPTelr <CTTelr, then set CTDRTelr =
min{(CTTelxCTMLPTely) ,
CTShareDRiTDRx }

Otherwise, set CTDRTelr = 0.

10.5.2.2 Step 2: Determine the maximum energy management system
MW value for the steam turbine that may be assigned to the
steam turbine’s share of the pseudo-unit’s minimum loading
point and dispatchable regions based on the amount assigned to
the combustion turbine’s share of the minimum loading point and
dispatchable regions. For pseudo-unit

ke{1,.,K}:

10.5.2.2.1 STMLPMaxr designates the maximum MW value that
may be assigned to the steam turbine’s share of the
minimum loading point region and is calculated as follows:

S T.S'bareML}})

STMLPMax, = CTMLPTe]k'( )
are %

10.5.2.2.2 STDRMaxi designates the maximum MW value that may
be assigned to the steam turbine’s share of the
dispatchable region and is calculated as follows:

STShareDR;,
CTShareDR k) '

10.5.2.3 Step 3: Allocate the energy management system MW value for
the steam turbine to the minimum loading point and dispatchable
regions of the pseudo-unit in proportion to the maximum amount
that may be allocated.

For pseudo-unitk € .

STDRMax;, = CTDRTejk-(

10.5.2.3.1 STMLPTelr designates the MW value assigned to the
steam turbine share of the minimum loading point region
and is calculated as follows:
STMLPMaxy,
1.xk(STMLPMax,,+STDRMax;,)

STMLPTel, = min{STMLPMax, ’(z:w= )-sTTel}

10.5.2.3.2 STDRTelx designates the MW value assigned the steam
turbine share of the dispatchable region and is calculated
as follows

STDRMax;,
Yw=1.x(STMLPMax,, + STDRMax,,)

10.5.2.4 Step 4: Determine the remaining portion of the energy
management system MW value for the steam turbine that is yet to

be distributed (STRemTel) as follows:

STDRTel, = min {STDRMaxk ( ) . STTel}.
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STRemTel = STTel — E (STMLPTel, + STDRTel, ).
k=1.K

10.5.2.5 Step 5: Determine the maximum energy management system
MW value for the remaining steam turbine that may be assigned
to the duct firing region for the pseudo-unit based on whether the
pseudo-unit is fully loaded for its minimum loading point and

dispatchable regions. For pseudo-unit K € {1k} :

10.5.2.5.1 STDFMaxi designates the maximum MW value that may
be assigned to the duct firing region and is calculated as
follows:

If (CTMLPTelx+ CTDRTelx+ STMLPTelr +
STDRTely) 2TMLPx+TDRx,

then set STDFMaxir = TDFr Otherwise, set
STDFMaxxk = 0.

10.5.2.6 Step 6: Distribute the remaining portion of the energy
management system MW value for the steam turbine to the duct
firing regions of the
pseudo-unit in proportion to the maximum amount that may be
allocated.

For pseudo-unit k € {1 A}.

10.5.2.6.1 STDFTelk designates the MW value assigned to the
duct firing region and is calculated as follows:
STDFMax;,,
Ywe1x STDFMax,,

STDFTel;, = min {STDFMaxk , (

10.5.2.7 Step 7: Determine the effective real-time energy management
system MW value for the pseudo-unit by summing the MW
values assigned to operating regions of the pseudo-unit.

For pseudo-unit ke{l,.,
PSUTelx= CTMLPTelr + CTDRTelx+ STMLPTelr + STDRTelx+ STDFTely.

10.6 Conversion of Pseudo-Unit Schedules to
Physical Resource Schedules

10.6.1 For a combined cycle facility with K combustion turbines and one steam
turbine, the real-time calculation engine shall compute the following energy
and operating reserve schedules for interval 7 € I:
10.6.1.1 CTEik designates the energy schedule for
combustion turbine k€ {1, A};

10.6.1.2 STPE;x designates the energy schedule for the steam turbine
portion of pseudo-unit k € {1,-K3};

STE; designates the energy schedule for the steam turbine;
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10.6.1.4 CTI10S;x designates the synchronized ten-minute operating
reserve schedule for combustion turbine k€ {1"-'1(};

10.6.1.5 STPI10Six designates the synchronized ten-minute operating
reserve schedule for the steam turbine portion of pseudo-unit kK

€ {1 K},

10.6.1.6  ST10S: designates the synchronized ten-minute operating
reserve schedule for the steam turbine;

10.6.1.7 CTI0Nix designates the non-synchronized ten-minute operating
reserve schedule for combustion turbine k€ {11--/1(};

10.6.1.8 STPI0N;x designates the non-synchronized ten-minute
operating reserve schedule for the steam turbine portion of

pseudo-unit KE {1,-K};

10.6.1.9  ST10N:; designates the non-synchronized ten-minute operating
reserve schedule for the steam turbine;

10.6.1.10 CT30Rix designates the thirty-minute operating reserve
schedule for combustion turbine X € {1 &}

10.6.1.11 STP30R;x designates the thirty-minute operating reserve
schedule for the steam turbine portion of pseudo-unit kE {L..K}
;and

10.6.1.12 ST30R; designates the thirty-minute operating reserve schedule
for the steam turbine.

10.6.2 The real-time calculation engine shall determine the following energy and
operating reserve schedules for pseudo-unit K EREEG in interval 7€ [I:

10.6.2.1 SEix designates the total amount of energy scheduled and SEik
=SEMLPix + SEDR;x + SEDFix, where:

10.6.2.1.1 SEMLP;x designates the portion of the
schedule corresponding to the minimum

loading point region, where 0 < SEMLP;x
< OMLPiy;

10.6.2.1.2 SEDR;x designates the portion of the schedule
corresponding to the dispatchable region, where

0 < SEDRix < ODRix and SEDRix > 0 only if
SEMLPix = QMLPi;

10.6.2.1.3 SEDF iy designates the portion of
the schedule corresponding to the
duct firing region, where 0 <

SEDFix < ODFix and SEDFix> 0
only if SEDRix = QDRiy;
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10.6.2.2 S§10S;x designates the total amount of synchronized ten-minute
operating reserve scheduled;

10.6.2.3 S10N;k 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 <

SEix+ S10Six + S10N;, < OMLPix + ODRix; and

10.6.2.4  S30R;x designates the total amount of thirty-minute operating
reserve scheduled, where 0 < SE;x + S10Six + SIONix + S
30R;k < OMLPix + ODRix + ODFix.

10.6.3 The real-time calculation engine shall convert pseudo-unit schedules to
physical generation resource schedules for energy and operating reserve,
where:

10.6.3.1 STOn€{0.1} designates whether the steam turbine is currently
online;

10.6.3.2 CTEox designates the initial energy schedule allocated to the
combustion turbine K€ {1/--:](}; and

10.6.3.3 STPEyx designates the initial energy schedule allocated to the
steam turbine portion of pseudo-unit kK € {1/-'/[(}.

10.6.4 The real-time calculation engine shall convert pseudo-unit schedules to
physical resource schedules for energy and operating reserve, as follows:

10.6.4.1 If SE;x= MLP;x, then:

CTEix = SEMLP;x.CTShareMLPx + SEDRix.CTShareDR;

STPEix = SEMLP;ix.STShareMLPr + SEDRix.STShareDRr +
SEDFix;

RoomDRix = QDRix-SEDRi;

10SDR;x = min(RoomDRix,S108S;x);

10NDR;x = min(RoomDR;x— 10SDR;x,S10N;x);

30RDR;x = min(RoomDR;x— 10SDR;x— 10NDR;x,S30R;);
CT10Six = 10SDR;x.CTShareDRx;

STP10Six = 10SDR;x.STShareDRi + (S10Six— 10SDR;);
CTI10Nix = 10NDR;x.CTShareDRy;

STP10Nix = 10NDR;.STShareDRi + (S10Nix— 10NDR;));
CT30Rix = 30RDR;x.CTShareDRy; and

STP30Rix = 30RDR;x.STShareDRk + (S30Rix — 30RDR;)).
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10.6.4.2 If SEix < MLPix and is on a ramp up trajectory, then the energy
schedules for the combustion turbine and steam turbine are
determined as follows:

10.6.4.3 If the steam turbine is not online, then the pseudo-unit schedule

will be assigned to the combustion turbine as follows: CTEik
= SEik; and STPE;x= 0.

10.6.4.4 If the steam turbine is online, the incremental pseudo-unit
schedule will be assigned to the steam turbine until the assigned
combustion turbine and steam turbine schedules adhere to the
pseudo-unit model as follows:

STPE;4 x
I ( STPEgt szl’k) < STShareMLPE,, then

CTE= CTE
STPE; = SE; — CTE} 4.
Otherwise:

CTE;y = SE;;-CTShareMLF; and
STPE;;, = SE;;»STShareMLPF,.

10.6.4.5 If SEix < MLP;x and is on a ramp-down trajectory, then the
energy schedules for the combustion turbine and steam turbine
are determined as follows:

10.6.4.6 If the steam turbine is not online, then the pseudo-unit schedule
will be assigned to the combustion turbine as follows: CTEix
= SEix; and STPE;x = 0.

10.6.4.7 If the steam turbine is online, the pseudo-unit schedule will be

assigned according to the pseudo-unit model as follows CTE;x

= SEixCTShareMLPr; and STPEix = SEix"STShareMLPx.

10.6.4.8 If SEix < MLPix, then the operating reserve schedules for the
combustion turbine and steam turbine are as follows:

S10Six = S10N;x = S30Rix= 0;
CT10Sik= 0;

SSTTSS10SSii= 0;

CT10Nik= 0;

STP10N;x = 0;
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CT30R;x = 0;
and STP30R;x =
0.

10.6.4.9 The steam turbines portion schedules from section 10.6.4.1
through 10.6.4.8 shall be summed to obtain the steam turbine
schedule as follows:

STEI: Z STPE,:J;(-:
k=1,.K

ST10S; = Z STP10S; ;
k=1,.K

ST10N; = Z STP10N ;
k= '1,,_[}{

and

ST30R, = Z STP30R,y ;
k=1,.K

11 Pricing Formulas

11.1 Purpose

11.1.1 The real-time calculation engine shall calculate locational marginal prices
using shadow prices, constraint sensitivities and marginal loss factors.

11.2 Sets, Indices and Parameters

11.2.1 The sets, indices and parameters used to calculate locational marginal
prices are described in section 4. In addition, the following shadow prices
from Pass 1 shall be used:

11.2.1.1 SPEmTi.f' designates the Pass 1 shadow price for the post-
contingency transmission constraint for facility f € F in
contingency € € C in interval i;

11.2.1.2 SPL ;! designates the Pass 1 shadow price for the energy
balance constraint in interval i;

11.2.1.3 SPNormTif! designates the Pass 1 shadow price for the pre-
contingency transmission constraint for facility f€ F in interval i;

11.2.1.4 SPI0S/ designates the Pass 1 shadow price for the total
synchronized ten-minute operating reserve requirement

constraint in interval i;
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11.2.1.5 SPIOR/ designates the Pass 1 shadow price for the total ten-
minute operating reserve requirement constraint in interval i;

11.2.1.6  SP30R/ designates the Pass 1 shadow price for the total thirty-
minute operating reserve requirement constraint in interval i;

11.2.1.7 SPREGMinlOR;,! designates the Pass 1 shadow price for the
minimum fen-minute operating reserve constraint for region r €
ORREG in interval i;

11.2.1.8 SPREGMin30R;,! designates the Pass 1 shadow price for
the minimum thirty-minute operating reserve constraint for
region T EORREG in interval i;

11.2.1.9 SPREGMaxI10R;:! designates the Pass 1 shadow price for the
maximum ten-minute operating reserve constraint for region r €
ORREG ininterval i;

11.2.1.10 SPREGMax30R;,! designates the Pass 1 shadow price for the
maximum thirty-minute operating reserve constraint for region

r EORREG in interval i.

11.3 Locational Marginal Prices for Energy

11.3.1 Energy Locational Marginal Prices for Delivery Points

11.3.1.1 The real-time calculation engine shall calculate a locational
marginal price and components for energy for Pass 1 and each

interval i €l for every bus b EL and:

11.3.1.1.1 LMP;y! designates the Pass 1 interval i
locational marginal price for energy;

11.3.1.1.2  PRefi! designates the Pass 1 interval i
locational marginal price for energy at the
reference bus;

11.3.1.1.3 PLossip! designates the Pass 1 interval i loss

component; and

11.3.1.1.4 PCongip! designates the Pass 1 interval i
congestion component.

11.3.1.2 The real-time 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 1 at bus b €L in interval i €1,
as follows:
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InitLMP}, = InitPRef;' + InitPLoss}, + InitPCong},
where:
InitPRef;' = SPL};
InitPLoss}, = MglLoss;,, - SPL;;
and

InitPCong,-_lrb = z PreConSF; ¢, -SPNormTﬂf
FEF;
+z Z SFicrb -SPEmTfC_f.
CEC fEF;,
11.3.1.3 If the initial locational marginal price for energy at the reference bus
(InitPRefi') is not within the settlement bounds

(EngyPrcFlr, EngyPrcCeil), then the real-time calculation
engine shall modify the locational marginal price for energy at
the reference bus as follows:

If InitPRefi! > EngyPrcCeil , set PRefil =
EngyPrcCeil If InitPRefi! < EngyPrcFlr, set
PRefi! = EngyPrcFlr

Otherwise, set PRefi!=InitPRefi!

11.3.1.4 If the initial locational marginal price for energy (InitLMP;ip1) is

not within the seftlement bounds (EngyPrcFlr, EngyPrcCeil),
then the real time calculation engine shall modify the locational
marginal price for energy as follows:

If InitLMPiy! > EngyPrcCeil, set LMP;p! = EngyPrcCeil.
If InitLMP;ip' < EngyPrcFlr, set LMPip! = EngyPrcFlr.

Otherwise, set LMPip! =InitLMP;p!

11.3.1.5 The real-time calculation engine shall modify the loss component
as follows:

If PReﬁ1 #InitPRefi, set PLossip ! = MglLossip.PRefi!

Otherwise, set PLossip! = InitPLossip!

11.3.1.6 The real-time calculation engine shall modify the congestion
component as follows:
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If LMP;p! —PRefi' —PLossip! and InitPCongip! have

the same mathematical sign, then set PCongip! =

LMP;iy! —PRefi' —PLossip!

Otherwise, set PCongip! =0 and set PLossip! = LMPip!

—PRefi!

11.3.2 Energy Locational Marginal Prices for Intertie Metering Points

11.3.2.1 The real-time calculation engine shall calculate a locational
marginal price and components for energy for Pass 1 and each

interval i € [ for intertie zone bus d € D, where:

11.3.2.1.1

11.3.2.1.2

11.3.2.1.3

11.3.2.1.4

11.3.2.1.5

11.3.2.1.6

11.3.21.7

11.3.2.1.8

11.3.2.1.9

ExtLMP:; PP designates the locational marginal
price for energy for the dispatch hour in which

interval 1 falls as calculated by the pre-dispatch
calculation engine;

ICP; 4! designates the Pass 1 interval 1 intertie

congestion price;

ICP; 4P designates the intertie congestion price

for the dispatch hour in which interval i falls as
calculated by the pre-dispatch calculation engine;

IntLMP; 4! designates the Pass 1 interval i
intertie border price for energy;

ExtLMP:; 4! designates the Pass 1 interval i
locational marginal price for energy;

PExtCongiq! designates the Pass 1 interval i

external congestion component for the intertie
congestion price;

PExtCongi PP designates the external
congestion component for the intertie congestion

price for the dispatch hour in which interval i falls
as calculated by the pre-dispatch calculation
engine;

PIntCongiq! designates the Pass 1 interval i

internal congestion component for energy;

PLossiq! designates the Pass 1 interval i loss
component;
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11.3.2.1.10  PNISL'; 4 designates the Pass 1 interval i
net interchange scheduling limit congestion
component for the intertie congestion price;

11.3.2.1.11  PNISL"P; 4 designates the net interchange
scheduling limit congestion component for the
intertie congestion price for the dispatch hour in

which interval i falls as calculated by the
pre-dispatch calculation engine; and

11.3.2.2 The real-time calculation engine shall calculate an intertie border

price for energy, a locational marginal price for energy for the
reference bus, a loss component and a congestion component

for energy for Pass 1 at intertie zone bus d€ D5 in intertie zone
a €A in interval i €], subject to section 11.3.2.11, as follows:

InitIntLMP; q1=InitPRefi' +InitPLossi 4!
+1nitPIntCongiql' where
InitPRefi'=SPL';

s InitPLossig!

=M; glLossz;'SP L}';

and
InitPIntCong} 4
= Z PreConSF; ; 4 - SPNormT;
fEF;
+ z Z SFi,C,f,d SPEmTilcf
CcEC fEF;,

11.3.2.3 If there is import congestion in pre-dispatch such that /CP;4PP <
0, the real-time calculation engine shall calculate an initial
locational marginal price, an intertie congestion price, and the
net interchange scheduling limit congestion component for the
intertie congestion price for energy for Pass 1 at intertie zone

bus d €D in interval i €1 as follows:

InitExtLMP; ¢ =minlnitIntLMP; 1 ,ExtLMP:; 4PP;
InitiCPiqt  =InitExtLMP;q! -
InitintLMP; 4 ; where:

If InitExtLMPiqt = InitIntLMP;q! , then
InitICPiq! = 0 and InitPNISLi4 = 0; and
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If InitExtLMP; 4! =ExtLMP;qPP, then InitICP;q! and

InitPNISL';4 shall be prorated based on their

pre-dispatch magnitudes so that their sum

equals the effective real-time intertie

congestion price.

11.3.2.4 |If there is export congestion in pre-dispatch such that /CP;qPP >

0, the real-time calculation engine shall calculate an initial
locational marginal price, an intertie congestion price, and the net
interchange scheduling limit congestion component for the
intertie congestion price for energy for Pass 1 at intertie zone bus

dé€ D in interval i €l as follows: InitExtLMPiq! =
InitIntLMP; 41 + InitICP; 4! where:

InitICP;q! = InitPExtCongiqt
+ InitPNISL'; g;
InitPExtCongig! =

PExtCongiqPP; and
InitPNISLiq = PNISLP; 4.

11.3.2.5 If there is no intertie congestion in pre-dispatch such that

ICP; ¢PP = 0 or an intertie zone is out-of-service in real-time, then
the real-time calculation engine shall calculate an initial locational
marginal price, an intertie congestion price, and the net
interchange scheduling limit congestion component for the
intertie congestion price for energy for Pass 1 at intertie zone bus

d €D in interval i€ [ as follows: InitExtLMP:/ qa =
InitintLMP; q* +InitICP; q® where

InitICP; gt = InitPExtCongial + InitPNISL'i4 = 0
InitPExtCongig!
=PExtCongiqPP; and

InitPNISL!iq = PNISLFP;q.

11.3.2.6 If the intertie border price for energy (InitIntLMPiql) is not

within the settlement bounds (EngyPrcFlr, EngyPrcCeil), then
the real-time calculation engine shall modify the intertie border
price for energy, and its components, as follows:
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11.3.2.6.1 The initial locational marginal price for the reference
bus (InitPRefi') shall be modified as per section 11.3.1.3;

11.3.2.6.2 The initial intertie border price (InitIntLMP;q')
shall be modified as per section 11.3.1.4, where
[nitLMP;p! = InitIntLMP; 41 ;

11.3.2.6.3 The initial loss component (InitPLossigl) shall

be modified as per section 11.3.1.5; and

11.3.2.6.4 The initial internal congestion component
(InitPIntCongiql ) shall be modified as per
section 11.3.1.6, where InitPCongip! =
InitPIntCong;q?.

11.3.2.7 If the initial Jocational marginal price for energy (InitExtLMP;q4l)
is not within the settlement bounds (EngyPrcFlr,

EngyPrcCeil), then the real time calculation engine shall modify
the locational marginal price for energy, as follows:

If InitExtLMPiq® > EngyPrcCeil, set ExtLMPigq!
EngyPrcCeil.

If InitExtLMPi¢! < EngyPrcFlr, set ExtLMP;gl
EngyPrcFlr.

Otherwise, set ExtLMP;q! = InitExtLMP;q' .

11.3.2.8 If the modified locational marginal price for energy (ExtLMP;q')
determined in section 11.3.2.7 is equal to the intertie border

price for energy (IntLMP;41), then the real-time calculation
engine shall modify the external congestion component for the
intertie congestion price and net interchange scheduling limit
congestion component for the intertie congestion price, as
follows:

If ExtLMPiql = IntLMPiq , set PExtCongiql = 0 and
PNISL'iq=0.
11.3.2.9 If the modified locational marginal price for energy (ExtLMP;gq')
determined in section 11.3.2.7 is not equal to the intertie border
price for energy (IntLMP;q41), then the real-time calculation
engine shall modify the external congestion component for the
intertie congestion price and net interchange scheduling limit

congestion component for the intertie congestion price, as
follows:
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If ExtLME, # IntLMP,y, then set

; 1
PN]SL}. J= (EXfLME.ld — Intl MB'ld ( InitPNISL; 4 )
’ ) ) d

InitPNISL; s+ InitPExtCong]
If PNISL; ;> NISLPen, then set PNISL;;= NISLPerr,

If PNISL; ;< ( — 1) -NISLPen, then set PNISL; ;= ( —
1) -NISL Pemn; and

Set PExtCong; ;= ExtLMP-,— IntLMP',— PNISL.

11.3.2.10 The real-time calculation engine shall calculate the intertie
congestion price as follows:

ICPiq! = PExtCongigl + PNISL';q.

11.3.2.11 The locational marginal price for energy calculated by the real-
time 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.

11.3.3 Zonal Prices for Energy

11.3.3.1 The real-time calculation engine shall calculate the zonal price
for energy and its components for Pass 1 and each interval i € I,
the energy price for virtual transaction zone m € M , as follows:

VZonalP!,, = PRef! + VZonalPLoss},, + VZonalPCong},,

Lm Lm

where:

VZonalPLoss},, = WF{ 5 - PLoss},

BELVRE

VZonalPCongj,, = z WFYIE - PCong}),

i,m,b
VIRT
bELy;

11.3.3.2The real-time calculation engine shall calculate the zonal price
for energy and its components for Pass 1 and each interval i € |
for nondispatchable load zone Y € Y, as follows:
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ZonalP}, = PRef! + ZonalPLoss}, + ZonalPCong},

where:

ZonaIPLoss}‘y = Z WF{‘;?; - PLoss},,

NDL
beLy

and|
ZonalPCongilJy = Z WF{{&I,J;' - PCongj,
beljPL

11.3.3.3 The Ontario zonal price is calculated per section 11.3.3.2
where the nondispatchable load zone is comprised of all
non-dispatchable loads within Ontario.

11.3.4 Pseudo-Unit Pricing
11.3.4.1 The real-time calculation engine shall calculate a locational
marginal price and components for energy for Pass 1 and each
interval i €l for every pseudo-unit k € {L..K} , Where:

11.3.4.1.1 CTMglLoss:x" designates the marginal loss
factor for the combustion turbine identified by

pseudo-unit K for each interval i in Pass 1;
11.3.4.1.2 STMglLossix designates the marginal loss
factor for the steam turbine identified by pseudo-
unit K for each interval i in Pass 1;
11.3.4.1.3 CTPreConSFisx designates the pre-contingency
sensitivity factor for the combustion turbine

identified by pseudo-unit K on facility f during
interval ii under precontingency conditions;

11.3.4.1.4 STPreConSFitx designates the pre-contingency

sensitivity factor for the steam turbine identified
by pseudo-unit K on facility f during interval i
under pre-contingency conditions;

11.3.4.1.5 CTSFi.sx designates the post-contingency
sensitivity factor for the combustion turbine
identified by pseudounit K on facility f during
interval 1 under post-contigency conditions for
contingency C; and

11.3.4.1.6 STSFi.tx designates the post-contingency
sensitivity factor for the steam turbine identified

by pseudo-unit K on facility f during interval i
under post-contingency conditions for

contingency C.
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11.3.4.2 The real-time 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 1 and each interval i for every
pseudo-unit k € {1.& as follows:

InitLMPi!  =InitPRefi’ + InitPLossixa  +

InitPCong ix! where:
InitPRefi!=SPL
il; InitPLossix!
=MglLossixl.
SPL1;
and

InitPCong; = Z PreConSF; s - SPNormT};
fEF;

+Z Z SFicrk -SPEmTfC’A
CEC fEF;,

11.3.43 If pseudo-unitk € {L..&} is scheduled within its minimum
loading point range or not scheduled at all, its marginal loss and
sensitivity factors shall be:

MglLossix! = CTShareMLPr.CTMglLossix' + STShareMLPr.
STMglILossixt

PreConSFisx = CTShareMLP.CTPreConSFisx + STShareMLP:.
STPreConSFitx

SFictk = CTShareMLPk.CTSFictk + STShareMLPk.
STSFictk

11.3.4.4 If pseudo-unit k€ {1,.,K} is scheduled within its dispatchable
region, its marginal loss and sensitivity factors shall be:

MglLossix! = CTShareDRr.CTMglLossix! + STShareDR.
STMglILossixt

PreConSFisx = CTShareDRk'CTPreConSFisx + STShareDRy.
STPreConSFifx

SFictk = CTShareDRK.CTSFictk + STShareDREk.
STSFicfk
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11.3.4.5 If pseudo-unit k€ {1..K} is scheduled within its duct firing
region, its marginal loss and sensitivity factors shall be:

MglLossix* = STMglLossix!
PreConSFisx = STPreConSFifx

SFictk = STSFicfk

11.4 Locational Marginal Prices for Operating
Reserve

11.4.1 Operating Reserve Locational Marginal Prices for Delivery Points

11.4.1.1 The real-time calculation engine shall calculate locational
marginal prices and components for operating reserve for Pass
1 and each interval

i for a delivery point associated with the dispatchable generation
resource or dispatchable load bus b €EB, where:

11.4.1.1.1 L30RP;p! designates the Pass 1 interval i
locational

marginal price for thirty-minute operating reserve;,

11.4.1.1.2 P30RRefi designates the Pass 1 interval i
locational marginal price for thirty-minute
operating reserve at the reference bus;

11.4.1.1.3 P30RCongip! designates the Pass 1 interval i

congestion component for thirty-minute
operating reserve;

11.4.1.1.4 LIONP;p! designates the Pass 1 interval i
locational marginal price for non-synchronized
ten-minute operating reserve;

11.4.1.1.5 PIONRefi’ designates the Pass 1 interval i
locational marginal price for non-synchronized
ten-minute operating reserve at the reference
bus;

11.4.1.1.6 PI0NCongip! designates the Pass 1 interval i
congestion component for non-synchronized
ten-minute operating reserve;

11.4.1.1.7 LI0SPip! designates the Pass 1 interval 1
locational marginal price for synchronized ten-
minute operating reserve;
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11.4.1.1.8 PI0SRefi! designates the Pass 1 interval i
locational marginal price for synchronized ten-
minute operating reserve at the reference bus;

11.4.1.1.9 PI10SCongip! designates the Pass 1 interval i
congestion component for synchronized ten-
minute operating reserve; and

11.4.1.1.10 ORREGp» S ORREG as the subset of ORREG
consisting of regions that include bus b.

11.4.1.2 The real-time calculation engine shall calculate an initial
locational marginal price, a locational marginal price at the
reference bus, and congestion components for Pass 1 for a
delivery point associated with the dispatchable generation

resource or dispatchable load at bus b €B in interval i € I for
each class of operating reserve, as follows:

InitL30RP;p! InitP30RRefi' + InitP30RCongip!
where:
InitP30RRefi'=
SP30R; and

nitP30RCong},

= Z SPREGMin30R},
rEORREG),

= Z SPREGMax30R},
rEORREG)

InitL10NP}, = mitP10NRef;' + InitP10NCong;,
where:

[nitP10NRef;' = SP10R} + SP30R}

and
InitP10NCongy;,
- z (SPREGMin10R}, + SPREGMin30R},.)
rEORREG)
— Z (SPREGMax10R}, + SPREGMax30R},)
rEORREG)

InitL10SP}, = InitP10SRef;' + InitP10SCong},
where:
InitP10SRef;' = SP10S} + SP10R; + SP30R}

and
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InitP10SCong},,

= Z (SPREGMin10R}, + SPREGMin30R},.)
rEORREG)

- Z (SPREGMax10R}, + SPREGMax30R},)
rEORREG)

114.1.4 If the initial locational marginal price at the reference bus
(InitP30RRefi, InitP10NRefi' or InitP10SRefi,) is not

within the settlement bounds (ORPrcFlr, ORPrcCeil),
then the real-time calculation engine shall modify the
locational marginal price at the reference bus for each
class of operating reserve as follows:

If InitP30RRefi1>ORPrcCeil, set P30RRefi =
ORPrcCelil,

If InitP30RRefi'<ORPrcFlr,set P30RRefil =
ORPrcFlr; Otherwise, set P30RRefi! = InitP30RRefi’.

If InitP10NRefi'>ORPrcCeil, set P1ONRefi! =
ORPrcCeil

If InitP10NRefi! < ORPrcFlr, set P1ONRefi! = ORPrcFlr
Otherwise, set P10NRef! = InitP10NRefj!

If InitP10SRefi',ORPrcFlr >ORPrcCeil , set
P10SRefi'= ORPrcCeil

If InitP10SRefi',ORPrcFIr < ORPrcFlr,
set P10SRefi' = ORPrcFlr

Otherwise, set P10SRef;! = InitP10SRefi’

11.4.1.4 If the initial locational marginal price (InitL30RP;y!,
InitL10NP;y!, or InitL10SPip!) is not within the settlement

bounds (ORPrcFlr, ORPrcCeil), then the real-time calculation
engine shall modify the locational marginal price for each class of
operating reserve as follows:

If InitL30RPip! >ORPrcCeil, set L30RPip! = ORPrcCeil,
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If InitL30RPiy! < ORPrcFlr, set L30RPip! =

ORPrcFlr; Otherwise, set L30RPip! = InitL30RPip! .

If InitL10NP;ip! >ORPrcCeil, set LIONP;y! = ORPrcCeil,

If InitL10NP;p! < ORPrcFlr, set LIONPiy! = ORPrcFlr,

Otherwise, set LIONPip! = InitL10ONPip! .

If InitL10SPipy! >ORPrcCeil, set L10SPipy! = ORPrcCelil,;

If InitL10SPiy! < ORPrcFlr, set L10SPiy! = ORPrcFlr,
Otherwise, set L10SPip! = InitL10SPip!.

11.4.1.5 If the initial locational marginal price (InitL30RP;ip!
AnitL10NP;ip!, or InitL10SP;ip!) is not within the settlement

bounds (ORPrcFlr, ORPrcCeil), then the real-time calculation
engine shall modify the congestion component for each class of
operating reserve as follows:

Set P30RCongip! = L30RPip! —P30RRefi’;
Set P1ONCongip! = L10ONP;»! —P10NRef;'; and
Set P10SCongipt = L10SPip! —P10SRef:’.

11.4.2 Operating Reserve Locational Marginal Prices for Intertie Metering Points
11.4.2.1 The real-time calculation engine shall calculate locational
marginal prices and components for operating reserve for Pass 1
and each interval i €I, for intertie zone bus d € D, where:
11.4.2.1.1 ExtL30RPiq! designates the Pass 1 interval i
locational marginal price for thirty-minute
operating reserve;

11.4.2.1.2 ExtL30RP;q"P designates the locational
marginal price for thirty-minute operating

reserve for the dispatch hour in which interval i
falls as calculated by the pre-dispatch
calculation engine;

11.4.2.1.3 P30RExtCongiq! designates the Pass 1

interval 1 intertie congestion component for
thirty-minute operating reserve;
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11.4.2.1.4 P30RExtCongiq’P designates the intertie
congestion

component for thirty-minute operating reserve
for the dispatch hour in which interval i falls as
calculated by the pre-dispatch calculation
engine;

11.4.2.1.5 ExtL10NP;q4! designates the Pass 1 interval i
locational marginal price for non-synchronized
ten-minute operating reserve;

11.4.2.1.6 ExtL10NP;4PP designates the locational
marginal price for non-synchronized ten-minute
operating reserve for the dispatch hour in which

interval 1 falls as calculated by the pre-dispatch
calculation engine;

11.4.2.1.7 P30RRefi’ designates the Pass 1 interval i
locational marginal price for thirty-minute
operating reserve at the reference bus;

11.4.2.1.8 P30RIntCongiq! designates the Pass 1

interval 1 internal congestion component for
thirty-minute operating reserve;

11.4.2.1.9 PIONRefi’ designates the Pass 1 interval i
locational marginal price for non-synchronized
ten-minute operating reserve at the reference
bus;

11.4.2.1.10 P10NIntCongiq® designates the Pass 1
interval 1 internal congestion component for
non-synchronized ten-minute operating reserve,

11.4.2.1.11 P10ONExtCongiq! designates the Pass

1 interval i intertie congestion component for
non-synchronized ten-minute operating
reserve; and

11.4.2.1.12 PI0ONExtCongidP designates the
intertie congestion component for
non-synchronized ten-minute operating
reserve for the dispatch hour in which interval
i falls as calculated by the
pre-dispatch calculation engine.
11.4.2.2 The real-time 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 1 at intertie zone bus d €D in
interval i € I, for each class of operating reserve, subject to
section 11.4.2.8, as follows:
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InitIntL30RP; 4! = InitP30RRefi +

InitP30RIntCongiql where:

InitP30RRef'=
SP30R;! and
InitP30RIntCong},
- Z SPREGMin30R},
rECRREG4
_ Z SPREGMax30R},
r€E0RREG,4

InitIntL10 NF'; = InitP10NRef} + [nitP10 NIntCong; 4

where:
nitP10 NRef} =SP10 R} +SP30 R}
and
InitP10NIntCong},
— Z (SPREGMinlORir +SPREGMin30R}_,,)
rEORREGy4
— Z (SPREGMaxIORf_,, + SPREGMax3OR,-_1_,,)
rEORREG4

11.4.2.3 The real-time calculation engine shall calculate initial locational
marginal prices, and its components for Pass 1 at intertie zone

bus d€ D in interval i €I for each class of operating reserve as
follows:

11.4.2.3.1 Ifthe intertie is import congested in pre-dispatch
(P30RExtCongid® < 0 or P10ONExtCongi¢P

< 0), then the prices and components are
determined in accordance with section 11.4.2.4;

11.4.2.3.2 If the intertie is not import congestion in pre-
dispatch (P30RExtCongidfP = 0 or
PI10NExtCongiqP® = 0) or if an intertie zone is
out-of-service, then the prices and components
are determined in accordance with section
11.4.2.5.

11.4.2.4 The real-time calculation engine shall calculate an initial
locational marginal price and an external congestion component
for the intertie congestion price for each class of operating

reserve for Pass 1 at intertie zone bus A €D in interval i €] as
follows:
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InitExtL30RPi¢1 = min(InitlntL30RP;qt
ExtL30RP;¢PP); and

InitP30RExtCongiql = InitExtL30RPiq' —InitIntL30RPiql.

InitExtLIONPiq = min(nitIntLIONP;qt
ExtL10NP;4PP); and

InitP10NExtCongiql = InitExtL10NPiq! —InitintL10NPiql.
11.4.2.5 The real-time calculation engine shall calculate an initial

locational marginal price and an external congestion component
for the intertie congestion price for each class of operating

reserve for Pass 1 at intertie zone bus A €D in interval i €] as
follows:

InitExtL30RP; 4" = InitintL30RP i4'; and
InitP30RExtCong i’ = 0.

InitExtL10ONP ;a' = InitlntL10NP id';
and

InitP10NExtCongi,d1 = 0.

11.4.2.6 If the initial locational marginal price (InitExtL30RP;p!) is not

within the settlement bounds (ORPrcFlr, ORPrcCeil), then the
real-time calculation engine shall modify the locational marginal
price, the locational marginal price at the reference bus, and the
congestion components for thirty-minute operating reserve as
follows:

IntL30R =InitP30RRefi' +InitP30RIntCongiql

If InitP30RRefi’ > ORPrcCeil , set P30RRefi’ =
ORPrcCelil,

IflnitP30RRef! < ORPrcFlr, set P30RRefi' = ORPrcFlr,
Otherwise, set P30RRefi' = InitP30RRefi’;

Set P30RIntCongiq! = ExtL30RPip! —P30RRefi’;

If InitExtL30RPix! > ORPrcCeil , set ExtL30RPip! =

ORPrcCelil,
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If InitExtL30RPip! < ORPrcFlr, set ExtL30RPip! =
ORPrcFlr;

Otherwise, ExtL30RPip! = InitExtL30RP;p!; and

Set P30RExtCongial = ExtL30RPip! —P30RRefi’
—P30RIntCongiq

11.4.2.7 If the initial locational marginal price (InitExtL10NP;41 ) is not

within the settlement bounds (ORPrcFlr, ORPrcCeil), then the
real-time calculation engine shall modify the locational marginal
price, the locational marginal price at the reference bus, and the
congestion components for ten-minute operating reserve as
follows:

IntL10N=1InitP10NRefi! +InitP10NIntCongiq!

If InitP10NRefi! > ORPrcCeil , set PIONRefi! =
ORPrcCeil,
If InitP10NRefi! < ORPrcFlr, set PIONRef;' = ORPrcFlr,

Otherwise, P10NRefi' = InitP10NRef'; and

Set P10NIntCongiqa' = L10ONPip! —P10NRef!

If InitExtL10ONPip! > ORPrcCeil , set ExtL10ONP;ip!
ORPrcCelil,

If InitExtL10NP;y! < ORPrcFlr, set ExtL10ONP;p!
ORPrcFlr;

Otherwise, ExtL30RPip! = InitExtL10NPip!; and

Set P10ONExtCongiqa! = ExtL10NP;p! —P10NRefi’
—P10NIntCongiqt

11.4.2.8 The locational marginal price calculated by the real-time
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 ocurring 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.
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11.5

Pricing for Islanded Nodes

11.5.1 For non-quick start resources that are not connected to the main island, the
real time calculation engine shall use the following reconnection logic
where enabled by the IESO in the order set out below to calculate the
locational marginal prices for energy:

11.5.1.1

11.5.1.2

11.5.1.3

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.

11.5.2 For all (i) resources other than those specified in section 11.5.1 not
connected to the main island; (ii) non-quick start resources where a price
was not able to be determined in accordance with section 11.5.1; the real-
time calculation engine shall use the following logic in the order set out
below to calculate locational marginal prices for energy, using a node-
level and facility-level substitution list determined by the IESO:

11.5.2.1

11.5.2.2

11.5.23

11524

11.5.2.5

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
11.5.2.1 through 11.5.2.4, use the locational marginal price for
energy for the reference bus.
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