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Disclaimer

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

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

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

©2020, Independent Electricity System Operator
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Day-Ahead Market Calculation Engine Introduction

1 Introduction

1.1 Purpose

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

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

MRP High-Level
Design (SSM,
DAM, ERUC)

Reference
Documents

MRP Detailed
Design Documents

Guiding
Principles

DAM Calculation
Engine Detailed
Design

Design Decision | As Needed
Documents

Design Basis

Amendments

Consequential
Amendments

\4

Design Documents

Governing Documents

Figure 1-1: Detailed Design Document Relationships

1.2 Scope

This document describes the DAM calculation engine requirements for the future day-ahead market
and real-time market, in terms of:

e detailed functional design;
e supporting market rules requirements;
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e supporting procedural requirements; and
e business process and information flow requirements.

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

1.3 Who Should Use This Document

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

1.4 Assumptions and Limitations
Assumptions:

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

Limitations:

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

1.5 Conventions
The standard conventions followed for this document are as follows:

o Title case is used to highlight process or component names; and

o Italics are used to highlight market rule terms that are defined in Chapter 11 of the market
rules.

1.6 Roles and Responsibilities

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

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

e Section 2 of this document briefly describes the IESO’s current day-ahead calculation
engine and the difference between that engine and the future DAM calculation engine.

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

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

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

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

— End of Section —
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2 Summary of the Current and Future
State

2.1 The Calculation Engine in Today’s Day-Ahead
Commitment Process

The IESO implemented the Day-Ahead Commitment Process (DACP) to address reliability issues
exacerbated by energy imports that failed to materialize in real time and the difficulty in forecasting
the next day’s available capacity and energy supply. The DACP was later enhanced to use a dedicated
calculation engine — the Day-Ahead Calculation Engine (DACE). The DACE optimizes energy and
operating reserve schedules to maximize the gains from trade for the 24 hours of the next dispatch
day.

The DACP provides reliability guarantees and incentives that enable:

o adependable view of the available capacity and energy supply and anticipated demand for
the next dispatch day;

o day-ahead scheduling of imports providing more certainty that energy will be delivered in
real time;

e day-ahead operational commitment of non-quick start (NQS) generation units for all hours in
which the unit was scheduled to at least its minimum loading point by the DACE for the next
dispatch day; and

o lowered risk associated with day-ahead operational commitment for generators and day-
ahead scheduling of imports. This is facilitated by providing a day-ahead production cost
guarantee (DA-PCG) for commitment costs of eligible generators as well as an intertie offer
guarantee (I0G) that guarantees the offered cost for eligible imports. These guarantees
protect suppliers against the risk that such costs may not be recovered through real-time
market revenues.

The DACE is a core component of the DACP and realizes its goals through:

e asecurity-constrained unit commitment that performs a least-cost optimization of start-up
costs, speed no-load costs and energy costs through the use of three part offers for
committable generation facilities;

e asecurity-constrained economic dispatch for the least-cost optimization of energy and
operating reserve;

e inclusion of imports, exports, and wheeling through transactions; and

e apseudo unit (PSU) model for combined cycle facilities to provide improved scheduling of
these generation facilities.

The DACE receives inputs from market participants and the IESO. The DACE requires dispatch data
submitted by dispatchable generation facilities, dispatchable loads and hourly demand response
resources that provides a declaration of the maximum capability of these resources for the next
dispatch day. Schedules and forecasts submitted by self-scheduling and intermittent generation
facilities are also required. NQS generation units also submit daily generator data (DGD) and three-
part offers for each committable generation resource. DGD includes minimum loading point,
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minimum generation block run time, and minimum generation block down-time values. Three-part
offers consist of start-up cost, speed no-load cost and incremental energy cost data. Dispatch data, if
submitted for imports, exports, and wheeling through transactions, is also processed by the DACE.

The DACE produces a set of results in the form of advisory schedules, day-ahead shadow prices and
binding operational commitments for DA-PCG eligible NQS generation units. The day-ahead shadow
prices are advisory and are not used for settlement. These results are provided in the form of the
following reports:

= Private reports provide the energy and operating reserve schedules for each hour produced by
the DACE for each dispatchable generation unit. These schedules are advisory and intended
for the use of each market participant.

= Private day-ahead commitment reports provide the list of market participant resources for
which each generation unit will be scheduled to at least the unit’s minimum loading point.
These commitments are applied as constraints in subsequent pre-dispatch schedules through
to the real-time dispatch hour.

= Public reports of day-ahead shadow prices for energy and operating reserve produced at
selected nodes within and external to Ontario. These prices are informational and intended for
use by market participants when planning in the day-ahead. These prices are not used for
settlement.

The DACE uses the inputs from market participants and the IESO to execute its three passes. In
addition to these inputs, Pass 2 and Pass 3 of the DACE also use the outputs from the previous passes
as inputs. Each pass has a specific purpose:

1. Pass 1 -the Commitment Pass: determines the initial set of commitments for NQS
generation facilities and imports required to satisfy the average forecast demand for the next
day.

2. Pass 2 —the Reliability Pass: checks if the resources committed by Pass 1 are sufficient to
satisfy the peak forecast demand. Pass 2 then commits additional resources if required.

3. Pass 3 —the Scheduling Pass: uses the commitments made in Pass 1 and Pass 2 to determine
the day-ahead advisory schedules of all dispatchable resources, including NQS generation
facilities, imports, quick start generation facilities, dispatchable loads, exports, and hourly
demand response resources to meet the average forecast demand.

The three passes of the DACE are conducted with consideration of resource and system constraints.
These constraints include the recognition of each resource’s ramping capabilities and system
constraints, which include operating reserve requirements and transmission limits needed to maintain
the security of the IESO-controlled grid.
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Figure 2-1 provides a high-level overview of the current DACP and DACE scheduling and
commitment processes.

Day-Ahead Calculation Engine (DACE)
Typical: Initial Run, EELR Optimization, Subsequent Run

1
|
l
|
| Advisory
IESO Inputs : » Schedules and
I Pass 1: Prices
| > Pass 2: Pass 3:
) C“";,";g;“*'“‘ " Reliability Pass = Scheduling Pass |
Market | DACP
Participant : »  Operational
Inputs i Commitments

Figure 2-1: Current DACP and DACE Processes

2.1.1 Scheduling of DACE Runs

The DACP normally consists of two runs of the DACE — an initial run and an eligible energy limited
resources (EELR) run. The EELR optimization run provides the opportunity for market participants
with eligible hydroelectric resources to assess the results of the initial run to see if the DACE has
scheduled the daily energy limit for hydroelectric generation facilities in an infeasible way. This
second run provides for re-submittal of EELR offers during an EELR re-submission window
(normally from 11:30 to 12:30 EST) to help resolve potential reliability problems due to infeasible
schedules.

After the initial and EELR optimization runs have completed, a subsequent DACE run may be
initiated if changing systems conditions that are known at the end of the EELR optimization run will
impact the next dispatch day. A subsequent DACE run might also be required if the results of the
previous DACE runs show a capacity or energy shortfall. This subsequent run will use new or revised
dispatch data submitted after the close of the DACP submission window (normally 10:00 EST) that
has been accepted and approved by the IESO.
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Figure 2-2 illustrates the timeline for the Day-Ahead Commitment Process and multiple DACE runs.

Optimization Process First Pre-dispatch
Publish Adequacy Publish Adequacy 10:00 - 15:00 Run for next day at
Report Report A 15:07
05:30 09:00 ( - Multiple Day-Ahead Calculation Engine ] (Data for HE 17)
(DACE) runs (as required)
- Assessment of the results of preliminary

day-ahead commitment and schedules
- ELR re-submissions

Submission of
Dispatch Data

— ) — . )

10 1 12 13 14 15 16 17

w
L=2]
-
[==]
w0

) TTTT L ]
Y
Submission of
Regulation Schedules

06:00 - 09:00
- All required DACE runs complete
- Assessment of commitments and day-ahead

schedules
- Official day-ahead results of commitment and DACP results transferred to
Decision to Initiate DACE
10:00 day-ahead schedules are made available and Pre-dispatch

published in the Adequacy Report

Figure 2-2: Timeline of the Current Day-Ahead Commitment Process

Currently, the DACP provides operational commitments and production cost guarantees for eligible
NQS generation units. It also provides day-ahead intertie offer guarantees (I0Gs) to eligible imports.
These guarantees help ensure a dependable capacity and energy supply to meet the forecast demand
for the next dispatch day. With the exception of the guarantees, the advisory schedules and shadow
prices that are outputs of the DACE are not an energy market mechanism and are not used for the
settlement of the IESO-administered market.

2.2 The Calculation Engine in the Future Day-Ahead
Market

In the future energy market, the DAM calculation engine will constitute the core component of the
day-ahead market providing both an energy and operating reserve market and the necessary
mechanism for reliability. The DACP and the DACE will be retired. The future DAM calculation
engine will be similar to the current DACE in overall structure. However, there are some important
differences between the two, which are described below.

As with the DACE, the DAM calculation engine will use inputs from market participants and the
IESO. The set of inputs for the DAM calculation engine will include new inputs from market
participants that recognize additional operational characteristics of generation facilities.

Some examples of new inputs include those that can be submitted for hydroelectric resources to
specify dependencies between different hydroelectric resources on a cascade river system as well as
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the minimum level of output to which a hydroelectric resource can be scheduled. For NQS generation
units, new inputs specifying the number of hours it takes for a resource to reach minimum loading
point (MLP) and the energy injected for each of these hours can be submitted.

The existing data submission constructs of three part offers and daily generator data (DGD) will be
retired and replaced by the submission of hourly and daily dispatch data parameters providing the
data submission structure for these new inputs.

New IESO data inputs will also be utilized by the DAM calculation engine. Examples of these new
data inputs include an enhanced network model providing pricing locations for all delivery points
associated with dispatchable generation facilities, dispatchable loads, non-dispatchable generation
facilities, non-dispatchable loads and price responsive loads. New pricing locations will also be
established for virtual transaction zonal trading entities. Demand forecasts will be produced as the
sum of four separate area demand forecasts to better reflect localized weather conditions and
consumption patterns for each area.

For a detailed description of the changes to the IESO and market participant inputs, refer to the
Offers, Bids and Data Inputs detailed design document.

Consistent with the DACE, the DAM calculation engine will maximize the gains from trade while
maintaining the security of the IESO-controlled grid. The DAM calculation engine will evaluate
schedules against the operating security limits (OSLs) and thermal ratings of equipment. Instead of
the static marginal loss factors currently used by the DACE, the DAM calculation engine will
calculate and use dynamic marginal loss factors in each hour for the purposes of determining
schedules, commitments and locational marginal prices (LMPS).

Similar to the DACE, the DAM calculation engine will involve three passes and is designed to
achieve the same reliability-based scheduling outcome as the DACE. Recognizing that the DAM
calculation engine is facilitating a financially binding day-ahead market, it will produce LMPs that
will be used for settlement. When system constraints create the conditions for the potential exercise of
market power, the first pass will also include steps that facilitate ex-ante Market Power Mitigation.

The operational commitments produced by the DAM calculation engine for NQS generation units
will differ from those produced by the DACE. The DAM commitments will be for the generation
unit’s minimum generation block as defined by the minimum loading point and the duration of the
minimum generation block run-time for that generation unit.

The DAM calculation engine performs three passes.

2.2.1 Pass 1 — Market Commitment and Market Power Mitigation

This pass will use market participant and IESO inputs as well as resource and system constraints to
determine a set of resource schedules and NQS generation unit commitments. These schedules and
commitments will be calculated to meet the IESO’s average hourly forecast demand and the demand
from virtual bids, dispatchable loads, price responsive loads, hourly demand response resources and
exports.

Pass 1 will assess whether conditions have been met related to transmission congestion that could
limit competition. If such conditions exist Pass 1 will perform the tests related to the ex-ante Market
Power Mitigation process. The schedules, commitments and prices produced by Pass 1 will be used as
inputs into Pass 2.
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The following provides a description of the steps that comprise Pass 1.

o As-Offered Scheduling: Determines an initial set of schedules for all market participants as
well as commitments for eligible NQS resources. It uses as-offered dispatch data from
market participants, IESO data inputs and all resource and system constraints to perform a
unit commitment and economic dispatch that maximizes the gains from trade. The IESO data
inputs includes the constraint violation penalty curves required to meet the IESO’s reliability
requirements.

e As-Offered Pricing: Determines an initial set of prices that account for all resource and
system constraints. It uses the same as-offered dispatch data from market participants and
the set of IESO inputs from As-Offered Scheduling with one exception. Instead of the
constraint violation penalty curves for reliability, As-Offered Pricing uses the constraint
violation penalty curves that are relevant for pricing. It also performs an economic dispatch to
maximize the gains from trade and applies the price-setting eligibility rules which take into
account the resource schedules and commitments determined in As-Offered Scheduling. The
prices produced are not used for settlement. They are used as inputs to Pass 2 Reliability
Scheduling and Commitment, and may be used as inputs to the ex-ante Market Power
Mitigation conduct and price impact tests, if necessary.

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

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

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

o Reference Level Pricing (if necessary): Uses nearly all of the same inputs and produces the
same outputs as As-Offered Pricing. However, there are two differences. One difference is
that dispatch data parameter values that failed the conduct test will be replaced by the
reference level value for that dispatch data parameter. The other difference is that the
commitments and resource schedules that are inputs to this step will come from Reference
Level Scheduling.
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e Price Impact Test (if necessary): Compares the prices from As-Offered Pricing to those from
Reference Level Pricing. The price impact test is failed if one or more prices in As-Offered
Pricing is greater than the corresponding price from Reference Level Pricing by a specified
impact threshold. If the price impact test is failed, then Mitigated Scheduling and Mitigated
Pricing will occur. If the price impact test does not fail, then no further steps in the Market
Power Mitigation process are necessary and the commitments and prices produced by As-
Offered Scheduling and As-Offered Pricing will be used as inputs to Pass 2.

e Mitigated Scheduling (if necessary): Uses nearly all of the same inputs and produces the
same outputs as As-Offered Scheduling. The exception is that when the price impact test
failed, each dispatch data parameter value that also failed the conduct test is substituted with
the applicable reference level value for that dispatch data parameter.

o Mitigated Pricing (if necessary): Uses nearly all of the same inputs and produces the same
outputs as the As-Offered Pricing. However, there are two differences. The first difference is
that if the price impact test fails, dispatch data parameter values that also failed the conduct
test will be replaced by the reference level value for that dispatch data parameter. The second
difference is that the commitments and resource schedules that are inputs to this step will
come from Mitigated Scheduling.

Similar to As-Offered Pricing, the prices produced by Mitigated Pricing are not used for
settlement. They are used as inputs to Pass 2: Reliability Scheduling and Commitment in lieu
of the output of As-Offered Scheduling and As-Offered Pricing.

Either the commitments and prices produced by As-Offered Scheduling and As-Offered Pricing
or the commitments and prices produced by Mitigated Scheduling and Mitigated Pricing will be
used as inputs to Pass 2.

o If conditions are such that the potential to exercise market power does not exist, the conduct test
will not be conducted and the commitments and prices of As-Offered Scheduling and As-Offered
Pricing will be used as inputs to Pass 2.

e If the Market Power Mitigation Conduct Test and Price Impact Test fail, the commitments and
prices of Mitigated Scheduling and Mitigated Pricing will be used as inputs to Pass 2.

2.2.2 Pass 2 — Reliability Scheduling and Commitment

Similar to Pass 2 of the DACE, Pass 2 of the DAM calculation engine will assess if the NQS
generation units committed by Pass 1 are sufficient to satisfy the peak forecast demand. It does this
by utilizing primarily the same set of market participant and IESO inputs used in As-Offered
Scheduling, or if the price impact test fails, the reference level dispatch data used in Mitigated
Scheduling. However, there are some important differences between the inputs used in Pass 1 and
those used by Pass 2. These differences are necessary to make sure that the IESO will have adequate
supply available to meet peak demand in each hour.

The inputs for this pass include the IESO’s centralized forecasts of supply from variable generation
facilities and forecasts of demand for all non-dispatchable loads (including price-responsive loads
and dispatchable loads that have no bid submitted or an entire bid submitted at the maximum market
clearing price) and exclude virtual bids and virtual offers. Commitments for NQS resources cannot be
revoked or reduced between Pass 1 and Pass 2. Import schedules will not decrease and export
schedules will not increase from those produced by Pass 1.

Pass 2 uses the inputs described above to conduct a unit commitment and economic dispatch,
considering all resource and system constraints, to minimize the cost of additional commitments. To
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do this, Pass 2 will evaluate whether it can meet peak forecast demand and operating reserve
requirements using energy and operating reserve from resources that were committed or available to
be scheduled in Pass 1. If demand cannot be met with the available energy and operating reserve from
the set of available resources from Pass 1, then additional NQS resources may be committed.

All NQS commitments that were input into, or created as a result of Pass 2, along with the schedules
of imports and exports, will then be used as inputs into Pass 3.

2.2.3 Pass 3 — Day-Ahead Market Scheduling and Pricing

Pass 3 will use the same set of market participant and IESO inputs used in Pass 1. It will also use the
NQS commitment decisions determined in Pass 1 and Pass 2 to produce a set of financially binding
schedules, settlement-ready LMPs and operational commitments.

Day-Ahead Market Scheduling: Determines the financially binding DAM schedules for all
supply and load resources. These schedules will include the commitments for NQS
generation units determined in Pass 1 and Pass 2. Import schedules will not decrease and
export schedules will not increase from those determined in Pass 2. Day-Ahead Market
Scheduling uses the same set of market participant and IESO inputs used in As-Offered
Scheduling, or if the price impact test had failed, the reference level dispatch data used in
Mitigated Scheduling. This includes the constraint violation penalty curves for meeting the
IESO’s reliability requirements. Day-Ahead Market Scheduling uses these inputs to perform
an economic dispatch that maximizes the gains from trade. All resource and system
constraints are considered.

Day-Ahead Market Scheduling will also produce the energy scheduled for withdrawal at the
delivery points for all non-dispatchable loads. These schedules will be used for the settlement
calculation of the forecast deviation price adjustment used for the settlement of the adjusted
quantity of energy withdrawn (AQEW) by non-dispatchable loads in real time. Standby
notices for hourly demand response resources when these demand response resources may be
needed will also be produced.

Day-Ahead Market Pricing: Determines a set of settlement-ready LMPs that account for all
resource and system constraints. Day-Ahead Market Pricing uses the same set of market
participant and IESO inputs used in As-Offered Pricing, or, if applicable the reference level
dispatch data used in Mitigated Pricing. This includes using the constraint violation penalty
curves that are relevant for pricing. Day-Ahead Market Pricing then performs an economic
dispatch that maximizes the gains from trade by evaluating these inputs, the commitments
from Pass 1 and Pass 2 and certain resource schedules determined by Day-Ahead Market
Scheduling, to apply price-setting eligibility rules.

The resulting LMPs will be used for the settlement of energy and operating reserve markets.
Consistent with the current real-time market, the DAM prices for settlement of energy and
operating reserve in the future day-ahead market will be no greater than $2,000/MWh and
$2,000/MW respectively. Energy and operating reserve prices will be no less than -
$100/MWh and $0/MW respectively. Day-Ahead Market Pricing will use the settlement-
ready LMPs to produce the DAM hourly zonal price for the Ontario zone that will be used for
the settlement of the AQEW by non-dispatchable loads. Day-Ahead Market Pricing will also
produce the zonal prices for the settlement of virtual transactions.
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The schedules and LMPs produced by the DAM calculation engine are utilized by the settlement
process to determine settlement outcomes. For more information on how the DAM schedules and
DAM LMPs pertain to settlement outcomes, refer to the Market Settlement detailed design document.

Finally, the Publishing and Reporting Market Information process will produce a number of public,
market participant confidential and internal IESO reports on the pre-dispatch day resulting from the
DAM calculation engine. Refer to the Publishing and Reporting Market Information detailed design

document for details.

Figure 2-3 provides a high-level overview of the future DAM calculation engine processes. Section 3
and Section 6 of this document describe the various inputs and outputs of each pass in detail.
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Figure 2-3: Future DAM Calculation Engine Processes

2.2.4 Scheduling of the DAM Calculation Engine Run

The DAM calculation engine execution will be completed in a single run and will occur in eastern

prevailing time (EPT). This differs from the multiple runs of the DACE and the scheduling of the
DACP in eastern standard time (EST) year-round. The DAM submission window, the DAM

calculation engine run, and the publishing of the day-ahead market schedules and prices will all occur

in EPT as standard time and day-light savings time alternate through each year. Pre-dispatch
scheduling activities and real-time dispatch will continue in EST year-round in the future energy

markets.
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Figure 2-4: provides an overview of the day-ahead market scheduling timelines and the relationship
to subsequent pre-dispatch activities.
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Figure 2-4: Day-Ahead Scheduling Process Timelines

Similar to the DACE, the DAM calculation engine will begin its optimization of input data for its
three passes at the close of the DAM submission window. The single run of the DAM calculation
engine will occur during the DAM restricted window. Normal publishing of DAM schedules,
commitments, and prices for the next dispatch day will occur at 13:30 EPT. For more information on

the timing of the DAM submission window, refer to the Grid and Market Operations Integration
detailed design document.

— End of Section -
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3 Detailed Functional Design

3.1 Structure of this Section

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

The design of the DAM calculation engine will be described in terms of:

e Obijectives
¢ DAM Calculation Engine Functions
e Inputs into the DAM Calculation Engine
e Initialization
e Pass 1: Market Commitment and Market Power Mitigation
As-Offered Scheduling
As-Offered Pricing
Constrained Area Conditions Test
Conduct Test
Reference Level Scheduling
Reference Level Pricing
Price Impact Test
Mitigated Scheduling
Mitigated Pricing
e Pass 2: Reliability Scheduling and Commitment
0 Reliability Scheduling
e Pass 3: DAM Scheduling and Pricing
o DAM Scheduling
o DAM Pricing
e Security Assessment Function
e  Pricing Formulas
o Data Generation for Settlement Mitigation
e The Pseudo-Unit Model
o Determination of the Non-Dispatchable Load Forecast

O 00O O0OO0OO0OO0OO0oOOo

14

Public Issue 1.0 — July 27, 2020



Day-Ahead Market Calculation Engine Detailed Functional Design

3.2 Objectives

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

The high-level designs for MRP identify several objectives for the day-ahead market and the real-
time market. These objectives, when achieved, should provide the following improvements to the
overall IESO-administered markets:

e Producing financially binding day-ahead market schedules and prices for participating
resources. These will provide an improved level of financial and operational certainty to
market participants and to the IESO;

¢ Providing nodal and zonal prices that are closely aligned to demand and system conditions
anticipated in real-time. These will provide more accurate pricing signals and result in
improved incentives for market participants to submit offers at marginal cost;

e Encouraging greater participation from imports and exports in the day-ahead timeframe. This
will increase the accuracy of day-ahead schedules with respect to expected real-time
conditions; and

e Generating outputs that will be used in the commitment process so that day-ahead schedules
are accounted for in the pre-dispatch timeframe.
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3.3 DAM Calculation Engine Functions

As described in Section 2, the day-ahead market (DAM) will be driven by a DAM calculation engine
composed of three passes, each with a distinct role in creating financially binding DAM schedules
and LMPs. In Pass 1, a scheduling algorithm will calculate hourly commitment statuses and resource
schedules to meet average hourly demand while a pricing algorithm will calculate an initial set of
hourly LMPs. Pass 2 will perform only the scheduling algorithm to calculate hourly commitment
statuses and resource schedules required to meet the peak hourly demand. In Pass 3, the scheduling
algorithm will fix the hourly commitment statuses to those determined in Pass 1 and Pass 2 and
calculate resource schedules while the pricing algorithm will calculate hourly LMPs.

The scheduling algorithm will calculate hourly commitment statuses and resource schedules by
performing a security-constrained unit commitment and economic dispatch. This will be achieved by
performing multiple iterations between an optimization function and a security assessment function.

The multiple iterations will be carried out as follows:

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

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

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

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

o If the resource is committed, then it will be scheduled to at least its MLP and will be eligible
for economic scheduling above its MLP.

o If the resource is not committed, it will receive a zero schedule and will not be eligible for
economic scheduling.

A non-dispatchable resource or quick-start resource will always be committed in each hour when it
has been offered because such resources do not have commitment costs and have an MLP of zero.
The commitment status of an eligible NQS resource for any given hour will be determined by the
scheduling algorithm. For NQS resources, the commitment status from one pass will be considered in
determining the commitment status in subsequent passes. The final commitment statuses will be used
to derive operational commitments.

The pricing algorithm will primarily use the same set of market participant inputs, IESO inputs and
resource and system constraints as the scheduling algorithm. It will use the commitment statuses and
certain resource schedules from the scheduling algorithm to determine LMPs by performing a
security-constrained economic dispatch. Similar to the scheduling algorithm, the pricing algorithm
will perform multiple iterations between an optimization function and a security assessment function.
The pricing algorithm will use the same security assessment function that is used in the scheduling
algorithm.
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However, the optimization function will be modified to:
o enforce the unit commitment statuses determined in the scheduling algorithm;
e use the constraint violation penalty curves for market pricing; and

¢ allow an offer or bid lamination to set price in accordance with the price-setting eligibility rules,
which are applied after taking the scheduling algorithm results into account.

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

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

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

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

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

Marginal loss factors and sensitivity factors are also required to calculate prices for energy.

The inputs to the DAM calculation engine are described in Section 3.4. Section 3.5 describes the
initialization processes that the DAM calculation engine will perform before the execution of the
three passes. Outputs from a certain pass that are used as inputs in a later pass are specified at the
outset of the latter pass’s description.

Mathematical formulations of the optimization function for the scheduling algorithm and pricing
algorithm, if applicable, of each pass are provided in Section 3.6 through Section 3.8. A description of
the security assessment function common to the scheduling and pricing algorithms in all passes is
provided in Section 3.9.
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3.4 Inputs into the DAM Calculation Engine

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

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

3.4.1 Inputs into the Optimization Function
The optimization function requires:

1. market participant inputs;
2. inputs provided by the IESO; and

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

The optimization function for a certain scheduling or pricing algorithm may also require the results of
a preceding scheduling or pricing algorithm execution as inputs. In these cases, such inputs will be
specified at the outset of the specific optimization function formulation.

34.1.1 Fundamental Sets and Location Identifiers

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

o B shall designate the set of buses within Ontario, corresponding to bids and offers at locations
on the IESO-controlled grid.

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

Imports scheduled from and exports scheduled to each of the intertie zones will be modelled in the
DAM calculation engine as though they are occurring at a proxy location. Imports shall be modelled
as though they are generation emanating from sources at the proxy location, and exports shall be
modelled as though they are load occurring at sinks at the proxy location. The IESO shall define a
number of source and sink buses in the intertie zones to be used by imports and exports. The electrical
location of these source and sink buses will be identical for all intertie transactions at the same proxy
location. However, transactions at the same proxy location but specified as occurring at different
intertie zones, subject to phase shifter operation, will be modelled as flowing across independent
paths.

Each import offer will be identified by a unique intertie zone source bus and each export bid will be
identified by a unique intertie zone sink bus, where:

e A shall designate the set of all intertie zones;

o D shall designate the set of buses outside Ontario, corresponding to bids and offers at intertie
zones;

e DX < D shall designate the subset of buses outside Ontario that correspond to bids to export;

e DI < D shall designate the subset of buses outside Ontario that correspond to offers to
import;
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D, < D shall designate the set of all buses outside Ontario in intertie zone a € A;

DX, < D, shall designate the subset of buses outside Ontario that correspond to bids to
export in intertie zone a € A; and

DI, < D, shall designate the subset of buses outside Ontario that correspond to offers to
import in intertie zone a € A.

Virtual transaction offers and bids for energy are made at a specific virtual transaction zonal trading
entity, where:

M shall designate the set of virtual transaction zonal trading entities within Ontario;

7 shall designate the set of virtual transaction bids to buy energy and virtual transaction offers
to sell energy;

VB < V shall designate the set of virtual transaction bids;
VO < V shall designate the set of virtual transaction offers;

V,, € V shall designate the set of virtual transaction bids and virtual transaction offers at
virtual transaction zonal trading entity m € M,

VB,, €V}, shall designate the set of virtual transaction bids at virtual transaction zonal
trading entity m € M; and

Vo,, <€V, shall designate the set of virtual transaction offers at virtual transaction zonal
trading entity m € M.

Assume B, D and V are pairwise disjoint. The optimization function evaluates bids and offers for b €
BuDuUV.

3.4.1.2 Load Inputs

Load inputs can belong to one of the following categories:

Demand forecasts prepared by the IESO;
Dispatch data for price responsive loads;
Dispatch data for dispatchable loads;

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

Virtual transaction bids for energy; and
Bids to export energy.

Internal load buses of a specific resource type will be denoted as follows:

BPRL c B shall designate the set of buses identifying price responsive loads;
BPL c B shall designate the set of buses identifying dispatchable loads; and
BHPR c B shall designate the set of buses identifying hourly demand response resources.
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Bid for energy laminations and offer for operating reserve laminations at a load bus will be denoted
as follows:

. ],’ib shall designate the set of bid for energy laminations for b € B U DX U VB for hour h €
{1,..,24};

. ,113,5 shall designate the set of synchronized ten-minute operating reserve offer laminations at

bus b € B U DX for hour h € {1,..,24};

. ,113,"’ shall designate the set of non-synchronized ten-minute operating reserve offer

laminations at bus b € B U DX for hour h € {1,..,24}; and

. ]ﬁfi,R shall designate the set of thirty-minute operating reserve offer laminations at bus b €
B U DX for hour h € {1,..,24}.

Demand Forecasts

The IESO shall prepare hourly average demand forecasts and hourly peak demand forecasts that are
representative of transmission losses and forecast consumption of all load facilities and hourly
demand response resources for each of the IESO’s demand forecast areas! and for each dispatch hour
of the dispatch day. Before the optimization function uses these forecasts, they will be adjusted as
described in Section 3.13 to arrive at a quantity that is representative of load that is considered non-
dispatchable. The hourly average NDL demand forecast will be used in Pass 1 and Pass 3 and the
hourly peak NDL demand forecast will be used in Pass 2, where:

o AFL, shall designate the hourly average NDL demand forecast for hour h € {1,..,24}; and

e PFLy shall designate the hourly peak NDL demand forecast for hour h € {1,..,24}.

The distribution of forecasted load to load locations within each forecast area for the purposes of
security analysis is performed within the security assessment function. See Section 3.9.1.3 for more
detail.

Dispatch Data for Price Responsive Loads

Registered market participants representing price responsive loads may submit a bid to consume
energy with at most 20 price-quantity pairs corresponding to 19 laminations. Table 3-1 lists the
parameters for dispatch data submitted for a price responsive load identified by bus b € BPRL,

Table 3-1: Parameters for Dispatch Data Submitted for Price Responsive Loads

Parameter Description
OPRL shall designate an incremental quantity of energy consumption that may be
hb.j scheduled in hour h € {1,..,24} in association with bid lamination j € J£ .
shall designate the bid price to consume an incremental quantity of energy in
hour h € {1,..,24} in association with bid lamination j € JE,. The bid price
- indicates the highest price at which the price responsive load is willing to
consume the corresponding incremental quantity of energy.
QPRLFIRM,, zgall dzei:;gnate the quantity of energy that is bid at MMCP in hour h €

! In the future day-ahead market the IESO will produce the existing province-wide demand forecast as the sum
of separate demand forecasts for four demand forecast areas. For more information on demand forecasts, refer
to the Offers, Bids and Data Inputs detailed design document.
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Dispatch Data for Dispatchable Loads

Registered market participants representing dispatchable loads may submit a bid to consume energy,
offers to provide operating reserve and affiliated ramp rates. At most 20 price-quantity pairs
corresponding to 19 laminations may be submitted in the bid to consume energy. At most five price-
quantity pairs corresponding to four laminations may be submitted for each class of operating reserve
the dispatchable load is qualified to provide. Only dispatchable loads with at least one bid lamination
priced below MMCP will be scheduled by the optimization function in Pass 2, where:

e BPLZ c BDL ghall designate the set of buses identifying dispatchable loads with at least one
bid lamination priced below MMCP.

Table 3-2 lists the parameters for dispatch data submitted for a dispatchable load identified by bus
b € BPL,

Table 3-2: Parameters for Dispatch Data Submitted for Dispatchable Loads

Parameter Description

QDL j shall designate an incremental quantity of energy consumption that may be
scheduled in hour h € {1,..,24} in association with bid lamination j € J£ .

PDLyy ; shall designate the bid price to consume an incremental quantity of energy in
hour h € {1,..,24} in association with bid lamination j € Jz ,. The bid price
indicates the lowest energy price at which the dispatchable load prefers to
forgo energy consumption.

Q10SDLy shall designate the synchronized ten-minute operating reserve quantity that

may be scheduled in hour h € {1,..,24} in association with offer lamination j €

108
h,b *

P10SDLy, shall designate the price of being scheduled to provide synchronized ten-minute

operating reserve in hour h € {1,..,24} in association with offer lamination j €

108
hb *

Q10NDLy shall designate the non-synchronized ten-minute operating reserve quantity that

may be scheduled in hour h € {1,..,24} in association with offer lamination j €

10N
hb *

P10NDLy shall designate the price of being scheduled to provide non-synchronized ten-

minute operating reserve in hour h € {1,..,24} in association with offer

lamination j € JA%Y.

Q30RDLy, p, ; shall designate the thirty-minute operating reserve quantity that may be
scheduled in hour h € {1,..,24} in association with offer lamination j € J3%F.

P30RDLy shall designate the price of being scheduled to provide thirty-minute operating
reserve in hour h € {1,..,24} in association with offer lamination j € J39%.

ORRDL, shall designate the operating reserve ramp rate in MW per minute for
reductions in load consumption.

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

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

QDLFIRM, shall designate the quantity of energy that is bid at MMCP in hour h €
{1,..,24}.
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As detailed in the Offers, Bids and Data Inputs detailed design document, registered market
participants representing dispatchable loads may submit up to five sets of MW quantity, ramp up rate
and ramp down rate values for energy for each dispatch hour. The DAM calculation engine will
evaluate the same energy ramp rates for each hour in the dispatch day. The energy ramp rates used
will correspond to the submitted energy ramp rates for the first hour in which the market participant
has submitted an energy bid. Similarly, the DAM calculation engine will evaluate the same operating
reserve ramp rate for each hour in the dispatch day.

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

Dispatch Data for Hourly Demand Response Resources

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

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

Parameter Description

QHDRy, ), ; shall designate an incremental quantity of reduction in energy consumption
that may be scheduled in hour h € {1,..,24} in association with bid
lamination j € J ,.

PHDRy, ), ; shall designate the bid price to incrementally reduce energy consumption in
hour h € {1,..,24} in association with bid lamination j € Ji ,. The bid price
indicates the lowest energy price at which the resource prefers to forgo
energy consumption.

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

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

Virtual Transaction Bids for Energy

Each virtual transaction bid for energy consists of a minimum of two and a maximum of 20 price-
guantity pairs representing 19 energy laminations. Virtual transaction price-quantity pairs will allow
market participants to submit different hourly prices and associated quantities of energy they desire
to sell or buy at a particular virtual transaction zonal trading entity. This is a new dispatch data
parameter that is described in further detail in the Offers, Bids and Data Inputs detailed design
document.
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Table 3-4 lists the parameters for dispatch data submitted for a virtual transaction bid for energy v €

VB.
Table 3-4: Parameters for Dispatch Data Submitted for Virtual Bids to Buy
Parameter Description
QVBpy,j shall designate a quantity of energy that may be scheduled in hour h €

{1,..,24} in association with bid lamination j € J£ .

PVBy,, shall designate the bid price for an incremental quantity of energy in hour h €
{1,..,24} in association with bid lamination j € J£ . The bid price indicates the
highest price at which the virtual transaction is willing to be scheduled.

Bids to Export Energy

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

Registered market participants may submit bids to export energy along with offers to provide
operating reserve. A maximum of 20 price-quantity pairs corresponding to 19 laminations may be
submitted in a bid to export energy. A maximum of five price-quantity pairs corresponding to four
laminations may be submitted for each class of operating reserve the exporter is qualified to provide.
Table 3-5 lists the parameters for dispatch data submitted for a bid to export at an intertie zone sink
busd € DX.

Table 3-5: Parameters for Dispatch Data Submitted for Export Bids

Parameter Description

QXLpgq,; shall designate the maximum quantity of energy for which the export to bus d
in hour h € {1,..,24} may be scheduled in association with bid lamination j €

E
Jna-

PXLpq,j shall designate the bid price of the exporter at bus d for an incremental
quantity of energy in hour h € {1,..,24} in association with bid lamination j €
J& 4. The bid price indicates the highest price at which the exporter is willing to
be scheduled.

Q10NXLy 4 shall designate the non-synchronized ten-minute operating reserve quantity

that may be scheduled in hour h € {1,..,24} in association with offer

lamination j € JA9V.

P10ONXLy, 4 shall designate the price of being scheduled to provide non-synchronized ten-

minute operating reserve in hour h € {1,..,24} in association with offer

lamination j € JA%".

Q30RXLyp 4 shall designate the thirty-minute operating reserve quantity that may be
scheduled in hour h € {1,..,24} in association with offer lamination j € J3%.

P30RXLy g ; shall designate the price of being scheduled to provide thirty-minute operating
reserve in hour h € {1,..,24} in association with offer lamination j € J3%%
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If an export bid lamination’s price is equal to the maximum market clearing price (MM CP), a price of
8 - MMCP will be used in the optimization function for the scheduling algorithm and a price of
MMCP will be used in the optimization function for the pricing algorithm.

Export Bids in Wheeling Through Transactions

A wheeling through transaction will consist of an individual bid to export energy to an intertie zone
and an individual offer to import energy from another intertie zone in the same hour. Both the export
bid and the import offer will be linked using the same North American Electric Reliability
Corporation (NERC) tag identifiers. The DAM calculation engine will ensure that the export bid and
import offer of the wheeling through transaction receive equal schedules. Wheeling through
transactions are not eligible to provide operating reserve. For each hour h € {1,..,24}:

e L, € DX x DI shall designate the set of linked intertie zone sink and source buses
corresponding to wheeling through transactions. Here L;, is a set with elements of the form
(dx, di) where dx € DX and di € DI.

3.4.1.3 Supply Inputs

Supply inputs can belong to one of the following categories:

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

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

e BNDG c B shall designate the set of buses identifying non-dispatchable generation
resources; and

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

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

. K,f,b shall designate the set of offer for energy laminations for b € B U DI U VO for hour h €
{1,..,24};

. K,}_‘},S shall designate the set of synchronized ten-minute operating reserve offer laminations at
bus b € B U DI for hour h € {1,..,24};

. K,}_‘},N shall designate the set of non-synchronized ten-minute operating reserve offer
laminations at bus b € B U DI for hour h € {1,..,24}; and

. K,i?,R shall designate the set of thirty minute operating reserve offer laminations at bus b €
B U DI for hour h € {1,..,24}.

Dispatch Data for Non-Dispatchable Generation Facilities

The DAM calculation engine takes into account the forecast output from non-dispatchable generation
resources. The registered market participants of self-scheduling generation facilities, transitional
scheduling generators and intermittent generators will provide dispatch data on forecast production
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and the lowest price at which they wish to be scheduled. The forecast production and price will be
treated as an offer for energy with a single lamination. Table 3-6 lists the parameters for dispatch data
submitted for a non-dispatchable generation resource identified by bus b € BNPG,

Table 3-6: Parameters for Dispatch Data Submitted for Non-Dispatchable Generation

Parameter Description

QNDGpp shall designate the incremental quantity of energy generation that may be
scheduled in hour h € {1,..,24} in association with offer lamination k € K, ).

PNDGy 1 shall designate the offered energy price for incremental generation in hour

h € {1,..,24} in association with offer lamination k € K;,. The offered price
indicates the lowest price at which the non-dispatchable generation resource
is willing to be scheduled.

Dispatch Data for Dispatchable Generation Facilities

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

The following inputs are common to all dispatchable generation facilities. Table 3-7 lists the
parameters for dispatch data submitted for a dispatchable generation resource identified by bus b €
BPG,

Table 3-7: Parameters for Dispatch Data Submitted for Dispatchable Generation

Parameter Description

MinQDG, shall designate the minimum loading point, which is the minimum MW
output that a resource must maintain to remain stable without the support of
ignition and therefore the minimum amount of energy the resource must be
scheduled to produce in any hour it is committed by the DAM calculation
engine

QDGhp i shall designate an incremental quantity of energy (above and beyond the
minimum loading point) that may be scheduled in hour h € {1,..,24} in
association with offer lamination k € K,/ ),.

PDGy shall designate the offered energy price for incremental generation in hour
h € {1,..,24} in association with offer lamination k € K;,. The offered
price indicates the lowest energy price at which the resource is willing to be
scheduled.

Q10SDGy p i shall designate the offered quantity of synchronized ten-minute operating

reserve in hour h € {1,..,24} in association with offer lamination k € K, 9°.

P10SDGpp shall designate the offered price of being scheduled to provide synchronized

ten-minute operating reserve in hour h € {1,..,24} in association with offer

lamination k € K;9°.
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Parameter Description
Q10NDGy p i shall designate the offered quantity of non-synchronized ten-minute
operating reserve in hour h € {1,..,24} in association with offer lamination
k € KAV,
P10NDGy 1 shall designate the offered price of being scheduled to provide non-

synchronized ten-minute operating reserve in hour h € {1,..,24} in

association with offer lamination k € K, 2"

Q30RDGy i shall designate the offered quantity of thirty-minute operating reserve in
hour h € {1,..,24} in association with offer lamination k € K39~
P30RDG p shall designate the offered price of being scheduled to provide thirty-minute
operating reserve in hour h € {1,..,24} in association with offer lamination
k € KR,
ORRDG,, shall designate the maximum operating reserve ramp rate in MW per
minute.
URRDG, shall designate the maximum rate in MW per minute at which the resource

can increase the amount of energy it supplies (ramp rate up).

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

RLP30R;, shall designate the reserve loading point for thirty-minute operating reserve
in hour h € {1,..,24} indicating the minimum output level at which the
resource can provide its full thirty-minute operating reserve amount.

RLP10Sy shall designate the reserve loading point for synchronized ten-minute
operating reserve in hour h € {1,..,24} indicating the minimum output level
at which the resource can provide its full synchronized ten-minute operating
reserve amount.

As detailed in the Offers, Bids, and Data Inputs detailed design document, registered market
participants representing dispatchable generation facilities may submit up to five sets of MW
quantity, ramp up rate and ramp down rate values for energy for each dispatch hour. The DAM
calculation engine will evaluate the same energy ramp rates for each hour in the dispatch day. The
energy ramp rates used will correspond to the submitted energy ramp rates for the first hour in which
the market participant has submitted an energy offer. Similarly, the DAM calculation engine will
evaluate the same operating reserve ramp rate for each hour in the dispatch day.

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

Committed resources, which are scheduled to operate at or above their minimum loading point, may
be scheduled for all types of operating reserve. Uncommitted resources will not be scheduled for any
type of operating reserve. Quick start resources will have a minimum loading point (MinQDG,) of
zero. These resources will be considered committed for all 24 hours. See Section 3.3 for more
information.

26

Public Issue 1.0 — July 27, 2020



Day-Ahead Market Calculation Engine Detailed Functional Design

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

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

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

Variable generation resources: variable generation forecast quantity, IESO’s centralized
variable generation forecast;

Energy-limited resources: maximum daily energy limit; and

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

Buses identifying resources of these types will be denoted as follows:

BNQS ¢ BPG shall designate the subset of buses identifying NQS resources;
BPSU ¢ BNQS ghall designate the subset of buses identifying PSU resources;
BY¢ < BPG shall designate the subset of buses identifying variable generation resources;
BELR ¢ BDG ghall designate the subset of buses identifying energy-limited resources; and

BHE ¢ BPG shall designate the subset of buses identifying hydroelectric resources.

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

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

NQS Resources
Table 3-8 lists the parameters for dispatch data submitted for an NQS resource identified by bus b €

BNOS,

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

Parameter Description
MGODGy, shall designate the offered minimum generation cost to operate at minimum
loading point in hour h € {1,..,24}.
SUDGy shall designate the start-up offer to start, synchronize and reach MLP in hour
h € {1,..,24}.
MGBRTDG, shall designate the minimum generation block run-time — the shortest period

(in hours) the resource must be scheduled to operate to at least its minimum
loading point if its offer to generate is accepted.

MGBDTDG,, shall designate the minimum generation block down-time — the shortest period
(in hours) between the end of one hour the resource is scheduled to operate at
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Parameter Description

or above its minimum loading point and the beginning of the next hour the
resource is scheduled to operate at or above its minimum loading point.

MaxStartsDG, shall designate the maximum number of times an NQS resource can be
scheduled to start within a dispatch day.

RampHrs,, shall designate the number of hours it takes the resource to ramp from 0 to its
minimum loading point.

RampE, ,, shall designate the quantity of energy injected w hours before the resource
reaches its minimum loading point for w € {1,.., RampHrs,}.

SNLy, shall designate the speed no-load offer, which is the cost required to operate
' in a synchronized status while injecting no energy to the IESO-controlled grid
inhour h € {1,..,24}.

KLTMLP shall designate the set of energy offer laminations for quantities up to the
' minimum loading point in hour h € {1,..,24}.

QLTMLP, , shall designate an incremental quantity of energy generation (up to the
w minimum loading point) that may be scheduled in hour h € {1,..,24} in
association with offer lamination k € K;.7"*.

PLTMLP, , shall designate the offered energy price for incremental generation in hour
w h € {1,..,24} in association with offer lamination k € K-JM"F.

As described in the Offers, Bids and Data Inputs detailed design document, the minimum generation
block down time, start-up offer, and ramp up energy to MLP inputs will correspond to those for the
thermal state selected by the registered market participant for the purposes of DAM scheduling.

The minimum generation cost for an NQS resource indicates the cost of operating the resource at its
minimum loading point in a specific hour. Although this cost is not submitted directly by the
registered market participant, it can be calculated from the speed no-load offer and energy
laminations up to the resource’s minimum loading point. For an NQS resource identified by bus b €
BNQS the minimum generation cost in hour h € {1,..,24} can be calculated as follows:

MGODGy,;, = SNLy,, + z PLTMLPy, ;- QLTMLP, 1 1.
keKETMLP

Within the optimization function of the DAM calculation engine, the minimum generation cost is
evaluated as a whole in determining a commitment decision. For the purposes of Market Power
Mitigation, the component speed no-load and energy laminations up to the resource’s minimum
loading point will be compared against their respective reference levels separately.

PSU Resources

For combined cycle facilities that have elected and are eligible to be represented as a pseudo-unit
resource, additional inputs are required to reflect the physical unit loading as a function of the pseudo-
unit schedules. For more information, see Section 3.12. Table 3-9 lists the parameters for dispatch
data submitted for a PSU resource identified by bus b € BPSY,
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Table 3-9: Parameters for Dispatch Data Submitted for PSU Resources

Parameter Description
KPF € Ky shall designate the energy offer laminations corresponding to the dispatchable
region of the pseudo-unit in hour h € {1,..,24}.
KPp S Ky shall designate the energy offer laminations corresponding to the duct firing
region of the pseudo-unit in hour h € {1,..,24}.
STShareMLP, shall designate the steam turbine share of the MLP region.
STShareDR, shall designate the steam turbine share of the dispatchable region.
RampCT,,, shall designate the quantity of energy injected w hours before the resource

reaches its minimum loading point that is attributed to the combustion turbine
forw € {1,.., RampHrs;}.

RampSTy shall designate the quantity of energy injected w hours before the resource
reaches its minimum loading point that is attributed to the steam turbine for
w € {1,..,RampHrs,}.

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

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

e B;T < BPSU shall designate the subset of buses identifying PSU resources with a share of
steam turbine p € PST.

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

e BNOI0DF c pPSU gha|| designate the subset of buses identifying a PSU resource that cannot
provide ten-minute operating reserve from its duct firing region.

Variable Generation Resources

For each registered facility supplying variable generation, the IESO will continue to produce an
hourly production forecast for all hours of the next day. This forecast is provided by a forecasting
entity and is based on meteorological and technical data provided from variable generation resources.
For each hour of the next day, variable generation resources participating in the DAM will have the
option of submitting their own forecast or electing the IESO forecast as dispatch data. The DAM
calculation engine will use an alternative variable generation forecast that utilizes the market
participant forecast for the hours with a submitted value and the IESO’s centralized variable
generation forecast for the hours a value has not been submitted by the market participant. This
alternative forecast will be used in Pass 1 and Pass 3. For Pass 2, the IESO forecast will be used for
all hours as it represents the IESO’s view of expected variable generation output when assessing
reliability.

For the variable generation resource identified by bus b € BV¢ and hour h € {1,..,24}:
e FGpy shall designate the IESO’s centralized forecast; and

e AFGy shall designate the alternative forecast which is either the market participant-
submitted forecast or the IESO’s centralized forecast.
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Energy-Limited Resources

Energy-limited resources constitute a subset of generation resources that may be limited in the
amount of energy they can provide during each dispatch day. For the energy-limited resource
identified by bus b € BELR;

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

Hydroelectric Resources

Hydroelectric resources may optionally submit additional dispatch data reflecting their operating
characteristics. For resources choosing not to submit some or all of these dispatch data, the
corresponding constraints will not need to be enforced by the DAM calculation engine. Table 3-10

lists the parameters for dispatch data submitted for a hydroelectric resource identified by bus b €
BHE,

Table 3-10: Parameters for Dispatch Data Submitted for Hydroelectric Resources

Parameter Description

MinHMR, shall designate the hourly must-run value, which is the minimum amount of
energy that the resource is required to produce in hour h € {1,..,24} to
prevent the resource from operating in a manner that would endanger the
safety of any person, damage equipment, or violate any applicable law. This
minimum amount will be scheduled regardless of whether the resource would
be scheduled to operate based on its offer price.

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

MinHOy shall designate the minimum hourly output, which is the amount of energy
that the resource is required to produce in hour h €, {1,..,24}, if scheduled to
operate, to prevent the resource from operating in a manner that would
endanger the safety of any person, damage equipment, or violate any

applicable law.

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

MinDEL, shall designate the minimum amount of energy that the resource that is not a
shared hydroelectric resource must be scheduled to generate within the
dispatch day to prevent the resource from operating in a manner that would
endanger the safety of any person, damage equipment, or violate any
applicable law.

MaxStartsHE,, shall designate the maximum number of times the hydroelectric resource can
be scheduled to start within a dispatch day.

StartMW,; fori € shall designate the MW quantities for measuring unit starts; one unit start is
{1,..,NStartMWw,} counted between hours h and (h + 1) if the schedule increases from below
StartMW, ; to at or above StartMW, ;.

Start indication value will be a new optional registration parameter that
represents the minimum quantity of energy a resource must be scheduled to
determine whether the generation units associated with resource have used up
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Parameter Description

one or more of their maximum number of starts per day. For more details on
this parameter, refer to the Facility Registration detailed design document.

(ForLy;, ForU,;) for | shall designate the lower and upper limits of the resource’s forbidden regions
i €{1,..,NForp} indicating that the resource cannot be scheduled strictly between ForL, ; and
ForU,;foralli € {1,..,NFor}.

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

Market participants may register two or more hydroelectric resources as having a shared daily energy
limit when these resources are collectively limited in the amount of energy they can or must provide
during each day. Table 3-11 lists the parameters for dispatch data submitted for hydroelectric
resources with shared energy limit.

Table 3-11: Parameters for Dispatch Data Submitted for Hydroelectric Resources — Shared
Energy Limit

Parameter Description

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

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

BHE ¢ BHE shall designate the subset of buses identifying hydroelectric resources in set
s € SHE.
MaxSDEL; shall designate the maximum daily energy limit shared by all hydroelectric

resources in set s € SHE.

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

MinSDEL; shall designate the minimum amount of energy that all hydroelectric
resources in set s € SHE must be collectively scheduled to generate within a
dispatch day to prevent the resources from operating in a manner that would
endanger the safety of any person, damage equipment, or violate any

applicable law.

Minimum daily energy limit will be a new dispatch data parameter that
represents the minimum amount of energy, in MWAh, that a generation unit
must be scheduled to supply within a dispatch day. This parameter has been
introduced so that registered market participants will also be able to submit a
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single Min DEL value for two or more dispatchable hydroelectric generation
unit resource types that are registered as sharing the same forebay.

For more details on this parameter, refer to the Offers, Bids and Data Inputs
detailed design document.

Multiple hydroelectric resources owned by the same registered market participant and located on a
cascade river system may provide linkage inputs. These inputs are used to represent physical
operating characteristics where energy produced by an upstream resource requires a proportional
amount of energy to be produced by a downstream resource after a period of time to prevent the
downstream resource from operating in a manner that would endanger the safety of any person,
damage equipment or violate any applicable law. Linked resources, time lag and MWh ratio will be
three new daily dispatch data parameters used to represent the energy production and time lag
relationship between generation resources on a hydroelectric cascade river system. For more
information on this parameter, refer to the Offer, Bids and Data Inputs detailed design document.
Table 3-12 lists the parameters for dispatch data submitted for linked hydroelectric resources.

Table 3-12: Parameters for Dispatch Data Submitted for Linked Hydroelectric Resources

Parameter Description

LNK € BHE x BHE shall designate the set of linked hydroelectric resources. Here LNK is a set
with elements of the form (b,, b,) where b, € B¥E and b, € BHE,

Lagy, p, € {0,..,23} | shall designate the time lag in hours between upstream hydroelectric resource
b, € BHE and downstream hydroelectric resource b, € BHE for (by, b,) €
LNK.

MWhRatioy,, p, shall designate the MWh ratio between upstream hydroelectric resource b, €
BHE and downstream hydroelectric resource b, € B¥E for (b,, b,) € LNK.
For every MWh scheduled at bus b, in a given hour, MWhRatio,,, ,, must be
scheduled at bus b, exactly Lag,, 5, hours later.

In circumstances where there is a conflict between the dispatch data parameter values submitted by a
registered market participant for a hydroelectric facility, the engine would likely be unable to
produce a solution. In such situations, the DAM calculation engine will be permitted to violate
conflicting constraints created by the dispatch data submitted, as required.

Virtual Transaction Offers for Energy

Each virtual transaction offer for energy consists of a minimum of two and maximum of 20 price-
guantity pairs representing 19 energy laminations. Virtual transaction price-quantity pairs will allow
market participants to submit different hourly prices and associated quantities of energy they desire
to sell or buy at a particular virtual transaction zonal trading entity. This is a new dispatch data
parameter that is described in further detail in the Offers, Bids and Data Inputs detailed design
document.
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Table 3-13 lists the parameters for dispatch data submitted for a virtual transaction offer for energy
v eVo.

Table 3-13: Parameters for Dispatch Data Submitted for Virtual Offer to Sell

Parameter Description

QVOp 4k shall designate a quantity of energy that may be scheduled in hour h €
{1,..,24} in association with offer lamination k € K7,

PVO, shall designate the offered price for an incremental quantity of energy in hour
h € {1,..,24} in association with offer lamination k € K. The offered price
indicates the lowest price at which the virtual transaction is willing to be
scheduled.

Offers to Import Energy

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

Market participants may submit offers to import energy along with offers to provide operating
reserve. A maximum of 20 price-quantity pairs corresponding to 19 laminations may be submitted in
the offer to import energy. A maximum of five price-quantity pairs corresponding to four laminations
may be submitted for each class of operating reserve the importer is qualified to provide. Table 3-14
lists the parameters for dispatch data submitted for an intertie zone source bus d € DI.

Table 3-14: Parameters for Dispatch Data Submitted for Import Offers

Parameter Description

QIGhqx shall designate the maximum quantity of energy for which an import from
bus d in hour h € {1,..,24} may be scheduled in association with offer
lamination k € K ;.

PIGy 4k shall designate the offered price of the importer at bus d for an incremental
quantity of energy in hour h € {1,..,24} in association with offer lamination
k € K ;. The offered price indicates the lowest price at which the importer is
willing to be scheduled.

Q10NIG g shall designate the non-synchronized ten-minute operating reserve quantity
that may be scheduled in hour h € {1,..,24} in association with offer
lamination k € K, %"

P10NIG 4% shall designate the price of being scheduled to provide non-synchronized ten-
minute operating reserve in hour h € {1,..,24} in association with offer
lamination k € K, %"

Q30RIGy 41 shall designate the thirty-minute operating reserve quantity that may be
scheduled in hour h € {1,..,24} in association with offer lamination k €
Kt

P30RIG 4 shall designate the price of being scheduled to provide thirty-minute
operating reserve in hour h € {1,..,24} in association with offer lamination
k € K30,
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Import Offers in Wheeling Through Transactions

As mentioned in Section 3.4.1.2, wheeling through transactions will consist of an individual bid to
export energy to an intertie zone and an individual offer to import energy from another intertie zone in
the same hour. Both the export bid and the import offer will be linked using the same NERC tag
identifiers. The DAM calculation engine will ensure that the export bid and the import offer of the
wheeling through transaction receive equal schedules. Wheeling through transactions are not eligible
to provide operating reserve. For each hour h € {1,..,24}:

e L, € DX x DI shall designate the set of linked intertie zone sink and source buses
corresponding to wheeling through transactions. Here L;, is a set with elements of the form
(dx, di) where dx € DX and di € DI.

3.4.14 Additional IESO Data Inputs

This section describes the additional inputs that the IESO will provide to the DAM calculation engine
to enable system reliability when a solution is determined.

Operating Reserve Requirements

The IESO will input minimum operating reserve requirements for each hour. Operating reserve
requirements will include minimum requirements for the total amount of synchronized ten-minute
operating reserve, the total amount of ten-minute operating reserve and the total amount of thirty-
minute operating reserve. For each hour h € {1,..,24}:

e TOT10Sy, shall designate the synchronized ten-minute operating reserve requirement;
e TOT10R, shall designate the ten-minute operating reserve requirement; and

e TOT30R,, shall designate the thirty-minute operating reserve requirement, which may also
include an increase to account for the flexibility operating reserve requirement.

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

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

e BREG c B shall designate the set of internal buses in operating reserve region r € ORREG;

e DREG c D shall designate the set of intertie zone buses in operating reserve region r €
ORREG;,

e REGMin10Ry,, shall designate the minimum requirement for total ten-minute operating
reserve in region r € ORREG in hour h € {1,..,24}%;

e REGMin30Ry,, shall designate the minimum requirement for thirty-minute operating
reserve in region r € ORREG in hour h € {1,..,24}3;

e REGMax10Ry, shall designate the maximum amount of total ten-minute operating reserve
that may be provided in region r € ORREG in hour h € {1,..,24}; and

2 These minimum limits could be set at zero.
3 These minimum limits could be set at zero.
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e REGMax30Ry,, shall designate the maximum amount of thirty-minute operating reserve
that may be provided in region r € ORREG in hour h € {1,..,24}.

Intertie Limits

The IESO will establish intertie limits based on its assessment of the amount of energy and operating
reserve that can be imported into Ontario, or the amount of energy that can be exported from Ontario
during the upcoming day. These limits will belong to one of the following two categories:

e Flow limits:

o0 Import limit: Limits on the sum of the total net scheduled inflow of energy (imports
minus exports) into Ontario from one or more intertie zones and scheduled operating
reserve from one or more intertie zones in each hour.

0 Export limit: Limits on the total net scheduled outflow of energy (exports minus imports)
from Ontario into one or more intertie zones in each hour.

o Net interchange scheduling limit (NISL): Limit on the change in total scheduled energy flows
over all the interties between Ontario and the intertie zones from hour-to-hour.

Flow Limits

The IESO will define flow limit constraints by specifying the flow limit, the intertie zones
contributing to the constraint and the contribution of each intertie zone to the constraint. Let Z.,
contain all the import and export flow constraints that the IESO has defined. For each such constraint
ZE ZSCh:

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

e MaxExtSchy, , shall designate the maximum flow limit in hour h € {1,..,24}.

Net Interchange Scheduling Limits
The net interchange scheduling limit constraint prevents hour-to-hour changes in the net interchange
from being too large. For h € {1,..,24}:

e ExtDSCy shall designate the maximum decrease in net flows over all interties from hour (h —
1) to hour h; and

e ExtUSCy shall designate the maximum increase in net flows over all interties from hour (h —
1) to hour h.

Hour-to-hour increases in net interchange from all the intertie zones should not exceed ExtUSC,, and
hour-to-hour decreases in net interchange from all intertie zones should not exceed ExtDSC},.

Resource Minimum and Maximum Constraints

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

¢ Reliability constraints: a constraint imposed as a result of a control action may limit the
minimum or maximum consumption of a dispatchable load.
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The DAM calculation engine will accordingly enforce minimum and maximum constraints on the
consumption of a dispatchable load. For hour h € {1,..,24}:

e MinDLy, shall designate the most restrictive of the above minimum consumption limits for
the dispatchable load at bus b € BPL; and

e MaxDLy shall designate the most restrictive of the above maximum consumption limits for
the dispatchable load at bus b € BPL.

Non-Dispatchable and Dispatchable Generation Resources

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

¢ Reliability Must-Run (RMR) and Reactive Support Service Contracts: The IESO will identify
resources that must operate for reliability purposes. These resources will be considered
committed for all the hours in which they are flagged as must-commit. Similarly, the IESO
may place minimum or maximum limits on the net injections by generation resources to
permit them to provide reactive power support as may be necessary to enable the reliable
operation of the system.

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

e Qutages and De-ratings: Outages or de-ratings from the IESO’s Outage Coordination and
Scheduling System (OCSS) limit a generation resource’s maximum output.

o Reliability Constraints: A constraint imposed as a result of a control action may limit the
minimum or maximum output of a generation resource.

The DAM calculation engine will accordingly enforce minimum and maximum constraints on the
output of an internal generation resource. For hour h € {1,..,24}:

e  MinNDGy j shall designate the most restrictive of the above minimum output limits for the
non-dispatchable generation resource at bus b € BNP¢;

e MaxNDGy shall designate the most restrictive of the above maximum output limits for the
non-dispatchable generation resource at bus b € BNP¢;

e MinDGy ), shall designate the most restrictive of the above minimum output limits for the
dispatchable generation resource at bus b € BP¢; and

e MaxDGy shall designate the most restrictive of the above maximum output limits for the
dispatchable generation resource at bus b € BP¢.

PSU Resources

For a combined cycle facility that has elected to be represented as a pseudo-unit, these constraints will
be enforced on the physical units. Minimum constraints will be enforced on the physical units within
the DAM calculation engine passes.
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For hour h € {1,..,24}:

e MinCTy, ), shall designate the most restrictive of the above minimum output limits in hour h
for the combustion turbine of the PSU resource at bus b € BPSY; and

e MinST}, shall designate the most restrictive of the above minimum output limits in hour
h for steam turbine p € PST.

Maximum constraints will be pre-processed as described in Section 3.12.3.1. For hour h € {1,..,24}
and for the PSU resource at bus b € BPSU:

e MaxMLP, , shall designate the maximum output limit in hour h for the MLP region;

e MaxDRy, ), shall designate the maximum output limit in hour h for the dispatchable region;
and

e MaxDFy , shall designate the maximum output limit in hour h for the duct firing region.

Inadvertent Payback

The DAM calculation engine will require additional inputs to support the scheduling of inadvertent
payback. In particular, the intertie transactions that correspond to inadvertent payback transactions
will be identified and such transactions must be scheduled. For hour h € {1,..24}:

e DXJ/NP c DX shall designate the intertie zone sink buses corresponding to inadvertent payback
transactions for hour h; and

e DIINP c DI shall designate the intertie zone source buses corresponding to inadvertent payback
transactions for hour h.

Constraint Violation Penalties

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

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

The energy balance constraint may be violated for both reasons of under generation and over
generation.

4 Under such conditions, system reliability will be maintained by IESO control actions.
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For hour h € {1,..,24}:

e (PLdViolSchy;, QLdViolSchy;) fori € {1,.., Ny gyioy, } Shall designate the price-quantity
segments of the penalty curve for under generation used for scheduling to meet the IESO’s
reliability requirements;

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

e (PGenViolSchy;, QGenViolSchy;) fori € {1,.., Ngenvioy, } Shall designate the price-
quantity segments of the penalty curve for over generation used for scheduling to meet the
IESO’s reliability requirements; and

e (PGenViolPrcy;, QGenViolPrcy;) fori € {1,.., Ngenvior, } Shall designate the price-
guantity segments of the penalty curve for over generation used for calculating market prices.

The synchronized ten-minute operating reserve constraint may be violated to allow a shortfall. For
hour h € {1,..,24}:

e (P10SViolSchy;, Q10SViolSchy,;) fori € {1,.., Nygsvior, } Shall designate the price-quantity
segments of the penalty curve for the synchronized ten-minute operating reserve requirement
used for scheduling to meet the IESO’s reliability requirements; and

e (P10SViolPrcy;, Q10SViolPrcy,) for i € {1,.., Nigsvior, } Shall designate the price-quantity
segments of the penalty curve for the synchronized ten-minute operating reserve requirement
used for calculating market prices.

The total ten-minute operating reserve constraint may be violated to allow a shortfall. For hour h €
{1,..,24}:

e (P10RViolSchy;, Q10RViolSchy;) fori € {1,.., Nygryior,} Shall designate the price-
guantity segments of the penalty curve for the total ten-minute operating reserve requirement
used for scheduling to meet the IESO’s reliability requirements; and

e (P10RViolPrcy;, Q1ORViolPrcy;) for i € {1,.., Nygrvioy, } Shall designate the price-
guantity segments of the penalty curve for the total ten-minute operating reserve requirement
used for calculating market prices.

The thirty-minute operating reserve constraint may be violated to allow a shortfall. For hour h €
{1,..,24}:

e (P30RViolSchy;, Q30RViolSchy;) fori € {1,.., N3gryio,} Shall designate the price-
guantity segments of the penalty curve for the total thirty-minute operating reserve
requirement and, when applicable, the flexibility operating reserve requirement used for
scheduling to meet the IESO’s reliability requirements; and

e (P30RViolPrcy;, Q30RViolPrcy) for i € {1,.., N3oryioy, } Shall designate the price-
quantity segments of the penalty curve for the total thirty-minute operating reserve
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requirement and, when applicable, the flexibility operating reserve requirement used for
calculating market prices.

Area minimum and maximum operating reserve requirements may be violated. For hour h €
{1,..,24):

(PREG10RViolSchy;, QREG10RViolSchy,;) for i € {1,.., Nrggiorvior, } Shall designate the
price-quantity segments of the penalty curve for area total ten-minute operating reserve
minimum requirements used for scheduling to meet the IESO’s reliability requirements;

(PREG10RViolPrcy;, QREG10RViolPrcy;) for i € {1,.., Nrggiorvior, } Shall designate the

price-quantity segments of the penalty curve for area total ten-minute operating reserve
minimum requirements used for calculating market prices;

(PREG30RViolSchy;, QREG30RViolSchy;) fori € {1,.., Nrggsorviol, } Shall designate the

price-quantity segments of the penalty curve for area thirty-minute operating reserve
minimum requirements used for scheduling to meet the IESO’s reliability requirements;

(PREG30RViolPrcy;, QREG30RViolPrcy,;) for i € {1,.., Nrggsorvior, } Shall designate the
price-quantity segments of the penalty curve for area thirty-minute operating reserve
minimum requirements used for calculating market prices;

(PXREG10RViolSchy,;, QXREG10RViolSchy,;) for i € {1,.., Nxgrggiorviot, } Shall designate
the price-quantity segments of the penalty curve for area total ten-minute operating reserve
maximum restrictions used for scheduling to meet the IESQO’s reliability requirements;

(PXREG10RViolPrcp;, QXREG10RViolPrcy,;) for i € {1,.., Nxrggiorvior,,} Shall designate
the price-quantity segments of the penalty curve for area total ten-minute operating reserve
maximum restrictions used for calculating market prices;

(PXREG30RViolSchy,;, QXREG30RViolSchy,;) for i € {1,.., Nxgrgg3orvior, } Shall designate

the price-quantity segments of the penalty curve for area total thirty-minute operating reserve
maximum restrictions used for scheduling to meet the IESO’s reliability requirements; and

(PXREG30RViolPrcy;, QXREG30RViolPrcy,;) for i € {1,.., Nxgggsorvior,} Shall designate

the price-quantity segments of the penalty curve for area total thirty-minute operating reserve
maximum restrictions used for calculating market prices.

Pre-contingency and post-contingency internal transmission limits may be violated. For hour h €
{1,..,24):

(PPrelTLViolSchy p;, QPrelTLViolSchy ;) for i € {1, ..,Npre,TLViolf’h} shall designate the

price-quantity segments of the penalty curve for exceeding the pre-contingency limit of the
transmission constraint for facility f € F used for scheduling to meet the IESO’s reliability
requirements;
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e (PPrelTLViolPrcs i, QPrelTLViolPrcsp ;) fori € {1,..,NPT€,TLVL-01M} shall designate the
price-quantity segments of the penalty curve for exceeding the pre-contingency limit of the
transmission constraint for facility f € F used for calculating market prices. As described in
the Offers, Bids and Data Inputs detailed design document, the quantity will be based on a
percentage of the applicable transmission security limit. As the percentage and limit do not
depend on the optimization function decisions, the quantity can be precomputed and treated
as fixed within the DAM calculation engine optimization function;

e (PITLViolSchgyp,, QITLViolSch, s p;) fori € {1,.., N,TLViolc’f'h} shall designate the price-

guantity segments of the penalty curve for exceeding the contingency ¢ € C post-contingency
limit of the transmission constraint for facility f € F used for scheduling to meet the IESO’s
reliability requirements; and

e (PITLViolPrc. g p, QITLViolPrcef ;) fori € {1,. .,N,TLViolc’f'h} shall designate the price-

guantity segments of the penalty curve for exceeding the contingency ¢ € C post-contingency
limit of the transmission constraint for facility f € F used for calculating market prices.
Similar to pre-contingency limits, the penalty curve quantities are based on a percentage of
the applicable transmission security limit and are fixed within the DAM calculation engine
optimization function.

Intertie scheduling limits may be violated. For hour h € {1,..,24}:

o (PPreXTLViolSchyy;, QPreXTLViolSch,p,;) for i € {1,.., Nprexriviot, , } shall designate

the price-quantity segments of the penalty curve for exceeding the flow limit specified by z €
Zscn, Used for scheduling to meet the IESQO’s reliability requirements;

o (PPreXTLViolPrc,y i, QPreXTLViolPrc,p,) fori € {1,.., Nprexriviol, , } Shall designate

the price-quantity segments of the penalty curve for exceeding the flow limit specified by z €
Zscn Used for calculating market prices;

e (PNIUViolSchy;, QNIUViolSchy;) fori € {1,.., Nyiyvior, } Shall designate the price-
guantity segments of the penalty curve for exceeding the hour h net interchange increase
constraint between hours (h — 1) and h used for scheduling to meet the IESO’s reliability
requirements;

e (PNIUViolPrcp;, @QNIUViolPrcy;) fori € {1,.., Nyyvior,} shall designate the price-
guantity segments of the penalty curve for exceeding the hour h net interchange increase
constraint between hours (h — 1) and h used for calculating market prices;

e (PNIDViolSchy;, QNIDViolSchy;) fori € {1,.., Ny;pyio, } Shall designate the price-
guantity segments of the penalty curve for exceeding the hour h net interchange decrease
constraint between hours (h — 1) and h used for scheduling to meet the IESO’s reliability
requirements; and
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e (PNIDViolPrcy;, @QNIDViolPrcy;) for i € {1,.., Nypyior,} shall designate the price-
guantity segments of the penalty curve for exceeding the hour h net interchange decrease
constraint between hours (h — 1) and h used for calculating market prices.

Tie-Breaking

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

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

e NumlV G shall designate the number of variable generation resources in the daily dispatch
order; and

e TBM, € {1,.., NumV G} shall designate the tie-breaking modifier for the variable generation
resource at bus b € BVC.

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

3.4.15 Initial Scheduling Assumptions

The DAM calculation engine will use data specifying the initial schedules and commitment of
resources for the hour preceding the first hour of the next dispatch day. This data is described in the
following sections.

Initial Schedules

By default, initial schedules will be based on the hour ending 24 schedules of the most recent pre-
dispatch run. For notational convenience, the initial resources schedules will be denoted using the
scheduling variables in Section 3.6.1.2 with the hour set to 0. For example, SDG ,  shall denote the
initial schedule of the dispatchable generation resource at bus b € BP¢ affiliated with offer lamination
k € KE,.

Initial Commitment Status and Number of Hours in Operation

The presence of an operational constraint in the last hour of the previous day will determine if a
resource is to be considered in operation in the first hour of the day and if any remaining minimum
generation block run-time for the resource must be respected. The DAM calculation engine will not
need to consider start-up offers for resources that are expected to be running as a result of an
operational constraint if it decides to schedule them to operate during the first hour of the day.

Issue 1.0 — July 27, 2020 Public 41



Detailed Functional Design DES-23

The IESO will have the capability to change this default information to reflect any operational
changes (outages, unplanned unit starts). For bus b € BP¢:

e 0DG, shall designate the commitment status for the resource at bus b at the end of the
previous day; and

e [nitOperHrs, shall designate the number of consecutive hours at the end of the previous day
for which the resource at bus b was scheduled to operate. It shall be set to zero for resources
that are not considered to be in operation at the end of the preceding day.

Initial Net Interchange Schedule

The DAM calculation engine requires the initial net interchange schedule. This value is the difference
between all imports to Ontario and all exports from Ontario, in the last hour of the previous day. By
default, this value will be based on the most recent pre-dispatch run. For notational convenience, this
value will be inferred from the initial resources schedules for imports and exports using the
scheduling variables in Section 3.6.1.2 with the hour set to 0.

3.4.1.6 Inputs Provided by the Security Assessment Function
Transmission inputs to the optimization function are calculated by the security assessment function
based on information prepared by the IESO to enable the DAM calculation engine to evaluate the
security of the IESO-controlled grid.

Transmission Constraints

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

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

e ( shall designate the set of contingency conditions that are considered in the security
assessment function.

For each hour h € {1,..,24}, if the pre-contingency limit on facility f € F is violated, the security
assessment function will calculate a linearization of the constraint in the optimization function
scheduling variables and provide the affiliated coefficients and limit. Let F;, S F designate the set of
facilities whose pre-contingency limit was violated in hour h of a preceding security assessment
function iteration. For a facility f € Fj,:

e PreConSFy f shall designate the pre-contingency sensitivity factor for bus b € B U D

indicating the fraction of energy injected at bus b which flows on facility f during hour h
under pre-contingency conditions;

e VPreConSFy ; , shall designate the pre-contingency sensitivity factor for virtual transaction
zonal trading entity m € M indicating the effect of scheduled energy at m to flows on facility
f € Fp, in hour h under pre-contingency conditions; and

e AdjNormMaxFlowy, ; shall designate the corresponding limit indicating the maximum flow
allowed on facility f in hour h under pre-contingency conditions.

For each hour h € {1,..,24} and contingency c € C, if the post-contingency limit on facility f € F is
violated, the security assessment function will calculate a linearization of the constraint in the
optimization function scheduling variables and provide the affiliated coefficients and limit.
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Let F, . € F designate the set of facilities whose post-contingency limit for contingency ¢ was
violated in hour h of a preceding security assessment function iteration. For a facility f € F,

e SFy.sp shall designate the post-contingency sensitivity factor for bus b € B U D indicating

the fraction of energy injected at bus b which flows on facility f during hour h under post-
contingency conditions for contingency c;

e VSF, . rm shall designate the post-contingency sensitivity factor for virtual transaction zonal
trading entity m € M indicating the effect of scheduled energy at m to flows on facility f €
Fy, . in hour h under post-contingency conditions for contingency c; and

e AdjEmMaxFlowy, . shall designate the corresponding limit indicating the maximum flow
allowed on facility f in hour h under post-contingency conditions for contingency c.

Transmission Losses

Losses will be modelled in the DAM calculation engine using marginal loss factors and a loss
adjustment. As described in Section 3.9.2.3, the marginal loss factors for each hour will be calculated
using a base case power flow from the security assessment function based on the schedules
determined for that hour by the optimization function.

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

e MglLossy ), shall designate a marginal loss factor and shall reflect the marginal impact on
transmission losses resulting from transmitting energy from the reference bus to serve an
increment of additional load at resource bus b € B U D in hour h € {1,..,24}. When
determining marginal loss factors, the impact of local branches (e.g. load step-down
transformers) between the resource bus and the resource connection point to the IESO-
controlled grid will be excluded:;

e VMglLossy , shall designate the marginal loss factor for virtual transaction zonal trading
entity m € M in hour h € {1,..,24}; and

e LossAdjy shall designate any adjustment needed for hour h € {1,..,24} to correct for any
discrepancy between Ontario total system losses calculated using a base case power flow
from the security assessment function and linearized losses that would be calculated using the
marginal loss factors.

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

3.4.2 Inputs into the Ex-Ante Market Power Mitigation Process

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

3.4.2.1 Condition Testing Inputs

The ex-ante Market Power Mitigation process will apply to areas of restricted competition within the
IESO-controlled grid. The constrained area to which a resource belongs is a reflection of the extent to
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which competition is restricted for that resource. The IESO will apply conduct tests using conduct
thresholds specific to the constrained area that meets the conditions.

Constrained Area Designations

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

e NCA shall designate the set of narrow constrained areas;
e DCA shall designate the set of dynamic constrained areas;

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

e FPCA c F shall designate the set of transmission facilities whose pre-contingency
transmission limit is expected to be binding, resulting in a DCA d;

e BNt c B shall designate the set of buses identifying resources in NCA, n, that could
potentially meet the conditions for Market Power Mitigation testing; and

e BR¢ c B shall designate the set of buses identifying resources in DCA, d, that could
potentially meet the conditions for Market Power Mitigation testing.

BCAs will be determined for each hour within the DAM calculation engine according to the
evaluated grid configuration, where:

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

Conditions to test for global market power in the energy and operating reserve markets will be
determined for each hour within the DAM calculation engine and will consider the following inputs:

e [BPThresh shall designate the Intertie Border Price (IBP) threshold;

e DGMPRef c D shall designate the set of Global Market Power Reference Interties, and proxy
locations associated with those interties; and

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

3.4.2.2 Conduct Test Inputs

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

Reference Levels

Reference levels will be the IESO’s estimate of the competitive offer of a resource. For the purposes
of the DAM calculation engine, there will be reference levels for the following offered values:

e PDGRefyp x shall designate the energy offer reference level for lamination k € K,’f_b of the
offer from the resource at bus b € BP¢ in hour h € {1,..,24};
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P10SDGRefp p . shall designate the synchronized ten-minute operating reserve offer
reference level for lamination k € K;9° of the offer from the resource at bus b € B¢ in hour

he{l,..,24};

P10NDGRef} p i shall designate the non-synchronized ten-minute operating reserve offer
reference level for lamination k € K 9" of the offer from the resource at bus b € B¢ in hour
he{1,..,24};

P30RDGRef} p i shall designate the thirty-minute operating reserve offer reference level for
lamination k € K39® of the offer from the resource at bus b € BPS in hour h € {1,..,24};

SUDGRefy , shall designate the start-up offer reference level for the resource at bus b €
BN inhour h € {1,..,24};

SNLRef ;, shall designate the speed no-load offer reference level for the resource at bus b €
BN@S inhour h € {1,..,24}; and

PLTMLPRefy, ,  shall designate the energy offer for the energy to MLP reference level for
lamination k € K, of the offer from the resource at bus b € BP% in hour h € {1,..,24}.

Conduct Thresholds

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

CTEnThresh1N¢4 shall designate the energy offer conduct threshold, pertaining to allowable
percent increase above the reference level, to be used for resources that are subject to the
NCA conduct test;

CTEnThresh2N¢4 shall designate the energy offer conduct threshold, pertaining to allowable
$/MWh increase above the reference level, to be used for resources that are subject to the
NCA conduct test;

CTSUThreshN¢4 shall designate the start-up offer conduct threshold, pertaining to allowable
percent increase above the reference level, to be used for resources that are subject to the
NCA conduct test;

CTSNLThreshV¢4 shall designate the speed no-load offer conduct threshold, pertaining to
allowable percent increase above the reference level, to be used for resources that are subject
to the NCA conduct test;

CTEnThresh1P¢4 shall designate the energy offer conduct threshold, pertaining to allowable
percent increase above the reference level, to be used for resources that are subject to the
DCA conduct test;

CTEnThresh2P¢4 shall designate the energy offer conduct threshold, pertaining to allowable
$/MWh increase above the reference level, to be used for resources that are subject to the
DCA conduct test;

CTSUThreshP¢4 shall designate the start-up offer conduct threshold, pertaining to allowable
percent increase above the reference level, to be used for resources that are subject to the
DCA conduct test;
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CTSNLThreshP shall designate the speed no-load offer conduct threshold, pertaining to
allowable percent increase above the reference level, to be used for resources that are subject
to the DCA conduct test;

CTEnThresh18¢4 shall designate the energy offer conduct threshold, pertaining to allowable
percent increase above the reference level, to be used for resources that are subject to the
BCA conduct test;

CTEnThresh28¢4 shall designate the energy offer conduct threshold, pertaining to allowable
$/MWh increase above the reference level, to be used for resources that are subject to the
BCA conduct test;

CTSUThreshB¢4 shall designate the start-up offer conduct threshold, pertaining to allowable
percent increase above the reference level, to be used for resources that are subject to the
BCA conduct test;

CTSNLThreshB¢4 shall designate the speed no-load offer conduct threshold, pertaining to
allowable percent increase above the reference level, to be used for resources that are subject
to the BCA conduct test;

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

CTEnThresh2%MP shall designate the energy offer conduct threshold, pertaining to allowable
$/MWh increase above the reference level, to be used for resources that are subject to the
Global Market Power (Energy) conduct test;

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

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

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

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

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

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

CTSUThreshPRL shall designate the start-up offer conduct threshold, pertaining to allowable
percent increase above the reference level, to be used for resources that are subject to the
Local Market Power (OR) conduct test;
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CTSNLThresh©RL shall designate the speed no-load offer conduct threshold, pertaining to
allowable percent increase above the reference level, to be used for resources that are subject
to the Local Market Power (OR) conduct test;

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

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

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

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

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

CTSNLThresh©RG shall designate the speed no-load offer conduct threshold, pertaining to
allowable percent increase above the reference level, to be used for resources that are subject
to the Global Market Power (OR) conduct test.

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

Other Inputs

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

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

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

3.4.2.3 Price Impact Test Inputs

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

Price Impact Thresholds

Impact thresholds will be used to determine whether attempts to economically withhold have a
significant enough effect on energy or operating reserve prices to warrant intervention. Impact
thresholds will be provided to the DAM calculation engine for energy and operating reserve LMPs,
and will vary for each constrained zone designation.
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For the purposes of the DAM calculation engine, the following price impact thresholds will be
provided:

ITThresh1V¢4 shall designate the price impact threshold, pertaining to allowable percent
increase in the energy LMP from As-Offered Pricing above the energy LMP from Reference
Level Pricing, to be used for resources that are subject to the NCA price impact test;

ITThresh2N¢4 shall designate the price impact threshold, pertaining to allowable $/MWh
increase in the energy LMP from As-Offered Pricing above the energy LMP from Reference
Level Pricing, to be used for resources that are subject to the NCA price impact test;

ITThresh1P¢ shall designate the price impact threshold, pertaining to allowable percent
increase in the energy LMP from As-Offered Pricing above the energy LMP from Reference
Level Pricing, to be used for resources that are subject to the DCA price impact test;

ITThresh2P¢4 shall designate the price impact threshold, pertaining to allowable $/MWh
increase in the energy LMP from As-Offered Pricing above the energy LMP from Reference
Level Pricing, to be used for resources that are subject to the DCA price impact test;

ITThresh18¢4 shall designate the price impact threshold, pertaining to allowable percent
increase in the energy LMP from As-Offered Pricing above the energy LMP from Reference
Level Pricing, to be used for resources that are subject to the BCA price impact test;

ITThresh2B¢4 shall designate the price impact threshold, pertaining to allowable $/MWh
increase in the energy LMP from As-Offered Pricing above the energy LMP from Reference
Level Pricing, to be used for resources that are subject to the BCA price impact test;

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

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

ITThresh1°RG shall designate the price impact threshold, pertaining to allowable percent
increase in the operating reserve LMP from As-Offered Pricing above the operating reserve
LMP from Reference Level Pricing, to be used for resources that are subject to the Global
Market Power (OR) price impact test; and

ITThresh2°R6 shall designate the price impact threshold, pertaining to allowable $/MW
increase in the operating reserve LMP from As-Offered Pricing above the operating reserve
LMP from Reference Level Pricing, to be used for resources that are subject to the Global
Market Power (OR) price impact test.

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

3.4.3 Inputs into the Security Assessment Function

Similar to the DACE, the DAM calculation engine security assessment function will continue to use
the outputs of the optimization function, security limits and the network model to perform security
analysis of the IESO-controlled grid. Section 3.9.1provides further details on how these inputs are
used by the security assessment function in each of the three passes.
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3.4.3.1 Inputs Provided by the Optimization Function

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

3.4.3.2 Security Limits

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

3.4.3.3 Network Model

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

Issue 1.0 — July 27, 2020 Public 49



Detailed Functional Design DES-23

3.5 Initialization

Before the execution of its three passes, the DAM calculation engine will perform any necessary
initialization processes. These processes include selecting a reference bus, determining islanding
conditions, applying the variable generation resource tie-breaking logic and pre-processing maximum
generation constraints that apply to pseudo-units.

3.5.1 Reference Bus

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

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

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

e The load forecasts used by the optimization function will be modified to reflect only nodes in
the largest island; and

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

For any nodes outside the largest island, prices will be determined as per the methodology detailed in
Section 3.10.3.

3.5.3 Variable Generation Resource Tie-Breaking

As described in the Tie-Breaking sub-section in Section 3.4.1.4, variable generation resource energy
offer prices will be modified prior to the engine passes for the purposes of tie-breaking. For each hour
h € {1,..,24}, each variable generation resource bus b € BV and each offer lamination k € K7, the

offer price PDGy, ,, . shall be updated to PDGy, j, , — ( TBM

—NumVG) p where p is a small nominal value of
order 1074,

3.5.4 Pseudo-Unit Maximum Constraints

For a combined cycle facility that has elected to be represented as a pseudo-unit, any maximum
generation constraint applied to a corresponding physical unit will be pre-processed to determine an
appropriate constraint for the PSU resource. The logic for determining the appropriate constraints is
described in Section 3.12.3.
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3.6 Pass 1: Market Commitment and Market Power
Mitigation

Pass 1 will use market participant and IESO inputs along with resource and system constraints to
determine a set of resource schedules and commitments. These schedules and commitments are
calculated to meet the IESO’s average hourly forecast demand and the demand from virtual bids,

dispatchable loads, price responsive loads, hourly demand response resources and exports. Pass 1
will also determine LMPs consistent with these scheduling and commitment decisions.

Pass 1 will assess whether conditions related to transmission congestion have been met. If such
conditions exist, then Pass 1 will perform the steps related to the ex-ante Market Power Mitigation
process. If the ex-ante Market Power Mitigation process is performed and the price impact test is
failed, then the schedules, commitments and LMPs comprising the Pass 1 outputs will reflect the
corresponding results of the ex-ante Market Power Mitigation process. That is, the Pass 1 outputs will
reflect the results of performing Mitigated Scheduling and Mitigated Pricing which use reference
level dispatch data for specific inputs identified by the ex-ante Market Power Mitigation process.

3.6.1 As-Offered Scheduling

As-Offered Scheduling will perform a security-constrained unit commitment and economic dispatch
to meet the IESO’s average demand forecast of non-dispatchable loads and IESO-specified operating
reserve requirements. As-Offered Scheduling will also evaluate demand from virtual bids,
dispatchable loads, price responsive loads, hourly demand response resources and bids to export
energy.

As-Offered Scheduling will use bids and offers submitted by market participants to maximize the
gains from trade. The gains from trade is the difference between the total price of bids that are
scheduled and the total price of offers that are scheduled. The optimization is subject to the resource
constraints accompanying those bids and offers, and system constraints imposed by the IESO to
maintain reliability.

As-Offered Scheduling will determine commitment statuses and initial schedules based on the inputs
described in Section 3.4. These commitments will serve as inputs into As-Offered Pricing. The
schedules produced will not be financially binding.

The following sections describe the formulation of the optimization function for As-Offered
Scheduling.

3.6.1.1 Inputs

All applicable inputs identified in Section 3.4.1 will be evaluated.

3.6.1.2 Variables and Objective Function
The DAM calculation engine will solve for the following variables:

e SPRLy, ; shall represent the amount of price responsive load scheduled at bus b € B”R" in
hour h € {1,..,24} in association with lamination j e],’ib;

e SDLyy j shall represent the amount of dispatchable load scheduled at bus b € BPL in hour
h € {1,..,24} in association with lamination j € Jf ,;

e S10SDLy,p,; shall represent the amount of synchronized ten-minute operating reserve that a

qualified dispatchable load is scheduled to provide at bus b € BPL inhour h € {1,..,24} in

association with lamination j € J3%%;

Issue 1.0 — July 27, 2020 Public 51



Detailed Functional Design DES-23

e S10NDLy,; shall represent the amount of non-synchronized ten-minute operating reserve
that a qualified dispatchable load is scheduled to provide at bus b € BPL in hour h €
{1,..,24} in association with lamination j € JA5";

e S30RDLy,,; shall represent the amount of thirty-minute operating reserve that a qualified
dispatchable load is scheduled to provide at bus b € BPL in hour h € {1,..,24} in association

with lamination j € ]ﬁ_%R;

e SHDRy,, ; shall represent the amount of hourly demand response reduction scheduled at bus
b € BHPR in hour h € {1,..,24} in association with lamination j € J£ ,;

e SVBy,,; shall represent the amount of virtual bid v € VB scheduled in hour h € {1,..,24} in
association with lamination j e]ﬁ_v;

e SXLp,q,; shall represent the amount of exports scheduled to intertie zone sink bus d € DX in
hour h € {1,..,24} in association with lamination j € J£ 4;

e S10NXLy 4 ; shall represent the amount of non-synchronized ten-minute operating reserve
scheduled from intertie zone sink bus d € DX in hour h € {1,..,24} in association with
lamination j € J3%;

e S30RXLy 4, ; shall represent the amount of thirty-minute operating reserve scheduled from
intertie zone sink bus d € DX in hour h € {1,..,24} in association with lamination j € J3%F%;

e SNDGy  shall represent the amount of non-dispatchable generation scheduled at bus b €
BNP% in hour h € {1,..,24} in association with lamination k € K¢ ;

e SDGpy . shall represent the amount of dispatchable generation scheduled at bus b € BP¢ in
hour h € {1,..,24} in association with lamination k € K,ﬁb. This is in addition to any

MinQDGy, the minimum loading point, which must be committed before any such generation
is scheduled;

e 0DGy, shall represent whether the dispatchable generation resource at bus b € BP¢ has been
scheduled at or above its minimum loading point in hour h € {1,..,24};

e IDGp,, shall represent whether the dispatchable generation resource at bus b € B¢ has been
scheduled to start (reach its minimum loading point) in hour h € {1,..,24};

e S10SDGy p  shall represent the amount of synchronized ten-minute operating reserve that a
qualified dispatchable generation resource is scheduled to provide at bus b € BP¢ in hour h €
{1,..,24} in association with lamination k € K3%%;

e S10NDGy  shall represent the amount of non-synchronized ten-minute operating reserve
that a qualified dispatchable generation resource is scheduled to provide at bus b € BP¢ in
hour h € {1,..,24} in association with lamination k € K;9";

e S30RDGy  shall represent the amount of thirty-minute operating reserve that a qualified
dispatchable generation resource is scheduled to provide at bus b € BP¢ in hour h €
{1,..,24} in association with lamination k € K3%F;

e SCTy, shall represent the schedule of the combustion turbine associated with the PSU
resource at bus b € BPSV inhour h € {1,..,24};

e SSTy, shall represent the schedule of steam turbine p € PST in hour h € {1,..,24};

e 010Ry, shall represent whether the PSU resource at bus b € BN910PF has been scheduled
for ten-minute operating reserve in hour h € {1,..,24};
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e OHOy, shall represent whether the hydroelectric resource at bus b € BE has been
scheduled at or above MinHO}, ;, in hour h € {1,..,24};

e OFRp,;fori € {1,..,NFor,} shall represent whether the hydroelectric resource at bus b €
BME has been scheduled at or below ForLy;, or, at or above ForUy; in hour h € {1,..,24};

o [HEy,,; shall represent whether the hydroelectric resource at bus b € B#E registered a start
between hours (h — 1) and h € {1,..,24} as a result of its schedule increasing from below
StartMW), ; to at or above StartMW,,; fori € {1,.., NStartMW,},

o SVOp,x shall represent the amount of virtual offer v € VO scheduled in hour h €
{1,..,24} in association with lamination k € K,ﬁ,,;

o SIGp,q shall represent the amount of imports from intertie zone source bus d € DI
scheduled in hour h € {1,..,24} in association with lamination k € K7 4;

e S10NIGy 4 shall represent the amount of non-synchronized ten-minute operating reserve
scheduled from intertie zone source bus d € DI in hour h € {1,..,24} in association with

lamination k € K, 9%";

e S30RIGy 4 shall represent the amount of thirty-minute operating reserve scheduled from
intertie zone source bus d € DI in hour h € {1,..,24} in association with lamination k €
K3

e TBy, shall represent any adjustment to the objective function to facilitate pro-rata tie-breaking
inhour h € {1,..,24}, as described in Section 3.4.1.4 and this section; and

e ViolCosty, shall represent the cost incurred in order to avoid having the schedules for hour
h € {1,..,24} violate certain constraints, as described in Section 3.4.1.4 and this section.

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

(ObjPRLh + ObjDLy, — ObjHDRy, + ObjVB;, + ObjXL;, — OijDGh)

n - Ob]DGh - Ob]VOh - Ob][Gh - TBh - ViOlCOSth
=1,.24

where:

Ob]PRLh == 2 2 SPRLh,b,j .PPRLh,b,j

beBPRL \j eJF,

2 SDLh,b,j " PDLh,b,j - Z SlOSDLh'b’j " PlOSDLh'b’j -

ObjDL, = N Tehy
beBDL Z SlONDLh,b’j : P].ONDLh,b,j - z S3ORDLh’b’j : P3ORDLh’b,j
JEnRy eIy

ObjHDR,, = z z SHDRy,; - PHDRy ;

beBHDR \jejf,

ObjVB;, = Z Z SVBpy,j * PVBpy,j

VEVB je]}b;v
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Z SXLh,d,j " PXLh,d,j - Z SlONXLh’d’j " PlONXLh'd’j

ObjXLy, = 2 JElna SR
depx - Z S30RXLyq,j - P3ORXLy g j
JEIR
Ob]NDGh = SNDGh,b,k ) PNDGh,b,k

NDG E
beB keKE,

z SDGh,b,k : PDGh,b,k + Z SIOSDGh’b,k : PlOSDGh,b’k +

E 10S
kEKy ) keky

bEBDG 2 SlONDGh'b’k " PlONDGh'b’k + 2 SSORDGh’b'k " PBORDGh'b’k
kekpoN keKEOR
+ Z (0DGhy, - MGODGyy, + IDGyy - SUDG ) )
beBNQS

Ob]VOh = 2 2 SVOh,U,k " PVOh,v,k

VEVO \k EKE,V

z SIGh,d,k - PIGh,d,k + z SlONIGh,d,k : PlONIGh,d,k

ObjIG, = Z keKE kekiON
deDI + z S3ORlGh,d,k : PBORIGh’d,k
keKpOR
The tie-breaking term - TB;, - is obtained by adding a term for each bid or offer lamination. For each
lamination, this term is the product of a small penalty cost and the quantity of the lamination
scheduled. The penalty cost is calculated by multiplying a base penalty cost of TBPen by the amount
of the lamination scheduled and then dividing by the maximum amount that could have been
scheduled. When this penalty cost is multiplied by the amount scheduled from that lamination, a
guadratic function that increases as the amount scheduled increases is obtained. This effectively
increases the bid or offer price by zero if nothing is scheduled from the lamination, but by TBPen if
the maximum amount that could have been scheduled is scheduled. This slight price gradient, which
is smaller than the minimum step size of bid or offer prices, will ensure that two otherwise tied
laminations will be scheduled to the point where their modified costs are identical, effectively
achieving a pro-rated result.

ViolCost, calculates the total constraint violation cost and depends on the constraint violation
variables. The constraint violation variables for hour h € {1,..,24} are:

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

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

e S10SVioly is the violation variable affiliated with segment i € {1,.., Nyggy;01, } Of the
penalty curve for the synchronized ten-minute operating reserve requirement.
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e S10RVioly; is the violation variable affiliated with segment i € {1,.., Nyogyio, } Of the
penalty curve for the total ten-minute operating reserve requirement.

e S30RVioly; is the violation variable affiliated with segment i € {1,.., N3ggyioy, } Of the
penalty curve for the thirty-minute operating reserve requirement and, when applicable, the
flexibility operating reserve requirement.

e SREG10RViol, y; is the violation variable affiliated with segment i € {1,.., Ngggiorviot, )
of the penalty curve for violating the area total ten-minute operating reserve minimum
requirement in region r € ORREG.

e SREG30RViol, y; is the violation variable affiliated with segment i € {1,.., Ngggzorviot, )
of the penalty curve for violating the area thirty-minute operating reserve minimum
requirement in region r € ORREG.

e SXREG10RViol, j; is the violation variable affiliated with segment i €
{1,.., Nxgreciorviot, } Of the penalty curve for violating the area total ten-minute operating
reserve maximum restriction in region r € ORREG.

e SXREG30RViol, j; is the violation variable affiliated with segment i €
{1,.., Nxrec3orviot, ) Of the penalty curve for violating the area thirty-minute operating
reserve maximum restriction in region r € ORREG.

e SPrelTLViolgy; is the violation variable affiliated with segment i € {1,.., Npre,TLViO,f'h} of
the penalty curve for violating the pre-contingency transmission limit for facility f € F.

e SITLViolp; is the violation variable affiliated with segment i € {1, ..,N,TLVioleh} of the

penalty curve for violating the post-contingency transmission limit for facility f € F and
contingency c € C.

* SPreXTLViol,p, is the violation variable affiliated with segment i € {1,.., Nprexrivior, ;,}

of the penalty curve for violating the import/export limit affiliated with intertie limit
constraint z € Zgp,.

e SNIUVioly, is the violation variable affiliated with segment i € {1,.., Nyyvioy, } Of the
penalty curve for exceeding the net interchange increase limit between hours (h — 1) and h.

e SNIDVioly, is the violation variable affiliated with segment i € {1,.., Nypyio1, } Of the
penalty curve for exceeding the net interchange decrease limit between hours (h — 1) and h.
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From these variables, the violation cost is computed as follows:

ViolCost;, = Z SLdVioly; - PLdViolSchy; — Z SGenVioly ; - PGenViolSchy, ;
i=1.Npavioly, i=1.Ngenviol,
+ Z §10SVioly ; - P10SViolSchy ;
i=1.N1osvio,
+ 2 S10RVioly ; - P1ORViolSchy ;
i=1.N1oRvioly,
+ 2 S30RVioly ; - P30RViolSchy ;

i=1.N3oRvioly,

+ Z Z SREG10RViol,., ; - PREG10RViolSchy,

TEORREG i:1--NREG10RVL'olh

+ Z Z SREG30RViol,. 1, ; - PREG30RViolSchy,

TEORREG i=1"NREG3ORVL'0lh

+ Z Z SXREG10RViol,.p, ; - PXREG10RViolSchy, ;

Tr€O0ORREG izl"NXREGll)RViDlh

+ Z Z SXREG30RViol,., ; - PXREG30RViolSchy, ;

TEORREG i=1--NXREG30RViolh

+ z z SPrelTLViolsp, ; - PPrelTLViolSchy p, ;

fE€Fn \i=1.NpreiTiviolsp,

+ Z Z Z SITLViol, sy - PITLViolSch, s p;

CEC f€Fpc \I=1.NiTLVi0l, [}y

+ Z Z SPreXTLViol,p ;- PPreXTLViolSch,p, ;

z€Zsch \I=1.NprexTLviol,y

+ Z SNIUVioly,; - PNIUViolSchy,;

i =1.Nn1yvioly,

+ Z SNIDVioly,; - PNIDViolSchy.

i=1.NNipvioly,

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

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

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

3. Constraints to ensure that those schedules do not violate the reliability inputs established by the
IESO.

3.6.1.4 Bid/Offer Constraints Applying to Single Hours

Scheduling Variable Bounds and Commitment Status Variables

As described in Section 3.3, a dispatchable generation resource is said to be committed in a specific
hour if it is scheduled at or above its minimum loading point in that hour. A Boolean variable 0DGy, ),
indicates whether the resource at bus b € B¢ is committed in hour h € {1,..,24}. A value of zero
indicates that a resource is not committed, while a value of one indicates that it is committed.
Therefore, for all hours h € {1,..,24} and all buses b € BP¢:

0DGy,, € {0,1}.

Reliability must-run resources will be considered committed for all must-run hours. Regulating units
will be considered committed for all the hours that they are regulating. As described in Section 3.3, a
dispatchable generation resource with zero commitment cost (i.e., its minimum loading point, start-up
offer, speed no-load offer, minimum generation block run-time and minimum generation block down
time are zero) will be considered committed for all hours. If the dispatchable generation resource at
bus b € BPG is considered committed according to these rules in hour h € {1,..,24}, then:

ODGh,b = 1

No schedule can be negative, nor can any schedule exceed the quantity offered for the respective
market (energy and operating reserve). Therefore, for all hours h € {1,..,24}:

< SPRLpp; < QPRLyy

< SDLpp,;j < QDLpy

< 510SDLyyp; < Q10SDLp j
< S10NDLpp; < Q1ONDLy), ;
< S30RDLyyp; < Q30RDLp ;
< SHDRp;; < QHDRp ;

< SVBpyj < QVBpyj

< SXLpg; < QXLpg;

< S10NXLpq; < Q1O0NXLp g ;
< S30RXLpq; < Q30RXLpg ;
< SNDGppr < QNDGypi

< SVOpyx < QVOppi

< SIGpax < QlGpap

o O O O O o o o o o o o o o

< S10NIGp gy < Q10NIGh gy

forall b € BPRL, j € JE ;
forall b € BPL, j € JE,;
forall b € BPL, j € J195;
forall b € BPL, j € JE9;
forall b € BPL, j € J39F;
forall b € BHPR, j € JE
forallv € VB, j € JE;
foralld € DX, j € J 4;
forall d € DX, j € JAO;
foralld € DX, j € J3%F;
forall b € BNPG, k € KE,;
forallv € VO, k € Kf,;
foralld € DI, k € KE;

forall d € DI, k € K;2"; and
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0 < S30RIGyq) < Q30RIGqx

foralld € DI, k € K3%F.

In addition to restrictions on their schedules similar to those above, the schedules for dispatchable
generation resources must be consistent with their commitment status. Dispatchable generation
resources can be scheduled to produce energy and operating reserve only if their commitment status
variable is equal to 1. Therefore, for all hours h € {1,..,24}:

0 < SDGppy < ODGpyp - QDGrp
0 < S10SDGypx < ODGryp, - Q10SDGy p i
0 < S10NDGyp, < ODGy - QLONDG, 1 &
0 < S30RDGypx < ODGp, - Q30RDGy p x

forall b € BP¢, k € Kf});
forall b € BPG, k € K39,
forall b € BP¢, k € K;9"; and

forall b € BP¢, k € K29F.

Resource Minimums and Maximums

The schedule of an internal resource may be limited as detailed in Resource Minimum and Maximum
Constraints within Section 3.4.1.4.

Price Responsive Load

The non-dispatchable portion of a price responsive load must always be scheduled. Therefore, for all
hours € {1,..,24} and all buses b € BPRL:

Z SPRLyp,j = QPRLFIRMp ).
jE]}Elv_b
Dispatchable Load

A constraint is required to limit dispatchable loads within their minimum and maximum consumption
for an hour. Therefore, for all hours h € {1,..,24} and all buses b € BPL:

MinDLh,b < 2 SDLh,b,j < MClXDLh_b.
J'Efﬁ,b

The non-dispatchable portion of a dispatchable load must always be scheduled. Therefore, for all
hours h € {1,..,24} and all buses b € BPL:

Z SDLypj = QDLFIRMp, .

]'E]}E{:b

Non-Dispatchable Generation Resources

A constraint is required to limit non-dispatchable generation resources within their minimum and
maximum output for an hour. Therefore, for all hours h € {1,..,24} and all buses b € BNP¢:

MinNDGh’b < z SNDGh,b,k SMaXNDGh,b.

E
kekE),

Dispatchable Generation Resources

A constraint is required to limit dispatchable generation resources within their minimum and
maximum output for an hour. The maximum output of a dispatchable variable generation resource
will additionally be limited by its forecast.
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For all hours h € {1,..,24} and all buses b € BDG et

min(MaxDGy,,, AFGy ) if b € BYG

AdjMaxDGp, = { MaxDGy,, otherwise

and
AdeinDGh'b = min(Ml.nDGh'b,AdeCI,XDGh‘b).
Then, for all hours h € {1,..,24} and all buses b € BDG:

AdeinDGh’b < ManDGb ' ODGh’b + Z SDGh,b,k < AdeaxDGh,b.

E
kekE),

If the commitment status of the resource is fixed to 1 (i.e. 0DG,, = 1) and if this is inconsistent
with the adjusted minimum and maximum constraints (i.e. MinQDG, > AdjMaxDGyp, ,), then the
commitment status will be relaxed. If the total offered quantity does not exceed the minimum
(MinQDGy + ZkEbe QDGpp < AdjMinDGy ) then the resource will receive a schedule of zero.

Maximum constraints are also applied to an NQS resource ramping to its minimum loading point. A
resource will not be scheduled to reach MLP in a given hour if the resource’s ramp up energy to MLP
profile cannot be accommodated in a preceding hour due to a maximum constraint.

Inadvertent Payback
A constraint is required to schedule inadvertent payback transactions. For all hours h € {1,..,24} and

all intertie zone sink buses corresponding to an inadvertent payback transaction d € DXINP:

Z SXLh,d,j = z QXLh,d,j'

jeffb;d jEJfE;d

For all hours h € {1,..,24} and all intertie zone source buses corresponding to an inadvertent payback

INP:
Z SlGpqx = Z QlGh,qk-

transaction d € DI}
keKE 4 keKE ;

Operating Reserve Scheduling

Dispatchable Load

The total operating reserve (10-minute synchronized, 10-minute non-synchronized and 30-minute)
from a dispatchable load cannot exceed its ramp capability over 30 minutes. It cannot exceed the total
scheduled load less the non-dispatchable portion. Lastly, it cannot exceed the remaining portion of its
capacity that is dispatchable after considering minimum load consumption constraints. These
conditions can be enforced by the following constraints for all hours h € {1,..,24} and all buses b €

BPL:
z S10SDLpy, ; + Z S10NDLyp, ; + Z S30RDLpp, ; < 30 ORRDLy;
jeitss jeRyy JEIRY
S10SDLpyp, ; + Z S10NDLyy, ; + Z S30RDLyy ; < 2 SDLyyp,j — QDLFIRMp p;
jeiy Jeyy JEIRR JEIE,
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and
S10SDLyp ; + Z S10NDLyy ; + Z S30RDLy ; < Z SDLpp; — MinDLy .
jeiy jeriyy JEIRSR JEIE,

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

Z S10SDLy,, ; + Z S10NDLy ), ; < 10 - ORRDLy,

: s .~ 10N
]E]fll'% J€Jnp

Exports

The total operating reserve (10-minute non-synchronized and 30-minute) from an hourly export
cannot exceed the total scheduled export. This condition can be enforced by the following constraint
for all hours h € {1,..,24} and all intertie zone sink buses d € DX:

Z S10NXLy, g ; + Z S30RXLpq; < Z SXLpa)-

jerroy JEIROR JEIE 4

Dispatchable Generation Resources

The total operating reserve (10-minute synchronized, 10-minute non-synchronized and 30-minute)
from a committed dispatchable generation resource cannot exceed its ramp capability over 30
minutes. It cannot exceed the remaining capacity (maximum offered generation minus the energy
schedule). Lastly, it cannot exceed its unscheduled capacity. These conditions can be enforced by the
following constraints for all hours h € {1,..,24} and all buses b € BP¢:

S10SDGpp x + z S1IONDGpp x + z S30RDGhpk < 30 ORRDGy;
kEK}GS kekioN keKIR
S10SDGpp i + Z S1I0NDGpp x + Z S30RDGhp i < Z (@DGppx —SDGhp1);
kek}S kekpON kekp9R keKE ),
and
S10SDGpp i + Z S1I0NDGpp x + Z S30RDGp p i
keK}S kekp9N kekpoR
< AdeaxDGh’b - Z SDGh,b,k - ManDGb
keKE ),

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

S10SDGp p x + Z S10NDGppx < 10 - ORRDG),.
kek}S kekpGN

The amount of synchronized ten-minute operating reserve that a dispatchable generation resource is
scheduled to provide is limited by its synchronized 10-minute reserve loading point. This condition
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can be enforced by the following constraint for all hours h € {1,..,24} and all buses b € B¢ with
RLPlOSh,b > 0:

S10SDGy p x

10S
KEK}S;

1
< ManDGb . ODGh,b + Z SDGh,b,k ' <RLP105hb>

keKE ),

min< 10 - ORRDGb, z QlOSDGh,b’k
kekpS
The amount of thirty-minute operating reserve that a dispatchable generation resource is scheduled to

provide is limited by its 30-minute reserve loading point. This condition can be enforced by the
following constraint for all hours h € {1,..,24} and all buses b € BP¢ with RLP30R, , > 0:

S30RDGy, px

30R
keK3Y)

1
< | MinQDG, - ODGy, + z SDGp i '<W0th>

E
kekE,

min BOORRDGb, Z QSORDGh,b,k

30R
keK3Y)

Imports

The total operating reserve (10-minute non-synchronized and 30-minute) from an hourly import
cannot exceed the remaining capacity (maximum import offer minus scheduled energy import). This
condition can be enforced by the following constraint for all hours h € {1,..,24} and all intertie zone

source buses d € DI:

S10NIGp gk + Z S30RIGp g, < Z QIGhgx — SIGp g )

10N 30R E
kekrY keK:Y keKE

PSU Resources

A constraint is required to calculate physical unit schedules from the pseudo-unit schedules using the
sharing percentages. For all hours h € {1,..,24} and PSU resource buses b € BPSU:

SCTh’b = (1 - STShaTEMLPb) ' ManDGb ' ODGh,b

+(1 — STShareDRy) - Z SDGhpk |

DR
keKPR
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and for all hours h € {1,..,24} and steam turbines p € PST:
STShareMLP, - MinQDG), - ODGp, }, +

SSTh’p: Z STShaT'EDRb' z SDGh,b,k + z SDGh,b,k

peB3T
p DR DF
kekp¥ kekp}

Any minimum constraints for the physical units must be enforced. For all hours h € {1,..,24} and
PSU resource buses b € BPSY:

SCTh‘b = MinCTh_b,
and for all hours h € {1,..,24} and steam turbines p € PST:
SSTh’p > Ml.nSTh’p.

Maximum constraints are enforced on the operating region to which they apply as described in
Section 3.12.3.1. The constraints apply to both energy and operating reserve schedules. For all hours
h € {1,..,24} and PSU resource buses b € BPSY:

MinQDG,, - ODGy,;, < MaxMLPy,,,
SDGh,b,k < MaxDRh_b,

keKPR
SDGh,b,k < MClXDFh_b,
keKPE
and
z SDGpp i + Z S$10SDGyp p i + Z S10NDGpp i + Z S30RDGhp i
kekE, keKR9S kekpoN keKp R
S MCI,XDRh’b + MCI,XDFh'b.

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

010R,, € {0,1},
and
Z SDGpp i + Z S10SDGp i + Z S10NDGy . + 2 S30RDGy,
keKE ), keKp9S kekp9N keKZOR
< MaXDRh,b + (1 - 010Rh,b) ) Ma.XDFh’b
For all hours h € {1,..,24}, PSU resource buses b € BN?10PF ‘and laminations k € K, 9°:
S].OSDGh,b’k < OIORh,b : Q]-OSDGh,b,k'
For all hours h € {1,..,24}, PSU resource buses b € BN?0PF ‘and laminations k € K9

SlONDGh,b’k < OIORh,b ' QlONDGh,b,k'
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As described in Section 3.12, transmission constraint sensitivity factors and loss factors are provided
on a physical unit basis. Accordingly, the combustion turbine and steam turbine schedules will be
used in the energy balance constraint and the transmission constraints described in Section 3.6.1.6.

For the purposes of such constraints, the combustion turbine schedule for the PSU resource at bus b €
BPSUin hour h € {1,..,24} will be equal to:

e SCTy if the PSU resource is scheduled at or above MLP,

e RampCT,,, if the resource is schedule to reach MLP in hour (h + w) forw €
{1,..,RampHrsy}, or

e (0 otherwise.

For the purposes of such constraints, the steam turbine schedule for p € PST will be equal to SSTy, ,,
plus any contribution from PSU resources b € B{fT ramping to MLP as given by RampST,,,, for a
resource scheduled to reach MLP in hour (h + w) forw € {1,.., RampHrsy}.

The energy balance and transmission constraints are expressed in this document as though a PSU’s
effective sensitivity and loss factors are constant across its operating range. However, the DAM
calculation engine will evaluate effective sensitivity and loss factors as a function of the unit loading
as determined above.
Hydroelectric Resources
A hydroelectric resource must be scheduled for its hourly must-run amount. For all hours h €
{1,..,24} and hydroelectric resource buses b € B¥E:
ODGh,b . ManDGb + Z SDGh,b,k > Ml.nHMRh’b.
keKE ),

Either a hydroelectric resource must be scheduled to 0 or its minimum hourly output must be
respected. For all hours h € {1,..,24} and all hydroelectric resources buses b € B¥E:

OHOh’b € {0,1},
ODGh,b . ManDGb + Z SDGh,b,k > MinHOh'b . OHOh,b ;
keKE ),
and for all k € K :
0 S SDGh,b,k S OHOh,b " QDGh,b,k'

A hydroelectric resource cannot be scheduled within its forbidden regions. For all hours h €
{1,..,24}, all hydroelectric resource buses b € B#E and all i € {1,.., NFor,}:

OFRh,b,i € {0,1},

ODGh,b ManDGb + 2 SDGh,b,k

keKE ),

< OFRh,b,i . FOT'Lb,L' + (1 - OFRh,b,i) - ManDGb + Z QDGh,b,k )

E
kekE),
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and

ODGh,b . ManDGb + 2 SDGh,b,k 2 (1 - OFRh,b,i) . FOTUb’L‘.

keKE ),

Wheeling Through Transactions

In the case of wheeling through transactions, the amount of scheduled export energy must be equal to
the amount of scheduled import energy. Therefore, for all hours h € {1,..,24} and all linked intertie
zone sink and source buses (dx, di) € Ly:

Z SXLh,dx,j= z SIGh,di,k'

je],’idx kEKf,di
3.6.1.5 Bid/Offer Inter-Hour/Multi-Hour Constraints

Energy Ramping

In the following ramping constraints, a single ramp up rate and a single ramp down rate (URRDG,
and DRRDG, for dispatchable generation resources, URRDLj, and DRRDL,, for dispatchable loads)
are used. That is, the ramp rates are considered to be constant over the full operating range of the
dispatchable generation resource or dispatchable load. However, the DAM calculation engine will
respect the ramping restrictions determined by the (up to five) offered MW quantity, ramp up rate and
ramp down rate value sets.

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

o Ramp down from its lower limit in hour (h — 1) to its upper limit in hour h.

e Ramp up from its upper limit in hour (h — 1) to its lower limit in hour A.
This will allow a solution to be obtained when changes to the upper and lower limits between hours
are beyond the ramping capability of the resources.

Dispatchable Load
Energy schedules for a dispatchable load cannot vary by more than an hour’s ramping capability for
that resource. This is enforced by the following constraint for all hours h € {1,..,24} and buses b €
BPL:

Z SDLp_1p,j — 60 DRRDL), < Z SDLppj < Z SDLp_1,p,j + 60 - URRDL,.

JEIE 1 jeIE, J€lh-1p
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Hourly Demand Response Resources

Energy schedules for an hourly demand response resource cannot vary by more than an hour’s
ramping capability for that resource. This is enforced by the following constraint for all hours h €
{1,..,24} and all buses b € BAPR:

2 (QHDRh—l,b,j - SHDRh—l,b,j) —60-URRHDR),, < Z (QHDRh’b_j —SHDRh_b’j)
J'G]E_Lb ]'E]ﬁ_b
< 2 (QHDRh—l,b,j _SHDRh—l,b,j) + 60 - DRRHDR,,.

J€Jh-1p

Dispatchable Generation Resources

Energy schedules for each dispatchable generation resource cannot vary by more than an hour’s
ramping capability for that resource. The following three-part constraint handles ramping for a
resource when it is committed. The constraint covers incremental change above the resource’s
minimum loading point (MLP) in the hours where: the resource first reaches MLP (Start Up), the
resource stays on at or above MLP (Continued On), and the last hour the resource is scheduled at or
above MLP before being scheduled off (Shut Down). Only the “Continued On” constraint applies to
quick-start resources because they are always committed.

For all hours h € {1,..,24} and all buses b € BPC:
1. Start Up Scenario (ODGp, = 1,0DGp_4 ) = 0):
0= Z SDGpyp < 30-URRDG),
keKE ),
2. Continued On Scenario (ODGp, = 1,0DGp_1p = 1)
2 SDGp_1px — 60 - DRRDG), < 2 SDGrp x

keKf_, keKE ),
< Z SDGp_1px + 60 URRDG,
keKf_,
3. Shut Down Scenario (ODGp, = 1,0DGp4qp = 0):
0< 2 SDGppx < 30 DRRDG,
keKE ),
In hours where NQS resources are ramping up to MLP, energy will be scheduled using the submitted
ramp up energy to MLP profile. This is described in the equation for injections at a dispatchable

generation resource bus in Section 3.6.1.6. In hours where NQS resources are ramping down from
MLP, no energy will be scheduled.

Operating Reserve Ramping

Dispatchable Loads

In addition to energy ramping limitations, the total reserve (10-minute synchronized, 10-minute non-
synchronized and 30-minute) from a dispatchable load cannot exceed the dispatchable load’s ramp
capability to decrease load consumption.
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For all hours h € {1,..,24} and all buses b € BPL:

S10SDLyp,; + z S10NDLpp, ; + z S30RDLyp

jEJLes j€I%Y JEIRY
< 2 SDLy,y; — 2 SDLy,_y,; + 60 - DRRDL,,
J'Efﬁ,b J'GJE_Lb

Dispatchable Generation Resources

In addition to energy ramping limitations, the total reserve (10-minute synchronized, 10-minute non-
synchronized and 30-minute) from a committed dispatchable generation resource cannot exceed its
ramp capability to increase generation.

For all hours h € {1,..,24} and all buses b € BP¢:

S10SDGp i + Z S1ONDGy . + Z S30RDGy

kek}ryS kekpON kekpR
< Z SDGrrpx Z SDGpy + 60 - URRDG);
E E
kEKh—l,b kEKh,b

S10SDGpp \ + 2 S10NDGp p \ + Z S30RDGpp . + Z SDGpp i
keK}9S kekpGN kekpoR keKE ),
< [(h—n)- 60+ 30]- URRDG, - ODGy,

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

S10SDGpp \ + 2 S10NDGp p \ + Z S30RDGpp . + Z SDGpp i
keK}9S kekpGN kekpoR keKE ),
< [(m—h)-60+ 30]- DRRDG, - ODGp,

where m is the hour of the last shutdown in or after hour h.

NQS Resources

Schedules for NQS resources must observe minimum generation block run times, minimum
generation block down times and maximum number of starts per day.

At the beginning of the day, a resource’s previous day schedule is evaluated to determine any
remaining minimum generation block run time constraints to enforce and determine the commitment
status of the resource in hour 0. If 0 < InitOperHrs, < MGBRTDG,, then the resource at bus b €
BN0@S has yet to complete its minimum generation block run time, and:

ODGl,b:ODGZ,b: ---»0DGmin(24,MGBRTDG,,—InitOperHrsb),b = L

During the day, if 0ODG_1, = 0, 0DGp, = 1, and MGBRTDG, > 1 for hour h € {1,..,24}, then the
resource at bus b € BN9S has been scheduled to start up during hour h. It must be scheduled to
remain in operation until it has completed its minimum generation block run time or to the end of the
day. Therefore:

ODGyy1,p, ODGhyzp, -, OD Gmin(24,h + MGBRTDGp-1),b — 1.
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During the day, if 0ODG_,, = 1, 0DGp, = 0, and MGBDTDG,, > 1 for hour h € {1,..,24}, then the
resource at bus b € BN9S has been scheduled to shut down during hour A. It must be scheduled to
remain off until it has completed its minimum generation block down time or to the end of the day.
Therefore:

ODGyy1,p, ODGhyzp, -, OD Gmin(24,h + MGBDTDGp—1),b — 0.

A Boolean variable IDG}, , indicates that the NQS resource at bus b € BN?S is scheduled to reach its
minimum loading point in hour h € {1,..,24} after being scheduled below its minimum loading point
in the preceding hour. A value of zero 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 hours h € {1,..,24} and all buses b € BN@S:

1 lf ODGh—l,b = 0and ODGh,b =1

IDGy, = {
h,b 0 otherwise.

To ensure that NQS resources are not scheduled to be cycled on and off more than their specified
maximum number in a day, the following constraint is defined for all buses b € BN?S:

IDGp p, < MaxStartsDGy,.
h=1.24
Energy-Limited Resources

Energy-limited resources cannot be scheduled to provide more energy than they have indicated they
are capable of providing. In addition to limiting energy schedules over the course of the day to the
energy limit specified for a resource, the corresponding constraints ensure that energy-limited
resources cannot be scheduled to provide energy in amounts that would preclude them from providing
operating reserve when activated. Given these factors, for all buses b € BELR where an energy-
limited resource is located and all hours H € {1,..,24}:

Z ODGh’b ) ManDGb + Z SDGh,b,k
h=1.H keKE )

+ 100RConv Z S10SDGy e + Z S1ONDGy p 1

10S 10N
keKR; keKAY)

+ 300RConv Z S30RDGy px | < MaxDELy,.

KGR
The factors 100RConv and 300RConv are applied to scheduled ten-minute operating reserve and
thirty-minute operating reserve for energy-limited resources to convert MW into MWh.
Hydroelectric Resources

A hydroelectric resource must be scheduled for at least its minimum daily energy. For all
hydroelectric resource buses b € BHE:

ODGy,, - MinQDG, + Z SDGppy | = MinDEL,.

h=1.24 KEK
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A Boolean variable IHE, , ; indicates that a start for the hydroelectric resource at bus b € B¥E was

counted in hour h € {1,..24} as a result of the resource schedule increasing from below its i-th start
indication value to at or above its i-th start indication 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 hours h € {1,..,24}, buses b € BHE and start indication values i €
{1,.., NStartMW}:
p
1 lf ODGh—l,b ' ManDGb + z SDGh—l,b,k < StaTtMWb’i

E
kEKh—l,b

IHEh,b,i =4
and | ODGyp - MinQDG), + Z SDGppy = StartMW, ;

E
kekE,

\ 0 otherwise.

To ensure that hydroelectric resources are not scheduled to be started more times than permitted by

their maximum number of starts per day value, the following constraint is defined for all buses b €
BHE:

IHEp p; | < MaxStartsHE),.
h=1.24 \i=1.NStartMwy

The schedules for hydroelectric resources must respect shared maximum daily energy limits. For all
setss € SHE and all hours H € {1,..,24}:

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

h=1.H \p eBHE kekE,

+ z 100RConv z S10SDGyypp + Z S10NDGy 1«

b eBHE keKESS kex N

+ 300RConv z S30RDGy p < MaxSDELy.
keRGoR
As for a single resource with a daily energy limit, the factors 100RConv and 300RConv are applied

to scheduled ten-minute operating reserve and thirty-minute operating reserve for energy-limited
resources to convert MW into MWh.

The schedules for hydroelectric resources must respect shared minimum daily energy limits. For all
setss € SHE:

ODGpy - MinQDG,, + Z SDGppk | | = MinSDEL.
h=1.24 \p epFE ker_b
For linked hydroelectric resources, energy scheduled at the upstream resource in one hour will result

in a proportional amount of energy being scheduled at the linked downstream resource in the hour
determined by the time lag.
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For all linked hydroelectric resources (by,b,) € LNK and hours h € {1,..,24} such that h +
Lagbl‘bz < 24:

ODGhsrag,, i, MinQDGy, + > SDGnrrag,,,, mui

E
kEKh"'Lagbl,bzva

= MWhRatiObl’bz ' ODGh,b1 ' MinQDGb1 + Z SDGh,bl,k

K€K},

3.6.1.6 Constraints to Ensure Schedules Do Not Violate
Reliability Requirements

Energy Balance

For each hour of the DAM, the total amount of energy scheduled on supply resources, including
scheduled imports and scheduled virtual offers must be equal to the forecast demand, energy
scheduled on load resources, including scheduled exports and scheduled virtual bids. This constraint
will also account for transmission losses and is described further in terms of its constituent parts.

Define the total amount of withdrawals scheduled at load bus b € B in hour h € {1,..,24}, Withy, ,
as either:

e the price responsive load scheduled at bus b if b € BPRL; or
o all dispatchable load scheduled at bus b if b € BP%; or
o the hourly demand response quantity bid at bus b, net the amount of reduction scheduled if b €

BHDR
so that

Z SPRLyp j if b € BPRL

jeffh;b
. ; DL
Wl'thh,b = Z SDLh,b,] lfb €EB )

]'E]E_b
Z (QHDRy,; — SHDRy ;) if b € BHDR

U'E]}lf_b

Define the net withdrawal from virtual transaction zonal trading entity m € M in hour h € {1,..,24},
VWithy . as all scheduled virtual transaction bids for energy less scheduled virtual offers for energy.

Thus,
VWlthh,m = Z z SVBh,v,j - z z SVOh,v,k .

VEVB, je]ﬁv VEVO, kEK}]fu

Define the total amount of withdrawals scheduled at intertie zone sink bus d € DX in hour h €
{1,..,24}, Withy, 4, as the exports from Ontario to the intertie zone sink bus. Thus,

Wl.thh,d = Z SXLh,d,j .

jEJfE;d
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Define the total amount of injections scheduled at internal generation resource bus b € B in hour h €
{1,..,24}, Injy, p, as the sum of:

e either
o non-dispatchable generation scheduled at that bus if b € BNP¢; or
o dispatchable generation scheduled at that bus if b € BP¢; and

e ramp up to energy to minimum loading point if b € BN®S,

Let

Z SNDGp p if b € BNDG

_ keKE ),
Of ferInjy ), = ] . DG
ODGy,, - MinQDG), + z SDGhpk ifbeB
kekE,
and
| RampEy,  IDGpyyy  if b € BVOS
Ramplnjnp =\ o1 min(ramprrsy24-h)
0 otherwise

so that

Injp, = Of ferInj, , + RampInjy, p.

Define the total amount of injections scheduled at intertie zone source bus d € DI in hour h €
{1,..,24}, Injp 4, as the imports into Ontario from that intertie zone source bus. Thus

Injpq = Z S1Gpq k-
kekE

Injections and withdrawals at each bus must be multiplied by one plus the marginal loss factor to
reflect the losses or reduction in losses that result when injections or withdrawals occur at locations
other than the reference bus. These loss-adjusted injections and withdrawals must then be equal to
each other, after taking into account the adjustment for any discrepancy between total and marginal
losses. Load or generation reduction associated with the demand constraint violation will be
subtracted from the total load or generation to ensure that the DAM calculation engine will always
produce a solution. The resulting energy balance constraint for hour h € {1,..,24} is

AFLy + Z (1+ MglLossyyp) - Withy, p + 2 (1 +VMglLossy ) - VWithy,
beBPRLypDLypHDR meM
+ Z (1 + MglLosspq) - Withy g — 2 SLdVioly,
deDX i=1.Nravioly,
(1+ MglLosspp) - Injpp, + Z (1+ MglLosspg) - Injp 4
beBNDGypDG deDI
- 2 SGenVioly,; + LossAdjy.

i:1--NGenViolh

Operating Reserve Requirements

Sufficient operating reserve must be scheduled to meet system-wide requirements for synchronized
ten-minute operating reserve, total ten-minute operating reserve, and thirty-minute operating reserve
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plus, when applicable, flexibility operating reserve. All applicable regional minimum requirements
and maximum restrictions for operating reserve must also be respected. Constraint violation penalty
curves will be used to impose a penalty cost for not meeting the IESO’s system-wide operating
reserve requirements, not meeting a regional minimum requirement, or not adhering to a regional
maximum restriction. The IESO will therefore meet its full operating reserve requirements unless the
cost of doing so would be higher than the applicable penalty cost. Therefore, the following constraints
are required for each hour h € {1,..24}:

Z Z S10SDLy,, |+ Z Z S10SDGpp |+ Z S10SVioly,;

beBPL \ jeji0s beBPC \keklP i=1.N1iosvioly,
> TOT10Sy;
z Z S10SDLpp,; |+ Z z S10SDGrp ik |+ z Z S10NDLyp,
beBPL \ jejios beBPG \kek}(S beBPL \ jejpoN
+ Z Z S10NXLpqj | + Z Z S10NDGp p k
deDXx je]lll,?iN peBDG kEKﬁ’%N

+ z z SlON[Gh,d,k + z SlORViOZh’i = TOTlORh,

deDI \kekoN i=1.N1oRviol,
and

DD 510Dy [+ DT (Y S108DGue |+ DT (D STONDLy,,

beBDL ]ejfllos beBDG kEK}%’%S beBDL JEJ}%_'%N

SlONXLh’d’j + Z 2 S10NDGpp 1
dEDX ]E]lON

beBDG keKlON

S10NIG 4 1 S30RDLy,
kEKwN bEBDL }31%}?

SBORXLh_d ; SSORDGh,b_k
deDX ]E]30R bEBDG keKSOR

SSOR[Gh’dk S3ORVlOth TOTBORh
dEDI keK3°R

i=1. N30RVLol}1
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The following constraints are required for each hour h € {1,..24} and each region r € ORREG:

S10SDLyypj | + Z 2 S$10SDGp p k
beBFECNBDL \ jejies beBFEGNBDPG \kek}9S
b (Y sowon, )+ S (S s1onxta,
beBFEGNBDL \ je ioN aepfEGnpx \jesioN
+ 2 Z S1IONDGpp | + 2 Z S10NIGp gk
beBRECNBPG \kekpON aebdfECnp1 \kekp OV

+ Z SREG10RViol,.,; = REGMin10Ry,,;

i=1.NREG10RVioly,

S10SDLyypj |+ Z Z S$10SDGp p k
beBFECNBDL \ jejies beBFEGNBDPG \kek 95
+ Z z S10NDLpy ; | + z z S10NXLp g, ;
beBFEGNBDL \ jejioN aepfEGnpx \jesioN
+ 2 Z S1IONDGpp | + Z Z S10NIGp gk
beBRECNBPG \kekpON aebdfECnp1 \kekp OV
- Z SXREG10RViol,p; < REGMax10Ry,;
i=1.NxREG10RViol},
S10SDLyp j |+ z Z S10SDGpp
beBREGNBDL \ jejios beBREGNBDG \kek}(S
+ 2 Z S10NDLpy; | + Z Z S10NXLp g j
beBRECNBDL \ jesioN aepfEGnpx \jesioN
+ Z z SIONDGpp ik | + Z z S10NIGp gk
beBFEGNBDPG \kekiON deDdfECnp1 \kekpOV
+ 2 Z S30RDLyy,j | + 2 Z S30RXLp g j
beBRECNBDL \ jejoR aedfECnpx \jejio%f
+ Z Z S30RDGLpk | + z Z S30RIGh g k
beBFEGNBDPG \ kek PR aepREGnDI \kekjOR
+ z SREG30RViol,.p,; = REGMin30Ry,,;

i=1.NREG30RViol},

72 Public Issue 1.0 — July 27, 2020



Day-Ahead Market Calculation Engine Detailed Functional Design

and
S10SDLyp j |+ z Z S10SDGpp
beBREGNBDL \ jejios beBREGNBDG \kek}(S

+ 2 Z S10NDLyy; | + Z Z S10NXLp g ;
beBRECNBDL \ jesioN aepfEGnpx \jesioy

+ Z z SIONDGpp ik | + Z z S10NIGp gk
beBFEGNBPG \kekiON aedfECnp1 \kekpoV

+ Z z S30RDLppk | + z Z S30RXLpq,j
beBFEGNBDL \ je 30R aedFECnpx \jejioR

+ 2 Z S30RDGppk | + Z Z S30RIG g k
beBRECNBPG \kekFOR aeDfECnDI \keKj R

- Z SXREG30RViol,; < REGMax30Ry,.

i=1.NxREG30RViol},

IESO Internal Transmission Limits

The IESO must ensure that the set of DAM schedules produced would not violate any security limits
in either the pre-contingency state or after any contingency. To develop the constraints to ensure that
this occurs, the total amount of energy scheduled to be injected at each bus and the total amount of
energy scheduled to be withdrawn at each bus as developed for the energy balance constraint will be
used.

The security assessment function of the DAM calculation engine will linearize violated pre-
contingency transmission limits on facilities within Ontario. For all hours h € {1,..,24} and facilities
f € Fy, the linearized constraints will take the form:

PreConSFy s p - INjpp — Z PreConSFy s, - Withy
peBNDGyBDG peBPRLUBDLyBHDR
- Z VPreConSFy, s m * VWithy, ,, + z PreConSFy s 4" Injpq
meM deDI
- Z PreConSFy s q - Withp g — 2 SPrelTLViols p ;
debx 1 =1.NpreITLviols),
< AdjNormMaxFlowy, ;.

Similarly, for all hours h € {1,..,24}, contingencies ¢ € C, and facilities f € Fj, ., the linearized
constraints will take the form:

SFhcrp Mpp — Z SFncfp* Withyp — Z VSFncrm = VWithy m
peBNDGyRBDG peBPRLyBDLyBHDR meM
+ Z SFhcfa IMjna — Z SFhcfa Withy g — Z SITLViol;fp,;
deDI deDx i=1..Nn~Lwozc_f,h
< AdjEmMaxFlowy, . r.
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Intertie Limits

The IESO must ensure that the set of DAM schedules produced would not violate any security limits
associated with interties between Ontario and intertie zones. In each hour, the net amount of energy
scheduled to flow over each intertie and the amount of scheduled operating reserve that would be
delivered across the intertie must be calculated. For each flow limit constraint, these energy and
operating reserve quantities (if applicable) will be summed over all affected interties and the result
will be compared to the limit associated with that constraint. Therefore, for all hours h € {1,..,24}
and all constraints z € Zg.p:

EnCoeff,, 2 Z SIGpax — 2 2 SXLpa,j
d€eDI, kEKEd deDX, je]ﬁd

Z Z S10NIG 45 + 2 S30RIGpqx |+

a€A: EnCoef fq %0 deDIlg \kek}ON kek3OR
+0.5 - (EnCoeffy, +1) *ha =ha

z z S10NXLy,q; + z S30RXLy g,

deDXa \jej; % JeIRE
— Z SPreXTLViol,,; < MaxExtSchy, ,.

{=1.NprexTLVioly, p,

To model an intertie as out-of-service, the intertie transmission limits will be set to zero and all
import offers, export bids and operating reserve offers will receive a zero schedule.

Changes in the net energy schedule over all interties cannot exceed the limits set forth by the IESO
for hour-to-hour changes in those schedules. The net import schedule is summed over all interties for
a given hour to obtain the net interchange schedule for the hour, and:

e It cannot exceed the net interchange schedule for the previous hour plus the maximum
permitted hourly increase.

e It cannot be less than the net interchange schedule for the previous hour minus the maximum
permitted hourly decrease.

Violation variables are provided for both the up and down ramp limits to ensure that the DAM
calculation engine will always find a solution. Therefore, for all hours h € {1,..,24}:

Z Z SIGh—l,d,k - Z 2 SXLh—l,d,j - ExtDSCh - 2 SNIDViOlh‘L‘

deDI kekE_, , deDx jejE_ i=1.NN1DVioly,
< 2 2 SIGhax — Z Z SXLna,
deDI kEKiﬁd deDx jG],b;d
< Z 2 SIGh_1ax — Z Z SXLy_14, + EXtUSC,
deDI ke"’f—m deDX je]E—Ld

+ Z SNIUVioly,;.

i =1.NN1yvioly,
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Penalty Price Variable Bounds

The following constraints restrict the penalty price variables to the ranges determined by the penalty

price curves. For all hours h € {1,..,24}:

0 < SLaViol,; < QLdViolSchy,;

0 < SGenViol,; < QGenViolSchy,;

0 < S10S8Violy; < Q10SViolSchy,;

0 < S10RViolp; < Q10RViolSchy;

0 < S30RVioly; < Q30RViolSchy,;

0 < SREG10RViol, ; < QREG10RViolSchy,;

0 < SREG30RViol,p; < QREG30RViolSchy,;

0 < SXREG10RViol,.,; < QXREG10RViolSchy;
0 < SXREG30RViol,.,; < QXREG30RViolSchy;
0 < SPrelTLViolsp; < QPrelTLViolSchg

0 < SITLViol s p; < QITLViolSch. s p;

0 < SPreXTLViol,,; < QPreXTLViolSch,p,

0 < SNIUViol,; < QNIUViolSchy;

0 < SNIDViol,; < QNIDViolSchy, ;

3.6.1.7 Outputs

foralli € {1,.., Npavior, }:

foralli € {1,.., Ngenviol,):
forall i € {1,.., Niosvior, }:
forall i € {1,.., Nyorvior, };

forall i € {1,.., N3orvio, };

forall » € ORREG, i € {1,.., Ngggiorviol, };
forall r € ORREG, i € {1,.., Nrgg3orviol, };
forall ¥ € ORREG, i € {1,.., Nxrgg1orviol, }:
forall ¥ € ORREG, i € {1,.., Nxrgg3orviol, }:
forall f € Fy, i € {1,.., Nprerriviols );
forallceC,f € Fp. i € {1:--'NITLViOlC_f,h};
forall z € Zsey, i € {1,.., Nprexriviol,
foralli € {1,.., Nyyvior, }; and

foralli € {1,.., Nyipvior, }-

As-Offered Scheduling will produce schedules and unit commitment statuses for all resources.
For each variable SXX, SXX49S shall designate the value determined in As-Offered Scheduling. For

A0S

example, SDLj, ;; shall designate the schedule computed for lamination j of the dispatchable load bid
atbus b € BPL in hour h € {1,..,24}. As another example, 0HO#95 shall designate whether the
hydroelectric resource at bus b € B#E was scheduled at or above MinHO}, ;, in hour h € {1,..,24}.

In particular, the unit commitment statuses and affiliated start-up decision determined in As-Offered

Scheduling will be denoted as follows:

. onc,ﬁgs € {0,1} shall designate whether the dispatchable generation resource at bus b € BP¢
was scheduled at or above its minimum loading point in hour h € {1,..,24}; and

e IDG{95 € {0,1} shall designate whether the dispatchable generation resource at bus b € BP¢
was scheduled to start (reach its minimum loading point) in hour h € {1,..,24}.

The DAM calculation engine will record all such values for informational purposes. Internal resource
schedules are provided to market participants at a 0.1 MW granularity. Intertie schedules are

provided at a 1 MW granularity.

3.6.2 As-Offered Pricing

As-Offered Pricing will perform a security-constrained economic dispatch to meet the IESO’s
average demand forecast of non-dispatchable load and IESO-specified operating reserve
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requirements. As-Offered Pricing will also evaluate demand from virtual bids, dispatchable loads,
price responsive loads, hourly demand response resources and bids to export energy. As-Offered
Pricing will use the commitment statuses and resource schedules determined in As-Offered
Scheduling to calculate prices in accordance with the rules for price-setting eligibility.

As-Offered Pricing will use bids and offers submitted by market participants to maximize the gains
from trade. Like As-Offered Scheduling, the optimization is subject to the resource constraints
accompanying those bids and offers, and system constraints enforced by the IESO to maintain
reliability. However, the objective function and constraints will reflect the set of constraint violation
penalty curves for market pricing.

As-Offered Pricing will determine a set of prices based upon the inputs described in Section 3.4.1 and
applicable outputs provided by As-Offered Scheduling. The LMPs and related shadow prices will
also be used in the Constrained Area Conditions Test and, if necessary, the Price Impact Test. Unless
the Price Impact Test is performed and is failed, the LMPs calculated for energy-limited resources in
As-Offered Pricing will be used in Pass 2. The prices produced will not be financially binding.

The following sections describe the formulation of the optimization function for As-Offered Pricing.

3.6.2.1 Inputs

All applicable inputs identified in Section 3.4.1 will be evaluated. Table 3-15 lists the outputs of As-
Offered Scheduling that will also be used in As-Offered Pricing.

Table 3-15: Outputs of As-Offered Scheduling as Input to As-Offered Pricing

Input Description

SDGD% The amount of dispatchable generation scheduled at bus b € BELR y BHE in
hour h € {1,..,24} in association with lamination k € K;,. This is in addition
to any MinQDG,, the minimum loading point, which must be committed
before any such generation is scheduled.

ODG9® Designates whether the dispatchable generation resource at bus b € B¢ was
scheduled at or above its minimum loading point in hour h € {1,..,24}.

S10SDGRYS, The amount of synchronized ten-minute operating reserve that a qualified
dispatchable generation resource is scheduled to provide at bus b € BELR y
B"E in hour h € {1,..,24} in association with lamination k € K;9°

510NDG§‘"I3§C The amount of non-synchronized ten-minute operating reserve that a
qualified dispatchable generation resource is scheduled to provide at bus b €
BELR y BHE in hour h € {1,..,24} in association with lamination k € K, 2" .

S30RDG/D% The amount of thirty-minute operating reserve that a qualified dispatchable
generation resource is scheduled to provide at bus b € BELR u BHE in hour
h € {1,..,24} in association with lamination k € K79F.

OHOZYS Designates whether the hydroelectric resource at bus b € B#E has been
scheduled at or above MinHO}, ;, in hour h € {1,..,24}.

3.6.2.2 Variables and Objective Function

The variables used are mostly the same as those used in As-Offered Scheduling. However, the
variables representing unit commitment decisions and hydroelectric minimum hourly output and start
decisions are not needed as these decisions are fixed. That is, the same variables will be used except:

e IDGy, for bus b € BP% and hour h € {1,..,24} will no longer appear in the formulation;
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e 0DGy, forbus b € BP% and hour h € {1,..,24} will be fixed to a constant value as described
in Section 3.6.2.3;

e OHOy, forbus b € BME and hour h € {1,..,24} will be fixed to a constant value as
described in Section 3.6.2.3; and

e [HEy,,; forbus b € B¥E hour h € {1,..,24} and start indication value i €

{1,.., NStartMW,} will no longer appear in the formulation because hydroelectric resources
with a limited number of starts will be scheduled in respect of their eligibility to set prices as
described in Section 3.6.2.3.

Similar to As-Offered Scheduling, the objective function will be to maximize the gains from trade.
However, any start-up costs and costs to operate at minimum loading point are not evaluated since the
corresponding unit commitment decisions are fixed within As-Offered Pricing. The objective function
is the same as in As-Offered Scheduling except:

o the start-up and minimum generation costs are constants and thus are dropped from the
objective; and

o the violation cost is calculated using the set of constraint violation penalty curves for
determining market prices.

Thus, As-Offered Pricing will maximize the value of the following expression:

(ObjPRLh + ObjDL, — ObjHDRy, + ObjVBy + ObjXLy, — OijDGh)
n - Ob]DGh - Ob]VOh - Ob][Gh - TBh - ViOlCOSth

=1,.,24
where:

Ob]PRLh == 2 2 SPRLh,b,j .PPRLh,b,j

beBPRL \j eJF,

Z SDLh,b,j " PDLh,b,j - Z SlOSDLh'b’j " PlOSDLh'b’j -

ObjDL, = T &y Tehy
beBDL Z SlONDLh,b’j : P].ONDLh,b,j - z S3ORDLh’b’j : P3ORDLh’b,j
JERy eIy

ObjHDR,, = z z SHDRy,; - PHDRy ;

beBHDR \jejf,

ObjVBy, = Z Z SVBuy,j* PVBpy,j

vEVB je],b;,,
Z SXLpa; PXLyg, — z STONXLy, g - PLONXLy g
JEIE 4 ey

s — > $30RXLyq; - P30RKLy 4,

.~ 130R
J€lhd

ObjXLy, =

Ob]NDGh = Z Z SNDGh,b,k ) PNDGh,b,k

NDG E
beB keKyp
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ObjDGy

ObjV O,

ObjIG,

beBDG

2,

Z SDGh,b,k " PDGh,b,k +

keKE ),

SlONDGh,b,k * PlONDGh,b’k +

10N
keKpp

10S
k€K p

30R
keKj,p

SVOpys - PV Oy

vEVO \ e](f’v

deDI

Z SIGh,d,k : PIGh,d,k +

E
kEKh,d

+

30R
keK3Y

SlONIGh’d’k : PlONIGh’d’k
kekioN

S3OIGh,d,k : P3ORIGh’d,k

SlOSDGh’b'k " PlOSDGh'b’k +

S3ORDGh’b,k : P3ORDGh,b’k
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and

ViolCosty, = z SLdVioly; - PLdViolPrcp; — Z SGenVioly ; - PGenViolPrcy
i=1.Npqviol, i=1.Ngenviol,
+ 2 §10SVioly ; - P10SViolPrcy;

i=1.N1osviol,

+ Z S10RVioly,; - P1ORViolPrcy;

i=1.N1orviol,

+ Z S30RVioly, ; - P30RViolPrcy;

i=1.N3orviol,

+ Z Z SREG10RViol,., ; - PREG10RViolPrcy,

TEORREG i:1--NRE610RViolh

+ Z Z SREG30RViol,, ; - PREG30RViolPrcy,;

TEORREG i=1--NREG30RViolh

+ Z Z SXREG10RViol,., ; - PXREG10RViolPrcy,;

TEORREG \i=1.NxREG1iorviol,

+ Z Z SXREG30RViol,., ; - PXREG30RViolPrcy, ;

T€EORREG i=1--NXREG30RViolh

+ Z Z SPrelTLViolsy, ; - PPrelTLViolPrcs p ;

fE€Fn \i =1.NpreiTLviols ),

+ Z Z Z SITLViol, s p; - PITLViolPrc,

CEC fEFp,c i=1--NITLVi01C’f'h

+ Z Z SPreXTLViol,y ;- PPreXTLViolPrc,p;

z€Zsch \1=1.NprexTLViol,

+ Z SNIUVioly,; - PNIUViolPrcy,;

i =1.NN1yvioty,

+ z SNIDVioly ; - PNIDViolPrcy; .
i=1.NNiDvioly,
The tie-breaking term TB), is defined as in As-Offered Scheduling. The maximization will be subject
to the constraints described in the next sections.

3.6.2.3 Constraints Overview

The prices determined by As-Offered Pricing are intended to be a reflection of the marginal value of
the dispatch and commitment decisions made in As-Offered Scheduling. Therefore, many of the
constraints enforced in As-Offered Pricing are analogous to the constraints enforced in As-Offered
Scheduling. However, additional constraints are required to ensure the eligibility of an offer or bid
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lamination to set price is appropriately reflected. The following list describes the additional
constraints required.

Commitment Status Variables
Commitment decisions are fixed to the commitment statuses of resources calculated in As-Offered
Scheduling. Therefore, for all hours h € {1,..,24} and all buses b € BP¢:

ODGh’b = ODG;?JO,S

Energy-Limited Resources

For energy-limited resources with a maximum daily energy limit that was binding in As-Offered
Scheduling, the schedules calculated in As-Offered Scheduling will determine the price-setting
eligibility of the resource’s energy and operating reserve offer laminations. In each hour, energy or
operating reserve laminations up to the total amount of energy and operating reserve scheduled in
As-Offered Scheduling will be eligible to set prices.

For bus b € BELR if there exists an hour H € {1,..,24} such that

ODG{9S - MinQDG), + z SDG}9%
h=1.H keKE ),

+ 100RConv Z S10SDG# %% + 2 S10NDG#9S,

10S 10N
keKR; keKA)

+ 300RConv Z S30RDG95, | = MaxDELy,
KERGR
then the maximum daily energy limit constraint is considered to be binding in As-Offered Scheduling.
In such circumstances, the following constraint must hold for bus b € BELR for all hours h €

{1,..,24}:
Z SDGpyp e + Z S10SDGpp i + Z S10NDGy, . + 2 S30RDGy x
keKE ), keKr9S kekpON kekpR
< > SDGAGL+ ) S10SDGHG% + ) S1ONDGHSS
keKE ), keKR9S kekioN
+ ) S30RDGASS.
kekpoR

Hydroelectric Resources

For hydroelectric resources, the following constraints will be used to reflect the eligibility of offer and
bid laminations to set prices in the energy and operating reserve markets. For certain operational
constraints, a resource will only be limited in its ability to set prices in the energy market since the
resource is still eligible to be scheduled for operating reserve when its energy schedule is limited by
such a constraint.
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Minimum Hourly Output

When a hydroelectric resource is scheduled for energy at or above its minimum hourly output in As-
Offered Scheduling, the hydroelectric resource will also be scheduled at or above its minimum hourly
output in As-Offered Pricing. The energy offer laminations corresponding to the minimum hourly
output amount will be ineligible to set prices. When a hydroelectric resource with a minimum hourly
output amount receives a zero schedule in As-Offered Scheduling, the hydroelectric resource will also
receive a zero schedule in As-Offered Pricing and will be ineligible to set prices in the energy market.
Thus, for all hours h € {1,..,24} and hydroelectric buses b € BHE:

0DGyy, - MinQDG), + Z SDGypy = MinHOp ), - OHORDS
keKE ),
and for all k € K :

0 < SDGppy < OHORYS - QDG -

Limited Number of Starts

Hydroelectric resources with a limited number of starts will be scheduled so that the resource is
limited to set prices within an operating range consistent with the number of starts utilized by the
resource’s schedule determined by As-Offered Scheduling. To achieve this, the resource’s schedule
will be restricted to fall between the same start indication values as it fell between in As-Offered
Scheduling. Thus, for all hydroelectric buses b € BHE and all hours h € {1,..,24}:

1. 1f0 < 0DGpp® - MinQDGy + Yyee, SDGhp < StartMW,, then
0 < 0ODGpy, - MinQDG, + Z SDGppx < StartMW,,; — 0.1
keKE ),
2. If StartMW,; < ODG9" - MinQDG, + zkEKﬁb SDGRYS, < StartMW,, ., fori €
{1,.., (NStartMW, — 1)}, then
StartMW,; < ODGyp, - MinQDG, + Z SDGppx < StartMW,,; ., — 0.1
keKE ),

3. If ODGY® - MinQDG), + YkekE, SDG9% = StartMWy ystartmw,, then

ODGh,b . ManDGb + 2 SDGh,b,k > StartMWb_NStaTtMWb

keKE ),

Minimum Daily Energy Limit

For hydroelectric resources with a minimum daily energy limit that was binding in As-Offered
Scheduling, the energy schedules calculated in As-Offered Scheduling will be treated as fixed blocks
and will be ineligible to set prices. Thus, for all hydroelectric buses b € BHE such that MinDEL,, >
0 and

z ODG{'9® - MinQDG, + z SDG{9% | < MinDEL,
h=1.24 kEKf'f,b

the following constraints must hold for all hours h € {1,..,24} and offer laminations k € K7 ,:

SDGpp ) = SDGD%.
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Shared Minimum Daily Energy Limit

A similar constraint holds for all sets of hydroelectric resources with a shared minimum daily energy
limit that was binding in As-Offered Scheduling. For all resources in the set, the energy schedules
calculated in As-Offered Scheduling will be treated like fixed blocks and will be ineligible to set
prices. Thus, for all sets s € SHE such that

h=1.24 \p epFE k€K,

the following constraints must hold for all hours h € {1,..,24}, hydroelectric resource buses b €
BYE and offer laminations k € K ,:

SDGppy = SDGAY%.

Shared Maximum Daily Energy Limit

Hydroelectric resources with a binding maximum daily energy limit are constrained as per the
energy-limited resource constraint described above. A similar constraint holds for all sets of
hydroelectric resources with a shared maximum daily energy limit that was binding in As-Offered
Scheduling. For all resources in the set, the schedules calculated in As-Offered Scheduling will
determine the price-setting eligibility of the resource’s energy and operating reserve offer
laminations. In each hour, energy or operating reserve laminations up to the total amount of energy
and operating reserve scheduled in As-Offered Scheduling will be eligible to set prices. For set s €
SHE, if there exists H € {1,..,24} such that

ODG{'9S - MinQDG, + Z SDG9%

h=1.H \p eBFE kekE,

+ Z 100RConv Z S10SDG# %% + 2 S10NDG;/ 95,

b eBHE kekESS kekpON

+ 300RConv Z S30RDG%% | | = MaxSDELy,

30R
kek3

then the maximum daily energy limit constraint is considered to be binding in As-Offered Scheduling.
In such circumstances, the following constraint must hold for all hydroelectric resource buses b €
BHE and hours h € {1,..,24}:

Z SDGy px + z S10SDGpx + Z S10NDGyp . + Z S30RDGy

keKE ), keKR9S kekiON keK}9R
A0S A0S A0S
< 2 SDGppx + Z S$10SDGp 3 + Z S10NDGy b
keKE ), keKp9S kekpGN
A0S
+ Z S30RDGp -
kekp9R
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Linked Hydroelectric Resources

Energy offer laminations for linked hydroelectric resources on a cascade river system will be eligible
to set prices consistently with the schedules calculated in As-Offered Scheduling. For all linked
hydroelectric resources for which a MWh ratio was respected in As-Offered Scheduling, the resource
will be scheduled between its As-Offered Scheduling schedule plus or minus A for some small
tolerance A. The resource schedule will continue to be limited by its offer quantity bounds and any
applicable resource minimum or maximum constraints. For all hours h € {1,..,24} and hydroelectric
resource buses b € BF such b € {by, b,} for some (by, b,) € LNK with h + Lagy, p, < 24:

max | 0,0DG{9" - MinQDG, + Z SDGED,
keKE
< ODG{95 - MinQDG, + 2 SDGyp

keKE ),

MinQDG,, + Z QDGppx , ODGHDS - MinQDG, + Z SDGH95

< min kekE,
AdeG,XDGh'b

—A , Ad]MlnDGh,b

h,b,k

keKE ),

3.6.2.4 Bid/Offer Constraints Applying to Single Hours

Scheduling Variable Bounds and Commitment Status Variables

No schedule can be negative, nor can any schedule exceed the quantity offered for the respective

market (energy and operating reserve). Therefore, for all hours h € {1,..,24}:

< SPRLpp; < QPRLyy

< SDLppj < QDLpy

< 510SDLyy,; < Q10SDLy j
< S10NDLyp; < Q1ONDLy),
< S30RDLyyp; < Q30RDLp ;
< SHDRpp; < QHDRy) ;

< SVBpyj < QVBpyj

< SXLpg; < QXLpg;

< S10NXLpg; < Q1ONXLp g4 ;
< S30RXLpgq; < Q30RXLpg;
< SNDGppx < QNDGpp

< SVOpyux < QVOppi

S SIGhar < QIGrgk

< S10NIGpgx < Q1ONIGpqp

O O O O O O O O o o o o o o o

< S30RIGpqrx < Q30RIGh 4y

forall b € BPRL, j € JE ;
forall b € BPL, j € JE ,;
forall b € BPL, j € 1%
forall b € BPL, j € JE9;
forall b € BPL, j € J39F;
forall b € BHPR j e JE
forallv e VB, j € JE,;
foralld € DX, j € JE,;
foralld € DX, j € JioF;
foralld € DX, j € J3%F;
forall b € BNPS, k € KE,;
forallv e VO, k € Kf,;
foralld € DI, k € Kfg;
forall d € DI, k € K;2"; and

foralld € DI, k € K3%F.
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The schedules for dispatchable generation resources must also be consistent with their commitment
status. Dispatchable generation resources can be scheduled to produce energy and operating reserve
only if their commitment status variable is equal to 1. Therefore, for all hours h € {1,..,24}:

0 <SDGppx = ODGpyp - QDGR p forall b € BP¢, k € Kf);
0 < 510SDGpp < ODGpp - Q10SDGp p i forall b € BPS, k € K95,
0 < S10NDGppy < ODGpp - QLONDG,p i forall b € B2, k € K 9"; and
0 < S30RDGppx < ODGp,p, - Q30RDGpp forall b € B¢, k € K39F.

ODGp,, is a fixed constant in the above constraints as per Section 3.6.2.3.

Resource Minimums and Maximums

The constraints are the same as in As-Offered Scheduling. Resource minimum and maximum
constraints limit a resource’s ability to set prices to within the operating region defined by such
constraints.

Operating Reserve Scheduling
The constraints are the same as in As-Offered Scheduling.

PSU Resources

The constraints are the same as in As-Offered Scheduling. A PSU resource that cannot provide ten-
minute operating reserve from its duct firing region will be eligible to set prices within an operating
range consistent with the schedules calculated. If the resource is scheduled for energy within the duct
firing region, it will eligible to set prices in the energy and thirty-minute operating reserve markets.
If the resource is not scheduled for energy within its duct firing region, it will be eligible to set prices
in the energy and all operating reserve markets.

Hydroelectric Resources
A hydroelectric resource must be scheduled for its hourly must-run amount. For all hours h €
{1,..,24} and hydroelectric resource buses b € BHE:
ODGh,b . ManDGb + Z SDGh,b,k > Ml.nHMRh’b.
keKE ),

The energy offer laminations corresponding to the hourly must-run amount will be ineligible to set
prices.

The minimum hourly output constraints as described in As-Offered Scheduling are not required as
they are replaced by the corresponding constraints in Section 3.6.2.3.

A hydroelectric resource cannot be scheduled within its forbidden regions. For all hours h €
{1,..,24}, all hydroelectric resource buses b € B#E and all i € {1,.., NFor,}:

OFRh,b,i € {0,1},
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ODGh,b ManDGb + Z SDGh,b,k

E
kekE),

< OFRpp ;- ForLy; + (1 —OFRp,;) | MinQDG, + Z QDGppi |;
keKE ),
and
ODGpyp - MinQDG, + Z SDGhpx = (1 — OFRy ;) - ForU,;.
keKE ),

A hydroelectric resource will be scheduled in respect of its forbidden regions, and therefore the
resource is limited to set prices within the operating range determined by the adjacent forbidden
regions between which the resource was scheduled.

Wheeling Through Transactions
These constraints are the same as in As-Offered Scheduling.

3.6.2.5 Bid/Offer Inter-Hour/Multi-Hour Constraints

Energy Ramping
These constraints are the same as in As-Offered Scheduling.

Operating Reserve Ramping
These constraints are the same as in As-Offered Scheduling.

NQS Resources

The variables associated with commitment of NQS resources are held fixed and therefore these
constraints are no longer required.

Energy-Limited Resources

These constraints are the same as in As-Offered Scheduling. Schedules of energy-limited resources
with a maximum daily energy limit that was binding in As-Offered Scheduling are additionally
constrained as per Section 3.6.2.3.

Hydroelectric Resources

A hydroelectric resource must be scheduled for at least its minimum daily energy. For all
hydroelectric resources buses b € BHE:

Z ODGy,, - MinQDG, + Z SDGppy | = MinDEL,,.

h=1.24 KeKE,

For hydroelectric resources with a binding minimum daily energy limit in As-Offered Scheduling, the
constraints in Section 3.6.2.3imply the above constraint.

The maximum number of starts constraints are no longer required as they are replaced by the
corresponding constraints in Section 3.6.2.3.
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The schedules for hydroelectric resources must respect shared maximum daily energy limits.
For all sets s € SHE and all hours H € {1,..,24}:

ODGh,b ' ManDGb + z SDGh,b,k

h=1.H \p eBFE kekE,

+ Z 100RConv Z S10SDGy e + Z S10NDGy p 1

b eBHE kekESS kekpoN

+ 300RConv Z S30RDGypy | | < MaxSDELL.

30R
KkeK3

The factors 100RConv and 300RConv are applied to scheduled ten-minute and thirty-minute
operating reserves for energy-limited resources to convert MW into M\Wh.

The schedules for hydroelectric resources must respect shared minimum daily energy limits. For all
setss € SHE:

0DGy,, - MinQDG, + z SDGppy | | = MinSDEL;.

h=1.H \p eBFE kekE,

Analogous to maximum daily energy limits and minimum daily energy limits for a single resource,
additional constraints will be applied when shared daily energy limits are binding as described in
Section 3.6.2.3.

3.6.2.6 Constraints to Ensure Schedules Do Not Violate
Reliability Requirements

Energy Balance

The constraint is the same as in As-Offered Scheduling. The marginal loss factors used in the energy
balance constraint in As-Offered Pricing will be fixed to the marginal loss factors used in the last
optimization function iteration of As-Offered Scheduling.

Operating Reserve Requirements

The constraints are the same as in As-Offered Scheduling.

IESO Internal Transmission Limits

The constraints are the same as in As-Offered Scheduling. The sensitivities and limits considered are
those provided by the most recent security assessment function iteration.

Intertie Limits

The constraints are the same as in As-Offered Scheduling.
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Penalty Price Variable Bounds

The following constraints restrict the penalty price variables to the ranges determined by the penalty
price curves. For all h € {1,..,24}:

0 < SLaViol,; < QLdViolPrcy; foralli € {1,.., Nyavior, s

0 < SGenViol,; < QGenViolPrcy; forall i € {1,.., Ngenviou,);

0 < $10SVioly,; < Q10SViolPrey,; forall i € {1,.., Nyosvior, )

0 < S10RViol,; < Q10RViolPrcy; forall i € {1,.., Nyogyior,

0 < S30RVioly,; < Q30RViolPrcy forall i € {1,.., Naogyio, }

0 < SREG10RViol,.,; < QREG10RViolPrcy; for all 7 € ORREG, i € {1,..., Nggg1orviol,
0 < SREG30RViol,.,; < QREG30RViolPrcy for all 7 € ORREG, i € {1,..., Ngggzorviol,

0 < SXREG10RViol,,; < QXREG10RViolPrc,; forall v € ORREG, i € {1,.., Nxrgc1orviol,
0 < SXREG30RViol,,; < QXREG30RViolPrc,; forallr € ORREG, i € {1,.., Nxrgcsorviol,

0 < SPrelTLViolsp; < QPrelTLViolPrcsy,; forall f € Fp,,i € {1,..,NPT€1TLVL-olf’h};

0 < SITLViol s p; < QITLViolPrc, s pi forallce C,f € Fp. i € {L,... Nirvyiot, s Ji
0 < SPreXTLViol,p; < QPreXTLViolPrc,p ; forall z € Zscp, i € {1,.., Nprexriviol,

0 < SNIUViol,; < QNIUViolPrcy,; foralli € {1,.., Nyyvior, }; and

0 < SNIDViol,; < QNIDViolPrcy,; foralli € {1,.., Nyipvior, }-

3.6.2.7 Outputs

As-Offered Pricing will produce shadow prices for all constraints contributing to locational prices. A
shadow price for a constraint reflects the cost savings achieved by relaxing that constraint a small
amount and measuring the marginal response. LMPs will be calculated using the pricing formulas
provided in Section 3.10, which specify how constraint shadow prices, marginal loss factors and
constraint sensitivities are used to determine an LMP and its subcomponents.

Table 3-16 lists the shadow prices of As-Offered Pricing constraints that will be output for each hour

h e{1,..,24}.
Table 3-16: Shadow Price Outputs of As-Offered Pricing
Output Description
SPL#oP shall designate the shadow price for the energy balance constraint.
SPNormT,f})P shall designate the shadow price for the pre-contingency transmission
constraint for facility f € F in hour h.
SPEmT,fgji shall designate the shadow price for the post-contingency transmission
constraint for facility f € F in contingency ¢ € C in hour h.
SPExtT,ffg” shall designate the shadow price for the import or export limit constraint z €
Zscn, N hour h.
SPNIUExtBwdTA°" | shall designate the shadow price for the net interchange scheduling limit
constraint limiting increases in net imports between hour (h — 1) and hour h.
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Output Description
SPNIDExtBwdT°" | shall designate the shadow price for the net interchange scheduling limit
constraint limiting decreases in net imports between hour (h — 1) and hour h.
SPNIUExtFwdT*°F | shall designate the shadow price for the net interchange scheduling limit
constraint limiting increases in net imports between hour h and hour (h + 1).
SPNIDExtFwdT;*°F | shall designate the shadow price for the net interchange scheduling limit
constraint limiting decreases in net imports between hour h and hour (h + 1).
SP10SpoF shall designate the shadow price for the total synchronized ten-minute
operating reserve requirement constraint in hour h.
SP10R;°F shall designate the shadow price for the total ten-minute operating reserve
requirement constraint in hour h.
SP30R;°F shall designate the shadow price for the total thirty-minute operating reserve
requirement constraint in hour h.
SPREGMin10R;%" | shall designate the shadow price for the minimum ten-minute operating
reserve constraint for region r € ORREG in hour h.
SPREGMin30R;%7 | shall designate the shadow price for the minimum thirty-minute operating
reserve constraint for region r € ORREG in hour h.
SPREGMax10R{97 | shall designate the shadow price for the maximum ten-minute operating
reserve constraint for region » € ORREG in hour h.
SPREGMax30R{9P shall designate the shadow price for the maximum thirty-minute operating

reserve constraint for region » € ORREG in hour h.

Table 3-17 lists the LMPs and subcomponents for each hour h € {1,..,24} calculated using the
pricing formulas in Section 3.10.

Table 3-17: LMP Outputs of As-Offered Pricing

Output Description
PRef19P shall designate the hour h energy reference price.
LMP2YP shall designate the hour h LMP for bus b € B.
PLoss,‘l‘_‘gP shall designate the hour h loss component for bus b € B.
PCong9? shall designate the hour h congestion component for bus b € B.
ExtLMP{3" shall designate the hour h LMP for intertie zone bus d € D.
IntLMP}ng shall designate the hour h intertie border price (IBP) for intertie zone bus d €
D.
lCP,f‘_gp shall designate the hour h intertie congestion price (ICP) for intertie zone bus
deD.
PLossf9" shall designate the hour h loss component for intertie zone bus d € D.
PIntCongf9” shall designate the hour h internal congestion component for intertie zone bus
dE€D.
PExtCong}9" shall designate the hour h intertie congestion component for intertie zone bus

d e€D.
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Output Description

PNISLy9P shall designate the hour h net interchange scheduling limit congestion
component for intertie zone bus d € D.

L30RPZDP shall designate the hour h thirty-minute operating reserve price for bus b €
B.

L10NPAPP shall designate hour h non-synchronized ten-minute operating reserve price
for bus b € B.

L105P,§‘_,‘,’P shall designate the hour h synchronized ten-minute operating reserve price
for bus b € B.

ExtL30RP;9" shall designate the hour h thirty-minute operating reserve price for intertie

zone bus d € D.

ExtL10NP/9? shall designate the hour h non-synchronized ten-minute operating reserve
price for intertie zone bus d € D.

The DAM calculation engine will record all such values for informational purposes.

3.6.3 Constrained Area Conditions Test

The IESO will implement a conduct and impact testing methodology that will identify exercises of
market power only when competition is restricted.

The goal of the constrained area conditions test is to identify when and where competition is
restricted and to determine which resources will undergo the conduct test for financial dispatch data
parameters. The IESO will use a specific set of conditions to determine whether resources qualify for
the conduct test. These conditions are categorized into local market power conditions and global
market power conditions. If no conditions are met, then the conduct test is not applied.

The following list identifies the IESO-defined conditions that would meet mitigation testing for
energy and operating reserve. Refer to the Market Power Mitigation detailed design document for
more details. Each of these conditions will be tested for separately, as detailed below.
o Local Market Power (Energy), including:
o Narrow Constrained Area (NCA)
o0 Dynamic Constrained Area (DCA)
0 Broad Constrained Area (BCA)
e Global Market Power (Energy)
¢ Global Market Power (Operating Reserve)
e Local Market Power (Operating Reserve)

The outputs of the conditions test are the set of resources that will be subject to the conduct test. A
different set of resources will be identified for each market power condition as the conduct test
depends on the condition triggered. The resource sets identified will be denoted as follows:

e BCond}““ shall designate the resources in an NCA that must be checked for local market
power for energy in hour h € {1,..,24};

e BCond2% shall designate the resources in a DCA that must be checked for local market
power for energy in hour h € {1,..,24};

e BCond2 shall designate the resources in a BCA that must be checked for local market
power for energy in hour h € {1,..,24};
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e BCondiMP shall designate the resources that must be checked for global market power for
energy in hour h € {1,..,24};

e BCond}% shall designate the resources that must be checked for local market power for
synchronized ten-minute operating reserve in hour h € {1,..,24};

e BCond}°! shall designate the resources that must be checked for local market power for non-
synchronized ten-minute operating reserve in hour h € {1,..,24};

e BCond;°F shall designate the resources that must be checked for local market power for
thirty-minute operating reserve in hour h € {1,..,24};

e BCond2MP105 shall designate the resources that must be checked for global market power for
synchronized ten-minute operating reserve in hour h € {1,..,24};

e BCondiMP1ON shall designate the resources that must be checked for global market power
for non-synchronized ten-minute operating reserve in hour h € {1,..,24}; and

e BCondiMP3°R gshall designate the resources that must be checked for global market power for
thirty minute operating reserve in hour h € {1,..,24}.

3.6.3.1 Inputs

The constrained area conditions test will use the applicable inputs identified in Section 3.4.2. Table
3-18 lists the As-Offered Pricing outputs that will be also be used by the constrained area conditions
test.

Table 3-18: Outputs of As-Offered Pricing as Input to the Constrained Area Conditions Test

Input Description
LMP/YP The LMP for bus b € B inhour h € {1,..,24}.
PCongf9? The congestion subcomponent of the LMP for bus b € B in hour h €
{1,..,24}.
ExtLMpﬁ%P The LMP for intertie bus d € D inhour h € {1,..,24}.
PExtCong}9" The intertie congestion subcomponent of the LMP for intertie zone bus d €

Dinhour h € {1,..,24}.

PIntCongf9F The internal congestion subcomponent of the LMP for intertie zone bus d €

Dinhour h € {1,..,24}.

IntLMP#3P The intertie border price (IBP) for intertie zone bus d € D in hour h €
{1,..,24}.
SPNormT,fJQP The shadow price for the pre-contingency transmission constraint for facility
f E€Finhourh € {1,..,24}.
SPNIUExtBwdT°" | The shadow price for the net interchange scheduling limit constraint limiting
increases in net imports between hour (h — 1) and hour h.
L30RPADP The thirty-minute operating reserve price at bus b € B in hour h € {1,..,24}.
L1ONP/DP The non-synchronized ten-minute operating reserve price atbus b € B in
hour h € {1,..,24}.
L10SP29P The synchronized ten-minute operating reserve price at bus b € B in hour

he{l,..24}.
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3.6.3.2 Conditions Test for Local Market Power (Energy)
Constrained Areas

The following sections describe the conditions that must be met for resources located within an NCA,
DCA or BCA to qualify for local market power (energy) mitigation testing.

NCA and DCA

If at least one transmission constraint for the NCA or DCA is binding in As-Offered Pricing, all
resources identified as within that constrained area will qualify to undergo the conduct test.

NCAs or DCAs that meet this criterion will be assigned to the following subsets:
e NCA;,' shall designate the NCAs that qualify for MPM in hour h € {1,..,24}; and
e DCA;' shall designate the DCAs that qualify for MPM in hour h € {1,..,24}.

The process for identifying resources in NCAs and DCAs that qualify for MPM is as follows:
Foreachn € NCA and hour h € {1,..,24}:

e For each transmission facility that transmits flow into n, f € FY“4, check if SPNormT;?* +

0 for the inbound flow limit. If true, place n in the set NCA},’ and assign the resources in n to
the set BCond} 4.

Foreachd € DCA and hour h € {1,..,24}:
AOP

o For each transmission facility that transmits flow into d, f € FC?CA, check if SPNormTh‘f *
0 for the inbound flow limit. If true, place d in the set DCA},” and assign the resources in d to
the set BCondP ‘4,

BCA

A BCA will be identified where the congestion subcomponent of the resource’s LMP is greater than
BCACondThresh, and the resource is not part of an NCA or DCA that has a binding transmission
constraint.

The process for identifying BCAs that qualify for MPM is as follows:
For each hour h € {1,..,24}:

e For each bus b € B¢ such that b ¢ BCondy“4 U BCondR“4, check if PCongf 9P >
BCACondThresh. If true, then place resource b in the set BCondZ¢4.

3.6.3.3 Conditions Test for Global Market Power (Energy)
Constrained Areas

There are two conditions that must both be present to test energy resources for global market power.
The DAM calculation engine will check for these conditions, and if met, perform the conduct test on
applicable resources. Conditions and applicable resources are discussed below.

Condition 1: Unable to schedule incremental imports
This condition is indicated in hour h € {1,..,24} by one of the following:

e Import congestion, represented by a negative intertie congestion component, is present on all
of the Global Market Power Reference Interties. This condition is indicated by:
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PExtCongf,9" < 0 for bids and offers, d € DPRe/, corresponding to the reference interties
proxy location

¢ Net Interchange Scheduling Limit (NISL) is binding for imports, represented by a non-zero
NISL shadow price for incremental imports. This condition is indicated by:

SPNIUExtBwdT#°F =+ 0
Condition 2: Pricing
If the Intertie Border Price (IBP) at the reference interties is greater than the specified threshold value,
then condition 2 will be met. This condition is indicated in hour h € {1,..,24} by:
IntLMP{3" > IBPThresh for bids and offers, d € D“PReS, corresponding to the reference interties
proxy location.

Resources Tested

If both conditions 1 and 2 are met, the DAM calculation engine will test market participants with
resources that can meet incremental load within Ontario for global market power, unless they are
excluded as a result of the conditions below:

o If the transmission constraints that allow flow from the Northeast electrical zone to Southern
Ontario are binding in the southward direction, then no resources in the Northeast and
Northwest electrical zones will be tested for global market power.

e If the transmission constraints that allow flow from the Northwest electrical zone to the
Northeast electrical zone are binding in the eastward direction, then no resources in the
Northwest electrical zone will be tested for global market power.

e If resources in any zone have congestion components at least $1/MWh below the internal
congestion component at all of the Global Market Power Reference Interties, they will not be
tested for global market power.

The process for identifying resources that qualify for the conduct test for global market power in the
energy market is as follows:

For each hour h € {1,..,24}, if conditions 1 and 2 to trigger global market power for energy
testing are met:

1. Place all b € BP¢ in the set BCond$MP.

2. Next, for each transmission facility that transmits flow from the Northeast electrical zone to
Southern Ontario f € {NE — SOntario interface}, check if SPNormT;'2” # 0 for the
southern flow limit. If true, then remove all resources in the NE and NW zone from the set
BCondfMP,

3. Next, for each transmission facility that transmits flow from the Northwest electrical zone to
the Northeast electrical zone f € {NW — NE interface}, check if SPNormT;2" # 0 for
the eastward flow limit. If true, then remove all resources in the NW zone from the set
BCondSMP,

4. And, for all resources b € B¢ in all zones, if PCongfi9” < PIntCongf9" — $1/MWh

where d € DEMPRef (must be true for all Global Market Power Reference Interties), then

remove resource b from the set BCond3MP.
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3.6.3.4 Conditions Test for Local Market Power (Operating
Reserve) Constrained Areas

Conditions to test for local market power in the operating reserve market occur when there are
reserve areas with a minimum requirement greater than zero. Resources offering operating reserve in
these areas will be subject to the conduct test unless the resource is also located in a reserve area with
a binding maximum restriction constraint, in which case the resource is exempt from mitigation
testing for local market power in the operating reserve market.

The process for identifying the resources that qualify for mitigation testing for local market power for
operating reserve is as follows.

For each b € BP¢ U BPL and hour h € {1,..,24}:

e If bisinaregion with a binding area reserve maximum restriction constraint, then b is
exempt from the conduct test.

o Otherwise, if b is in a region with a non-zero area reserve minimum requirement, then b is

subject to the conduct test and is placed in the set BCond}°S, BCond}°N ,or BCond3°R.

3.6.3.5 Conditions Test for Global Market Power (Operating
Reserve) Constrained Areas

Conditions to test for global market power in the operating reserve market occur when there is an
operating reserve LMP greater than ORGCondThresh. All resources offering in that class of
operating reserve will be tested, except resources in a reserve area with a binding maximum
restriction constraint.

The process for identifying the resources that qualify for mitigation testing for global market power
for operating reserve is as follows:

For each b € BP¢ U BPL and hour h € {1,..,24}:

e If bisinaregion with a binding max constraint, then b is exempt from the conduct test;
otherwise:

e Check if L10SP9” > ORGCondThresh. If true, then add resource b to BCondj"F10%
e Check if LIONP/Y” > ORGCondThresh. If true, then add resource b to BCondg "N
e Check if L30RP{Y" > ORGCondThresh. If true, then add resource b to BCondj;""3°R

3.6.4 Conduct Test

All resources that meet the constrained area conditions test criteria described above will undergo a
conduct test. If no such resources are identified, then the Market Power Mitigation process is
complete and the conduct test will not occur.

In the conduct test, the dispatch data parameters submitted by market participants for their resources
will be evaluated against reference levels. The conduct test checks whether financial dispatch data
parameter values are within a set threshold level of the reference level. If a resource qualifies for
more than one conduct test in either energy or operating reserve, the test with the most stringent
threshold levels will be performed.

If all resource financial dispatch data parameters pass the conduct test, the Market Power Mitigation
process is complete and no mitigation is required. If one or more financial dispatch data parameters
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fail the conduct test, the DAM calculation engine will perform Reference Level Scheduling,
Reference Level Pricing and the Market Power Mitigation Price Impact Test.

3.6.4.1 Inputs

The conduct test will use the applicable inputs identified in Section 3.4.2.

3.6.4.2 Variables

A set of resources that failed the conduct test for at least one financial dispatch data parameter will be
identified for each condition, where:

e BCT}N“ shall designate the resources in an NCA that failed the conduct test for at least one
dispatch data parameter in hour h € {1,..,24};

e BCTPC shall designate the resources in a DCA that failed the conduct test for at least one
dispatch data parameter in hour h € {1,..,24};

e BCTP% shall designate the resources in a BCA that failed the conduct test for at least one
dispatch data parameter in hour h € {1,..,24};

e BCTFMP shall designate the resources that failed the global market power (energy) conduct
test for at least one dispatch data parameter in hour h € {1,..,24};

e BCTPRL shall designate the resources that failed the local market power (OR) conduct test for
at least one dispatch data parameter in hour h € {1,..,24}; and

e BCTPRC shall designate the resources that failed the global market power conduct test for
operating reserve for at least one dispatch data parameter in hour h € {1,..,24}.

The conduct test will also identify the following sets of dispatch data parameters for all hours h €
{1,..,24}:

e PARAME, , shall designate the set of dispatch data parameters that failed the energy
conduct test for bus b € BCTYN4 u BCTP4 u BCTE u BCTEMP in hour h; and

e PARAMORy, ), shall designate the set of dispatch data parameters that failed the operating
reserve conduct test for bus b € BCTPRL u BCTPRE in hour h.

For any resource at bus b € BP¢, the following dispatch data parameters may be identified in
PARAMEy, },:

e [EnergyOffer indicating a non-zero quantity of the energy offer above MLP lamination k €
K£, failed the conduct test;

e EnergyToMLP, indicating a non-zero quantity of the energy offer for energy to MLP

lamination k € Kj;,""" failed the conduct test;

e SUOffer indicating the start-up offer failed the conduct test; and
e SNLOf fer indicating the speed no-load offer failed the conduct test.

For any resource at bus b € BP¢ u BPL, the following dispatch data parameters may be identified in
PARAMORy, ;.

e OR10SOffer, indicating a non-zero quantity of the 10-minute synchronized operating
reserve offer lamination k € K, 9’ failed the conduct test;
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e OR10NOffer; indicating a non-zero quantity of the 10-minute non-synchronized operating
reserve offer lamination k € K; 9" failed the conduct test;

e OR30ROf fery indicating a non-zero quantity of the 30-minute operating reserve offer
lamination k € K39F failed the conduct test;

e SUOffer indicating the start-up offer failed the conduct test;
e SNLOf fer indicating the speed no-load offer failed the conduct test; and

e EnergyToMLP, indicating a non-zero quantity of the energy offer for the energy to MLP
lamination k € Kj;,, failed the conduct test.

Commitment cost dispatch data parameters will be tested for all hours prior to and including the last
hour where conditions are met for both the energy and operating reserve conduct test.

3.6.4.3 Conduct Test for Energy

Resources that qualify for testing for market power mitigation in the energy market will have the
following dispatch data parameters evaluated:

o Energy offer, including offers up to and above MLP (only applicable if energy offer is greater
than CTEnMinOf fer),

e  Start-up offer, and

e Speed no-load offer.

The IESO will perform the conduct test for resources that were selected in the constrained area
conditions test for NCAs as follows.

For each hour h € {1,..,24} and b € BCond4:

e Evaluate energy offer above MLP: For all k € K,’f,b, if PDGppx > CTEnMinOf fer and
PDGypx > min(PDGRefypx * (1 + CTEnThresh1N4), PDGRefy p 1 +
CTEnThresh2N¢4) | then conduct test failed for resource at bus b. Assign resource to subset
BCTN and add EnergyOffer; to PARAME}, .

o Evaluate energy offer for the range of production up to MLP: For all hours prior to and
including the hour that meets the conditions test, for all k € K; M, if PLTMLPy, ), ) >
CTEnMinOf fer and PLTMLPy, j, . > min(PLTMLPRefp, . * (1 +
CTEnThresh1N¢4), PLTMLPRef; , x + CTEnThresh2N¢4) then conduct test failed for
resource at bus b. Assign resource to subset BCTN“4 and add EnergyToMLP, to
PARAMEy, .

o Evaluate start-up offer: For all hours prior to and including the hour that meets the conditions
test, if SUDGy,, > SUDGRefyp, * (1 + CTSUThreshN®4), then conduct test failed for
resource at bus b. Assign resource to subset BCTN“4 and add SUOf fer to PARAME, ;.

o Evaluate speed no-load offer: For all hours prior to and including the hour that meets the
conditions test, if SNLy , > SNLRefy;, * (1 + CTSNLThresh"¢4), then conduct test failed
for resource at bus b. Assign resource to subset BCTN4 and add SNLOf fer to PARAMEy, ).

The conduct test for DCA, BCA, and Global Market Power (Energy) would take the same form,
while referencing resources in BCond2¢4, BCondE®4, and BCond:™MP and using the appropriate
conduct test thresholds. Additionally, resources will be assigned to the subsets BCT¢4, BCTZ¢4, and
BCTSMP,
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3.6.4.4 Conduct Test for Operating Reserve

Resources that qualify for operating reserve market power mitigation will have the following
parameters evaluated:

Operating reserve offer (only applicable if it is greater than CTORMinOf fer),
Start-up offer,

Speed no-load offer; and

Energy offers for the range of production up to MLP.

As noted above, if a resource qualifies for more than one operating reserve conduct test, the test with
the most stringent threshold levels will be performed.

The IESO will perform the conduct test for resources that were selected in the Local Market Power
(Operating Reserve) constrained area conditions test as follows.

For each hour h € {1,..,24} and b € BCond}%S U BCondi°N U BCond3°R:
e Evaluate operating reserve offer:

o Forall k € Kp9° if PLOSDGy,p, . > CTORMinOf fer and P10SDGy,  j >
min(P10SDGRefy, p i * (1 + CTORThresh1°RE), P10SDGRefy p i +
CTORThresh29RL), then conduct test failed for resource at bus b. Assign resource to
subset BCTPRE and add OR10S0f fer;, to PARAMORy, ;.

o Forall k € Ky9" if PLONDGy, ;, . > CTORMinOf fer and PLONDGy, p, >
min(PLONDGRefy . * (1 + CTORThresh1°RL), PIONDGRef; ;) +
CTORThresh2°Rl), then conduct test failed for resource at bus b. Assign resource to
subset BCT?RL and add OR10NOf fery to PARAMOR,, ;,.

o Forall k € K29R if P3ORDGy, ) > CTORMinOf fer and P30RDGyp, >
min(P30RDGRefy i * (1 + CTORThresh1°RL), P30RDGRefy i +
CTORThresh2°RL), then conduct test failed for resource at bus b. Assign resource to
subset BCTPRL and add OR30ROf fery to PARAMOR,, ;,.

o Evaluate start-up offer: For all hours prior to and including the hour that meets the conditions
test, if SUDGy,, > SUDGRefyp, * (1 + CTSUThreshRL), then conduct test failed for

resource at bus b. Assign resource to subset BCT?R" and add SUOf fer to PARAMOR,, ;,.

o Evaluate speed no-load offer: For all hours prior to and including the hour that meets the
conditions test, if SNLy,;, > SNLRef,, * (1 + CTSNLThresh®RE), then conduct test failed
for resource at bus b. Assign resource to subset BCTCRL and add SNLOf fer to
PARAMOR, ;.

o Evaluate energy offers for the range of production up to MLP: For all hours prior to and
including the hour that meets the conditions test, for all k € K; M, if PLTMLPy, ), ) >
CTEnMinOf fer and PLTMLPy, j, . > min(PLTMLPRefp . * (1 +
CTEnThresh1°RE), PLTMLPRefy, . + CTEnThresh29RL) then conduct test failed for
resource at bus b. Assign resource to subset BCTRL and add EnergyToMLP;, to
PARAMORY, ,.

The conduct test for Global Market Power (Operating Reserve) would take the same form, while
referencing resources in BCond&MP1% BCond$MP1ON and BCondSMP3%F and using the appropriate
conduct test thresholds. Additionally, resources will be assigned to the subset BCTORC,
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3.6.4.5 Outputs

The outputs of the conduct test will include the following for each hour h € {1,..,24}:

e The set of resources that failed the conduct test for at least one parameter by condition type
(i.e. resources included in the sets BCTN4, BCTP4, BCTF4, BCTSMP, BCTPRE, BCTORY).

e The dispatch data parameters that failed the conduct test for the resource at bus b (i.e.
dispatch data parameters included in the sets PARAME}, ,, and PARAMORy, ), and

e A revised set of financial dispatch data parameters for resources that failed a conduct test
with dispatch data parameters that failed the conduct test replaced with reference levels. For
energy and operating reserve offers with multiple laminations:

o0 If one or more lamination in the energy offer for the range of production up to MLP
fails the conduct test, the DAM calculation engine will replace all laminations in the
energy offer for the range of production up to MLP.

o If one or more lamination in the energy offer for the range of production above MLP
fails the conduct test, the DAM calculation engine will replace all laminations in
energy offers for the entire range of production (up to and above MLP).

o If one or more lamination in the operating reserve offer fails the conduct test, the
DAM calculation engine will replace all laminations in the operating reserve offer.

3.6.5 Reference Level Scheduling

Reference Level Scheduling will perform a security-constrained unit commitment and economic
dispatch similar to that performed by As-Offered Scheduling. Reference Level Scheduling only
differs from As-Offered Scheduling in that it will use reference level dispatch data for any financial
dispatch data from registered market participants that failed the conduct test.

Reference Level Scheduling will determine commitment statuses and schedules. These commitments
will serve as inputs into Reference Level Pricing. The schedules produced will not be financially
binding.

The following sections describe the formulation of the optimization function for Reference Level
Scheduling.

3.6.5.1 Inputs

All applicable inputs identified in Section 3.4.1 will be used. Reference level dispatch data will be
used for any inputs from registered market participants that failed the conduct test.

3.6.5.2 Variables, Objective Function, and Constraints

The variables, objective function and constraints are the same as those used in As-Offered
Scheduling.

3.6.5.3 Outputs

Reference Level Scheduling will produce schedules and unit commitment statuses for all resources.

For each scheduling variable SXX, SXX®S shall designate the value determined in Reference Level
Scheduling. For example, SDL’,?LLDSJ shall designate the schedule computed for lamination j of the
dispatchable load bid at bus b € BPL in hour h € {1,..,24}. As another example, OHO,%S shall
designate whether the hydroelectric resource at bus b € B7E was scheduled at or above MinHOy, ;, in

hour h € {1,..,24}.
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In particular, the unit commitment statuses and affiliated start-up decision determined in Reference
Level Scheduling will be denoted as follows:

. ODG,’S_iS € {0,1} shall designate whether the dispatchable generation resource at bus b € BP¢
was scheduled at or above its minimum loading point in hour h € {1,..,24}; and

o IDGRE® € {0,1} shall designate whether the dispatchable generation resource at bus b € BP¢
was scheduled to start (reach its minimum loading point) in hour h € {1,..,24}.

The DAM calculation engine will record all such values for informational purposes.

3.6.6 Reference Level Pricing

Reference Level Pricing will perform a security-constrained economic dispatch similar to that
performed by As-Offered Pricing. Reference Level Pricing differs from As-Offered Pricing in that it
will use reference level dispatch data for any financial dispatch data from registered market
participants that failed the conduct test. Reference Level Pricing also differs from As-Offered Pricing
in that the price-setting eligibility rules will be applied by taking into account the Reference Level
Scheduling results.

Reference Level Pricing will determine an initial set of LMPs. The LMPs will be used in the price
impact test. The prices produced will not be financially binding.

The following sections describe the formulation of the optimization function for Reference Level
Pricing.

3.6.6.1 Inputs

All applicable inputs identified in Section 3.4.1 will be evaluated. Reference level dispatch data will
be used for any inputs from registered market participants that failed the conduct test. Table 3-19
lists the outputs of Reference Level Scheduling that will also be used for Reference Level Pricing.

Table 3-19: Output of Reference Level Scheduling as Input to Reference Level Pricing

Input Description

SDGRE, The amount of dispatchable generation scheduled at bus b € BELR U B#E in
hour h € {1,..,24} in association with lamination k € K. This is in addition
to any MinQDG,, the minimum loading point, which must be committed
before any such generation is scheduled.

ODGRY Designates whether the dispatchable generation resource at bus b € B¢ was
scheduled at or above its minimum loading point in hour h € {1,..,24}.

5105DG,’fffk The amount of synchronized ten-minute operating reserve that a qualified
dispatchable generation resource is scheduled to provide at bus b € BELR y
BME in hour h € {1,..,24} in association with lamination k € K, %°.

S10NDGR, The amount of non-synchronized ten-minute operating reserve that a
qualified dispatchable generation resource is scheduled to provide at bus b €
BELR 'y BHE in hour h € {1,..,24} in association with lamination k € K;9".

530RDG§5fk The amount of thirty-minute operating reserve that a qualified dispatchable
generation resource is scheduled to provide at bus b € BELR U BHE iin hour
h € {1,..,24} in association with lamination k € K;29F.

OHORS Designates whether the hydroelectric resource at bus b € B has been
scheduled at or above MinHO}, ;, in hour h € {1,..,24}.
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3.6.6.2 Variables, Objective Function, and Constraints

The variables and objective function are the same as those used in As-Offered Pricing. Many of the
constraints enforced in Reference Level Pricing are the same as those enforced in As-Offered Pricing.
However, the constraints used to apply the price-setting eligibility rules must be modified to take into
account the Reference Level Scheduling results. That is, for the additional constraints listed in
Section 3.6.2.3, the As-Offered Scheduling results are replaced by the Reference Level Scheduling
results as follows:

o SDG#DS is replaced by SDGESS, forall h € {1,..,24}, b € BELR U BHE k€ Kf);

o 0DG{Y® is replaced by ODGR® forall h € {1,..,24}, b € BPS;

e S10SDG{D% is replaced by S10SDGELS, forall h € {1,..,24}, b € BELR U BHE k € K9,
o S10NDG#DS, is replaced by STONDGEES, forall h € {1,..,24}, b € BELR U BHE | € K79V,
e S30RDG{DS is replaced by S30RDGRLS, forall h € {1,..,24}, b € BELR u BPE k € K3OF;

and
e OHO{9% isreplaced by OHORY® forall h € {1,..,24},b € BHE.
. Additionally, the marginal loss factors used in the energy balance constraint in Reference

Level Pricing will be fixed to the marginal loss factors used in the last optimization function iteration
of Reference Level Scheduling.

3.6.6.3 Outputs

Table 3-20 lists the shadow prices of Reference Level Pricing constraints that will be output for each
hour h € {1,..,24}.

Table 3-20: Shadow Price Outputs of Reference Level Pricing

Output Description
SPLRLP shall designate the shadow price for the energy balance constraint.
SPN ormT,f}P shall designate the shadow price for the pre-contingency transmission

constraint for facility f € F in hour h.

SPEmTRY; shall designate the shadow price for the post-contingency transmission
constraint for facility f € F in contingency ¢ € C in hour h.

SPExtT;RLP shall designate the shadow price for the import or export limit constraint z €
Zgcn In hour h.

SPNIUExtBwdTRP | shall designate the shadow price for the net interchange scheduling limit
constraint limiting increases in net imports between hour (h — 1) and hour h.

SPNIDExtBwdTR"? | shall designate the shadow price for the net interchange scheduling limit
constraint limiting decreases in net imports between hour (h — 1) and hour h.

SPNIUExtFwdTRF | shall designate the shadow price for the net interchange scheduling limit
constraint limiting increases in net imports between hour h and hour (h + 1).

SPNIDExtFwdTRP | shall designate the shadow price for the net interchange scheduling limit
constraint limiting decreases in net imports between hour h and hour (h + 1).

SP10SRLP shall designate the shadow price for the total synchronized ten-minute
operating reserve requirement constraint in hour h.
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Output Description
SP10RRLP shall designate the shadow price for the total ten-minute operating reserve
requirement constraint in hour h.
SP30RRLP shall designate the shadow price for the total thirty-minute operating reserve
requirement constraint in hour h.
SPREGMin10RRL? shall designate the shadow price for the minimum ten-minute operating
reserve constraint for region r € ORREG in hour h.
SPREGMin30RR:F shall designate the shadow price for the minimum thirty-minute operating
reserve constraint for region r € ORREG in hour h.
SPREGMax10RRF shall designate the shadow price for the maximum ten-minute operating
reserve constraint for region r € ORREG in hour h.
SPREGMax30RRF shall designate the shadow price for the maximum thirty-minute operating
reserve constraint for region r € ORREG in hour h.

Table 3-21 lists the LMPs and subcomponents for each hour h € {1,..,24} calculated using the
pricing formulas in Section 3.10.

Table 3-21: LMP Outputs of Reference Level Pricing

Output Description
PRefRLP shall designate the hour h energy reference price.
LMPEL? shall designate the hour h LMP for bus b € B.
PLossfif shall designate the hour h loss component for bus b € B.
PCongff shall designate the hour h congestion component for bus b € B.
ExtLMPELF shall designate the hour h LMP for intertie zone bus d € D.
IntLMPJY? shall designate the hour h intertie border price (IBP) for intertie zone bus d €
D.
ICPRLP shall designate the hour h intertie congestion price (ICP) for intertie zone bus
d €D.
PLossfy shall designate the hour h loss component for intertie zone bus d € D.
PIntCongRyd shall designate the hour h internal congestion component for intertie zone bus
d €D.
PExtCongf:f shall designate the hour h intertie congestion component for intertie zone bus
d €D.
PNISLR-? shall designate the hour h net interchange scheduling limit congestion
component for intertie zone bus d € D.
L30RPEF shall designate the hour h thirty-minute operating reserve price for bus b € B.
L10NPZGP shall designate hour h non-synchronized ten-minute operating reserve price for
bus b € B.
L10SPRLP shall designate the hour h synchronized ten-minute operating reserve price for
bus b € B.
ExtL30RPRL? shall designate the hour h thirty-minute operating reserve price for intertie zone
busd € D.
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Output Description

ExtL10NPRLP shall designate the hour h non-synchronized ten-minute operating reserve price
for intertie zone bus d € D.

3.6.7 Price Impact Test

If one or more dispatch data parameters fail a conduct test for economic withholding, then the ex-ante
price impact test will be run.

The ex-ante price impact test will compare the As-Offered Pricing LMPs for energy or operating
reserve with the Reference Level Pricing LMPs for energy or operating reserve. If prices in the As-
Offered Pricing results are greater than the prices from the Reference Level Pricing results by more
than the relevant impact threshold, then the corresponding offer parameters will be considered to have
failed the price impact test. In this case, the corresponding offer component will be replaced with its
reference level in Mitigated Scheduling and Mitigated Pricing.

3.6.7.1 Inputs

The Price Impact Test will use the applicable inputs identified in Section 3.4.2.3. Table 3-22 lists the
As-Offered Pricing and Reference Level Pricing outputs that will be also be used by the price impact

test.
Table 3-22: Outputs of As-Offered Pricing and Reference Level Pricing as Input to the Price
Impact Test
Input Description
LMP2YP The LMP for bus b € B in hour h € {1,..,24} from As-Offered Pricing.
L30RPADP The thirty-minute operating reserve price at bus b € B in hour h € {1,..,24}
from As-Offered Pricing.
L10NP,§‘_,?P The non-synchronized ten-minute operating reserve price atbus b € B in
hour h € {1,..,24} from As-Offered Pricing.
L105P,f’_,‘,“’ The synchronized ten-minute operating reserve price at bus b € B in hour
h € {1,..,24} from As-Offered Pricing.
LMPEL? The LMP for bus b € B in hour h € {1,..,24} from Reference Level Pricing.
L30RPEF The thirty-minute operating reserve price at bus b € B in hour h € {1,..,24}

from Reference Level Pricing.

L10NPZGP The non-synchronized ten-minute operating reserve price atbus b € B in
hour h € {1,..,24} from Reference Level Pricing.

L10SPREP The synchronized ten-minute operating reserve price at bus b € B in hour
h € {1,..,24} from Reference Level Pricing.

3.6.7.2 Variables

A set of resources that failed the price impact test will be identified for each condition for all hours
h €{1,..,24}, where:

e BIT}“ shall designate the resources in an NCA that failed the price impact test for energy
LMP;
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e BITP% shall designate the resources in a DCA that failed the price impact test for energy
LMP;

e BITP4 shall designate the resources in a BCA that failed price impact test for energy LMP;

e BITSMP shall designate the resources that failed the global market power (energy) price
impact test for energy LMP;

o BITPRL shall designate the resources that failed the local market power (OR) price impact
test for at least one type of operating reserve LMP;

e BITPRC shall designate the resources that failed the global market power (OR) price impact
test for at least one type of operating reserve LMP; and

e LMPIT},, shall designate the LMP that failed the price impact test for bus b € BITY 4 u
BITP¢4 u BITF4 u BITFMP u BITPRL U BITPREMP in hour h.

For any resource at bus b € BP¢ u BPL, the following LMPs may be identified in LMPIT, ,,:
e EnergyLMP indicating that the energy LMP failed the price impact test;

e OR10SLMP indicating that the synchronized ten-minute operating reserve LMP failed the
price impact test;

e OR10NLMP indicating that the non-synchronized ten-minute operating reserve LMP failed
the price impact test; and

e OR30RLMP indicating that the thirty-minute operating reserve LMP failed the price impact
test.

3.6.7.3 Price Impact Test for Energy

The IESO will perform the price impact test for resources that were selected in the corresponding
conduct test for energy as follows.

Local Market Power (Energy):

e Check NCA: For each hour h € {1,..,24} and b € BCTY4, if LMPZ)® > min(LMPELP
(1 + ITThresh1V¢4), LMPELP + ITThresh2N¢4), price impact test failed for resource at
bus b. Assign resource to subset BIT; 4 and add EnergyLMP to LMPIT}, .

e Check DCA: For each hour h € {1,..,24} and b € BCTP4, if LMP{OP > min(LMPREP «
(1 + ITThresh1P¢4), LMPRLP + ITThresh2P¢4), price impact test failed for resource at bus
b. Assign resource to subset BITP“4 and add EnergyLMP to LMPIT}, ;.

e Check BCA: For each hour h € {1,..,24} and b € BCTF%4, if LMP{)" > min(LMPREP «
(1 + ITThresh1B¢4), LMPR}P + ITThresh2B¢4), price impact test failed for resource at bus
b. Assign resource to subset BITF4 and add EnergyLMP to LMPIT}, ;.

Global Market Power (Energy):

For each hour h € {1,..,24} and b € BCTZMP | if LMPZP? > min(LMPELY * (1 +
ITThresh1¢MP), LMPFLP + ITThreshZGMP), price impact test failed for resource at bus b. Assign
resource to subset BITSM? and add EnergyLMP to LMPIT}, ;.
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3.6.7.4 Price Impact Test for Operating Reserve

The IESO will perform the price impact test for resources that were selected in the corresponding
conduct test for operating reserve as follows.

Local Market Power (Operating Reserve)
For each hour h € {1,..,24} and b € BCT?RE:

e If L30RP{ " > L30RPRS, price impact test failed for resource at bus b. Assign resource to
subset BITORL and add OR30RLMP to LMPITy, ;.

o If LIONPAYP > L10NPELP, price impact test failed for resource at bus b. Assign resource to
subset BITP®" and add OR1ONLMP to LMPITy, ;.

o If L10SPAYP > L10SPRE, price impact test failed for resource at bus b. Assign resource to
subset BITPR" and add OR10SLMP to LMPITy, ;.

Global Market Power (Operating Reserve)
For each hour h € {1,..,24} and b € BCTPRC:

o If L30RPAYP > min(L30RPELY (1 + ITThresh1°R¢), L30RPRLY + ITThresh29R6),

price impact test failed for resource at bus b. Assign resource to subset BIT RS and add
OR30RLMP to LMPITy .

o If LIONPAY? > min(L10NPRLP * (1 + ITThresh19RS), LIONPRLP + ITThresh20R%),

price impact test failed for resource at bus b. Assign resource to subset BITPR¢ and
add OR1ONLMP to LMPIT}, ,.

o If L10SPEYP > min(L10SPREP « (1 4 ITThresh19R¢), L10SPRLY + ITThresh29R%), price

impact test falled for resource at bus b. Assign resource to subset BIT,?RG and
add OR10SLMP to LMPIT}, ;.

3.6.7.5 Outputs
The outputs of the price impact test will include:

1. The set of resources that failed the price impact test in each hour h € {1,..,24} by condition
type (i.e. resources included in the sets BITY ¢4, BITPA, BITECA, BITSMP, BITPRL and
BIT{R%);

2. The LMPs (energy and operating reserve) that failed the price impact test in each hour h €
{1,..,24} for each resource at bus b (i.e. parameters included in the set LMPIT}, ;,); and

3. Arevised set of offer data for resources that failed the price impact test with dispatch data
parameters that failed the corresponding conduct test replaced with reference levels.

More detail on the revised set of offer data that must be output by the price impact test is provided
below:
e If aresource has failed a price impact test for energy and falls in one of the sets BIT;N¢4,
BITPC4, BITE“4, or BITSMP, the dispatch data parameters in PARAME}, ;, will be used to
determine which dispatch data parameters should be replaced.
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e If aresource has failed a price impact test for operating reserve and falls in one of the sets
BIT?RL or BIT?RC, the dispatch data parameters in PARAMORy, , will be used to determine
which dispatch data offer parameters should be replaced.

o If an NQS resource has failed a price impact test in any hour, commitment cost parameters
that failed the conduct test in that hour and any hour prior will have their values replaced with
the reference level for those hours. This is expressed as:

o Foreachhour h € {1,..,24} and all b € BN?S such that b € BITN“4 u BITP¢4 u
BITP“4 u BITSMP for hours prior to and including the hour that failed the price
impact test, H € {1,.., h}, if b € BCTY4 U BCTR4 u BCTE 4 U BCTSMP and
PARAMEy ;, contains any of the commitment cost parameters SUOf fer, SNLOf fer,
or EnergyToMLP,, replace these parameters with reference levels.

0 The same logic is true for Local Market Power and Global Market Power in the
operating reserve market, except PARAMORy , must be checked.

o When aresource in an NCA or a DCA fails the price impact test, all other resources in that
constrained area that failed the conduct test in that hour for at least one parameter will also be
subject to market power mitigation (regardless of whether or not the resource failed the price
impact test). For NQS resources, commitment cost parameters that failed the conduct test in
any hour prior will also have their values replaced with reference levels for those hours. This
can be expressed as:

o Foreach hour h € {1,..,24}, if BIT{"4 includes one or more resource in NCA, n, all
resources b € BCTY4 for NCA, n, will have the parameters in PARAMEj, ;, replaced
with reference levels. Additionally, for all hours up to the hour in which a resource
failed the price impact test for n, for all b € BCTY 4, if PARAME,, ;, contains any of
the commitment cost parameters SUOf fer, SNLOf fer, or EnergyToMLPy, replace
these parameters with reference levels.

o Foreach hour h € {1,..,24}, if BITP4 includes one or more resource in DCA, d, all
resources, b € BCTP for DCA, d, will have the parameters in PARAME}, ,
replaced with reference levels. Additionally, for all hours up to the hour in which a
resource failed the price impact test for d, for all b € BCTP4, if PARAME, ),
contains any of the commitment cost parameters SUOf fer, SNLOf fer, or
EnergyToMLP,, replace these parameters with reference levels.

¢ When a resource fails the operating reserve local market power price impact test, all other
resources in the same reserve area with a non-zero reserve minimum requirement that failed
the conduct test for at least one parameter will also be subject to market power mitigation
(regardless of whether or not the resource failed the price impact test). For NQS resources,
commitment cost parameters that failed the conduct test in any hour prior will also have their
values replaced with reference levels for those hours. This can be expressed as:

o Foreachhourh €{1,..,24}, if BIThORL includes one or more resources in reserve
area, r, all resources, b € BIThORL for reserve area, r, will have the parameters in
PARAMOR, ;, replaced with reference levels. Additionally, for all hours up to the

hour in which a resource failed the price impact test for r, for all b € BCThORL, if
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PARAMEj , contains any of the commitment cost parameters SUOf fer, SNLOf fer,
or EnergyToMLP,, replace these parameters with reference levels.

3.6.8 Mitigated Scheduling

Mitigated Scheduling will perform a security-constrained unit commitment and economic dispatch
similar to that performed by As-Offered Scheduling. Mitigated Scheduling only differs from As-
Offered Scheduling in that it will use reference level dispatch data for any financial dispatch data
from registered market participants identified as having failed the conduct and price impact tests.

If Mitigated Scheduling is performed it will determine commitment statuses and schedules. These
will comprise the scheduling results of Pass 1. These commitments will also serve as inputs into
Mitigated Pricing. The schedules produced will not be financially binding.

The following sections describe the formulation of the optimization function for Mitigated
Scheduling.

3.6.8.1 Inputs

All applicable inputs identified in Section 3.4.1 will be used. However, some inputs may be replaced
by reference level dispatch data if the price impact test failed as described above.

3.6.8.2 Variables, Objective Function, and Constraints

The variables, objective function and constraints are the same as those used in As-Offered
Scheduling.

3.6.8.3 Outputs

Mitigated Scheduling will produce schedules and unit commitment statuses for all resources.

For each scheduling variable SXX, SXX™S shall designate the value determined in Mitigated
Scheduling. For example, SDL’,‘{’,i,j shall designate the schedule computed for lamination j of the
dispatchable load bid at bus b € BPL in hour h € {1,..,24}. As another example, OHO,’{’,’lf shall
designate whether the hydroelectric resource at bus b € B7E was scheduled at or above MinHOy, ;, in
hour h € {1,..,24}.

In particular, the unit commitment statuses and affiliated start-up decision determined in Mitigated
Scheduling will be denoted as follows:

. ODG,’{’,’lf € {0,1} shall designate whether the dispatchable generation resource at bus b € BP¢
was scheduled at or above its minimum loading point in hour h € {1,..,24}.

° IDG,’{’_’g € {0,1} shall designate whether the dispatchable generation resource at bus b € BP¢
was scheduled to start (reach its minimum loading point) in hour h € {1,..,24}.

The DAM calculation engine will record all such values for informational purposes.

3.6.9 Mitigated Pricing

Mitigated Pricing will perform a security-constrained economic dispatch similar to that performed by
As-Offered Pricing. Mitigated Pricing differs from As-Offered Pricing in that it will use reference
level dispatch data for any financial dispatch data from registered market participants identified as
having failed the conduct and price impact tests. Mitigated Pricing also differs from As-Offered
Pricing in that the price-setting eligibility rules will be applied by taking into account the Mitigated
Scheduling results.
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Mitigated Pricing will determine an initial set of LMPs. If Mitigated Pricing is performed, the LMPs
will comprise the results of Pass 1. The prices produced will not be financially binding.

The following sections describe the formulation of the optimization function for Mitigated Pricing.

3.6.9.1 Inputs

All applicable inputs identified in Section 3.4.1 will be used. However, some inputs may be replaced
by reference level dispatch data if the price impact test failed as described above.

Table 3-23 lists the outputs of Mitigated Scheduling that will also be used as inputs to Mitigated
Pricing.

Table 3-23: Outputs of Mitigated Scheduling as Input to Mitigated Pricing

Input Description

SDGY'S The amount of dispatchable generation scheduled at bus b € BEXR u BE in
hour h € {1,..,24} in association with lamination k € K;,. This is in addition

to any MinQDG,, the minimum loading point, which must be committed
before any such generation is scheduled.

ODG,’fg Designates whether the dispatchable generation resource at bus b € B¢ was
scheduled at or above its minimum loading point in hour h € {1,..,24}.

S10SDGy'3 The amount of ten-minute synchronized operating reserve that a qualified
dispatchable generation resource is scheduled to provide at bus b € BELR y
B"E in hour h € {1,..,24} in association with lamination k € K%’

510NDG;’3§,;¢ The amount of ten-minute non-synchronized operating reserve that a
qualified dispatchable generation resource is scheduled to provide at bus b €
BELR y BHE in hour h € {1,..,24} in association with lamination k € K, 2" .

S30RDG}S The amount of thirty-minute operating reserve that a qualified dispatchable
generation resource is scheduled to provide at bus b € BELR u BHE in hour
h € {1,..,24} in association with lamination k € K79F.

OHO{Zg Designates whether the hydroelectric resource at bus b € B”E has been
scheduled at or above MinHOy, ;, in hour h € {1,..,24}.

3.6.9.2 Variables, Objective Function, and Constraints
The variables and objective function are the same as those used in As-Offered Pricing. Many of the
constraints enforced in Mitigated Pricing are the same as those enforced in As-Offered Pricing.
However, the constraints used to apply the price-setting eligibility rules must be modified to take into
account the results from Mitigated Scheduling. That is, for the additional constraints listed in Section
3.6.2.3, the As-Offered Scheduling results are replaced by the Mitigated Scheduling results as
follows:

o SDG#DS. is replaced by SDGY'5 , forall h € {1,..,24}, b € BELR U BHE k€ Kf);

e 0DG{Y® is replaced by ODGR'; forall h € {1,..,24}, b € BPS;

e S10SDG{D% is replaced by S10SDGRYS , forall h € {1,..,24}, b € BELR U BHE k € K9,

o S10NDG#DS, is replaced by STONDG}Y' , forall h € {1,..,24},b € BELR U BHE | € K79V,

e S30RDG{DS is replaced by S30RDGR | forall h € {1,..,24}, b € BELR u BPE k € K3OF;
and
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e OHO{9% isreplaced by OHO}; forall h € {1,..,24},b € BHE.

Additionally, the marginal loss factors used in the energy balance constraint in Mitigated Pricing will
be fixed to the marginal loss factors used in the last optimization function iteration of Mitigated
Scheduling.

3.6.9.3 Outputs

Table 3-24 lists the shadow prices for Mitigated Pricing constraints that will be output for each hour

he{1,..,24}.
Table 3-24: Shadow Pricing Outputs of Mitigated Pricing
Output Description
SPLYP shall designate the shadow price for the energy balance constraint.
SPNormT,{‘f]f shall designate the shadow price for the pre-contingency transmission
constraint for facility f € F in hour h.
SPEmT,{‘fC‘_’f shall designate the shadow price for the post-contingency transmission
constraint for facility f € F in contingency ¢ € C in hour h.
SPExtT'} shall designate the shadow price for the import or export limit constraint z €

Zscn, N hour h.

SPNIUExtBwdT}"? shall designate the shadow price for the net interchange scheduling limit
constraint limiting increases in net imports between hour (h — 1) and hour h.

SPNIDExtBwdT}"" shall designate the shadow price for the net interchange scheduling limit
constraint limiting decreases in net imports between hour (h — 1) and hour h.

SPNIUExtFwdT}MP shall designate the shadow price for the net interchange scheduling limit
constraint limiting increases in net imports between hour h and hour (h + 1).

SPNIDExtFwdTMP shall designate the shadow price for the net interchange scheduling limit
constraint limiting decreases in net imports between hour h and hour (h + 1).

SP10S}MP shall designate the shadow price for the total synchronized ten-minute
operating reserve requirement constraint in hour h.

SP10R}*? shall designate the shadow price for the total ten-minute operating reserve
requirement constraint in hour h.

SP30R}*? shall designate the shadow price for the total thirty-minute operating reserve
requirement constraint in hour h.

SPREGMin10R}'? shall designate the shadow price for the minimum ten-minute operating
reserve constraint for region r € ORREG in hour h.

SPREGMin30R}'? shall designate the shadow price for the minimum thirty-minute operating
reserve constraint for region r € ORREG in hour h.

SPREGMax10R}? shall designate the shadow price for the maximum ten-minute operating
reserve constraint for region r € ORREG in hour h.

SPREGMax30R}'? shall designate the shadow price for the maximum thirty-minute operating
reserve constraint for region » € ORREG in hour h.
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Table 3-25 lists the LMPs and subcomponents for each hour h € {1,..,24} calculated using the
pricing formulas in Section 3.10.

Table 3-25: LMP Outputs of Mitigated Pricing

Output Description
PRefM? shall designate the hour h energy reference price.
LMP? shall designate the hour A LMP for bus b € B.
PLoss}'f shall designate the hour h loss component for bus b € B.
PCong}y shall designate the hour h congestion component for bus b € B.
ExtLMP}'Y shall designate the hour h LMP for intertie zone bus d € D.
IntLMP'} shall designate the hour h intertie border price (IBP) for intertie zone bus d €
D.
PLossp'¥ shall designate the hour h loss component for intertie zone bus d € D.
PIntCong}'y shall designate the hour h internal congestion component for intertie zone bus
d €D.
PExtCongp'§ shall designate the hour h intertie congestion component for intertie zone bus
d €D.
PNISLY% shall designate the hour h net interchange scheduling limit congestion
component for intertie zone bus d € D.
L30RP}Y shall designate the hour h thirty-minute operating reserve price for bus b €
B.
L10NP}? shall designate hour h non-synchronized ten-minute operating reserve price
forbus b € B.
L10SPYY shall designate the hour h synchronized ten-minute operating reserve price
forbus b € B.
ExtL30RP'Y shall designate the hour h thirty-minute operating reserve price for intertie
zonebusd € D.
ExtL10NP'Y shall designate the hour h non-synchronized ten-minute operating reserve
price for intertie zone bus d € D.

3.6.10

Summary of Pass 1
In the event that the price impact test is failed, the Mitigated Scheduling and Mitigated Pricing results

will comprise the Pass 1 results. Otherwise, the As-Offered Scheduling and As-Offered Pricing
results will comprise the Pass 1 results.

For each scheduling variable SXX, SXX* shall designate the Pass 1 scheduling results. For example,
SDL}L,,J- shall designate the schedule for lamination j of the dispatchable load bid at bus b € BP~ in

hour h € {1,..,24}. As another example, OHO}, ,, shall designate whether the hydroelectric resource

at bus b € BHE was scheduled at or above MinHO,, , in hour h € {1,..,24}. In particular, the unit
commitment statuses and affiliated start-up decision for Pass 1 will be denoted as follows:

. ODG,}_b € {0,1} shall designate whether the dispatchable generation resource at bus b € BP¢

was scheduled at or above its minimum loading point in hour h € {1,..,24}.
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IDG,ll_b € {0,1} shall designate whether the dispatchable generation resource at bus b € BP¢
was scheduled to start (reach its minimum loading point) in hour h € {1,..,24}.

Shadow prices for Pass 1 constraints for each hour h € {1,..,24} will be denoted as follows:

SPL}, shall designate the shadow price for the energy balance constraint;

SPNormT,}_ £ shall designate the shadow price for the pre-contingency transmission
constraint for facility f € F in hour h;

SPEmT,},C,f shall designate the shadow price for the post-contingency transmission constraint
for facility f € F in contingency ¢ € C in hour h;

SPExtT,},Z shall designate the shadow price for the import or export limit constraint z € Zg.p,
in hour h;

SPNIUExtBwdT;! shall designate the shadow price for the net interchange scheduling limit
constraint limiting increases in net imports between hour (h — 1) and hour h;

SPNIDExtBwdT;} shall designate the shadow price for the net interchange scheduling limit
constraint limiting decreases in net imports between hour (h — 1) and hour h;

SPNIUExtFwdT} shall designate the shadow price for the net interchange scheduling limit
constraint limiting increases in net imports between hour h and hour (h + 1);

SPNIDExtFwdT; shall designate the shadow price for the net interchange scheduling limit
constraint limiting decreases in net imports between hour h and hour (h + 1);

SP10S} shall designate the shadow price for the total synchronized ten-minute operating
reserve requirement constraint in hour h;

SP10R} shall designate the shadow price for the total ten-minute operating reserve
requirement constraint in hour h;

SP30R}. shall designate the shadow price for the total thirty-minute operating reserve
requirement constraint in hour h;

SPREGMinlOR}Lr shall designate the shadow price for the minimum ten-minute operating
reserve constraint for region r € ORREG in hour h;

SPREGMin3OR,1Lr shall designate the shadow price for the minimum thirty-minute operating
reserve constraint for region r € ORREG in hour h;

SPREGMaxlOR,lLr shall designate the shadow price for the maximum ten-minute operating
reserve constraint for region r € ORREG in hour h; and

SPREGMaxBOR}Lr shall designate the shadow price for the maximum thirty-minute
operating reserve constraint for region r € ORREG in hour h.
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3.7 Pass 2: Reliability Scheduling and Commitment

Pass 2 will use market participant and IESO inputs along with resource and system constraints to
determine a set of resource schedules and commitments. The intent of this pass is to determine
whether Pass 1 has committed sufficient resources to meet peak forecast demand and the IESO-
specified operating reserve requirements. If Pass 2 determines that there are insufficient resources
available to meet that peak demand, it may make additional non-quick start commitments, increase
import schedules and decrease export schedules. Such decisions will be carried into Pass 3.

Pass 2 will execute only a scheduling algorithm and will not calculate prices.

3.7.1 Reliability Scheduling

Reliability Scheduling will perform a security-constrained unit commitment and economic dispatch
similar to that performed by As-Offered Scheduling. However, Reliability Scheduling differs from
As-Offered Scheduling in that its intent is to assess the supply available to meet peak demand in each
hour. To achieve this intent, Reliability Scheduling will assess certain inputs differently from As-
Offered Scheduling.

Peak demand forecasts will be used in place of average demand forecasts. Schedules for price
responsive loads and dispatchable loads with an entire bid submitted at MMCP are not calculated by
the optimization function. Instead, the optimization function accounts for expected consumption of
price responsive loads and for dispatchable loads that have no bid submitted or an entire bid
submitted at MM CP through the demand forecast. Virtual bids and offers will be excluded from
evaluation. The IESO’s centralized variable generation forecast for variable generation resources
will be used.

Reliability Scheduling also differs from As-Offered Scheduling in its objective. Reliability
Scheduling’s objective is to minimize the cost of additional commitments rather than maximize the
gains from trade. Reliability Scheduling will consider as-offered prices for the start-up and minimum
generation costs of NQS resources not already committed in Pass 1 and will consider as-offered
prices for imports, exports and hourly demand response resources. Reliability Scheduling will
evaluate all other internal incrementally dispatchable energy at some small nominal value. This
evaluation technique of internal dispatchable generation is necessary to minimize the cost of
additional commitments and net imports to meet peak demand.

Dispatchable generation resources whose commitment status is “committed” in a given hour in Pass 1
are taken as committed for that hour in Reliability Scheduling. These resources will be scheduled to
no less than their minimum loading point. Reliability Scheduling can also commit additional
dispatchable generation resources by re-evaluating the commitment statuses of resources in hours
they were not committed in Pass 1. Except for components of wheeling through transactions, import
schedules may not decrease and export schedules may not increase from their Pass 1 values. For
energy-limited resources, Reliability Scheduling will evaluate moving their Pass 1 schedules against
the cost of replacing energy in that hour as measured by the applicable Pass 1 LMPs.

Reliability Scheduling will determine commitment statuses and resource schedules. The schedules
produced will not be financially binding. The commitment statuses will be used to derive operational
commitments.

The following sections describe the formulation of the optimization function for Reliability
Scheduling.
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3.7.1.1 Inputs

All applicable inputs identified in Section 3.4.1 will be used. However, some inputs may be replaced
by reference level dispatch data if the ex-ante Market Power Mitigation process had been performed
and the price impact test was failed in Pass 1.

Table 3-26 lists the outputs of Pass 1 that will also be used as inputs to Reliability Scheduling.
Table 3-26: Outputs of Pass 1 as Input to Reliability Scheduling

Input Description

SXLhq The amount of exports scheduled to intertie zone sink bus d € DX in hour
h € {1,..,24} in association with lamination j € J£ ;.

SDG} The amount of dispatchable generation scheduled at bus b € BELR u B#E in
hour h € {1,..,24} in association with lamination k € K;,. This is in addition
to any MinQDG,, the minimum loading point, which must be committed
before any such generation is scheduled.

0DG} Designates whether the dispatchable generation resource at bus b € B¢ was
scheduled at or above its minimum loading point in hour h € {1,..,24}.

S10SDG} , x The amount of synchronized ten-minute operating reserve that a qualified
dispatchable generation resource is scheduled to provide at bus b € BELR y
BHE in hour h € {1,..,24} in association with lamination k € K%°

S10NDGy The amount of non-synchronized ten-minute operating reserve that a
qualified dispatchable generation resource is scheduled to provide at bus b €
BELR 'y BHE in hour h € {1,..,24} in association with lamination k € K;9".

S30RDG} i The amount of thirty-minute operating reserve that a qualified dispatchable

generation resource is scheduled to provide at bus b € BELR u BHE in hour

h € {1,..,24} in association with lamination k € K79F.

SIG} 4.1 The amount of imports from intertie zone source bus d € DI scheduled in
hour h € {1,..,24} in association with lamination k € K7 ;.

LMPy, The locational marginal price in hour h € {1,..,24} at bus b € BELR y BHE,

Evaluation of Internal Incrementally Dispatchable Energy

Internal incrementally dispatchable supply and load resources will be evaluated in Reliability
Scheduling so that the price of incremental energy from these resources does not materially contribute
to the objective function to meet Reliability Scheduling’s objective of only evaluating additional
commitment costs. Let n be some small nominal value representing a price for which scheduling a
quantity from a resource has no material impact on the objective function. A value of $0.10/MWh
will be used. Dispatchable loads, non-dispatchable generation resources, and the energy offered
above MLP for dispatchable generation resources will be evaluated in Reliability Scheduling as
follows:

® PRucDLy, ; shall designate the energy price for incremental energy consumption in hour
h € {1,..,24} at dispatchable load bus b € BP* in association with bid lamination j € /£ ,.

It is defined by
PRucDLyy, j = min(n, PDLyp ;).
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e PRucl0SDLy ; shall designate the price of being scheduled to provide synchronized ten-
minute operating reserve in hour h € {1,..,24} at dispatchable load bus b € BPL in
association with offer lamination j € J39°. It is defined by

PRuc10SDLy, j = min(n, PL0SDLyp ;).

e PRuclONDLy ; shall designate the price of being scheduled to provide non-synchronized
ten-minute operating reserve in hour h € {1,..,24} at dispatchable load bus b € BPL in
association with offer lamination j € J39". It is defined by

PRuc10NDLy, ; = min(n, PLONDLp, ).

® PRuc30RDLy ; shall designate the price of being scheduled to provide thirty-minute
operating reserve in hour h € {1,..,24} at dispatchable load bus b € BP in association

with offer lamination j € J39%. It is defined by

PRuc30RDLy,, j = min(n, P30RDLyj, ;).

e PRucNDGp  shall designate the energy price for incremental generation in hour h €
{1,..,24} at non-dispatchable generation bus b € BNP¢ in association with offer lamination
k € K. It is defined by
PRucNDGy p = min(n, PNDGp, p, ).

® PRucDGyp shall designate the energy price for incremental generation in hour h €
{1,..,24} at dispatchable generation bus b € BP¢ in association with offer lamination
k € KE,. Itis defined by
PRucDGy . = min(n, PDGpp ).

e PRuc10SDGp, k. shall designate the price of being scheduled to provide synchronized ten-
minute operating reserve in hour h € {1,..,24} at dispatchable generation bus b € BP¢ in
association with offer lamination k € K%°. It is defined by

PRuc10SDGy = min(n, P10SDGpp i)

e PRuclONDGy, \ shall designate the price of being scheduled to provide non-synchronized
ten-minute operating reserve in hour h € {1,..,24} at dispatchable generation bus b € B¢ in
association with offer lamination k € K;%". It is defined by

PRuc10NDGpp = min(n, PIONDG ).

e PRuc30RDGp, \ shall designate the price of being scheduled to provide thirty-minute
operating reserve in hour h € {1,..,24} at dispatchable generation bus b € BP¢ in
association with offer lamination k € K29F. It is defined by

PRUCBORDGh,b’k = mln(n, P30RDGh,b,k)'

Evaluation of Energy-Limited Resources

Energy-limited resources (ELRs) will be evaluated with the intention of maintaining the optimal
usage of ELRs from Pass 1 while allowing for ELRs to contribute to the minimization of additional
commitment costs. The price evaluated for energy and operating reserve from energy-limited
resources will depend on whether the associated quantity was scheduled or unscheduled in Pass 1. For
scheduled Pass 1 energy, the price evaluated is intended to maintain the Pass 1 schedule for the ELR,
unless there is a benefit to changing the schedule and moving the energy to another hour. For energy
that was not scheduled in a given hour in Pass 1, the price evaluated reflects the difference between
the offered price of the unscheduled energy and the price at the resource’s location as determined
from Pass 1. This approximates the value of scheduling additional energy in that hour and is used as a
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measure against the cost of committing additional resources. This method for unscheduled energy in a
given hour will only be applied when the resource’s maximum daily energy limit constraint is binding
in Pass 1. If this constraint is not binding, unscheduled energy will be treated in the same way as other
internal incrementally dispatchable energy.

The treatments described above will also apply to hydroelectric resources with a shared maximum
daily energy limit; such resources are limited in the amount of energy they may provide within a
dispatch day.

The set of all resources to which the treatment for scheduled Pass 1 energy applies will be denoted as
follows:

1. BMM = BELR y (BHE for qll s € SHE} shall designate the set of buses identifying either
energy-limited resources or hydroelectric resources sharing a maximum daily energy limit.

The set of all resources to which the treatment for unscheduled Pass 1 energy applies will be denoted
as follows:

2. BBND c BLIM ghal designate the subset of buses identifying either energy-limited resources
or hydroelectric resources sharing a maximum daily energy limit with a binding maximum
daily energy limit constraint from Pass 1.

To identify if a maximum daily energy limit is binding, the criteria for this condition defined in
Section 3.6.2.3 for energy-limited resources and hydroelectric resources sharing a maximum daily
energy limit will be assessed against the values of 0DGy ;,, SDGR ., SI0SDGp 1, ., SIONDG, 5, and

S30RDGR .-

Each offer lamination from such a resource will be broken into two parts because Pass 1 may partially
schedule an offer lamination (i.e. 0 < SDG},,x < QDGp,p . for some b € BM™, hour h € {1,..,24}
and lamination k € K¢ ). For each bus b € BLM:

e Q1DGpy  shall designate an incremental quantity of energy generation (above and beyond
the minimum loading point) that may be scheduled in hour h € {1,..,24} in association with
offer lamination k € K,f,b and corresponding to the Pass 1 scheduled portion of the
lamination. It is defined by

Q1DGpp i = SDGpp -

e P1DGyy  shall designate the energy price for incremental generation in hour h € {1,..,24}
in association with offer lamination k € K,’ib and corresponding to the Pass 1 scheduled
portion of the lamination. It is defined by

P1DGpp = min(PDGypy , —LMP,).

* Q2DGpy \ shall designate an incremental quantity of energy generation (above and beyond
the minimum loading point) that may be scheduled in hour h € {1,..,24} in association with
offer lamination k € K,’f_ p and corresponding to the Pass 1 unscheduled portion of the
lamination. It is defined by

Q2DGppy = QDGhpi — SDGhp .

e P2DGy  shall designate the energy price for incremental generation in hour h € {1,..,24}
in association with offer lamination k € K,’ib and corresponding to the Pass 1 unscheduled
portion of the lamination. It is defined by

max(n, PDGy , — LMP},)  if b € BBND
PZDGh bk — : " ! . .
o min(n, PDGp p, 1) otherwise
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3.7.1.2 Variables and Objective Function

The evaluation of offers in Reliability Scheduling is intended to minimize the cost of additional
commitments and net imports to meet peak demand.

The variables used are mostly the same as those used in As-Offered Scheduling. However, the
variables for price responsive load, dispatchable loads with only a non-dispatchable portion (i.e.
dispatchable loads with a single lamination priced at MM CP), virtual transaction bids, and virtual
transaction offers are removed. Additionally, the following variables are added to capture the
breaking of energy-limited resource laminations according to their Pass 1 scheduled and unscheduled
quantities:

e S1DGpp shall designate the amount of dispatchable generation scheduled at bus b € BX™™
in hour h € {1,..,24} in association with lamination k € K, corresponding to the Pass 1
scheduled portion of the lamination; and

e S2DGy . shall designate the amount of dispatchable generation scheduled at bus b € BX™
in hour h € {1,..,24} in association with lamination k € K,{b corresponding to the Pass 1
unscheduled portion of the lamination.

The objective function is the same as in As-Offered Scheduling except appropriate terms and
coefficients are modified to achieve the objective of minimizing the incremental commitment costs
associated with meeting the forecast peak demand for all hours of the next day:

e The objective function coefficients for dispatchable load, non-dispatchable generation
resources and dispatchable generation resources are modified as described above;

e The objective functions coefficients for energy-limited resources are modified to reflect the
pricing of the Pass 1 scheduled and unscheduled portions described above;

e The terms corresponding to virtual transaction bids and offers are removed; and

e The terms corresponding to price responsive load and dispatchable loads with only a non-
dispatchable portion are removed.

Thus, Reliability Scheduling will maximize the value of the following expression:

Z <0bjDLh — ObjHDR), + ObjXLy, — OijDGh>

- Ob]DGh - ObJIGh — TBh - ViOlCOSth
h=1,.,24

where:
0bjDL),
2 SDLh,b,j ' PRUCDLh'b’j — Z SlOSDLh’b’j ' PRUC1OSDLh'b'j -

_ ]'E]ﬁ,b 1'61}13,5

peBDL2 \ Z SIONDLh,b’j ' PR'U.C].ONDLh,b’j - S3ORDLh’b,j ' PRUCBORDLh,b’j/
J ey

: 30R
J€Jnp

Ob]HDRh = 2 2 SHDRh,b,j .PHDRh,b,j

beRAPR \ jelE
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2 SXLh,d,j 'PXLh,d,j - 2 SlONXLh'd’j'PloNXLh'd'j \’

10N

ObjXL, = Z J€lha J€lna
h =
dEDX\ — Z S30RXLpq,j - P3ORXLy g j )

.~ 130R
J€Jh,d

Ob]NDGh = 2 2 SNDGh,b,k : PRU,CNDGh'b'k

beBNDG \kekf,
ObjDGp,

= z z SDGh,b,k ' PRU.CDGh,b,k
beBPG, bgBLIM \kekf,

+ Z 2 (SlDGh,b,k " PlDGh,b,k + SZDGh,b,k " PZDGh,b,k)
bEBTIM \kekE,
SlOSDGh'b‘k ' PRU,C1OSDGh'b’k +
keKIOS
+ h,b

peBpDG \ Z SlONDGh,b’k ' PR'U.C].ONDGh’b,k + S3ORDGh,b’k ' PRUCBORDGh,b’k /
kekp9N

kekp9R
+ z (ODGh’b - MGODGh’b + IDGh,b 'SUDGh,b )

beBNQS

/ 2 SIGh,d,k " PIGh,d,k + 2 SlONIGh'd'k " PlONIGh'd'k

E 10N
kekE, kekrY

30R
keK}

0bjIG,
deDI k + 2 SSORlGh'd’k " PBORIGh’d'k )

and ViolCost,, and TB;, are computed as in As-Offered Scheduling.

3.7.1.3 Constraints Overview

Many of the constraints enforced in Reliability Scheduling are the same as those enforced in As-
Offered Scheduling. However, the constraints are modified to:

e Use the peak demand forecast;
e Remove price responsive load bids;

¢ Remove bids from dispatchable loads with only a non-dispatchable portion (i.e. dispatchable
loads with a single lamination priced at MMCP);

e Use the IESO centralized variable generation forecast; and
¢ Remove virtual transaction bids and offers.

Additional constraints are required to respect Pass 1 decisions. The following sections describe the
additional constraints Reliability Scheduling requires.
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Constraints Enforcing Scheduling and Commitment Decisions from Pass 1

Import schedules may not decrease from Pass 1 values. Additional imports of energy may be
scheduled. Therefore, for all hours h € {1,..,24} and intertie zone source buses d € DI that are not
part of a wheeling through transaction:

Z SIGy g = Z SIG} g 1
keKE ; keKE 4

Export schedules may not increase from Pass 1 values. Therefore, for all hours h € {1,..,24} and
intertie zone sink buses d € DX that are not part of a wheeling through transaction:

z SXLpgj < z SXLq -

jeffb;d felf}id
Dispatchable generation resources committed in Pass 1 may not be de-committed. Therefore for all
hours h € {1,..,24} and buses b € BP¢:

ODGy, = ODGhp ).

Constraints Relating New Energy-Limited Resource Scheduling Variables

For energy-limited resources or hydroelectric resources with a shared maximum daily energy limit,
the schedule for each offer lamination must be equal to the schedules corresponding to the Pass 1
scheduled and unscheduled portions. For all buses b € BX™  hours h € {1,..,24} and offer
laminations k € Ky :

SDGh,b,k == SlDGh,b,k + SZDGh,b,k.

The schedules for the Pass 1 scheduled and unscheduled portions of the lamination must respect the
affiliated quantities. For all buses b € BX™  hours h € {1,..,24} and offer laminations k € K7 ,:

0< SlDGh‘b'k < QlDGh_b,k
and
0 < SZDGh’b_k < QZDGh_b,k-

3.7.1.4 Bid/Offer Constraints Applying to Single Hours

Scheduling Variable Bounds and Commitment Status Variables
These constraints are the same as in As-Offered Scheduling with the following exceptions:
e Constraints pertaining to price responsive loads will be removed,

e Constraints pertaining to dispatchable loads with only a non-dispatchable portion will be
removed; and

e Constraints pertaining to virtual transaction bids and offers will be removed.

Resource Minimums and Maximums

For dispatchable loads or non-dispatchable generation resources, these constraints are the same as in
As-Offered Scheduling. Constraints pertaining to dispatchable loads with only a non-dispatchable
portion will be removed. For inadvertent payback transactions, these constraints are the same as in
As-Offered Scheduling.
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However, the constraints for dispatchable generation resources must be modified to reflect the IESO
centralized variable generation forecast for variable generation resources. Therefore, the
dispatchable generation resource constraints in As-Offered Scheduling are replaced with the
following constraints.

Dispatchable Generation Resources

A constraint is required to limit dispatchable generation resources within their minimum and
maximum output for an hour. The maximum output of a dispatchable variable generation resource
will additionally be limited by its IESO forecast. For all hours h € {1,..,24} and all buses b € BP¢,
let

_ _ (min(MaxDGy,p, FGyp) if b € BYG
AdjMaxDGpp = {MaxDGh,b otherwise
and
Ad]MlnDGh’b = min(MinDGh’b,Adea.X'DGh,b).
Then, for all hours h € {1,..,24} and all buses b € BP¢:
Adel.nDGh'b < ManDGb . ODGh,b + 2 SDGk,h,b < Adea.X'DGh‘b.

keKE

If the commitment status of the resource is fixed to 1 (i.e. 0DG,, = 1) and if this is inconsistent
with the adjusted minimum and maximum constraints (i.e. MinQDG, > AdjMaxDGyp, ;,), then the
commitment status will be relaxed. If the total offered quantity does not exceed the minimum
(MinQDGy + Zkexfh QDGypp < AdjMinDGy ), then the resource will receive a schedule of zero.

Operating Reserve Scheduling

These constraints are the same as in As-Offered Scheduling except AdjMaxDGy, ;,, which is adjusted
as indicated above.

PSU Resources

These constraints are the same as in As-Offered Scheduling.

Hydroelectric Resources
These constraints are the same as in As-Offered Scheduling.

Wheeling Through Transactions
These constraints are the same as in As-Offered Scheduling.

3.7.1.5 Bid/Offer Inter-Hour/Multi-Hour Constraints

Energy Ramping

These constraints are the same as in As-Offered Scheduling. Constraints pertaining to dispatchable
loads with only a non-dispatchable portion will be removed.
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Operating Reserve Ramping
These constraints are the same as in As-Offered Scheduling.

NQS Resources
These constraints are the same as in As-Offered Scheduling.

Energy-Limited Resources

These constraints are the same as in As-Offered Scheduling.

Hydroelectric Resources

These constraints are the same as in As-Offered Scheduling.

3.7.1.6 Constraints to Ensure Schedules Do Not Violate
Reliability Requirements

Energy Balance
The energy balance equation must be modified from As-Offered Scheduling to:
e Remove variables for virtual transaction bids and offers;
e Remove variables for price responsive load,;
e Remove variables for dispatchable loads with only a non-dispatchable portion; and

e Use peak demand forecasts, which is inclusive of price responsive load and
dispatchable load that have no bid submitted or an entire bid submitted at MMCP.

This modifies the constituent parts of the energy balance equation as described below.

Define the total amount of withdrawals scheduled at load bus b € B in hour h € {1,..,24}, Withy, 3,
as either:

o all dispatchable load scheduled at bus b if b € BPX2; or

e the hourly demand response quantity bid at bus b, net the amount of reduction scheduled if

= BHDR;
so that
z SDLyp if b € BPL2
i~ 1E
Withh’b = ]E]h'b .
| Z (QHDRy,; — SHDRy ;) if b € BHDR
jelf_b

Define the total amount of withdrawals scheduled at intertie zone sink bus d € DX in hour h €
{1,..,24}, Withy, 4, as the exports from Ontario to that intertie zone sink bus. Thus,

Withh’d = Z SXLh,d,j'

jEJfE;d
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Define the total amount of injections scheduled at internal generation resource bus b € B in hour h €
{1,..,24}, Injy p, as the sum of:

either
o non-dispatchable generation scheduled at that bus if b € BNP¢; or
o dispatchable generation scheduled at that bus if b € BP¢; and

e ramp up energy to minimum loading point if b € BN?S,

Let
z SNDGp p if b € BNDG
_ kekE,
Of ferInjy ) = '
| ODG, - MinQDG, + Z SDGppye  if b€ B
keKE ),
and
| RampEy,  IDGpyyy  if b € BVOS
RampInjp), = w=1.min(RampHrsp,24—h)
0 otherwise
so that

Injpp = Of ferInj, , + Ramplnjy, .
Define the total amount of injections scheduled at intertie zone source bus d € DI in hour h €
{1,..,24}, Injp 4, as the imports into Ontario from that intertie zone source bus. Thus,
Injpq = Z SIGhg k-
keKE 4
The resulting energy balance constraint for hour h € {1,..,24} is:

PFLh + z (1 + M'glLOSSh,b) ' Withh’b + z (1 + MglLOSSh,d) ' Wl'thh,d
beBPL2ypHDR deDX

- Z SLdVioly,

i=1.Npavioly,

= 2 (1 + MglLosspyp) - Inj,p, + Z (1 + MglLossp g) - Injp 4

beBNDGypDG deDI
- z SGenViolp; + LossAdjp,.

i=1--NGenVL'olh

Operating Reserve Requirements
These constraints are the same as in As-Offered Scheduling.

IESO Internal Transmission Limits

These constraints are analogous to those in As-Offered Scheduling with terms for price responsive
loads and virtual transaction bids and offers removed.
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For all hours h € {1,..,24} and facilities f € F;, , the linearized constraints will take the following
form:

PreConSFy s p - Injpp — 2 PreConSFy fp, « Withy
peBNDGyBDG pepDPLzygHDR
+ z PreConSFy s q - Injpqg — z PreConSFy s 4+ Withy g
deDI deDX
- 2 SPrelTLViolsy; < AdjNormMaxFlowy, f.

L =1.NpreITLViols,

Similarly, for all hours h € {1,..,24}, contingencies c € C and facilities f € Fy, . the linearized
constraints will take the following form:

SEncfp IMjnp — Z SFpefp - Withyp + Z SFhcfa Mina
beBNDGypDG beBPLzypHDR deDI
- 2 SFh,C,f,d . Wl.thh'd bt Z SITLViOlC’f'h‘L‘ S AdjEmMCI,XFZOWh’C’f.
deDXx i:1--NITLViolC’f’h

Intertie Limits
These constraints are the same as in As-Offered Scheduling.

Penalty Price Variable Bounds
These constraints are the same as in As-Offered Scheduling.

3.7.1.7 Outputs

Reliability Scheduling will produce schedules and unit commitment statuses for all resources. The
results of Reliability Scheduling will comprise the Pass 2 results.

For each scheduling variable SXX, SXX? shall designate the value determined in Reliability
Scheduling. For example, SDL%LDJ- shall designate the schedule computed for lamination j of the
dispatchable load bid at bus b € BPL2 in hour h € {1,..,24}. As another example, OHO7 ;, shall
designate whether the hydroelectric resource at bus b € B7E was scheduled at or above MinHOy, ;, in
hour h € {1,..,24}.

In particular, the unit commitment statuses and affiliated start-up decision determined in Reliability
Scheduling will be denoted as follows:

. ODG,Zl_b € {0,1} shall designate whether the dispatchable generation resource at bus b € BP¢
was scheduled at or above its minimum loading point in hour h € {1,..,24}; and

e IDG#, € {0,1} shall designate whether the dispatchable generation resource at bus b € BP¢
was scheduled to start (reach its minimum loading point) in hour h € {1,..,24}.

The DAM calculation engine will record all such values for informational purposes.
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3.8 Pass 3: DAM Scheduling and Pricing

Pass 3 will use market participant and IESO inputs along with resource and system constraints to
determine a set of resource schedules and commitments. These schedules and commitments are
calculated to meet the IESO’s average hourly forecast demand and the demand from virtual bids,
dispatchable loads, price responsive loads, hourly demand response resources and exports. Pass 3
will use the same set of market participant and IESO inputs used in Pass 1. Additionally, it will use
the NQS commitment decisions and import and export schedules determined in Pass 1 and Pass 2 to
produce a set of financially binding schedules and settlement-ready LMPs.

3.8.1 DAM Scheduling

DAM Scheduling will perform a security-constrained economic dispatch to meet the IESO’s average
demand forecast for non-dispatchable load and IESO-specified operating reserve requirements. DAM
Scheduling will also evaluate demand from virtual bids, dispatchable loads, price responsive loads,
hourly demand response resources and bids to export energy.

DAM Scheduling will use bids and offers submitted by market participants to maximize the gains
from trade. The optimization is subject to the resource constraints accompanying those bids and
offers, and system constraints imposed by the IESO to maintain reliability. If the ex-ante Market
Power Mitigation process had been performed in Pass 1 and the price impact test had failed, then
reference level dispatch data will be used for any dispatch data parameters identified by the
mitigation process in Pass 1. These mitigated offers and bids will be transferred as inputs to Pass 3.

DAM Scheduling will produce the schedules that are used in the calculation of financially binding
DAM settlements and of DAM make-whole payments.

The following sections describe the formulation of the optimization function for DAM Scheduling.

3.8.1.1 Inputs

All applicable inputs identified in Section 3.4.1 will be used. However, some inputs may have been
replaced by reference level dispatch data if the ex-ante Market Power Mitigation process had been
performed and the price impact test failed. Table 3-27 lists the outputs of Pass 2 that will also be used
in DAM Scheduling.

Table 3-27: Outputs of Pass 2 as Input to DAM Scheduling

Input Description

SXL3, 4 ; The amount of exports scheduled to intertie zone sink bus d € DX in hour
h € {1,..,24} in association with lamination j € J ;.

O0DG} ), Designates whether the dispatchable generation resource at bus b € B¢ was
scheduled at or above its minimum loading point in hour h € {1,..,24}.

SIGE 41 The amount of imports from intertie zone source bus d € DI scheduled in
hour h € {1,..,24} in association with lamination k € K}/ ;.

3.8.1.2 Variables and Objective Function

The variables and objective function are the same as those used in As-Offered Scheduling. However,
the variables for unit commitment decisions are fixed within the optimization. Accordingly, the start-
up costs and costs to operate at minimum loading point are not evaluated and so the corresponding
terms are dropped from the objective function.
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3.8.1.3 Constraints Overview
Many of the constraints enforced in DAM Scheduling are the same as those enforced in As-Offered
Scheduling. Additional constraints are required to respect Pass 2 decisions.

Import schedules may not decrease from Pass 2 values. Additional imports of energy may be
scheduled. Therefore, for all hours h € {1,..,24} and intertie zone source buses d € DI that are not
part of a wheeling through transaction:

z SIGp gy = z SIGE 4 1.

E E
kekE, kekE,

Export schedules may not increase from their Pass 2 values. Therefore, for all hours h € {1,..,24}
and intertie zone sink buses d € DX that are not part of a wheeling through transaction:

Z SXLpgj < Z SXLj 4 ).

J€lka Jj€lha
The commitment statuses of resources may not change from those determined in Pass 2. Therefore for
all hours h € {1,..,24} and buses b € BPC:

ODGh,b = ODG}%,D

3.8.14 Bid/Offer Constraints Applying to Single Hours

These constraints are the same as in As-Offered Scheduling.

3.8.15 Bid/Offer Inter-Hour/Multi-Hour Constraints

These constraints are the same as in As-Offered Scheduling. The variables associated with
commitment of NQS resources are held fixed and therefore these constraints are no longer required.

3.8.1.6 Constraints to Ensure Schedules Do Not Violate
Reliability Requirements
These constraints are the same as in As-Offered Scheduling.

3.8.1.7 Outputs

DAM Scheduling will produce constrained schedules for all resources. For each scheduling variable
SXX, SXX?3 shall designate the value determined by the DAM calculation engine in Pass 3. For

example, SDL?I,,,J- shall designate the schedule computed for lamination j of the dispatchable load bid

atbus b € BP% in hour h € {1,..,24}. As another example, OHOj ,, shall designate whether the
hydroelectric resource at bus b € BHE was scheduled at or above MinHO}, ;, in hour h € {1,..,24}.
The DAM calculation engine will record all such values for informational purposes.

Schedules will be produced for virtual hourly demand response resources, physical non-dispatchable
load hourly demand response resources and physical price responsive load hourly demand response
resources. These schedules will form the basis for standby notices in the day-ahead when required.
DAM schedules produced for dispatchable loads providing demand response will not be used for the
purpose of standby notices because such resources are obligated to respond to real-time dispatch
instructions.

For information on the financially binding schedules produced by the DAM Scheduling, see Section
3.8.3 Table 3-31
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3.8.2 DAM Pricing

DAM Pricing will perform a security-constrained economic dispatch to meet the IESO’s average
demand forecast of non-dispatchable loads and IESO-specified operating reserve requirements.
DAM Pricing will also evaluate demand from virtual bids, dispatchable loads, price responsive loads,
hourly demand response resources and exports.

DAM Pricing will use bids and offers submitted by market participants to maximize the gains from
trade. Like DAM Scheduling, the optimization is subject to the resource constraints accompanying
those bids and offers, and system constraints imposed by the IESO to maintain reliability. However,
the objective function and constraints will reflect the set of constraint violation penalty curves for
market pricing. Like DAM Scheduling, if the ex-ante Market Power Mitigation process was
performed in Pass 1 and the price impact test failed, then reference levels will be evaluated for any
dispatch data parameters identified by the mitigation process.

DAM Pricing will use both the commitment statuses determined at the end of Pass 2 and the resource
schedules determined in DAM Scheduling to calculate prices. The LMPs determined by DAM
Pricing are intended to be a reflection of the schedules derived by DAM Scheduling in the same
manner in which the As-Offered Pricing LMPs are reflective of the As-Offered Pricing schedules.
Thus, an offer or bid lamination will be allowed to set prices in accordance with the price-setting
eligibility rules, which are applied after taking the DAM Scheduling results into account.

The LMPs produced by DAM Pricing will comprise the settlement-ready LMPs that are used in the
calculation of financially binding DAM settlements and DAM make-whole payments. The settlement-
ready LMPs will also be used in the determination of prices for the Ontario zone (for settlement of
non-dispatchable loads) and virtual transaction zonal trading entities.

The following sections describe the formulation of the optimization function for DAM Pricing.

3.8.2.1 Inputs

All applicable inputs identified in Section 3.4.1 will be evaluated. However, some inputs may be
replaced by reference level dispatch data if the ex-ante Market Power Mitigation process was
performed and the price impact test failed. Table 3-28 lists the outputs of DAM Scheduling that will
also be used as input to DAM Pricing.

Table 3-28: Outputs of DAM Scheduling as Input to DAM Pricing

Input Description

SDGR 1. The amount of dispatchable generation scheduled at bus b € BELR u BPE in
hour h € {1,..,24} in association with lamination k € K;,. This is in addition
to any MinQDG,, the minimum loading point, which must be committed
before any such generation is scheduled.

0DG3 Designates whether the dispatchable generation resource at bus b € B¢ was
scheduled at or above its minimum loading point in hour h € {1,..,24}. Note
that ODG}, , = ODGF, for all hours h € {1,..,24} and buses b € B"¢.

S10SDGj p x The amount of synchronized ten-minute operating reserve that a qualified
dispatchable generation resource is scheduled to provide at bus b € BELR y
B"E in hour h € {1,..,24} in association with lamination k € K,%°.

S10NDGS . The amount of non-synchronized ten-minute operating reserve that a
qualified dispatchable generation resource is scheduled to provide at bus b €
BELR y BHE in hour h € {1,..,24} in association with lamination k € K, 2" .
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Input Description

S30RDG} , The amount of thirty-minute operating reserve that a qualified dispatchable
generation resource is scheduled to provide at bus b € BELR u BHE in hour
h € {1,..,24} in association with lamination k € K79F.

OHO3 , Designates whether the hydroelectric resource at bus b € B#E has been
scheduled at or above MinHOy, ;, in hour h € {1,..,24}.

Table 3-29 lists the outputs of Pass 2 that will also be used in DAM Pricing.

Table 3-29: Outputs of Pass 2 as Input to DAM Pricing

o Input o Description

SXL3, 4 ; ) The amount of exports scheduled to intertie zone sink bus d € DX in
hour h € {1,..,24} in association with lamination j € Jz ;.

SIGE 4 x . The amount of imports from intertie zone source bus d € DI
scheduled in hour h € {1,..,24} in association with lamination k € K ;.

3.8.2.2 Variables and Objective Function
The variables and objective function used are the same as those used in As-Offered Pricing.

3.8.2.3 Constraints Overview

Many of the constraints enforced in DAM Pricing are the same as those enforced in As-Offered
Pricing. However, the constraints used in As-Offered Pricing to apply the price-setting eligibility
rules are modified to take into account the DAM Scheduling results. That is, for the additional
constraints listed in Section 3.6.2.3, the As-Offered Scheduling results are replaced by the DAM
Scheduling results as follows:

SDG5 is replaced by SDG7 , , forall h € {1,..,24}, b € BELR U BHE [k € K ;

ODGRYS is replaced by ODG7 , forall h € {1,..,24},b € BP¢;

S10SDG#DS is replaced by S10SDG ,  forall h € {1,..,24}, b € BELR u BHE  k € K05,
S10NDG#YS, is replaced by SIONDGS . forall h € {1,..,24},b € BELR y BHE k € K19V,

S30RDG#YS, is replaced by S30RDGS ,, forall h € {1,..,24},b € BELR u BHE  k € K}9F;
and

OHO?9S is replaced by OHO3 , forall h € {1,..,24},b € BHE.

Additionally, the constraints imposed on import and export schedules based on the Pass 2 results will
apply to import and export schedules in DAM Pricing. A small tolerance A will be used to relax the
constraint to allow marginal intertie transactions to set prices. Therefore, for all hours h € {1,..,24}
and intertie zone source buses d € DI that are not part of a wheeling through transaction:

z SIGp gy = z SIGE 41 — A.

E E
kekE, kekE,
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For all hours h € {1,..,24} and intertie zone sink buses d € DX that are not part of a wheeling

through transaction:
Z SXLpgj < Z SXLj 4 + A

jeIE, JEIfa

3.8.24 Bid/Offer Constraints Applying to Single Hours

These constraints are the same as in As-Offered Pricing.

3.8.25 Bid/Offer Inter-Hour/Multi-Hour Constraints

These constraints are the same as in As-Offered Pricing.

3.8.2.6 Constraints to Ensure Schedules Do Not Violate
Reliability Requirements

These constraints are the same as in As-Offered Pricing. The marginal loss factors used in the energy
balance constraint in DAM Pricing will be fixed to the marginal loss factors used in the last
optimization function iteration of DAM Scheduling.

3.8.2.7 Outputs
Table 3-30 lists the shadow prices of DAM Pricing constraints that will be output for each hour h €

{1,..,24}.
Table 3-30: Shadow Price Outputs of Day-Ahead Market Pricing
Output Description
SPL} shall designate the shadow price for the energy balance constraint.

SPNormT,if shall designate the shadow price for the pre-contingency transmission
constraint for facility f € F in hour h.

SPEmMT; . r shall designate the shadow price for the post-contingency transmission
constraint for facility f € F in contingency ¢ € C in hour h.

SPEXtTR,. shall designate the shadow price for the import or export limit constraint z €

Zsen, INhour h

SPNIUExtBwdT} shall designate the shadow price for the net interchange scheduling limit
constraint limiting increases in net imports between hour (h — 1) and hour h.

SPNIDExtBwdT} shall designate the shadow price for the net interchange scheduling limit
constraint limiting decreases in net imports between hour (h — 1) and hour h.

SPNIUExtFwdT}? shall designate the shadow price for the net interchange scheduling limit
constraint limiting increases in net imports between hour h and hour (h + 1).

SPNIDExtFwdT}? shall designate the shadow price for the net interchange scheduling limit
constraint limiting decreases in net imports between hour h and hour (h + 1).

SP10S7 shall designate the shadow price for the total synchronized ten-minute
operating reserve requirement constraint in hour h.

SP10R; shall designate the shadow price for the total ten-minute operating reserve
requirement constraint in hour h.
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Output Description

SP30R; shall designate the shadow price for the total thirty-minute operating reserve
requirement constraint in hour h.

SPREGMin10R; . shall designate the shadow price for the minimum ten-minute operating
reserve constraint for region r € ORREG in hour h.

SPREGMin30R; . shall designate the shadow price for the minimum thirty-minute operating
reserve constraint for region » € ORREG in hour h.

SPREGMax10R;, , shall designate the shadow price for the maximum ten-minute operating
reserve constraint for region » € ORREG in hour h.

SPREGMax30R;, , shall designate the shadow price for the maximum thirty-minute operating
reserve constraint for region » € ORREG in hour h.

DAM Pricing will produce prices for all internal and external pricing nodes using the logic described
in Section 3.10. The set of settlement-ready LMPs produced is provided in Section 3.8.3.

3.8.3 Outputs for Energy and OR Settlement
The set of buses identifying hourly demand response resources will be partitioned as follows:
e BHDRPRL c pHDR gha|| designate the set of buses identifying physical hourly demand
response resources for price responsive loads; and

e BHDRNOT_PRL c BHDR gha|| designate the set of buses identifying all other hourly demand
response resources.

Table 3-31 lists the constrained schedules calculated by the optimization function that will be used to
calculate the financially binding DAM schedules for price-responsive loads, dispatchable loads,
dispatchable and non-dispatchable generation resources, imports and exports.

Table 3-31: DAM Scheduling Output used to Produce Financially Binding Schedules

Output Description

SPRL3}, ; The amount of price responsive load scheduled at bus b € BP®- in hour h €
{1,..,24} in association with lamination j € J ,.

SDL}, p ; The amount of dispatchable load scheduled at bus b € BP in hour h €
{1,..,24} in association with lamination j € J£ ,.

S10SDL}, 5 ; The amount of synchronized ten-minute operating reserve that a qualified

dispatchable load is scheduled to provide at bus b € BPL inhour h €

{1,..,24} in association with lamination j € J1%°.

S10NDL}, , ; The amount of non-synchronized ten-minute operating reserve that a

qualified dispatchable load is scheduled to provide at bus b € BP% in hour

h € {1,..,24} in association with lamination j € J1%".

S30RDL§L‘b‘j The amount of thirty-minute operating reserve that a qualified dispatchable

load is scheduled to provide at bus b € BPL in hour h € {1,..,24} in

association with lamination j € J39F.

QHDRy,;,; — SHDR} , ; | The amount of consumption scheduled at bus b € BPR-PRL (identifying a
physical hourly demand response resource for a price responsive load) in
hour h € {1,..,24} in association with lamination j € Jz, .
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Output Description

SVB; The amount of virtual bid v € VB scheduled in hour h € {1,..,24} in
association with lamination j € J7 .

SXL} a The amount of exports scheduled to intertie zone sink bus d € DX in hour
h € {1,..,24} in association with lamination j € J ;.

S10NXL3 4 ; The amount of non-synchronized ten-minute operating reserve scheduled
from intertie zone sink bus d € DX in hour h € {1,..,24} in association with
lamination j € JA%".

S30RXL3, 4 ; The amount of thirty-minute operating reserve scheduled from intertie zone
sink bus d € DX in hour h € {1,..,24} in association with lamination j €
.
SNDG The amount of non-dispatchable generation scheduled at bus b € B¥?¢ in

hour h € {1,..,24} in association with lamination k € K.

SDGR 1. The amount of dispatchable generation scheduled at bus b € B”¢ in hour h €
{1,..,24} in association with lamination k € K/,,. This is in addition to any
MinQDG,, the minimum loading point, which must be committed before any
such generation is scheduled.

S10SDG} , x The amount of synchronized ten-minute operating reserve that a qualified

dispatchable generation resource is scheduled to provide at bus b € B¢ in

hour h € {1,..,24} in association with lamination k € K%°.

S10NDGS . The amount of non-synchronized ten-minute operating reserve that a

qualified dispatchable generation resource is scheduled to provide at bus b €

B¢ inhour h € {1,..,24} in association with lamination k € K; 2" .

S30RDG} , x The amount of thirty-minute operating reserve that a qualified dispatchable

generation resource is scheduled to provide at bus b € B¢ in hour h €

{1,..,24} in association with lamination k € K3%F.

SVO3 .k The amount of virtual offer v € VO scheduled in hour h € {1,..,24} in
association with lamination k € K7 .

SIG} 41 The amount of imports from intertie zone source bus d € DI scheduled in
hour h € {1,..,24} in association with lamination k € K}/ ;.

S10NIG 4 The amount of non-synchronized ten-minute operating reserve scheduled
from intertie zone source bus d € DI in hour h € {1,..,24} in association
with lamination k € K %".

S30RIG 4 The amount of thirty-minute operating reserve scheduled from intertie zone
source bus d € DI inhour h € {1,..,24} in association with lamination k €
K.

Schedules for every delivery point for a non-dispatchable load will be calculated by distributing the
demand forecast using load distribution factors as described in Section 3.9.1. Schedules for hourly
demand response resources that do not correspond to physical price responsive loads will be
calculated by the optimization function in DAM Scheduling. Together, these two sets of schedules
will be provided to the settlement process for the purpose of calculating the forecast deviation per
MW charge. For more information on this settlement charge, refer to Section 3.6.3 of the Market
Settlement detailed design document. Table 3-32 lists the constrained schedules produce by the
optimization function for these purposes.
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Table 3-32: DAM Scheduling Output used to Calculate the Forecast Deviation per MW Charge

Output Description

QHDRy,;, ; — SHDR} , ;i | The amount of consumption scheduled at bus b € B¥PR-NOT-PRL (identifying
an hourly demand response resource that does not correspond to a price
responsive load) in hour h € {1,..,24} in association with lamination j € J£,

The set of internal pricing nodes will be designated by L and will include:

e Resources scheduled by the DAM calculation engine optimization function (designated B as
per Section 3.4.1.1); and

e Non-dispatchable load locations and other internal locations without an active bid or offer.
The set of external pricing nodes will be designated by D as in Section 3.4.1.1.

Table 3-33 lists the settlement-ready prices that will be established for each hour h € {1,..,24} using
the logic described in Section 3.10.

Table 3-33: Settlement-Ready LMP Outputs of the DAM Scheduling and Pricing Pass

Output Description
LMP}, The hour h LMP for node b € L.
ExtLMP} , The hour h LMP for intertie zone bus d € D.
ICP, The hour h intertie congestion price for intertie zone bus d € D.
VZonalPg,, The hour h energy price for virtual transaction zonal trading entity m € M.
ZonalPg ppiario The hour h Ontario zonal price.
L30RP}, The hour h thirty-minute operating reserve price for bus b € B.
L10NP3, The hour h non-synchronized ten-minute operating reserve price for bus b €
B.

L10SP}, The hour h synchronized ten-minute operating reserve price for bus b € B.
ExtL30RP} 4 The hour h thirty-minute operating reserve price for intertie zone bus d € D.
ExtL10NP} , The hour h non-synchronized ten-minute operating reserve price for intertie

zonebusd € D.

For each NQS resource bus b € BN?%, the hourly commitment status values (ODGj, , for h €
{1,..,24}) carried over from Reliability Scheduling will be used to derive operational commitments
using the logic described in the Grid and Market Operations Integration detailed design document.
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3.9 Security Assessment Function

The security assessment function assesses power system security using the schedules produced by the
optimization function. As indicated in Section 3.3, the scheduling and pricing algorithms of the DAM
calculation engine will include multiple iterations between the optimization function and the security
assessment function described here. Information about the IESO-controlled grid such as operating
security limits, thermal ratings, the network model, loop flow and the status of power system
equipment will be used by the security assessment function to evaluate the security of the schedules
provided by the optimization function against the expected transmission system capability. As part of
its evaluation, the security assessment function will create the following information to provide to the
next optimization function iteration:

1. A security constraint set corresponding to violated thermal and/or operating security limits;
2. Marginal loss factors; and
3. Aloss adjustment.

For each identified security constraint, the security assessment function will provide the coefficients
and limits of a linear constraint in the optimization function variables to be enforced by the
optimization function.

The following sections describe the inputs, the process and the outputs of the security assessment
function.

3.9.1 Inputs

3.9.11 Inputs Provided by the Optimization Function

The optimization function will continue to provide the security assessment function with schedules
for load and supply resources. With the exception of PSU resources, such schedules will be
represented at their corresponding electrical buses in the network model. Similar to the DACE and as
described in Section 3.12, the security assessment function will use the physical unit representation of
combined cycle facilities that have elected to be represented as a PSU.

In Pass 1 and Pass 3, the following outputs of the optimization function are used by the security
assessment function:

e The schedules for dispatchable loads, hourly demand response resources, and price
responsive loads;

e The schedules for non-dispatchable and dispatchable generation;
e The schedules for boundary entity resource sources and sinks at each intertie zone; and
e The net schedules for virtual transactions for each virtual transaction trading zone.

The security assessment function will distribute the net schedules for virtual transactions in each
trading zone to non-dispatchable loads, dispatchable loads, hourly demand response resources, and
price responsive loads using the weighting factors for virtual transactions described in Section 3.9.1.3.

The total MW quantity allocated to a dispatchable load, hourly demand response resource or a price
responsive load will be equal to the schedule determined by the optimization function plus the amount
allocated in the distribution of net virtual transactions. The total MW quantity allocated to a non-
dispatchable load will be the equal to the amount allocated in the distribution of the IESO demand
forecast plus the amount allocated in the distribution of net virtual transactions.
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In Pass 2, the following outputs of the optimization function are used by the security assessment
function:

e The schedules for dispatchable loads with at least one bid lamination priced below MMCP;
e The schedules for hourly demand response resources;

e The schedules for non-dispatchable and dispatchable generation; and

e The schedules for boundary entity resource sources and sinks at each intertie zone.

As described in Section 3.13, the expected consumption for non-dispatchable loads, price responsive
loads, and for dispatchable loads that have no bid submitted or an entire bid submitted at MMCP, will
be accounted for in Pass 2 through the IESO peak demand forecast and load distribution factors. For
more information about load distribution see the details in Section 3.9.1.3.

3.9.1.2 Security Limits

Security limits are operating security limits (OSLs) and thermal limits. OSLs are associated with
transient stability limits, voltage stability limits, dynamic stability limits and voltage decline limits.
They also include limits based on equipment ratings such as thermal ratings and short-circuit
capabilities. The DAM calculation engine will use OSLs and thermal limits to perform a security
analysis of the IESO-controlled grid.

The IESO defines OSLs as a set of equations along with their activation plans. Each OSL equation is
applicable for a specific area of the IESO-controlled grid under all elements in-service and/or specific
outage conditions. An activation plan specifies which OSLs are applicable for a time period.

The security assessment function of the DAM calculation engine will create a linearized constraint
when it determines that an OSL is violated. The linearized constraints are passed to the optimization
function and are included as new constraints in the next iteration of optimization function.

An OSL equation will continue to be a function of any of the following network variables:
e Any transformer, line, branch group, or phase shifter MW flow;
e Any generation resource MW outpults;
e Any load MW; and
e The primary demand.

The DAM calculation engine will account for the impact of physical generation and load as well as
virtual transactions in the OSL equations without the need for the IESO to revise the existing OSL
equations or create new OSL equations.

The line, transformer, branch group and phase shifter MW flows in the OSL equations will be
replaced with the sum of the pre-contingency sensitivity factors multiplied by scheduling variables.

The DAM calculation engine will consider MWs from physical generation and load as well as virtual
transactions when determining whether the OSL constraints are violated. If it is determined that an
OSL is violated, the linearized constraint passed to the optimization function will include the
schedules of load and generation resources and virtual transactions as scheduling variables with their
corresponding sensitivity factors.

The DAM calculation engine will use pre-contingency and post-contingency thermal ratings so that
DAM schedules result in transmission flows that respect the thermal limits. The ratings used by the
DAM calculation engine will be based on lookup table limits provided by transmitters and forecasted
weather data. The security assessment function will create a linearized constraint when it determines
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that a thermal limit is violated. Analogous to the handling for OSLs, virtual transactions will also be
considered in thermal limit constraints.

3.9.1.3 Network Model

The security assessment function will use the following data from the network model:
e  Power system model data;
e Load distribution factors;
e Alist of contingencies; and

e A list of monitored elements.

Power System Model Data

The power system model is a topology representation of the IESO-controlled grid and a simplified
representation of power systems in neighbouring jurisdictions. The power system model data will
continue to include attributes and parameters for the following power system equipment and their
controls:

o Buses, breakers, switches, mid-span openers and line jumpers;
¢ High-voltage AC and DC transmission lines;
e Switchable and fixed shunt devices including:
o Capacitors;
0 Reactors;
0 SVCs; and
0 STATCOMs
e Series capacitors and reactors;
e Transformers, including:
a. Two-winding, three-windings and autotransformers;

b. Voltage and VAr regulators and phase shifters with impedance correction
tables as a function of angle or voltage tap positions; and

c. Tap changers: Fixed, manual, automatic, off-load and on-load
e Synchronous condensers, generation resources, and load resources;

¢ Regulation modes, VAr capability curves, target voltages, target MWs/percentages,
voltage/MW ranges, tap ratio ranges, and angle ranges as applicable to controlling devices;

e Attributes such as voltage levels and assignment to zones and areas;
e Branch groups and the power system equipment that make up each branch group; and

e Boundary Entity Resources (BERs) (i.e. sources/sinks) used for interchange scheduling
purposes.

The normal tap positions for angle and voltage taps, the regulation modes of voltage taps, reactors,
capacitors, phase shifters and the desired low limit/high limit voltages at buses, and normal breaker
and disconnect switch statuses will continue be obtained from the power system model data.

For each hour, based on outage information, breaker and switch statuses will be modified (from
normal status) to reflect power system equipment outage conditions.
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Loop flows resulting from the dispatch within other control areas or transactions between other
control areas that are not recorded as imports or exports within Ontario (or both) will affect the
loading on transmission within Ontario. The IESO will continue to model loop flows into or out of
Ontario at various intertie zones as though they were generation or load that exist at given buses or
combinations of buses in the control areas containing those intertie zones.

Load Distribution Factors

Load distribution factors define the load pattern that will be used to distribute the IESO demand
forecast for each demand forecast area. The DAM calculation engine will use load distribution factors
that are based on load patterns from the same day in previous weeks. In Pass 1 and Pass 3, the
security assessment function will use load distribution factors to determine MW quantities at non-
dispatchable loads based on the IESO average demand forecast. In Pass 2, the security assessment
function will use load distribution factors to determine MW quantities at non-dispatchable loads,
price responsive loads, and dispatchable loads that have no bid submitted or an entire bid submitted
at MM CP based on the IESO peak demand forecast.

Load distribution factors will also be used to determine a set of weighting factors to distribute the net
virtual transactions scheduled at each virtual transaction trading zone. The DAM calculation engine
will renormalize load distribution factors as per the load facilities mapped to each virtual transaction
trading zone to determine the weighting factor for each trading zone. The sum of the weighting
factors for a given virtual transaction trading zone must be equal to one.

In Pass 1 and Pass 3, the security assessment function will use weighting factors to distribute the net
virtual transactions scheduled at each virtual transaction trading zone to dispatchable loads, price
responsive loads, non-dispatchable loads and hourly demand response resources within the zone. To
determine the total MW quantity allocated to a resource in the power system model, the quantity of
virtual transactions distributed to the resource will be summed with the resource’s scheduled quantity.

o In Pass 2, the weighting factors are not used since virtual transactions are not considered.

List of Contingencies

The list of contingencies will continue to include contingency name, description of contingencies and
configuration settings/flags such as priority setting and flags to indicate whether 115 kV equipment
should be monitored when a contingency is simulated.

List of Monitored Equipment

The list of monitored equipment indicates the equipment to be monitored for violation of thermal
limits and/or voltage limits. It will continue to include the following information:

e The power system equipment name;
e The equipment type; and

e The monitoring type, i.e. thermal, voltage or no monitoring.

3.9.2 Security Assessment Function Processing
The security assessment function will perform the following calculations and analysis:

o Prepare a base case power flow solution for each of the 24 hours of the next dispatch day;

o Perform a pre-contingency security assessment on the base case power flow solution using
pre-contingency thermal limits and operating security limits;
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o Prepare linearized constraints using sensitivity factors for any violated pre-contingency
thermal limits and operating security limits;

e Calculate total losses, marginal loss factors, and the loss adjustment. The loss adjustment is
required to account for the difference between the total losses and the linearized losses
calculated using the marginal loss factors;

o Simulate the specified contingencies to perform a post-contingency security assessment on
the post-contingency state of the base case power flow solution using post-contingency
thermal limits; and

o Prepare linearized constraints using sensitivity factors for any violated post-contingency
thermal limits.

3.9.2.1 Base Case Power Flow

An AC power flow solution will continue to be prepared for each hour. If the AC power flow solution
fails to converge for any hour, a non-linear DC power flow will continue to be used for that hour. If
the non-linear DC power flow solution fails to converge for any hour, a linear DC power flow will be
used for that hour.

The power flow solution will have features to model adjustments of phase shifters, voltage regulating
transformers, reactors and capacitors, and MVAr output of generating units and synchronous
condensers. In case of a network split, only the island with the largest number of IESO-controlled
grid buses will continue to be considered.

3.9.2.2 Pre-contingency Security Assessment

The pre-contingency security assessment will continue to check all monitored equipment for violation
of their pre-contingency thermal limits. It will also check for violation of any applicable OSL
equations. For every violated limit, a linearized constraint will be generated. These linearized
constraints will be expressed in terms of scheduling variables and sensitivity factors so they can be
provided to the optimization function to be used in the next optimization function iteration.

The sensitivity factors will continue to be derived based on the power flow Jacobian matrix. The
sensitivity factor for a resource with respect to a line flow for example, indicates the fraction of
energy injected at the resource bus which flows on the line.

The pre-contingency security assessment will continue to use the following inputs:
e OSL equations;
e Pre-contingency thermal limits;
e List of monitored equipment; and

o Base case power flow solution which also includes calculated MW flows on lines,
transformers, phase shifters, and branch groups.

The line, transformer, branch group and phase shifter MW flows in the OSL equations will continue
to be replaced with the sum of the pre-contingency sensitivity factors multiplied by scheduling
variables. The minimum and maximum limits of OSL equations will be adjusted to reflect the
difference between the calculated MW flows and the linearized MW flows using the sensitivity
factors.

The pre-contingency sensitivity factor for a virtual transaction trading zone will be the weighted
average of pre-contingency sensitivity factors of the dispatchable loads, non-dispatchable loads,
price responsive loads, and hourly demand response resources within the zone. The weighting factors
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are based on the renormalized load distribution factors used to distribute net virtual transactions to
load facilities as described in Load Distribution Factors within Section 3.9.1.3.

For an intertie zone connected to Ontario through regulating phase shifters that receive shares of the
intertie schedule, the effective sensitivity factor of boundary entities in the intertie zone will continue
to be calculated using the Jacobian matrix, shares of phase shifters in the intertie schedule and phase
shifter sensitivities.

3.9.2.3 Loss Calculation

The security assessment function will calculate total losses, marginal loss factors and a loss
adjustment for each hour using the base case power flow solution. All of these loss related quantities
can continue to vary from hour to hour.

In the future, the static marginal loss factors used today will no longer be used. In the scheduling
algorithm, the security assessment function will pass the marginal loss factors it calculates for each
hour to the optimization function. In the pricing algorithm, the optimization function will use the
marginal loss factors used in the last optimization function iteration of the corresponding scheduling
algorithm.

Total losses will exclude losses in Ontario’s neighboring jurisdictions. When determining marginal
loss factors, the impact of losses on local branches (e.g. load step-down transformers) between the
resource bus and the resource connection point to the IESO-controlled grid and losses on branches in
Ontario’s neighboring jurisdictions will be excluded.

The marginal loss factor for each virtual transaction trading zone will be calculated as the weighted
average of marginal loss factors of the dispatchable loads, non-dispatchable loads, price responsive
loads, and hourly demand response resources within the zone. The weighting factors will be based on
the renormalized load distribution factors used to distribute net virtual transactions to load resources
as described in Load Distribution Factors within Section 3.9.1.3.

3.9.24 Contingency Analysis

The contingency analysis function will continue to use a linear power flow analysis and consists of
the following sub-functions:

e Post-contingency connectivity analysis;
e Post-contingency MW flow calculation; and

e Checking of post-contingency thermal limit violations and building of linearized constraints
for violated limits.

The contingency analysis will continue to use a linear power flow analysis based on the base case
power flow solution, the list of contingencies to be simulated, the list of monitored equipment and the
post-contingency thermal limits. The contingencies will continue to be defined as an outage to branch
(lines, transformers and phase shifters), injections and/or withdrawals.

The contingency analysis function will be able to model post-contingency control actions such as
automatic angle tap adjustments.

The calculated post-contingency MW flows will continue to be compared to the post-contingency
branch thermal limits for all the monitored equipment. For each monitored equipment, up to a pre-
defined configurable number of the most severe violations will be linearized and passed to the
optimization function as a linear constraint.
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The calculation of the post-contingency sensitivity factors will be similar to that of the pre-
contingency sensitivity factors. The updated power flow Jacobian matrix and post-contingency
system states will continue to be used in the calculation of the sensitivity factors.

The post-contingency sensitivity factor for a virtual transaction zonal trading entity will be the
weighted average of the post-contingency sensitivity factors for the dispatchable loads, non-
dispatchable loads, price responsive loads, and hourly demand response resources within the zone.
The weighting factors are based on the renormalized load distribution factors used to distribute net
virtual transactions to load resources as described in Load Distribution Factors within Section 3.9.1.3.

3.9.3 Outputs

The following outputs of the security assessment function will be provided to the optimization
function:

o Marginal loss factors of resources, which represent the marginal impact on IESO-controlled
grid losses resulting from transmitting energy from the reference bus to serve an increment of
additional load at a resource in a specific hour. When determining marginal loss factors, the
impact of local branches (e.g. load step-down transformers) between the resource bus and the
resource connection point to the IESO-controlled grid and losses on branches in Ontario’s
neighboring jurisdictions will be excluded.

e Loss adjustment quantity for each hour which is needed to correct for any discrepancy
between total losses in the IESO-controlled grid obtained from the base case power flow and
the linearized losses calculated using the marginal loss factors. Total losses will exclude
losses in Ontario’s neighboring jurisdictions.

e The linearized constraints for all violated OSLs and pre-contingency thermal limits for each
hour.

e The linearized constraints for all violated post-contingency thermal limits for each hour.

The following outputs of the security assessment function are required to calculate prices for all
dispatchable and non-dispatchable load and generation resources, hourly demand response resources,
boundary entities, and virtual transaction zonal trading entities:

e Marginal loss factors;
e Pre-contingency sensitivity factors; and

e Post-contingency sensitivity factors.
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3.10 Pricing Formulas

The DAM calculation engine will calculate LMPs for all pricing nodes using shadow prices,
constraint sensitivities and marginal loss factors.

LMPs for energy will be calculated for the following pricing nodes:
¢ Dispatchable and non-dispatchable generation resource buses;
o Dispatchable load, price responsive load, and hourly demand response resource buses;
¢ Non-dispatchable load buses; and
e Intertie zone source and sink buses.
LMPs for operating reserve will be calculated for the following pricing nodes:
e Dispatchable generation resource buses;
e Dispatchable load buses; and
e Intertie zone source and sink buses.
The set of internal pricing nodes will be designated by L and will include:

e Resources scheduled by the DAM calculation engine optimization function (designated B as
per Section 3.4.1.1); and

¢ Non-dispatchable load locations and other internal locations without an active bid or offer.
The set of external pricing nodes will be designated by D as in Section 3.4.1.1.

Prices will be calculated using the shadow prices determined by the pricing algorithm. If a price is not
within the maximum market clearing price and the settlement floor price (the settlement bounds), the
price and its subcomponents will be modified. The following parameters will be used when
performing price modification:

e EngyPrcCeil shall designate the maximum energy price and be set equal to the maximum
market clearing price of $2,000/MWh;

e EngyPrcFlr shall designate the settlement floor price and be set equal to -$100/MWh;

e ORPrcCeil shall designate the maximum operating reserve price for any class of operating
reserve and be set equal to the maximum market clearing price of $2,000/MW:; and

e ORPrcFlr shall designate the minimum operating reserve price for any class of operating
reserve and be set equal to $0/MW.

e NISLPen shall designate the net interchange scheduling limit constraint violation penalty
price for market pricing.

A weighted average of the above settlement-ready prices will be used to provide zonal prices for the
following pricing locations:

o Virtual transaction zonal trading entities; and

¢ Non-dispatchable load zones, including the Ontario Zone. The Ontario zonal price will be
used for settlement of non-dispatchable loads. Other non-dispatchable load zones are sub-
zones of the Ontario Zone. The prices for these zones will be determined for informational
purposes.
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Non-dispatchable load zones will only contain non-dispatchable load buses, whereas virtual
transaction zonal trading entities will be assigned buses for all load types. As a result, there may be
different zonal energy prices for non-dispatchable load zones and virtual transactions zonal trading
entities corresponding to the same electrical regions. The DAM calculation engine will receive virtual
transaction zonal trading entity and non-dispatchable load zone definitions specifying the buses
whose LMPs will contribute to the zonal prices. The load distribution pattern as provided to the
security assessment function will be used to determine the weight assigned to each bus in contributing
to the zonal price, where:

e LVIRT c [ shall designate the buses contributing to the virtual transaction zonal trading entity
price for virtual transaction zonal trading entity m € M;

. WF,‘[},’H, shall designate the weighting factor for bus b € LYRT used to calculate the price for
virtual transaction zonal trading entity m € M for hour h € {1,..,24};

e Y shall designate the non-dispatchable load zones in Ontario;

. L’}’DL C L shall designate the buses contributing to the zonal price for non-dispatchable load
zoney € Y; and

° WF,’I‘,’}?,,L, shall designate the weighting factor for bus b € L’}YDL used to calculate the price for
non-dispatchable load zone y € Y for hour h € {1,..,24}.

The weighting factors will be obtained by renormalizing the load distribution factors so that the sum
of weighting factors for an individual zone is one.

If there is insufficient information to calculate an accurate price, or if the process fails to produce a
settlement-ready price for any other reason, this will be flagged for further review by the IESO.

3.10.1 Locational Marginal Prices for Energy

The LMP at a bus in an hour measures the offered cost of meeting an infinitesimal change in the
amount of load at that bus in that hour, or equivalently, measures the value of an incremental amount
of generation at that bus in that hour.

3.10.1.1 Energy LMPs for Internal Pricing Nodes

For each Pass p € {1,3} and hour h € {1,..,24}, energy LMPs and subcomponents will be calculated
for every node b € L where a non-dispatchable or dispatchable generation resource, a dispatchable
load, a price responsive load, an hourly demand response resource, or a non-dispatchable load is
sited, where:

. LMP,fb shall designate the Pass p hour h LMP;
. PRefhp shall designate the Pass p hour h energy reference price;
. PLOSS;;,b shall designate the Pass p hour h loss component; and
. PCong,’Z’b shall designate the Pass p hour h congestion component.
The Pass p LMP at bus b € L in hour h € {1,..,24} will be initially calculated as follows:
InitLMPY, = InitPRef; + InitPLoss}, , + InitPCongy, ,

where
InitPRef = SPLY ;
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InitPLoss,’l’_b = MglLossﬁ’b -SPLI,JL ;

and

InitPCongﬁ‘b = Z PreConSFy s p -SPNormT,ff + z z SFncf b -SPEmT,f”C,f.
fEFR CEC fEFp

The reference price and loss component together reflect the cost of meeting load at bus b,
incorporating the effect of marginal losses and reflect the quantity of energy that must be injected at
the reference bus to meet additional load at bus b. The congestion component reflects the cost of
transmission congestion between the reference bus and bus b and is calculated by adding the
individual incremental congestion costs for the binding transmission constraints on the path between
the reference bus and bus b. Each congestion cost is obtained by multiplying the shadow price for the
binding transmission constraint by the corresponding sensitivity factor for bus b.

An energy LMP can fall outside the settlement bounds provided by EngyPrcFlr and EngyPrcCeil
as a result of joint optimization or constraint violation pricing. When this occurs, the LMP and its
subcomponents (reference, loss and congestion) will be modified so that the LMP is within the
settlement bounds.

The reference price will be modified if it is not within the settlement bounds. For hour h € {1,..,24}:

o |If InitPRefhp > EngyPrcCeil , set PRefhp = EngyPrcCelil .
o |If InitPRefhp < EngyPrcFlr, set PRefhp = EngyPrcFlr.
e Otherwise, set PRef,’ = InitPRef;.

The LMP and subcomponents at internal bus b € L in hour h € {1,..,24} will be modified as follows:
1. Modify the LMP to be within settlement bounds.
a. If InitLMP}, > EngyPrcCeil, set LMP,, = EngyPrcCeil.
b. If InitLMP,fb < EngyPrcFlr, set LMP,fb = EngyPrcFlr.
c. Otherwise, set LMP., = InitLMPY,.
2. If the reference price has been modified (i.e. PRefhp * InitPRefhp), recalculate the loss
component.
a. |If PRefhp * InitPRefhp, set PLoss,’;’b = MglLoss,’:,b -PRefhp.
b. Otherwise, set PLoss,If_b = InitPLossﬁ’b.

3. Modify the congestion component so the relationship between LMP, reference price, loss
component and congestion component holds, provided the congestion component does not
change mathematical signs as a result. If the congestion component changes its mathematical
sign, set it to 0 and modify the loss component to maintain the relationship.

a. IfLMP, — PRef;’ — PLoss},, and InitPCongy, , have the same mathematical sign,

then set PCongy, ,= LMP,,, — PRef; — PLossy, .
b. Otherwise, set PCongy , = 0 and set PLoss, , = LMP,, — PRef;,.

If PRefh” = InitPRefhp, then the LMP and subcomponents for nodes with prices within the
settlement bounds will not be modified. If PRefh” * InitPRefhp, then the LMP for nodes with prices
within the settlement bounds will not be modified, but the subcomponents will be.
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3.10.1.2 Energy LMPs for Intertie Zone Source and Sink Buses

For each Pass p € {1,3} and hour h € {1,..,24}, energy LMPs and subcomponents will be calculated
for intertie zone bus d € D, where:

ExtLMP,fd shall designate the Pass p hour h LMP;

IntLMP,fd shall designate the Pass p hour h intertie border price (IBP);

. ICP,fd shall designate the Pass p hour h intertie congestion price (ICP);

. PRefh” shall designate the Pass p hour h energy reference price;

. PLOSSﬁ,a shall designate the Pass p hour h loss component;

. PIntCong,’fld shall designate the Pass p hour h internal congestion component;

. PExtCong,’l’,d shall designate the Pass p hour h intertie congestion component; and

° PNISL’,’l’d shall designate the Pass p hour h net interchange scheduling limit congestion
component.

The LMP will be the same for all buses at the same proxy location and intertie zone. Intertie
transactions associated with the same proxy location, but specified as occurring at different intertie
zones, subject to phase shifter operation, will be modelled as flowing across independent paths.
Pricing of these transactions will utilize shadow prices associated with the internal transmission
constraints, interchange scheduling limits and transmission losses applicable to the path associated to
the relevant intertie zone. The Pass p LMP at intertie zone bus d € D, in intertie zone a € A in hour
h € {1,..,24} will be initially calculated as follows:

InitExtLMPY,, = InitIntLMP}; + InitICP,
where

InitPRef? = SPLL ;
InitPLoss,zl”d = MglLoss,’l”d -SPL’Z ;

InitPIntCongy, , = 2 PreConSFy s q * SPNormT;, . +Z Z SFhc,f,a " SPEmTY

fEFy CEC fEFp

cof’

InitIntLMPY, = InitPRef;] + InitPLoss}, , + InitPIntCongy, ;

InitICP,; = InitPExtCongy, , + InitPNISL} ,;

InitPExtCongy , = Z EnCoeff,, + SPExtT,, ;

Zezsch
and

InitPNISLy , = SPNIUExtBwdT, — SPNIUExtFwdT, — SPNIDExtBwdT,’
+ SPNIDExtFwdT} .
The components comprising the intertie border price for a proxy location in an intertie zone are
analogous to the components of the energy LMP for an internal pricing node. The marginal loss factor

used to calculate the loss component will not account for losses in Ontario’s neighbouring
jurisdictions. The intertie congestion component reflects the cost of congestion at the intertie and is
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calculated by adding the individual congestion costs for the binding import and export transmission
limits that affect transactions scheduled at the intertie zone. The NISL congestion component reflects
the cost of congestion due to hour-to-hour limitations on changes in net flows over all interties.

To model an intertie as out-of-service, the intertie transmission limits will be set to zero and all
import offers and export bids will receive a zero schedule. In this case, the LMP will be set to the
intertie border price.

An energy LMP can fall outside the settlement bounds provided by EngyPrcFlr and EngyPrcCeil
as a result of joint optimization or constraint violation pricing. When this occurs, the LMP at the
intertie zone bus and its subcomponents (reference loss, internal congestion, intertie congestion, and
NISL congestion) will be modified so that the LMP to within the settlement bounds.

The modification of the IBP, reference price, loss component and internal congestion component to
obtain IntLMP};, PRef}?, PLoss}, , and PIntCong}, , will follow the procedure for price
modification for internal nodes as specified in Section 3.10.1.1 The LMP, ICP, external congestion
component and NISL congestion component at intertie zone bus d € D in hour h € {1,..,24} will
then be modified as follows:
1. Revise the LMP to within settlement bounds.
a. If InitExtLMPY, > EngyPrcCeil, set ExtLMP; ; = EngyPrcCeil.

b. If InitExtLMP,fd < EngyPrcFlr, set ExtLMP,fd = EngyPrcFlr.
c. Otherwise, set ExtLMP}, = InitExtLMP, ;.

2. If the modified LMP and IBP coincide, set the external and NISL congestion components to
zero.
a. If ExtLMPY, = IntLMP}, set PExtCong}, ; = 0 and PNISL}, , = 0.

3. Otherwise, modify the intertie congestion and NISL congestion components pro-rata to
maintain the relationship between LMP and price subcomponents, capping the NISL
congestion component at the NISL penalty price.

a. If ExtLMPY, # IntLMPY,, set

i 4

InLtPNISLh'd )
: [ : [N &

InltPNISLh'd+InLtPExtCongh’d

i. If PNISL}, ; > NISLPen, set PNISL) , = NISLPen.
ii. If PNISL}, ; < (=1) - NISLPen, set PNISL}, , = (—1)- NISLPen.
b. Then set PExtCong}, , = ExtLMP}, — IntLMPY, — PNISL}, ,.

4. Calculate the ICP as the sum of the modified intertie congestion and NISL congestion
components.
a. ICP), = PExtCongy, , + PNISL},

PNISLY , = (ExtLMPY; — IntLMPL ) - (

3.10.1.3 Zonal Energy Prices

For each pricing zone (including zones for non-dispatchable load and virtual transactions), the
affiliated zonal energy price for an hour will be calculated as the sum of the hourly reference price,
the load distribution-weighted loss component within the zone, and the load distribution-weighted
congestion component within the zone. In particular, the Ontario zonal price will be calculated in this
way.
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For each Pass p € {1,3} and hour h € {1,..,24}, the Pass p energy price for virtual transaction zonal
trading entity m € M will be calculated as follows:

VZ onalP,f m = PRe fhp +VZ onalPLoss,’l”m + VZonalPC ong,’;m

where
VZonalPLoss} . = WF K - PLoss} ,
beLVIRT
and
VZonalPCongﬁm = WF,Y},% . PCongﬁb.
beLVIRT

For each Pass p € {1,3} and hour h € {1,..,24}, the Pass p energy price for non-dispatchable load
zone y € Y is calculated as follows:

ZonalP,f"y = PRefhp + ZonalPLossﬁ’y + ZonalPCongﬁ’y

where
ZonalPLoss}, , = 2 WFp% - PLossy, ,
beLPL
and
ZonalPCongy, , = Z WEy5 - PCongy .
peLhPL
3.10.2 Locational Marginal Prices for Operating Reserve

The LMP for a category of operating reserve at a bus in an hour measures the offered cost of meeting
an infinitesimal change in the reserve requirement for that category of operating reserve in that hour.
This is determined while also accounting for binding constraints associated with the reserve areas to
which the bus belongs. Operating reserve prices will continue to be calculated by co-optimizing
energy and the three categories as operating reserve, as implied by the formulation of the
optimization function.

3.10.2.1 Operating Reserve LMPs for Internal Pricing Nodes

For each Pass p € {1,3} and hour h € {1,..,24}, operating reserve LMPs and subcomponents will be
calculated for every bus b € B where a dispatchable generation resource or dispatchable load is sited,
where:

. L30RP,fb shall designate the Pass p hour h thirty-minute operating reserve price;
° P3ORRefhp shall designate the Pass p hour h thirty-minute operating reserve reference price;

. P3ORCong,’Z‘b shall designate the Pass p hour h thirty-minute operating reserve congestion
component;

. L10NP,fb shall designate the Pass p hour h non-synchronized ten-minute operating reserve
price;
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° PlONRefhp shall designate the Pass p hour h non-synchronized ten-minute operating reserve
reference price;

. P10NCong,’;’b shall designate the Pass p hour h non-synchronized ten-minute operating
reserve congestion component;

. L105P,fb shall designate the Pass p hour h synchronized ten-minute operating reserve price;

. P105Refh” shall designate the Pass p hour h synchronized ten-minute operating reserve
reference price; and

. Ploscong,’l’,b shall designate the Pass p hour h synchronized ten-minute operating reserve
congestion component.

For each bus b € B, define ORREG,, S ORREG as the subset of ORREG consisting of regions that
include bus b.

The Pass p thirty-minute operating reserve LMP at bus b € B in hour h € {1,..,24} will be initially
calculated as follows:

InitL30RPY, = InitP30RRef, + InitP30RCongy, ,
where
InitP30RRef,Y = SP30RY
and
InitP30RCong}, , = Z SPREGMin30R}, . — Z SPREGMax30Ry, .

rEORREGy, r€ORREG),

The reference price reflects the cost of meeting an infinitesimal change in the thirty-minute operating
reserve requirement. The congestion component reflects the cost of binding constraints associated
with reserve areas to which the bus belongs. Such constraints in turn reflect transmission limits that
prevent the delivery of activated operating reserve into or out of a reserve area.

The Pass p non-synchronized ten-minute operating reserve LMP atbus b € B in hour h € {1,..,24}
will be initially calculated as follows:

InitL10NP,, = InitP10NRef,] + InitP10NCongy, ,

where
InitP10NRef,’ = SP10R} + SP30R}
and
InitP10NCongy, ,
= z (SPREGMin10R}, . + SPREGMin30R} )
TEORREG)
- Z (SPREGMax10R}, . + SPREGMax30R}, ).
TEORREG)

The reference price reflects the cost of meeting an infinitesimal change in the non-synchronized ten-
minute operating reserve requirement. The congestion component reflects the cost of binding
constraints associated with reserve areas to which the bus belongs. Such constraints in turn reflect
transmission limits that prevent the delivery of activated operating reserve into or out of a reserve
area.
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The Pass p synchronized ten-minute operating reserve LMP at bus b € B in hour h € {1,..,24} will
be initially calculated as follows:

InitL10SP}, = InitP10SRef, + InitP10SCongy, ,

where
InitP10SRef? = SP10S} + SP10RY + SP30R},
and
InitPlOSCong,’Z_b
= z (SPREGMin10R}, . + SPREGMin30R} )
TEORREG)
- Z (SPREGMax10R}, . + SPREGMax30R}, ).
T€EORREG)

The reference price reflects the cost of meeting an infinitesimal change in the synchronized ten-
minute operating reserve requirement. The congestion component reflects the cost of binding
constraints associated with reserve areas to which the bus belongs. Such constraints in turn reflect
transmission limits that prevent the delivery of activated operating reserve into or out of a reserve
area.

An operating reserve LMP can fall outside the settlement bounds of ORPrcFlr and ORPrcCeil as a
result of joint optimization or constraint violation pricing. When this occurs, the operating reserve
LMP and its subcomponents (reference and congestion) will be modified so that the LMP is within
the settlement bounds.

For each class of operating reserve, the reference price will be modified when it does not fall within
the settlement bounds. For hour h € {1,..,24}:

1. Set P30RRef = min(max(InitP30RRefF, ORPrcFlr), ORPrcCeil).

2. Set P1ONRef! = min(max(InitP10NRefF, ORPrcFlr), ORPrcCeil).

3. Set P10SRefhp = min(max([nitPlOSRefhp, ORPrcFlr), ORPrcCeil).

For each class of operating reserve, the LMP and subcomponents at internal bus b € B in hour h €
{1,..,24} will be modified as follows:
e SetL30RP), = min(max(InitL30RP,,, ORPrcFIr), ORPrcCeil) and set P30RCongy, , =
L30RP}, — P30RRef;} .

e SetL10NP,, = min(max(InitL10NPY,, ORPrcFlr), ORPrcCeil) and set PIONCong}, , =
L10NP?, — P10ONRef; .

o Set L10SP,fb = min(max(lnitLlOSP,fb, ORPrcFlr), ORPrcCeil) and set P105Cong,’i_b =
L10SPy, — P10SRef;! .

3.10.2.2 Operating Reserve LMPs for Intertie Zone Source and
Sink Buses

The calculation of operating reserve LMPs for intertie zone buses is similar to internal buses except
for additionally accounting for binding net import constraints. Such constraints can limit the amount
of operating reserve that can be imported into Ontario.
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For each Pass p € {1,3}and hour h € {1,..,24}, the following operating reserve LMPs and
subcomponents are calculated for intertie zone bus d € D, where:

. ExtLSORP,fd shall designate the Pass p hour h thirty-minute operating reserve price;
e P30RRe fh” shall designate the Pass p hour h thirty-minute operating reserve reference price;

. P30R1ntCong,’f’d shall designate the Pass p hour h thirty-minute operating reserve internal
congestion component;

. P30RExtCong,’l’,d shall designate the Pass p hour h thirty-minute operating reserve intertie
congestion component;

. ExtLlONP,fd shall designate the Pass p hour h non-synchronized ten-minute operating
reserve price;

. P10NRefh” shall designate the Pass p hour h non-synchronized ten-minute operating reserve
reference price;

. P10NIntCong,’z‘d shall designate the Pass p hour h non-synchronized ten-minute operating
reserve internal congestion component; and

. P10NExtCong,’Z'd shall designate the Pass p hour h non-synchronized ten-minute operating
reserve intertie congestion component.

The LMP will be the same for all buses at the same proxy location and intertie zone. Reserve imports
associated with the same proxy location, but specified as occurring at a different intertie zone, subject
to phase shifter operation, will be modelled as flowing across independent paths. Pricing of these
reserve imports will utilize shadow prices associated with interchange scheduling limits and regional
minimum and maximum operating reserve requirements applicable to the path associated to the
relevant intertie zone.

For each intertie zone bus d € D, define ORREG,; S ORREG as the subset of ORREG consisting of
regions that include bus d.

The Pass p thirty-minute operating reserve LMP at intertie zone bus d € D, in intertie zone a € A in
hour h € {1,..,24} will be initially calculated as follows:

InitExtL30RPY, = InitP30RRef, + InitP30RIntCong}, , + InitP30RExtCong}, ,

where
InitP30RRef,! = SP30R};
InitP30RIntCong}, ; = Z SPREGMin30R}, . — Z SPREGMax30R}, . ;
TEORREG, TEORREG,
and
InitP30RExtCongy, ; = — 2 0.5- (EnCoeff,, + 1) - SPExtT}, .
Z€Zsch

The reference and internal congestion components are analogous to the components of the thirty-
minute operative reserve LMP for an internal pricing node. The intertie congestion component
reflects the cost of congestion at the intertie and is calculated by adding the individual congestion
costs for the binding import limits that affect operating reserve transactions scheduled at the intertie
zone.
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The Pass p ten-minute operating reserve LMP at intertie zone bus d € D, in intertie zone a € A in
hour h € {1,..,24} will be initially calculated as follows:

nitbxt = [nit ef, +Init ntCon + Init xtCon
InitExtL10NP}, = InitP10NRef? + InitP10NIntCongy, , + InitP10NExtCong}, ,

where
InitP10NRef,Y = SP10R} + SP30R};
InitP10NIntCong}, ,
= 2 (SPREGMin10R}, . + SPREGMin30R}, )
TEORREGq
- Z (SPREGMax10R}, + SPREGMax30R}, );
TEORREGy
and
InitP10NExtCong? ; = — z 0.5 (EnCoeff,, + 1) - SPExtTY,.

ZE€Zsch

The reference and internal congestion components are analogous to the components of the ten-minute
operative reserve LMP for an internal pricing node. The intertie congestion component reflects the
cost of congestion at the intertie and is calculated by adding the individual congestion costs for the
binding import limits that affect operating reserve transactions scheduled at the intertie zone.

There is no need to calculate a price for synchronized ten-minute operating reserve at intertie zone
buses because synchronized ten-minute operating reserve cannot be imported.

To model an intertie as out-of-service, the intertie transmission limits will be set to zero and all
operating reserve offers will receive a zero schedule. In this case, the intertie operating reserve prices
will be set to be equal to the reference price for that class of operating reserve plus the applicable
internal congestion component as described above.

An operating reserve LMP can fall outside the settlement bounds of ORPrcFlr and ORPrcCeil as a
result of joint optimization or constraint violation pricing. When this occurs, the operating reserve
LMP at an intertie zone bus and its subcomponents (reference, internal congestion and intertie
congestion) will be modified so that the LMP is within the settlement bounds.

For thirty-minute operating reserve, the LMP and subcomponents at intertie zone bus d € D in hour
h € {1,..,24} will be modified as follows:

1. Calculate IntL30R = InitP30RRef; + InitP30RIntCong, , and modify its components
using the procedure for price modification for internal nodes as specified in Section 3.10.2.1
to obtain P30RRef;, and P30RIntCong}, ;.

2. Set ExtL30RP,, = min(max(InitExtL30RP,,, ORPrcFlr), ORPrcCeil).
3. Set P30RExtCong, ; = ExtL30RP,, — P30RRef;’ — P30RIntCongy ,.

For ten-minute operating reserve, the LMP and subcomponents at intertie zone bus d € D in hour h €
{1,..,24} will be modified as follows:

e Calculate IntL10N = InitP10NRef; + InitP10NIntCong}, , and modify its components
using the procedure for price modification for internal nodes as specified in Section 3.10.2.1
to obtain PLONRef,” and P10NIntCongy, ,.

e Set ExtL10NP}, = min(max(InitExtL10NP},, ORPrcFIr), ORPrcCeil).
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e Set PIONExtCongy, ; = ExtLLONP?, — P10NRef,” — P10NIntCongy, ,.

3.10.3 Pricing for Islanded Nodes

The DAM calculation engine will calculate hourly LMPs for islanded nodes as follows.

NQS resources that are not connected to the main island of the system will be reconnected as inactive
units (zero MW and zero MVAr) within the security assessment function so as to produce a price
within the DAM calculation engine passes. Steps one to three of the pricing for islanded nodes logic
will be used to produce a price for NQS resources:

1. Find connection paths over open switches that connect the NQS resource to the main island.

2. Determine the priority rating for each connection path identified based on a weighted sum of the
base voltage over all open switches used by the reconnection path and the MW ratings of the
newly connected branches.

3. Select the reconnection path with the highest priority rating, breaking ties arbitrarily.

The Substitution rules outlined in steps four to eight will be used to produce a price for all other
pricing nodes that are not connected to the main island of the system due to a transmission outage,
disconnection, a resource being out of service or a resource operating in segregated mode of
operation. These substitutions rules will also apply to NQS resources for which steps one to three was
unable to determine a price. The DAM calculation engine will be provided a node-level and facility-
level substitution list for each pricing node to be used in applying the substitution rules. Steps four to
eight of the pricing for islanded nodes logic will be as follows:

4. Use the LMP at a node in the node-level substitution list, provided such node is connected to the
main island.

5. If no such nodes are identified, use the average LMP of all nodes at the same voltage level within
the same facility that are connected to the main island.

6. If no such nodes are identified, use the average LMP of all nodes within the same facility that are
connected to the main island.

7. If no such nodes are identified, use the average LMP of all nodes from another facility that is
connected to the main island, as determined by the facility-level substitution list.

8. If aprice is yet to be determined, use the LMP for the reference bus.
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3.11 Data Generation for Settlement Mitigation

The DAM calculation engine will perform conduct and impact tests to determine if conditions for
exercising market power exist. Mitigation in Pass 1 of the DAM calculation engine is limited to
assessing impact to prices. The mitigation of make-whole payments, if necessary, will occur in the
settlement process. Any resource that meets the conditions for the testing of make-whole payments
will be subject to the make-whole payment impact test as described in the Market Settlement detailed
design document.

To execute the make-whole payment impact test, the settlement process will require additional
dispatch data from the DAM calculation engine as described in this section. This data will be
generated after the DAM calculation engine completes Pass 3.

3.11.1 Inputs

The following information from the DAM calculation engine run will be required to generate data for
the make-whole payment impact test:

o Alist of NQS resources that have been manually committed for reliability by the IESO,
which were entered as input to Pass 1. These will be identified as NQS resources with a
minimum generation constraint greater than zero in As-Offered Scheduling;

e The set of resources subject to the conduct test by the constrained area condition type (i.e.
resources included in the sets BCTN4, BCTP4, BCTE4, BCTEMP, BCTPRL, BCTPOR),
which is the output from Pass 1; and

o Financially binding schedules and operational commitments by resource by hour, which is an
output from Pass 3.

3.11.2 Outputs

The output from this process will be the enhanced mitigated for conduct dispatch data set, which
includes the additional data that is necessary for the make whole payment impact testing. It applies to
all NQS resources with financially binding schedules, using the most restrictive constrained area
condition over the settlement period. It also includes additional dispatch data for dual-fuel resources,
both NQS and quick-start, that have constrained schedules at the end of Pass 3.

For NQS resources with financially binding schedules, the enhanced mitigated for conduct dispatch
data set includes for each commitment period:

e The set of hours in the commitment period,;
e The most restrictive constrained area condition met in the commitment period, and

o A revised set of dispatch data for resources subject to conduct test, using the most restrictive
constrained area conditions over the commitment period. In this data set:

o0 the dispatch data parameter values that fail the conduct test are replaced with their
reference levels.

0 the dispatch data parameter values that pass the conduct test are kept as as-offered
values.

For dual-fuel resources with financially binding schedules, the calculation engine must provide:

o A revised set of offer data, using the fuel type not tested in Pass 1, with dispatch data
parameters that failed the conduct test replaced with reference levels;
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o For both fuel-types, a revised set of dispatch data for resources subject to conduct test,
using the most restrictive constrained area conditions over the settlement period. In this

data set:

o0 the dispatch data parameter values that fail the conduct test are replaced with

their reference levels.

o0 the dispatch data parameter values that pass the conduct test are kept as as-

offered values.

Table 3-34 lists the conduct test thresholds that must be used to perform the conduct test depending
on when the resource was committed.

Table 3-34: Resources for which an Enhanced Mitigated for Conduct Dispatch Data Set Must
Be Provided

Resource

Conduct Threshold Used

All energy resources that qualified for ex-ante mitigation
testing. This includes resources identified for NCA, DCA,

BCA, and global market power (energy) mitigation testing.

Most stringent MPM thresholds for which the
resources qualified

All NQS resources that were committed and scheduled for
energy, did not qualify for ex-ante mitigation testing and:

1 had a positive congestion component greater than
$0/MWh on any binding constraint, or
2 had a sensitivity factor greater than 0.02 on an

active (but not binding) constraint. Plus, this constraint
would have been binding or would have been violated but
for the commitment of the resource.

Threshold which corresponds with active (but
not binding) constraint that would have been
binding or violated without the commitment
(NCA, DCA, or BCA)

All NQS resources that were committed and scheduled in
Reliability Scheduling and Commitment

Global market power (energy)

All resources that were scheduled for reliability (i.e.
manually dispatched-up by operator)

Reliability constraints thresholds

All operating reserve resources that qualified for ex-ante
mitigation testing both in for local market power (OR) and
global market power (OR), and are scheduled to provide
operating reserve.

Most stringent MPM thresholds qualified for

All NQS resources that were committed and scheduled for
operating reserve (that did not qualify for ex-ante
mitigation testing)

Global market power (operating reserve)
thresholds
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3.12 The Pseudo-Unit Model

Combined cycle facilities with one or more combustion turbine (CT) units and one steam turbine (ST)
unit can be offered into the current DACP as one or more pseudo-units (PSUs) comprised of a single
CT together with its share of the ST capacity. The CTs and ST are referred to as the physical units
(PUs). The PSU model defines the boundaries for PSU schedules and the proportional relationship
between the CT and ST. It is used to translate PSU schedules into PU schedules and to translate PU
operational limitations into PSU limitations.

The DAM calculation engine optimization function will evaluate a combined cycle facility electing
PSU modeling as a set of PSU resources that capture the joint economics of operating the CT and the
affiliated portion of the ST together. Each PSU resource is scheduled independently, with each PSU
modeling a CT and portion of the ST. Each PSU resource is scheduled proportionally according to a
fixed ratio of energy output between the CT and ST within specific operating regions.

The DAM calculation engine security assessment function will continue to model the physical power
system and therefore must model the combined cycle facilities electing PSU modeling as PUs.
Injections into the power system must be simulated at their physical buses. Therefore, PU sensitivity
factors will be provided in the transmission limits passed from the security assessment function to the
optimization function.

Although the optimization function will evaluate resource economics on a PSU basis, it must handle
some operational information that is provided on a PU basis. Any maximum generation constraint
applied to a CT or ST will be pre-processed before the execution of the DAM calculation engine
passes to provide limits on the affiliated PSU schedules. Any minimum generation constraint applied
to a CT or ST will be enforced in the optimization function through the PSU model, which relates the
PSU schedule to a PU schedule. Both transmission constraint sensitivity factors and marginal loss
factors will be provided on a PU basis. Any corresponding constraints will be enforced in the
optimization function through the PSU model.

3.12.1 Model Parameters

For a combined cycle facility with K combustion turbines and one steam turbine, the following
registration and daily dispatch data determine the underlying relationship between the PSUs and PUs:

e CMCRy, indicating the registered maximum continuous rating of CT k € {1,.., K} in MW;
e CMLP, indicating the minimum loading point of CT k € {1,.., K} in MW,

e SMCR indicating the registered maximum continuous rating of the ST in MW,

e SMLP indicating the minimum loading point of the ST in MW for a 1x1 configuration;

e SDF indicating the amount of duct firing capacity available on the ST in MW,

e STPortion, indicating the percentage of the ST capacity attributed to PSU k € {1,..,K};
and

e (SCM, € {0,1} indicating whether PSU k € {1,.., K} is flagged to operate in single-cycle
mode for the day.
From this data, the following model parameters can be calculated for each PSU k € {1,..K}:
o MMCR, designates the maximum continuous rating of PSU k and is given by
CMCRy, + SMCR - STPortion - (1 — CSCMy,)
o MMLP, designates the minimum loading point of PSU k and is given by
CMLP, + SMLP - (1 — CSCM,,)
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e MDF, designates the duct firing capacity of PSU k and is given by
SDF - STPortion - (1 — CSCMy,)
e MDR, designates the dispatchable capacity of PSU k and is given by
MMCR,, — MMLP, — MDF,

The PSU model has three distinct operating regions: MLP, dispatchable and duct firing. The model
parameters above determine the three operating regions of PSU k € {1, .. K}, each with an affiliated
ST and CT share.
o The MLP region refers to capacity between 0 and MMLP,,:
0 The ST share in this region is
SMLP - (1 — CSCMy,)

STShareMLP, = MMLP,

0 The CT share in this region is
CMLP,
CTShareMLP, = MMLP,

e The dispatchable region refers to capacity between MMLP, and MMLP,, + MDR,:
0 The ST share in this region is
(1 - CSCM,)(SMCR - STShare, — SMLP — SDF,, - STPortiony)

MDR,

STShareDR;, =

0 The CT share in this region is
CMCR;, — CMLP,
MDR,
e The duct firing region refers to capacity between MMLP;, + MDR;, and MMCRy,:
0 The ST share in this region is 1.
0 The CT share in this region is 0.

CTShareDR, =

3.12.2 Translation of PSU Schedules to PU Schedules

The PSU model determines the logic for translating energy and operating reserve schedules for the
PSUs representing a combined cycle facility to energy and operating reserve schedules for the
corresponding physical units.

For hours in which the PSU is scheduled at or above its minimum loading point, the following
translation logic applies. Suppose PSU k € {1,.., K} has the following energy schedules:

e SEj indicating the total energy schedule. This schedule can be broken into three components:
0 SEMLP, indicating the portion of that schedule corresponding to the MLP region;
0 SEDR;, indicating the portion of that schedule corresponding to the dispatchable
region; and
0 SEDF; indicating the portion of that schedule corresponding to the duct firing region
so that
SE, = SEMLPy + SEDR;, + SEDF.

The DAM calculation engine will schedule all energy available in the MLP region before scheduling
energy in the dispatchable region. Thus SEMLP, = MMLP,. The DAM calculation engine will
schedule all energy available in the dispatchable region before scheduling energy in the duct firing
region. Thus SEDF = 0 whenever SEDRy, < MDRy, .
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From the PSU schedules, the following schedules for PUs can be computed:

e (TE, indicating the energy schedule for CT k € {1,..,K}; and
e STE indicating the energy schedule for the ST.

The calculation of the energy schedule for the PUs from the energy schedule from the PSUs is
determined by the sharing region percentages.
ForCTk e {1,..,K}:
CTEy = SEMLPy - CTShareMLPy + SEDR;, - CTShareDRy,.
For the ST:

STE = Z (SEMLP,, - STShareMLP,, + SEDR), - STShareDR,, + SEDF,,).
ke{1,..K}
For hours in which the PSU is scheduled below its MLP and is ramping to MLP, the translation will
be determined by the ramp up energy to MLP profile.

The PSU offers for operating reserve will be scheduled in respect of the applicable proportional
loading and hourly available parts of the operating regions as described below.

3.12.3 Translation of PU Operational Limitations to PSU
Limitations

3.12.3.1 Maximum Constraints

As described in Resource Maximum and Minimum Constraints within Section 3.4.1.4, market
participant and IESO inputs into the DAM may limit the maximum output of a resource. These inputs
will be submitted on a PU basis and include outages and/or de-ratings, manual constraints for
regulation or voltage support and reliability constraints. To enable the DAM calculation engine to
respect these PU maximum generation constraints, the hourly energy offers submitted on a PSU basis
will be scheduled based on the following logic:

e A pre-processing step determines the available parts of the operating regions above based on
the CT and ST sharing relationships and the application of the PU constraints.

e If part of an operating region is determined to be unavailable, the corresponding offer
laminations will not be scheduled for energy and operating reserve.

Maximum generation constraints are applied respecting the proportional relationship defined by the
PSU model. The pre-processing step will not impact the CT and ST shares within the modelled
operating regions, but will ensure that both energy and operating reserve schedules respect the
proportional relationship between the CT and the ST. For each PSU k € {1,..,K} and hour h €
{1,..,24}, the following data specifying the maximum generation constraints and amount of energy
offered is required for the pre-processing step:

e (CMaxCapy indicating the maximum output of CT k in hour h as determined by the most
limiting maximum generation constraint.

o SMaxCapy, indicating the maximum output of the ST in hour h as determined by the most
limiting maximum generation constraint.

e TotalQy indicating the total quantity of energy offered for PSU k in hour h.
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The following hourly operating region parameters will be calculated for each PSU k € {1,.., K} and
hour h € {1,..,24}:

e MLPy indicating the minimum loading point of PSU k in hour h.

e DRy indicating the dispatchable capacity of PSU k in hour h.

e DFy indicating the duct firing capacity of PSU k in hour h.

The first step is to calculate the amount of energy offered attributed to each CT (CTAmtp ) and ST
portion (STAmtp ;). To do so, the energy offered on a PSU is divided between the CT and ST
according to the share percentages. For PSU k € {1,.., K}, the hour h € {1,..,24}:
1. If TotalQp ) < MMLP, then:
a. Calculate CTAmty, = 0.
b. Calculate STAmty, =0
2. Otherwise:
a. Calculate CTAmtMLP = MMLP,, - CTShareMLP;.
b. Calculate STAmtMLP = MMLP,, - STShareMLP,,.
c. IfTotalQpy > MMLP, + MDRy, then:
i. Calculate CTAmtDR = MDR,, - CTShareDR,.
ii. Calculate STAmtDR = MDRy, - STShareDRy,.
iii. Calculate STAmtDF = (1 — CSCMy,) - (TotalQy ; — MMLP, — MDRy,).
d. Otherwise
i. Calculate CTAmtDR = (TotalQy, — MMLP)) - CTShareDR)
ii. Calculate STAMtDR = (TotalQy ; — MMLP,) - STShareDR,,
iii. Calculate STAmtDF = 0.
e. Calculate CTAmty , = CTAmtMLP + CTAmtDR.
f. Calculate STAmty ; = STAmtMLP + STAmtDR + STAmtDF.

The next step is to allocate the ST maximum capacity to each PSU pro-rata according to the amount
of energy offered attributed to each ST portion.

STAmtp
Ywe(1,.k} STAmtpy,

1. Calculate PRSMaxCappj = ( ) - SMaxCapy,.

The last step is to apply the maximum generation constraints to the amount of energy offered
attributed to each CT and ST portion, respecting the proportional loading. For PSU k € {1,.., K} and
hour h € {1,..,24}:
1. Determine if the PSU is unavailable.
a. If CTAmty;, < CMLPy, then the PSU is unavailable.
b. If STAmty, < SMLP - (1 — CSCMy), then the PSU is unavailable.
c. If CMaxCapyp ) < CMLP,, then the PSU is unavailable.
d. If PRSMaxCapp ) < SMLP - (1 — CSCMy), then the PSU is unavailable.
2. Initialize the hourly operating region parameters to their model values.
a. MLPy; = MMLP,
b. DRy = MDRy
. DFy) = MDF,
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3. Apply the maximum generation constraint on the CT to the dispatchable region.
a. Calculate P so that CMLPy, + P - CTShareDR), - MDRy, = CMaxCapy, .
b. Update DRy, = min(DRy . ,P - MDR)).
4. Incrementally restrict the capacity by considering the allocated maximum capacity of the ST,
applying the limit first to the duct firing region and then to the dispatchable region.
a. Calculate R so that SMLP + R - STShareDRy, - MDR), = PRSMaxCapy, .
b. If R <1, update DFy,, = 0, and DRy, ;, = min(DRp ,R - MDRy,).
c. IfR >1,update DFy, , = min(DFy, PRSMaxCapyp ) — SMLP — STShareDR,
MDR)).

For PSU k € {1,..,K} and hour h € {1,..,24}, the offer lamination can be scheduled for energy and
operating reserve as per the following:

o the first MLP, ;, quantity offered will comprise the MLP region offer laminations;

o the next MDR;, quantity offered will comprise the dispatchable region offer lamination, but
only the first DRy, ,, will be eligible for scheduling; and

o the next MDF, quantity offered will comprise the duct firing region offers laminations, but
only the first DF,, , will be eligible for scheduling.

Thus, the total amount of energy offered on PSU k € {1,.., K} for hour h € {1,..,24} is

o Min(MLPh’k + DRh,k + DFh,k ,TOtalQh’k) |f the PSU iS available.
e (0 ifthe PSU is unavailable.

3.12.3.2 Minimum Constraints

As described in Resource Maximum and Minimum Constraints within Section 3.4.1.4, market
participant and IESO inputs into the DAM may limit the minimum output of a resource. When
applied to a CT, a minimum constraint will be translated to a corresponding PSU constraint based on
the linear relationship defined by the PSU model. When applied to an ST, a minimum constraint will
be dynamically allocated to the associated PSU resources to achieve the lowest cost solution.

3.12.4 Pricing for PSUs

The DAM calculation engine will produce prices for PSUs by calculating effective marginal loss
factors and sensitivities based on the PSU model parameters and scheduling results.
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3.13 Determination of the Non-Dispatchable Load Forecast

The non-dispatchable load (NDL) forecast used by the DAM calculation engine will be obtained
from the IESO’s hourly demand forecasts by identifying the portion of the forecast attributed to loads
that are considered non-dispatchable and losses.

In Pass 1 and Pass 3, the hourly average demand forecasts for all demand forecast areas will be
adjusted to arrive at the hourly average NDL demand forecast as follows:
1. The IESO average demand forecasts for each demand forecast area will be distributed to all
load facilities in those areas using the load distribution factors described in Section 3.9.1.3.
2. The average NDL demand forecast quantity for hour h, AFL;,, will be obtained by adding:
e The forecast MW quantities reflecting losses; and
e The forecast MW quantities distributed to delivery points for non-dispatchable load,

and then subtracting:

e The total of the bid quantities submitted for virtual hourly demand response
resources; and

e The bid quantities for physical hourly demand response resources associated with a
non-dispatchable load.

In Pass 2, the hourly peak demand forecasts for all demand forecast areas will be adjusted to arrive at
the hourly peak NDL demand forecast as follows:
e The IESO peak demand forecast for each demand forecast area will be distributed to all load
facilities with delivery points in those areas using the load distribution factors described in
Section 3.9.1.3.
e The peak NDL demand forecast quantity for hour h, PFL;, , will be obtained by adding:
0 The forecast MW quantities reflecting losses;
0 The forecast MW quantities distributed to delivery points for non-dispatchable loads;
0 The forecast MW quantities distributed to delivery points for price responsive loads;
and
o0 the forecast MW quantities distributed to delivery points for dispatchable loads when
no bid is submitted for a dispatchable load or when an entire bid at MMCP is
submitted for a dispatchable load.
and then subtracting:
o the total of the bid quantities submitted for virtual hourly demand response resources; and
o the bid quantities for physical hourly demand response resources associated with a non-
dispatchable load.
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4 Market Rule Requirements

The market rules govern the IESO-controlled grid and establish and govern the IESO-administered
markets. The market rules codify obligations, rights and authorities for both the IESO and market
participants, and the conditions under which those rights and authorities may be exercised and those
obligations met.

This section is intended to provide an inventory of the changes to market rule provisions required to
support the Day-Ahead Market (DAM) Calculation Engine detailed design, and is intended to guide
the development of market rule amendments. This inventory is based on version 1.0 of the detailed
design, and any revisions required to this section as a result of design changes to version 1.0 will be
incorporated in the market rule amendment process. As a result, the inventory will not be updated
after its publication in version 1.0 of this detailed design.

This inventory is not meant to be an exhaustive list of required rule changes, but is a “snapshot” in
time based on the current state of design development of this specific design document. Resulting
market rule amendments will incorporate the integration of the individual design documents.

New and amended Chapter 11 defined terms: These terms will be consolidated in a single document
at a later time as part of the market rule amendment process, and will support multiple design
documents.

The inventory is developed in Table 4-1, which describes the impacts to the market rules and
classifies them into the following three types:

1. Existing — no change: Identifies those provisions of the existing market rules that are not
impacted by the design requirements.

2. Existing — requires amendment: Identifies those provisions of the existing market rules that
will need to be amended to support the design requirements.

3. New: Identifies new market rules that will likely need to be added to support the design
requirements.

Table 4-1: Market Rules Impacts

Market
Rule
Section
[Chapter. Type
No.]
[Section
no.]

Appendix 7.5A — The DACP Calculation Engine Process

Topic Requirement

Appendix | Existing - All Topics This Appendix describes the DACP calculation engine
7.5 All requires process used to determine commitments, constrained
Sections amendment schedules, and shadow prices.

e This section will be retired and replaced with a new
appendix to describe the DAM calculation engine
processes.

Appendix 7.1A — The DAM Calculation Engine
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Market
Rule
Section
[Chapter. Type Topic Requirement
No.]
[Section
no.]
Appendix | New Interpretation This new section includes a description of the appendix and
7.1A what information will be included in the appendix.
Section 1 . . . .
e Section 1.1 will specify the purpose of the Appendix.
The Appendix describes the DAM calculation engine
processes used to determine commitments, schedules,
and prices. The appendix will detail the following:
0 The inputs to the DAM calculation engine;
0 The outputs from the DAM calculation engine;
0 The mathematical description of the algorithms
and tests for each of the three passes in the
DAM calculation engine; and
o Similar to the existing Appendix 7.5A — The
DACP Calculation Engine Process, the market
rules will state that the DAM calculation engine
output data described in Appendix 7.1A will
not require the IESO to publish the output data
except where expressly required by the market
rules.
Appendix | New The DAM This new section provides an overview of the DAM
7.1A Calculation Engine | Calculation Engine.
Section 2 - Overview

e Section 2.1 will set out the purpose of the DAM
Calculation Engine and will describe each of the three
passes.

0 Pass 1, the Market Commitment and Market
Power Mitigation Pass, determines a set of
resource schedules and commitments to meet
the IESO’s average hourly forecast demand as
well as demand from virtual bids, dispatchable
loads, price responsive loads, hourly demand
response resources and exports. Pass 1 also
determines hourly locational marginal prices
consistent with the scheduling and commitment
decisions made in the pass.

0 Pass 2, the Reliability and Commitment
Scheduling Pass, ensures that if the resources
committed by Pass 1 are insufficient to meet
peak forecast demand and the IESO-specified
operating reserve requirements, additional
resources are committed and scheduled.

0 Pass 3, the DAM Scheduling Pass, uses
commitments determined in Pass 1 and Pass 2
to produce a set of commitments, financially
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Market
Rule
Section

[Chapter. Type
No.]
[Section
no.]

Topic

Requirement

binding schedules and settlement-ready
locational marginal prices.

Appendix | New
7.1A
Section 3

Inputs into the
DAM Calculation
Engine

This new section sets out the market rules around the inputs
into the DAM calculation engine.

e  Section 3.1 — Overview: The inputs will be categorized
by the DAM Calculation Engine’s three functions:

0 Optimization function;
0 Ex-ante market power mitigation process; and
0 Security assessment function.

e Section 3.2 — Inputs into the Optimization Function

0 Section 3.2.1 — Demand Forecasts: The section
will include details of the hourly average
demand forecast and the hourly average peak
demand forecast prepared by the IESO. The
demand forecasts will be modified to reflect the
hourly (average and peak) non-dispatchable
load (NDL) demand forecasts. The hourly
average NDL demand forecast will be used in
Pass 1 and Pass 3. The hourly peak NDL
demand forecast will be used in Pass 2.

0 Section 3.2.2 — Forecasts from Non-
Dispatchable Generation Facilities: The section
will include details on the forecast output from
self-scheduling generation facilities,
transitional scheduling generators and
intermittent generators submitted by registered
market participants in accordance with Chapter
7.

0 Section 3.2.3 — Forecasts from Variable
Generation Facilities: The section will include
details on the forecast for variable generation
supplied by registered facilities provided by (1)
a forecasting entity and (2) the market
participant. If the market participant submits a
forecast for the hour, then the DAM calculation
uses that value, otherwise the DAM calculation
engine utilizes the IESO’s centralized variable
generation forecast. The forecast provided by
the market participant will be utilized in Passes
1 and 3, and the IESO’s centralized forecast
will be used in Pass 2 (and in Pass 1 and Pass 3
where there is no forecast provided by the
market participant).
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Market
Rule
Section

[Chapter.

No.]
[Section
no.]

Type

Topic

Requirement

Section 3.2.4 — Energy Bids and Offers: The
section will include energy offers and energy
bids and associated dispatch data submitted by
registered market participants submitted in
accordance with Chapter 7.

Section 3.2.5 — Operating Reserve Offers: The
section will include operating reserve offers
and associated dispatch data submitted in
accordance with Chapter 7.

Section 3.2.6 — Energy Limited Resources: This
section will include details on energy limited
resources and the daily limit on the amount of
energy that they can generate over the course of
the day.

Section 3.2.7 — Non-Quick Start Generation
Facilities: The section will list the inputs for
non-quick start generation facilities including
the minimum generation cost calculated from
the speed-no-load offer and energy laminations
up to the resource’s minimum loading point.
Additional inputs include minimum generation
block run time, minimum generation block
down time, maximum number of starts per day,
ramp up energy to minimum loading point
profile.

Section 3.2.8 — Pseudo-Units: The section will
list the inputs for pseudo-units including the
maximum constraints applied to a
corresponding physical unit, steam turbine
share of minimum loading point region, steam
turbine share of dispatchable region, ramp up
energy to minimum loading point profile for the
combustion turbine and steam turbine,
indication of whether the pseudo-unit can
provide ten-minute operating reserve while
scheduled in its duct firing region.

Section 3.2.9 — Hydroelectric Generation
Facilities: The section will list the inputs for
hydroelectric generation facilities including
forbidden regions, minimum daily energy limit,
minimum hourly output, hourly must run,
maximum number of starts per day, linked
resources, time lag and MWh ratio.
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Market
Rule
Section
[Chapter. Type
No.]
[Section
no.]

Topic

Requirement

0 Section 3.2.10 — Inputs Provided by the
Security Assessment Function: The section will
include details on the inputs provided by the
Security Assessment Function, which include:

Marginal loss factors of resources;
Loss adjustment quantity;

Constraints for violated OSLs and pre-
contingency thermal limits; and

Constraints for violated post-
contingency thermal limits.

0 Section 3.2.11 — Other Inputs: The IESO shall
also provide other inputs into the DAM
calculation engine for the optimization
function. These include:

Operating reserve requirements;

Reactive support service and voltage
control service resource limits;

Reliability must-run resources: The
IESO will identify resources that must
operate for reliability purposes.;

Regulation (AGC);

Reliability constraints.

Section 3.3 — Inputs into the Ex-Ante Market Power

Mitigation

0 Section 3.3.1 — Condition Testing Inputs

Section 3.3.1.2 — Constrained Area
Designations: The designation of
constrained areas is based on
frequency and duration of congestion
in the area, and whether the constraints
result in supply resources being
dispatched up, in accordance with
Appendix 7.8 — Market Power
Mitigation.

0 Section 3.3.2 — Conduct Test Inputs

Section 3.3.2.1 — Reference Levels:
Reference levels approximate a
resource’s short-run marginal costs
and are used in the market power
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Market
Rule
Section

[Chapter.

No.]
[Section
no.]

Type

Topic

Requirement

mitigation framework to determine
competitive offers for a resource in
accordance with Appendix 7.8 —
Market Power Mitigation.

= Section 3.3.2.2 — Conduct Thresholds:
Conduct thresholds will be used with
reference levels to determine whether
the dispatch data values offered by a
resource deviate significantly from
what the values would have been in a
competitive market in accordance with
new Appendix 7.8 — Market Power
Mitigation.

= Section 3.3.2.3 — Other Inputs:

e  Minimum Energy Offer: The
minimum energy offer value
for the offer lamination to be
included in the Conduct Test.
Energy offer laminations
below this value are excluded
from the Conduct Test.

e  Minimum Operating Reserve
Offer: the minimum
operating reserve offer value
for the offer lamination to be
included in the Conduct Test.
Operating reserve offer
laminations below this value
are excluded from the
Conduct Test.

0 Section 3.3.3 — Price Impact Test Inputs

= Section 3.3.3.1 — Price Impact
Thresholds: Price impact thresholds
will be used to test for economic
withholding in accordance with new
Appendix 7.8 — Market Power
Mitigation.

Section 3.4 — Inputs into the Security Assessment
Function

0 Section 3.4.1 — Inputs Provided by the
Optimization Function: The Optimization
Function will provide schedules for load and
supply resources (withdrawals and injections).
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Market
Rule
Section

[Chapter.
No.]
[Section
no.]

Type

Topic

Requirement

0 Section 3.4.2 — Other inputs:
= Security limits;
= Power system model data;
=  List of contingencies to be simulated;
=  List of monitored equipment; and
= Equipment thermal limits.

Overlap: Offers, Bids and Data Input Chapter and Market
Power Mitigation Chapter

Appendix
7.1A
Section 4

New

Initialization

This new section sets out the market rules around the
initialization processes.

e Section 4.1 — Overview: The section will include an
overview of the initialization processes. Prior to the
execution of the three passes, the DAM calculation
engine will perform the initialization processes, which
include:

0 Selecting a reference bus;
0 Determining islanding conditions;

o0 Applying the variable generator tie-breaking
logic; and

0 Pre-processing maximum generation
constraints that apply to pseudo-units.

e Section 4.1.1 — References Buses: The section will
include details on the selection of a reference bus.

e Section 4.1.2 — Islanding: The section will include
details determining islanding conditions.

e Section 4.1.3 - Variable Generation Resource Tie-
Breaking: The section will include details on the

application of the variable generator tie-breaking logic.

e Section 4.1.4 - Pseudo-Unit Maximum Constraints: The

section will include details on the pre-processing of
maximum generation constraints that apply to pseudo-
units.

Appendix
7.1A
Section 5

New

Security
Assessment

This new section will set out the market rules around the
security assessment function.

e Section 5.1 — Overview: The section will provide an
overview of the security assessment function. The
security assessment function assesses power system
security using the schedules produced by the
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optimization function. For hourly commitment statuses
and resource schedules, the DAM calculation engine
iterates between an optimization function and a security
assessment function.

Section 5.2 — Inputs: The section will include the inputs
into the security assessment function by referencing the
inputs identified in Section 3.

Section 5.3 — Security Assessment Function Processing:
The security assessment function performs the following
calculations and analyses (the details for these will be
included in the market rules):

0 Base case power flow;

0 Pre-contingency security assessment;
0 Loss calculation; and

o0 Contingency analysis.

Section 5.4 — Outputs: The section will list the outputs
from the Security Assessment function. The outputs
include, but are not limited to:

0 Security constraint set corresponding to
violated thermal and/or operating security
limits;

0 Marginal loss factors; and

0 Loss adjustment.

Note: In the first iteration, an initial default set of
incremental loss factors and loss adjustments is used in
the objective function. In subsequent iterations, the
outputs from the security assessment function are used.

Appendix
7.1A
Section 6

New

Pass 1: Market
Commitment and
Market Power
Mitigation Pass

This new section sets out the market rules around the Pass 1
of the DAM Calculation Engine, including the inputs,
mathematical formulations, and outputs.

Section 6.1 — Overview: The section will contain an
overview of Pass 1. Pass 1 will determine a set of
resource schedules and commitments to meet the IESO’s
average hourly forecast demand as well as demand from
virtual bids, dispatchable loads, price responsive loads,
hourly demand response resources and exports.

Section 6.2 — Inputs: The section will include the inputs
into Pass 1 by referencing the inputs identified in
Section 3.

162

Public Issue 1.0 — July 27, 2020



Day-Ahead Market Calculation Engine Market Rule Requirements

Market
Rule
Section
[Chapter. Type Topic Requirement
No.]
[Section
no.]

e Sections 6.3 through 6.11, will detail the algorithms and
tests within Pass 1. For the purposes of this inventory,
these sections are broken out by algorithm or test as
follows:

0 As-Offered Scheduling
As-Offered Pricing

Constrained Areas Conditions Test
Conduct Test

Reference Level Scheduling
Reference Level Pricing

Price Impact Test

Mitigated Scheduling

O O O O o o o

0 Mitigated Pricing

e Section 6.12 — Locational Marginal Prices: The section
will outline the locational marginal prices for Pass 1.

e  Section 6.13 — Outputs: The section will list the outputs
from Pass 1 to be used in Pass 2. The outputs of Pass 1
include, but are not limited to:

o Schedules;
o Unit commitment decisions;

0 Operational decisions for hydroelectric
generation facilities and for pseudo-units;

o Shadow prices; and
o0 Locational marginal prices.

e Section 6.14 — Glossary of Sets, Indices, Variables and
Parameters for Pass 1: The section will list the sets,
indices, variables and parameters for Pass 1.

Appendix | New As-Offered This new section sets out the market rules around the As-
7.1A Scheduling Offered Scheduling algorithm.

ge?::tlon e Section 6.3.1 — Overview: The section includes an

overview of the As-Offered Scheduling algorithm. The
As-Offered Scheduling will perform a security-
constrained unit commitment and economic dispatch to
meet the IESO’s average demand forecast of non-
dispatchable load and IESO-specified operating reserve
requirements.
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Section 6.3.2 — Inputs: The section lists the inputs to the
As-Offered Scheduling algorithm by referencing the
inputs identified in Section 3.

Section 6.3.3 — Optimization Function for As-Offered
Scheduling: The section includes details on the
optimization function including:

0 Optimization Objective: The section will
include the objective (to maximize the gains
from trade).

o Variables — The section will list the variables
for which the DAM calculation engine will
solve.

0 Objective Function: The section will include
the optimization of the objective function in
As-Offered Scheduling, which is to maximize
the expression (Note: the expression will be
included in the market rules).

Section 6.3.4 — Optimization Constraints: The section
outlines the three constraint categories that apply to the
schedules determined in the optimization:

o Single hour constraints that ensure no violation
of parameters specified in the dispatch data
submitted by registered market participants;

0 Inter-hour and multi-hour constraints that
ensure no violation of parameters specified in
the dispatch data submitted by registered
market participants; and

o Constraints that ensure no violations of IESO
established reliability inputs.

Section 6.3.5 — Bid/Offer Constraints Applying to Single
Hours: The section will include details on the single
hour constraints including:

o0 Status variables and variable bounds;

o0 Resource minimum and maximums;

0 Operating reserve scheduling;
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o Pseudo-units;
0 Hydroelectric generation facilities; and
o Imports/exports (linked wheel transactions).

e Section 6.3.6 — Bid/Offer Inter-Hour/Multi-Hour
Constraints: The section will include details on the intra-
hour/multi hour constraints including:

o Energy ramping;

0 Operating reserve ramping;

o0 Non-quick start generation facilities;
0 Energy-limited resources; and

0 Hydroelectric generation facilities.

e Section 6.3.7 — Constraints to Ensure Schedules Do Not
Violate Reliability Requirements: The section will
include details on the constraints that ensure no IESO
established reliability criteria are violated including:

o0 Energy balance;
0 Operating reserve requirements;
o IESO internal transmission limits;

o Intertie limits; and

0 Penalty price variable bounds.

e Section 6.3.8 — Outputs: The section will list the outputs
from the As-Offered Scheduling algorithm. As-Offered
Scheduling will produce schedules and unit
commitments, as well as operational decisions for
hydroelectric generation facilities and pseudo-units,
from the As-Offered Scheduling algorithm.

Appendix
7.1A
Section
6.4

New

As-Offered Pricing

This new section sets out the market rules around the As-
Offered Pricing algorithm.

e  Section 6.4.1 — Overview: The section includes an
overview of the As-Offered Pricing algorithm. The As-
Offered Pricing will perform a security-constrained unit
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commitment and economic dispatch to meet the IESO’s
average demand forecast of non-dispatchable load and
IESO-specified operating reserve requirements.

e Section 6.4.2 — Inputs: The section includes the inputs to
the As-Offered Pricing algorithm by referencing the
inputs identified in Section 3. The section will also
include a list of outputs from As-Offered Scheduling that
are used as inputs to the As-Offered Pricing algorithm.

e  Section 6.4.3 — Optimization Function for As-Offered
Pricing: The section includes details on the optimization
function including:

0 Optimization Objective: The section will
include the objective (to maximize the gains
from trade).

o Variables — The section will list the variables
for which the DAM calculation engine will
solve.

0 Objective Function: The optimization of the
objective function in As-Offered Pricing is to
maximize the expression (the expression will be
included in the market rules). The objective
function for the As-Offered Pricing differs from
As-Offered Scheduling as follows:

= the start-up and minimum generation
costs are constants and thus are
dropped from the objective; and

= the violation cost is calculated using
the set of constraint violation penalty
curves for determining market prices.

e  Section 6.4.4 — Optimization Constraints: The section
outlines the four constraint categories that apply to the
schedules and prices determined in the optimization:

o0 Single hour constraints that ensure no violation
of parameters specified in the dispatch data
submitted by registered market participants;

0 Inter-hour and multi-hour constraints that
ensure no violation of parameters specified in
the dispatch data submitted by registered
market participants;
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o Constraints that ensure no violations of IESO
established reliability inputs; and

0 Constraints that ensure the eligibility of an offer
or bid lamination to set price is appropriately
reflected.

e Section 6.4.5 — Bid/Offer Constraints Applying to Single
Hours: The section will include details on the single
hour constraints including:

O Status variables and variable bounds;

0 Resource minimum and maximums;

0 Operating reserve scheduling;

0 Pseudo-units;

0 Hydroelectric generation facilities; and

o Imports/exports (linked wheel transactions)
(Note: This constraint is not required in As-
Offered Pricing as the import and export
components of linked wheel transactions
received equal schedules in As-Offered
Scheduling and import and exports are not
rescheduled [Section 6.4.8]).

e Section 6.4.6 — Bid/Offer Inter-Hour/Multi-Hour
Constraints: The section will include details on the intra-
hour/multi hour constraints including:

0 Energy ramping;

0 Operating reserve ramping;

o0 Non-quick start generation facilities (Note:
This constraint is not required in As-Offered
Pricing as the variables associated with
commitments of non-quick start generation
facilities are held fixed.);

0 Energy-limited resources; and

0 Hydroelectric generation facilities.
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Section 6.4.7 — Constraints to Ensure Schedules Do Not
Violate Reliability Requirements: The section will
include details on the constraints that ensure no IESO
established reliability criteria is violated including:

o0 Energy balance;

0 Operating reserve requirements;

o IESO internal transmission limits;

o Intertie limits; and

o

Penalty price variable bounds.

Note: The marginal loss factors used in the energy
balance constraint in As-Offered Pricing will be set
to the marginal loss factors used in the last
optimization function iteration of As-Offered
Scheduling.

Section 6.4.8 - Constraints to Ensure the Price Setting
Eligibility Reflect Offer/Bid Laminations. The section
will include details on the constraints that ensure the
eligibility of an offer or bid lamination to set price is
appropriately reflected including:

o Commitment status variable;
Import/Export schedules;
Pseudo-units;

Energy-limited resources; and

o O O O

Hydro-electric resources:
= Minimum hourly output;
= Limited number of starts;
=  Forbidden regions;
= Minimum daily energy limit;
= Shared minimum daily energy limit;

= Shared maximum daily energy limit;
and

= Linked hydroelectric generation
facilities.
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e Section 6.4.9 — Outputs: The section will list the outputs
from the As-Offered Pricing algorithm. As-Offered
Pricing will produce shadow prices for all constraints
contributing to locational marginal prices.
Appendix | New Constrained Areas | This new section sets out the market rules around the
7.1A Conditions Test Constrained Areas Conditions Test.
gesctlon e  Section 6.5.1 — Overview: The section includes an

overview of the Constrained Areas Conditions Test. The
purpose of the test is to:

o0 ldentify when and where competition is
restricted; and

0 Determine which resources will undergo the
Conduct Test, Section 6.6, for at least one
dispatch data parameter.

Section 6.5.2 — Conditions Test Categories: The section
outlines the four test categories that identify the IESO-
defined conditions that would meet mitigation testing for
energy and operating reserve:

o0 Local market power (energy), including:
= Narrow constrained area (NCA);
= Dynamic constrained area (DCA); and
= Broad constrained area (BCA);

0 Local market power (operating reserve);

0 Global market power (energy); and

0 Global market power (operating reserve).

Section 6.5.3 — Inputs: The section includes the inputs to
the Constrained Areas Conditions Test by referencing
the inputs identified in Section 3.3. The section will also
include a list of outputs from As-Offered Pricing that are
used as inputs to Constrained Areas Conditions Test.

Section 6.5.4 — Local Market Power (Energy)
Constrained Areas Conditions Test: The section will
include details on the conditions that must be met to
qualify for local market power (energy) mitigation
testing for resources located within the following areas:

o NCA and DCA; or
o BCA.
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Section 6.5.5 — Local Market Power (Operating Reserve)
Constrained Areas Condition Test: The section will
include details on identifying resources offering
operating reserve for reserve areas with a minimum
requirement greater than zero. If the resource is located
in a reserve area with a binding maximum restriction
constraint, then the resource will be exempted from the
Conduct Test.

Section 6.5.6 — Global Market Power (Energy)
Constrained Areas Conditions Test: The section will
include details on the two conditions, that must be both
met, to identify resources for the test. The two
conditions include:

(0]

Condition 1: Unable to schedule incremental
imports in the hour; and

Condition 2: The Intertie Border Price at the
reference interties is greater than the specified
threshold value.

Exemptions: Resources that meet both
conditions will be excluded if they fall under
one of the three conditions below:

If the transmission constraints that
allow flow from the Northeast
electrical zone to Southern Ontario are
binding in the southward direction,
then resources in the Northeast and
Northwest electrical zones will be
excluded;

If the transmission constraints that
allow flow from the Northwest
electrical zone to the Northeast
electrical zone are binding in the
eastward direction, then resources in
the Northwest electrical zone will be
excluded; or

If resources in any zone have
congestion components at least
$1/MWh below the internal congestion
component at all of the Global Market
Power Reference Interties, they will
not be tested for global market power.

Section 6.5.7 — Global Market Power (Operating
Reserve) Constrained Areas Conditions Test: The
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section will include details on identifying resources in
the class of operating reserve where the locational
marginal prices is greater than the threshold for a
resource’s operating reserve locational marginal price.
e Section 6.5.8 — Outputs: The section will list the outputs
from the Constrained Areas Conditions Test. The output
of the Constrained Areas Condition Test is a set of
resources that will be subject to the Conduct Test,
Section 6.6.
Overlap: Market Power Mitigation Chapter

Appendix | New Conduct Test This new section sets out the market rules around the

7.1A Conduct Test.

Section . . .

6.6 e  Section 6.6.1 — Overview: The section includes an

overview of the Constrained Areas Conditions Test. The
resources that were identified in the Constrained Areas
Conditions Test, Section 6.5, will be required to undergo
the Conduct Test. If no resources were identified, the
Conduct Test will not be required. Separate Conduct
Test will be performed for resources in the energy
market and the operating reserve markets.

e  Section 6.6.2 — Inputs: The section includes the inputs to
the Conduct Test by referencing the inputs identified in
Section 3.3. The inputs will also include the resources
identified in Section 6.5 — Constrained Areas Conditions
Test.

e Section 6.6.3 — Conduct Test for Energy: The section
will include details on the evaluation of the following
dispatch data parameters:

0 Energy offer, including offers up to and above
minimum loading point (only applicable if
energy offer is greater than the minimum
energy offer value for the offer lamination to be
included in the Conduct Test);

o0 Start-up offer; and

0 Speed-no-load offer.

Section 6.6.4 — Conduct Test for Operating Reserve: The
section will include details on the evaluation of the
following dispatch data parameters:

0 Operating reserve offer (only applicable if
operating reserve offer is greater than the
minimum operating reserve offer value for the

Issue 1.0 — July 27, 2020 Public 171



Market Rule Requirements

DES-23

Market
Rule
Section
[Chapter. Type Topic Requirement
No.]
[Section
no.]
offer lamination to be included in the Conduct
Test);
o Start-up offer;
0 Speed-no-load offer; and
o0 Energy offers for the range of production up to
minimum loading point.
e Section 6.6.5 — Outputs: The section will list the outputs
from the Conduct Test. The outputs from the Conduct
Test include:
0 The set of resources that failed the Conduct
Test;
0 The dispatch data parameters that failed the
Conduct Test; and
0 Avrevised set of offer data for resources that
failed a Conduct Test with dispatch data
parameters that failed the Conduct Test
replaced with reference levels.
Overlap: Market Power Mitigation Chapter
Appendix | New Reference Level This new section sets out the market rules around the
7.1A Scheduling Reference Level Scheduling algorithm.
§e7ctlon e Section 6.7.1 — Overview: The section includes an

overview of the Reference Level Scheduling algorithm.
Reference Level Scheduling will perform a security-
constrained unit commitment and economic dispatch,
similar to As-Offered Scheduling with the following
exception:

o Reference Level Scheduling uses reference
level dispatch data for any inputs from
registered market participants that failed the
Conduct Test.

Section 6.7.2 — Inputs: The section lists the inputs to the
Reference Level Scheduling algorithm by referencing
the inputs identified in Section 3. The inputs will also
include the outputs from the Conduct Test, Section
6.6.5.

Section 6.7.3 — Optimization Function for Reference
Level Scheduling: The optimization function for
Reference Level Scheduling is the same as the
optimization function for As-Offered Scheduling. The
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section will include a reference to the As-Offered
Scheduling optimization function, Section 6.3.3.

e Section 6.7.4 — Optimization Constraints: The
optimization constraints for Reference Level Scheduling
are the same as the optimization constraints for As-
Offered Scheduling. The section will include a reference
to the As-Offered Scheduling optimization constraints,
Sections 6.3.4 through 6.3.7.

e  Section 6.7.5 — Outputs: The section will list the outputs
from the Reference Level Scheduling algorithm.
Reference Level Scheduling will produce constrained
schedules and unit commitments, as well as operational
decisions for hydroelectric generation facilities and
pseudo-units, from the Reference Level Scheduling
algorithm.

Appendix | New Reference Level This new section sets out the market rules around the
7.1A Pricing Reference Level Pricing algorithm.
g.eé:tlon e  Section 6.8.1 — Overview: The section includes an

overview of the Reference Level Pricing algorithm.
Reference Level Pricing will perform a security-
constrained economic dispatch similar to that performed
by As-Offered Pricing with the following exception:

o Reference Level Pricing uses reference level
dispatch data for any inputs from registered
market participants that failed the Conduct
Test.

e  Section 6.8.2 — Inputs: The section lists the inputs to the
Reference Level Pricing algorithm by referencing the
inputs identified in Section 3. The inputs will also
include the outputs from the Conduct Test, Section
6.6.5.

e Section 6.8.3 — Optimization Function: The optimization
function for Reference Level Pricing is the same as the
optimization function for As-Offered Pricing. The
section will include a reference to the As-Offered
Pricing optimization function, Section 6.4.3.

e Section 6.8.4 — Optimization Constraints: The
optimization constraints for Reference Level Pricing are
the same as the optimization constraints for As-Offered
Pricing with the following exception:
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0 The constraints used to apply the price-setting
eligibility rules must be modified to take into
account the Reference Level Scheduling results.

The section will include a reference to the As-Offered
Pricing optimization constraints, Sections 6.4.4 through
6.4.8.
e Section 6.8.5 — Outputs: The section will list the outputs

from the Reference Level Pricing algorithm. Reference
Level Pricing will produce shadow prices for Reference
Level Pricing constraints. Reference Level Pricing will
also produce locational marginal prices for the Price
Impact Test.

Appendix | New Price Impact Test This new section sets out the market rules around the Price

7.1A Impact Test.

gzctlon e  Section 6.9.1 — Overview: The section includes an

overview of the Price Impact Test. The Price Impact
Test is required when one or more dispatch data
parameters fails the Conduct Test. The Price Impact Test
compares the As-Offered Pricing for energy (or
operating reserve) prices with the Reference Level
Pricing energy (or operating reserve) prices.

Section 6.9.2 — Inputs: The section includes the inputs to
the Price Impact Test by referencing the inputs identified
in Section 3.3. The resources that failed the Conduct
Test, the outputs identified in Section 6.6.5, will be
listed in the inputs section. The inputs will also include
the energy and operating reserve prices identified in
Section 6.4 — As-Offered Pricing and Section 6.8 —
Reference Level Pricing.

Section 6.9.3 — Price Impact Test for Energy: The
section will include details on the evaluation for the
following two condition categories:

0 Local market power (energy); and
0 Global market power (energy).

Section 6.9.4 — Price Impact Test for Operating Reserve:
The section will include details on the evaluation for the
following two condition categories:

0 Local market power (operating reserve); and

0 Global market power (operating reserve).
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e  Section 6.9.5 — Outputs: The section will list the outputs
from the Price Impact Test. The outputs from the Price
Impact Test include:
0 The set of resources that failed the Price Impact
Test in each hour by condition type;
0 The locational marginal prices (energy and
operating reserve) that failed the Price Impact
Test in each hour; and
0 Arrevised set of offer data for resources that
failed the Price Impact Test with dispatch data
parameters that failed the corresponding
Conduct Test replaced with reference levels.
Overlap: Market Power Mitigation Chapter
Appendix | New Mitigated This new section sets out the market rules around the
7.1A Scheduling Mitigated Scheduling algorithm.
Secti . . .
6?{:0'0” e Section 6.10.1 — Overview: The section includes an

overview of the Mitigated Scheduling algorithm.
Mitigated Scheduling will perform a security-
constrained unit commitment and economic dispatch,
similar to As-Offered Scheduling, with the following
exception:

0 Mitigated Scheduling uses reference level
dispatch data for any inputs from registered
market participants that failed the Conduct Test
and the Price Impact Test.

e  Section 6.10.2 — Inputs: The section lists the inputs to
the Reference Level Scheduling algorithm by
referencing the inputs identified in Section 3. The inputs
will also include the outputs from the Price Impact Test,
Section 6.9.5.

e Section 6.10.3 — Optimization Function: The
optimization function for Mitigated Scheduling is the
same as the optimization function for As-Offered
Scheduling. The section will include a reference to the
As-Offered Scheduling optimization function, Section
6.3.3.

e Section 6.10.4 — Optimization Constraints: The
optimization constraints for Mitigated Scheduling are the
same as the optimization constraints for As-Offered
Scheduling. The section will include a reference to the
As-Offered Scheduling optimization constraints, Section
6.3.4 through 6.3.7.
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e  Section 6.10.5 — Outputs: The section will list
the outputs from the Mitigated Scheduling
algorithm. Mitigated Scheduling produces
constrained schedules and unit commitments, as
well as operational decisions for hydroelectric
generation facilities and pseudo-units, from the
Mitigated Scheduling algorithm.

Appendix | New Mitigated Pricing This new section sets out the market rules around the
7.1A Mitigated Pricing algorithm.

Section . . -

6.11 e Section 6.11.1 — Overview: The section includes an

overview of the Mitigated Pricing algorithm. Mitigated
Pricing will perform a security-constrained economic
dispatch, similar to As-Offered Pricing, with the
following exception:

o0 Mitigated Pricing uses reference level dispatch
data for any inputs from registered market
participants that failed the Conduct Test and
the Price Impact Test.

Section 6.11.2 — Inputs: The section lists the inputs to
the Reference Level Pricing algorithm by referencing the
inputs identified in Section 3. The inputs will also
include the outputs from the Price Impact Test, Section
6.9.5.

Section 6.11.3 — Optimization Function: The
optimization function for Mitigated Pricing is the same
as the optimization function for As-Offered Pricing. The
section will include a reference to the As-Offered
Pricing optimization function, Section 6.4.3.

Section 6.11.4 — Optimization Constraints: The
optimization constraints for Mitigated Pricing are the
same as the optimization constraints for As-Offered
Pricing, with the following exception:

0 The constraints used to apply the price-setting
eligibility rules will be replaced with the results
from Mitigated Scheduling.

The section will include a reference to the As-Offered
Pricing optimization constraints, Sections 6.4.4 through
6.4.8.

Note: The marginal loss factors used in the energy
balance constraint in Mitigated Pricing will be set to the
marginal loss factors used in the last optimization
function iteration of Mitigated Scheduling.
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e  Section 6.11.5 — Outputs: The section will list the
outputs from the Mitigated Pricing algorithm. Mitigated
Pricing produces shadow prices for mitigated constraints
for each hour. Mitigated Pricing also produces locational
marginal prices.
Appendix | New Pass 2: Reliability | This new section sets out the market rules around Pass 2 of
7.1A Scheduling and the DAM Calculation Engine, including the inputs,
Section 7 Commitment Pass | mathematical formulations, and outputs.

e  Section 7.1 — Overview: The section will contain an
overview of Pass 2. Pass 2 performs a least cost, security
constrained unit commitment and economic dispatch to
meet the forecast peak demand and IESO-specified
operating reserve requirements.

e Section 7.2 — Inputs: The section will include the inputs
into Pass 2 by referencing the inputs identified in
Section 3. The inputs will also include outputs from Pass
1.

e Section 7.3 - Optimization Function for Pass 2: The
section includes details on the optimization objective
including:

0 Optimization Objective: The section will
include the objective (to minimize the cost of
additional commitments).

o Variables — The section will list the variables
for which the DAM calculation engine will
solve.

0 Objective Function: The section will include
the optimization of the objective function in
Reliability Scheduling, which is to maximize
the expression (the expression will be included
in the market rules).

e Section 7.4 — Optimization Constraints: The
optimization constraints for Pass 2 are the same
as the optimization constraints for Pass 1, As-
Offered Scheduling, with exceptions. The
constraints must be modified to:

0 Use the peak demand forecast;
0 Remove price responsive load bids;

0 Use the IESO centralized variable
generation forecast; and
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o Remove virtual transaction bids and
offers.
o The section will include details on the
additional constraints required for Pass 2:
=  Constraints enforcing scheduling and
commitment decisions from Pass 1;
and
=  Constraints for new energy-limited
resource scheduling variables.
The section will include a reference to the As-Offered
Scheduling optimization constraints, Sections 6.3.4.
through 6.3.7.

e  Section 7.6 — Outputs: The section will list the outputs
from Pass 2, to be used in Pass 3, including but not
limited to:

o Schedules;

o Unit commitments; and

o0 Operational decisions for hydroelectric
generation facilities and pseudo-units.

e Section 7.7 — Glossary of Sets, Indices, Variables and
Parameters for Pass 2: The section will list the sets,
indices, variables and parameters for Pass 2.

Appendix | New Pass 3: DAM This new section sets out the market rules around Pass 3 of
7.1A Scheduling and the DAM Calculation Engine, including the inputs,
Section 8 Pricing Pass mathematical formulations, and outputs.

e Section 8.1 — Overview: The section will contain an
overview of Pass 3. Pass 3 determines a set of resource
schedules and commitments to meet the IESO’s average
hourly forecast demand as well as demand from virtual
bids, dispatchable loads, price responsive loads, hourly
demand response resources and exports.

e Sections 8.2 and 8.3 will detail the algorithms within
Pass 3. For the purposes of this inventory, these sections
are broken out by algorithm as follows:

o0 Day-Ahead Market (DAM) Scheduling
o0 Day-Ahead Market (DAM) Pricing

e Section 8.4 — Locational Marginal Prices: The section
will outline the locational marginal prices for Pass3.
Pass 3 will also produce locational marginal prices that
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Market
Rule
Section
[Chapter. Type Topic Requirement
No.]
[Section
no.]
may be used for settlement in accordance with Section
10.
e  Section 8.5 — Outputs: The section will list the outputs
from Pass 2, which including but not limited to:
o Schedules;
o Unit commitments;
0 Operational decisions for hydroelectric
generation facilities and pseudo-units;
o0 Shadow prices; and
0 Locational marginal prices.
e  Section 8.6 — Glossary of Sets, Indices, Variables and
Parameters for Pass 3: The section will list the sets,
indices, variables and parameters for Pass 3.
Appendix | New DAM Scheduling This new section sets out the market rules around the DAM
7.1A Scheduling algorithm.
Section . . . . .
8.2 e Section 8.2.1 — Overview: The section will contain an

overview of the DAM Scheduling algorithm. DAM
Scheduling performs a security-constrained economic
dispatch to meet the IESO’s average demand forecast for
non-dispatchable load and IESO-specified operating
reserve requirements.

e Section 8.2.2 — Inputs: The section will include the
inputs into DAM Scheduling by referencing the inputs
identified in Section 3, with the following exception:

0  Where market participant submitted dispatch
data fails the Price Impact Test, the inputs will
be replaced by the reference level dispatch
data.

The inputs will also include outputs from Pass 2.

e  Section 8.2.3 — Optimization Function: The optimization
objective for DAM Scheduling is the same as the
optimization function for Pass 1, As-Offered Scheduling.
The section will include a reference to the As-Offered
Scheduling optimization function, Section 6.3.3, with
the following exception:

0 The variables for unit commitment decisions
are considered within the optimization.

e  Section 8.2.4 — Optimization Constraints: The
optimization constraints for Mitigated Scheduling are the
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Market
Rule

Section
[Chapter. Type Topic Requirement

No.]
[Section
no.]

same as the optimization constraints for As-Offered
Scheduling with the following exceptions:

0 The constraints for non-quick-start generation
facilities are not required. This is so because the
variables associated with non-quick-start
generation facilities are held fixed; and

0 Additional constraints to respect Pass 2
decisions:

= Import schedules may not decrease
from Pass 2 values;

= Export schedules may not increase
from their Pass 2 values; and

= The commitment statuses of resources
may not change from those determined
in Pass 2.

The section will include a reference to the As-Offered
Scheduling optimization constraints, Sections 6.3.4
through 6.3.7.

e  Section 8.2.5 — Outputs: The section will list the outputs
from the DAM Scheduling algorithm. DAM Scheduling
produces constrained schedules for all resources, as well
as operational decisions for hydroelectric generation
facilities.

Appendix | New DAM Pricing This new section sets out the market rules around the DAM
7.1A Pricing algorithm.

Section . . . . .
8.3 e Section 8.3.1 — Overview: The section will contain an

overview of the DAM Pricing algorithm. DAM Pricing
performs a security-constrained economic dispatch to
meet the IESO’s average demand forecast of non-
dispatchable loads and IESO-specified operating
reserve requirements.

e Section 8.3.2 — Inputs: The section will include the
inputs into DAM Pricing by referencing the inputs
identified in Section 3, with the following exception:

0 Where a market participant fails the Price
Impact Test, the inputs may be replaced by the
reference level dispatch data.

The inputs will also include outputs from Pass 2
(commitment statuses), as well as outputs from DAM
Scheduling, including:

o Schedules; and
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Market
Rule
Section

[Chapter.
No.]
[Section
no.]

Type

Topic

Requirement

0 Operational decisions for hydroelectric generation
facilities.

e Section 8.3.3 — Optimization Function: The optimization

function for DAM Pricing is the same as the
optimization function for Pass 1, As-Offered Pricing.
The section will include a reference to the As-Offered
Pricing optimization function, Section 6.4.3.

e  Section 8.3.4 — Optimization Constraints: The
optimization constraints for DAM Pricing are the same
as the optimization constraints for As-Offered Pricing
with the following exception:

0 The constraints used to apply the price-setting
eligibility rules must be modified with the
DAM Scheduling results.

The section will include a reference to the As-Offered
Scheduling optimization constraints, Sections 6.4.4
through 6.4.8.

Note: The marginal loss factors used in the energy
balance constraint in DAM Pricing will be set to the
marginal loss factors used in the last optimization
function iteration of DAM Scheduling.

Section 8.3.5 — Outputs: The section will list the outputs
from the DAM Pricing algorithm. DAM Pricing produces
shadow prices for DAM Pricing constraints. DAM Pricing
also produces settlement-ready locational marginal prices
and zonal prices (including the hourly Ontario zonal price).

Appendix
7.1A
Section 9

New

Combined Cycle
Modelling

This new section sets out the market rules around combined
cycle modelling.

e Section 9.1 — Overview: The section will provide an
overview of combined cycle modelling. Registered
market participants with combined cycle plants of one

or more combustion turbines and one steam turbine may

choose to have the associated generation facilities
modeled as one or more pseudo-units.

e Section 9.2 — Modeling by the DAM Calculation

Engine: The section will include details on the modeling

of pseudo-units in the DAM calculation engine.

o Section 9.2.1 — The section will include details

on the modelling of pseudo-units in the
optimization function and in the security
assessment function.
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Market
Rule
Section
[Chapter. Type Topic Requirement
No.]
[Section
no.]
= Section 9.2.1.1 - Model Parameters:
The section will include the
parameters used for modeling,
including registration and daily
dispatch data.
= Section 9.2.1.2 - Translation of
Pseudo-Unit Schedules to Physical
Unit Schedules: The section will
include details on the translation of
pseudo-unit schedules to physical unit
schedules. The translation of physical
unit operation limitations to pseudo-
unit limitations, including minimum
constraints and maximum constraints,
will also be included.
0 Section 9.2.2 — The section will include details
on the prices for pseudo-units produced by the
DAM calculation engine.
Appendix | New Pricing This new section sets out the market rules around the
7.1A Formulation calculation of locational marginal prices. The calculation of
Section 10 these prices are utilized by Pass 1 and Pass 3.

The prices will be determined as follows:

Note: If locational marginal prices are unable to be
produced due to insufficient information, or if the
process fails, it will be flagged for further review by the
IESO.

Section 10.1 — Overview: The section will provide
an overview of the pricing formulation for
calculating locational marginal prices including:

— Locational marginal prices for energy;

— Locational marginal prices for operating
reserve; and

—  Prices for islanded nodes.

— Initial prices will be calculated using the
shadow prices determined by the pricing
algorithms; and

— A weighted average of the above locational
marginal prices will be used to provide zonal
prices.

Section 10.2 — Locational Marginal Prices for
Energy: The section will include details on the price
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Market
Rule
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[Chapter.
No.]
[Section
no.]

Type

Topic
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formulation for energy locational marginal prices
for:

— Internal pricing nodes;
— Intertie zone source and sink buses; and
—  Zones.

Section 10.3 — Locational Marginal Prices for
Operating Reserve: The section will include details
on the price formulation for operating reserve
locational marginal prices for:

— Internal pricing nodes; and
— Intertie zone source and sink buses.

Section 10.4 — Prices for Islanded Nodes: The
section will include details for:

—  The reconnection methodology for non-quick-
start generation facilities that are not connected
to the main island of the system; and

—  The substitution methodology used to produce a
price for all other pricing nodes that are not
connected to the main island of the system.

— End of Section -
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5 Procedural Requirements

5.1 Market-Facing Procedural Impacts

Existing market manuals and training materials related to the DAM Calculation Engine processes will
be retained to the extent possible. The majority of changes result from the replacement of the DACE
with the DAM calculation engine. More specifically, instead of static marginal loss factors currently
used in DACE, the security assessment function will calculate dynamic marginal loss factors that will
be used in the optimization function and LMPs for energy. Updates will be made to all applicable
market manuals that reflect changes to the day-ahead calculation engine processes.

The documents most directly related to the DAM Calculation Engine detailed design are the
following:

Market Manuals:

o Market Manual 4: Market Operations, Part 4.2 - Submission of Dispatch Data in the RT Energy
and Operating Reserve Markets;

o Market Manual 4: Market Operations, Part 4.3 - Real Time Scheduling of the Physical Markets;
o Market Manual 4: Market Operations, Part 4.5 - Market Suspension and Resumption;

o Market Manual 4: Market Operations, Part 4.6 - RT Generation Cost Guarantee Program;

o Market Manual 7: System Operations, Part 7.1 - IESO-Controlled Grid Operating Procedures;
o Market Manual 7: System Operations, Part 7.2 - Near-Term Assessments and Reports;

e Market Manual 7: System Operations, Part 7.3 - Outage Management;

e Market Manual 9: Day-Ahead Commitment, Part 9.0 - DACP Overview;

e Market Manual 9: Day-Ahead Commitment, Part 9.1 — Submitting Registration Data for the
DACP;

e Market Manual 9: Day-Ahead Commitment, Part 9.2 - Submitting Operational and Market
Data for the DACP;

e Market Manual 9: Day-Ahead Commitment, Part 9.3 - Operation of the DACP;

e Market Manual 9: Day-Ahead Commitment, Part - 9.4 Real-Time Integration of the DACP;
and

e Market Manual 9: Day-Ahead Commitment, Part - 9.5 Settlement for the DACP.
Training Material:
e Guide to the Day-Ahead Commitment Process.

Table 5-1 identifies sections within market manuals and training materials that will not require
changes, will require modification and new sections that will need to be added to support the DAM
Calculation Engine processes in the future market.
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Table 5-1: Impacts to Market-Facing Procedures

Type of
change (no
Procedure change, Section Description
modification
, New)

Market
Manual 4 1.0 - Roles and
Market Responsibilitie
Operations, S
Part 4.2 - 2.1and 2.2 of
g‘:?ggii‘%’;t‘;f No change Egg'r;;' g]rfd e There are no impacts to these sections.
in the RT Operating
Energy and Reserve
Operating Markets
reserve
markets
Market
Manual 4
Market
Operations, 2.3 - T|m|n_g of | Timelines for dispatch data submission on the pre-
Part 4:2 N the Real-Time dispatch day to be modified to reflect the fact that the
Submission of |\, e ation | EN€rgy and day-ahead market will operate in Eastern Prevailing
Dispatch data Operating Time (EPT) and to update the modified DAM
gn?r%i!n ’ IF\Q/Ie;relzz\e/tZ execution timelines.
Operating
reserve
markets

23.1-

Generation

Units with

Start-Up
m;kiﬂ A No change | Delays e There are no impacts to these sections.
Marlget 2.3.2-
Operations Replacement

' Energy Offers

Part 4.2 - Program
Submission of
Dispatch data 2.33-
inthe RT Procedural

Steps for
ggii%ﬁg d 3ubpmitting . I\/_IO(_jificgtions required to prqcedural steps in ord_er to
reserve Modification Dispatch Data d!stmgwsh betwger_l hourly dlspatch data and daily
markets and Revisions dispatch data. Timing updates required to reflect use

Until Two
Hours Prior to
the Dispatch
Hour

of EPT timeframe for DAM.
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Type of
change (no
Procedure change, Section Description
modification
, New)

2.4 -The
Market Structure of
Manual 4 Dispatch Data:
Market 2.4.1. Energy
Operations, Offers and Refer to the Offers, Bids and Data Inputs detailed
Part 4.2 - Modification | Bids design document for the list of modifications required
Submission of 2.4.2.0R to this market manual section.
Dispatch data Offers
in the RT 2.4.3 Energy
Energy and Schedules and
Operating Forecasts
reserve - — : PR
markets Modification 2_4_4_ Standing Tlmellnes_fpr the processing of standing _dlspatch data

Dispatch Data to be modified to reflect the DAM EPT timeframe.

2.5 Dispatch

Data for

Importing and

Exporting

Energy and

Importing
m:rrﬁ:l A Operating Refer to the Offers, Bids and Data Inputs detailed
Market Reserve design document for a list of modifications to this

. 251 market manual section.

Operations, Modification | Boundary . _
Part 4.2 - Entity Section 2.5.4 Wheeling Through Interchange
Submission of Resources Schedules to be updated to reflect how these intertie
Dispatch data 2.5.2 Ramp transactions are evaluated.
inthe RT Rates
Energy and 254
Operating Wheeling
reserve Through
markets Interchange

Schedules

253e-

No change ;’asgglng There are no impacts to this section.

Validation
Market
Manual 4 This section will be updated to reflect that submitted
Market e-Tags will no longer be required to contain "ICAP".
Operations, Instead, the capacity transaction dispatch data
Part4.2 - parameter will be submitted as dispatch data for each
qumission of Modification 2.6 Capacity hour that an export bid is submitted for a called
Dispatch data Exports capacity export.

inthe RT
Energy and
Operating
reserve
markets

Changes to this section are described in the Grid and
Market Operations Integration detailed design
document.
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Type of
change (no
Procedure change, Section Description
modification
, New)
Market
Manual 4
Market
Operations, 2.7 Requests This section will be updated to reflect the EPT
Part4.2 - - for Segregated timeframe for the pre-dispatch day.
Submission of | Modification f . . N .
Dispatch data Mode o Changes to this section are described in the Grid and
in the RT Operation Market Operations Integration detailed design
Energy and document.
Operating
reserve
markets
Appendix A: Refer to the Offers, Bids and Data Inputs detailed
Modification | Content of design document for a list of modifications to this
Dispatch Data market manual section.
Market _
Manual 4 Appendix D:
Market Pre-dispatch ) ) )
Operations, No change | Schedule There are no impacts to this section.
Part 4.2 — Production and
Submission of Publication
Dispatch data Appendix E:
inthe RT Boundary
Energy and Entity
Operating Resources
reserve No change There are no impacts to these sections.
markets Appendix F:
Ontario
Specific E-Tag
Requirements
Market
Manual 4
Market
Operations, 1.3 Roles and
Part 4.3 - Real | No change | Responsibilitie There are no impacts to this market manual.
Time S
Scheduling of
the Physical
Markets
Market
Manual 4
Market_ 2.0 Participant
Operations, Workstation : :
Part 4.3 - Real | No change . There are no impacts to this market manual.
Time and Dlspgtch
Scheduling of Workstation
the Physical
Markets
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Type of
change (no
Procedure change, Section Description
modification
, New)
Market In addition to changes identified in the Grid and
Manual 4 Market Operations Integration detailed design
Market 3.0 document, the list of information used to determine
Operations, Ijeterminin real-time schedules will be updated to reflect DAM
e g .

Part 4.3 - Real | Modification . commitments.
Time Real-Time

. Schedules Refer to the RTM Calculation Engine detailed design
Scheduling of . O .

; document for the list of modifications to this market
the Physical .
Markets manual section.
Market
Manual 4
Market 4.0
Operations, Determining Refer to the Grid and Market Operations Integration
Part 4.3 - Real | Modification | Market detailed design document for the updates required to
Time Information this section.
Scheduling of
the Physical
Markets
Market . . .
Manual 4 Refer to the Grid and Market Operations Integration
Market ] detailed design document for the updates required to
Operations 5.0 Releasing this section.

' R Real-Time and . .

Part4.3 - Real | Modification | - o Refer to the Publishing and Reporting Market
Time ; Information detailed design document for updates

. Information } ) s . .
Scheduling of required to this section pertaining to public and
the Physical confidential reports are described in.
Markets
Market
Manual 4
g/larkett_ 6.0 There are no impacts to this section.

erations, L . . .

szrt 4.3 -Real | Modification D(_atermmmg Refer to. sectlon.the Grlq and Market Operathns
Time Dlspatch Integration detailed design document for details of the
Scheduling of Instructions updates required to this section.
the Physical
Markets
Market
Manual 4
Market ] There are no impacts to this section.
Operations, 7.0 Issuing . . .
Part 4.3 - Real | Modification | Dispatch Refe_r to the_Grld and Market Operatlons Integration
Time Instructions detal_led de5|g_n docgment for details of the updates
Scheduling of required to this section.
the Physical
Markets
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Type of
change (no
change,
modification
, New)

Procedure Section

Description

Market
Manual 4
Market
Operations, 8.0 Issuing
Part 4.3 - Real | No Change | Dispatch
Time Advisories
Scheduling of
the Physical
Markets

There is no change to existing operating procedures.

Market
Manual 4
Market
Operations, 9-

Part 4.3 - Real | Modification | Administrative
Time Pricing
Scheduling of
the Physical
Markets

Updates to this section are described in Grid and Market
Operations Integration detailed design document and
include the following:

The IESO will not retroactively correct DAM prices
and schedules as correcting the DAM prices after the
operating day does not necessarily result in a more
optimal outcome due to the implications on the real
time market.

Public communication will advise that DAM
financially binding schedules or prices will not be
created or posted due to a DAM failure

Market
Manual 4
Market
Operations, 10.0

Part 4.3 - Real | Modification | Compliance
Time Aggregation
Scheduling of
the Physical
Markets

Refer to the Grid and Market Operations Integration
detailed design document for details of the updates
required to this section.

Market
Manual 4
Market
Operations,
Part4.4 -
Transmission
Rights
Auction

No change | All Sections

This design does not impact this market manual.

Market
Manual 4
Market
Operations,
Part 4.5 - Section 2, 3
Market and Appendix
Suspension A

and
Resumption

All Sections
other than
No Change

No changes required to sections other than Section 2:
Market Suspension and Section 3: Market
Resumption.
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Type of
change (no
Procedure change, Section Description
modification
, New)
Market
Manual 4 Section 2 —
Market_ Market This section will need to be updated to include the
Operations, e Suspension DAM scheduling process, which will need to stop
Part 4.5 - Modification Section 3 — while the real-time market is suspended and until it
Market resumes
Suspension Market '
and Resumption
Resumption
Market
Manual 7 This section needs to be updated to indicate that the
System constraint will be applied after the completion of the
Operations, 7.3 Unit DAM. All references to DACP will be replaced by
Part7.1 - Modification | Readiness DAM.
IESO- Program . . .
Controlled All instances of DA-PCG will be replaced with DA-
Grid Operatin MWP.
g Procedures
Market
Manual 7
System
Operations, All other ] ) ) ]
Part 7.1 - No change ; This design does not impact these sections.
sections
IESO-
Controlled
Grid Operatin
g Procedures
Market
Manual 7
System 5.0 Control This section will be discarded. Control action
Operations, Removed | Action operating reserve will not be implemented in the new
Part 7.2: Near- Operating market.
Term Reserve
Assessments
and Reports
Market
SMyi?:r?II ! Q%?ﬁggléa This design does not impact this section.
Operations, L Prepare Refer to the Publishing and Reporting Market
Part 7.2: Modification | .0 Information detailed design document and Offers,
Near-Term Demand Bids and Data Inputs detailed design document for
Assessments Forecast details on changes to these sections.

and Reports
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Type of
change (no
Procedure change, Section Description
modification
, New)
Market
Manual 7 ) . ) )
System All sections This design does not impact these sections. Refer to
Operations, other than 5.0 the Publishing and Reporting Market Information
Part 7.2 No change and Appendix detailed design document and Offers, Bids and Data
Near-Term B Inputs detailed design document for details on changes
Assessments to these sections.
and Reports
Market . ) ] ]
Manual 7 This section requires minor changes throughout to
System reflect the EPT timeframe for outage submission
Operations, Modification | General deadlines when an outage is required as input into the
Part 7.3: DAM scheduling process. For more information on
Outage these changes, refer to the Grid and Market Operations
Management Integration detail design document,
Market . ] . o
Manual 7 This section requires updates to reflect new timelines
System 414 for SMO submission, which will depend on whether
Operations, Modification Segregated the request for segregated mode of operation requires
Part 7.3: Mode of an outage to a critical transmission facility. For more
Outage Operation information on these changes, refer to the Grid and
Management Market Operations Integration detail design document,
Market
Manual 7
System o . . .
Operations, No change All other This design does not impact other sections of this
Part 7.3: sections market manual.
Outage
Management
Market
Manual 9
Day-Ahead . )
Commitment, | Modification | All Sections Market Manual 9 will be replaced. DACP will be
Part 9.0 replaced with a financially-binding DAM.
DACP
Overview
Market All sections will be replaced to reflect financially
Manual 9 binding DAM.
Day-Ahead Section 2 Section 2.3 needs to be modified to reflect new types
Commitment, | Modification | About this of participants in DAM such as price responsive loads
Part 9.0: Manual and virtual traders.
géeCr?\ljiew All references to daily generator data will be replaced

with daily dispatch data.
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Type of
change (no
Procedure change, Section Description
modification
, New)
This section’s content will be replaced with content
that describes the new DAM passes, DAM timeline
Market changes to 06:00 to 10:00 Eastern Prevailing Time
Manual 9 Section 3.2 (EPT) and inclusion of new participants such as price
Day-Ahead - Optimizafi on responsive loads and virtual transactions.
l(j:or{]gn(l)t.ment, Modification | o' o The ELR revision window content will be removed.
D?Ar\cp. ' overview The section will be modified to indicate that Schedule
Overview of Record will be eliminated in the new market.
DAM results timing will be updated.
Reliability guarantees will be updated..
Market
Manual 9
Day-Ahead Section 3.3 . . .
Commitment, | Modification | DACP . ThIS ;ectlon negds to be replaced with DAM
Part 9.0: Timeline timelines and diagram.
DACP
Overview
Market
Manual 9
Day-Ahead Section 4.0 Figure 4-1will to be updated to show the
Commitment, | Modification | Procedures interrelationships of the future day-ahead market
Part 9.0: Summary manuals and other market manuals.
DACP
Overview
Market
Manual 9
Day-Ahead Section 5 Table 5-1 will be updated to reflect mappings
Commitment, | Modification | Applicability between future day-ahead market events and the
Part 9.0: of Procedures applicable day-ahead market procedures.
DACP
Overview
Market
Manual 9
gﬁ?nﬁ?tﬁgnt, Modification gi&?gdlx ° This appendix may be deleted or updated to provide
Part 9.0: Background background for the day-ahead market.
DACP
Overview
Market
Manual 9
Day-Ahead
Commitment - . . . .
Process, Part o ) Refer to the Facmty_ Reglstra}tlon detailed design
Modification | All sections document for more information on the changes

9.1-
Submitting
Registration
Data for the
DACP

required to this section.

Public
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Procedure

Type of
change (no
change,
modification
, New)

Section

Description

Market
Manual 9
Day-Ahead
Commitment,
Part9.2 -
Submitting
Operational
and Market
Data for the
DACP

Modification

All Sections

Refer to the Offers, Bids and Data Inputs detailed
design document for more information on the changes
required to this section..

Market
Manual 9 Day
Ahead
Commitment,
Part 9.2:
Submitting
Operational
and Market
Data for the
DACP

Modification

5.3 Request
for Segregated
Mode of
Operation

This section will require updates for SMO submission
and cancellation timelines as described in the Grid and
Market Operations Integration detailed design
document.

Market
Manual 9 Day
Ahead
Commitment,
Part 9.2:
Submitting
Operational
and Market
Data for the
DACP

Modification

5.4 Submit
Regulation
Offers

This section will require updates to reflect DAM
submission timelines as described in the Grid and
Market Operations Integration detailed design
document.

Market
Manual 9 Day
Ahead
Commitment,
Part 9.2:
Submitting
Operational
and Market
Data for the
DACP

Modification

5.5 Procedure
for Submitting
Dispatch Data
during
Contingencies

Refer to the Grid and Market Operations Integration
detailed design document for more information on the
changes required to this section..
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Type of
change (no
Procedure change, Section Description
modification
, New)
Market
Manual 9 Day
Ahead o . . .
Commitment Appendix A: Refe_r to the_Grld and Market Operations Integration
Part 9.2: ' o Reason _Codes detailed de5|gn doc_ument for the details of required
Submitting Modification | and Valid updates to this section.
Operational Reasons for Updates required include changes to reflect the new
and Market Change day-ahead market and updates to market-facing tools.
Data for the
DACP
Market All instances of DACP will need to be changed to
Manual 9 DAM'_ .
Day-Ahead In addition to the changes related to the DAM
Commitment, | Modification | All sections calculation engine content, other required changes to
Part 9.3: this market manual are described in the Grid and
Operation of Market Operations Integration detailed design
the DACP document.
mg;lf; 9 As described in the Grid and Market Operations
Day-Ahead Integration detailed design document, the ability to
Commitment, | Modification | New schedule flex OR will be incorporated into the day-
Part 9.3 ahead market. A new section detailing this and
Operation of enabling the IESO to determine if flex OR is required
the DACP will be included.
Market
gf;_f:]fad As described in the Grid and Market Operations
Commitment. | Modification | New Integration detailed design document, new sections
Part 9.3: ’ will need to be created to speak to DAM failures and
Operation of DAM delays,
the DACP
Market
Manual 9 .
Day-Ahead 4 - Overview _ _ -
Commitment. | Modification | °f € . Any mention of multiple DACE runs will need to be
Part9.3: Operation of updated to a single DAM calculation engine run.
- the DACP
Operation of
the DACP
Market
Manual 9
Day-Ahead 4.1 Initial . . . . .
Commitment, | Modification | scheduling This section will be replaced with DAM lInitializing
Part 9.3: assumptions Assumptions.
Operation of
the DACP
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Type of
change (no
Procedure change, Section Description
modification
, New)
Market This section will be updated with details of the three
Manual 9 passes as they will be performed in the future day-
Day-Ahead 43- ahead market, which includes figure 4-3.
. P Optimization . .
Commitment, | Modification | 5. New subsections will be added for each pass for a
Part 9.3: Overview total of three subsections.
Operation of ) _
the DACP The three subsections for the current three passes will
be removed.
Market
Manual 9
Day-Ahead 4.4 - This section will need to be updated to reflect the fact
Commitment Modification | Scheduling the that there will be one DAM calculation engine run. All
Part 9.3: ’ DACE Runs current subsections for this section will need to be
Operation of removed as they speak to additional DACE runs.
the DACP
Any mention of a DACE run after the 10:00 (EPT)
marketl o 45- submission window deadline will be removed
anua .
Day-Ahead Completion of Any mention of schedule of record needs to be
: i | DACP and the removed and replaced with similar privat t
Commitment, | Modification placed with simifar private reports
Part 9.3: DACP containing their financially binding schedules and
Operation of Schedule of commitments
Record ) L .
the DACP Any mention of EELR optimization run will be
removed
4.6 - IESO
Reliability
Market Commitment
Manual 9 Actions
Day-Ahead 4.7 - Principles
Commitment, | Modification for Al inp These sections will be removed.
Part 9.3: DA Cgp ying
Operation of c .
the DACP ommitment
Actions
4.8.3- DACP . .
Market Report The DACP schedule of record will cease to exist and
arke - i i i
Manual 9 Descriptions will be re[?laced W|th.other private reports.
Day-Ahead 4.9 DACP Any mention of multiple DACE runs, or DACE runs
Commitment, | Modification | Failure after 10:00 (EPT) will be removed in addition to any
Part 9.3: Reports mention of shadow prices.
Operation of 4.10 DACP Refer to the Publishing and Reporting Market
the DACP Schedule of Information detailed design document for additional
Record information on the changes required to this section.
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Type of
change (no
Procedure change, Section Description
modification
, New)
Market e Allinstances of DACP will need to be changed to
Manual 9 DAM.
Day-Ahead e Inaddition to the changes related to the DAM
Commitment, | Modification | All sections calculation engine content, changes to this market
Part 9.4:RT manual are also described in the Grid and Market
Integration of Operations Integration detailed design document.
the DACP .
As described in the Grid and Market Operations
ntegration detailed design document, changes to this
| ion detailed design d h hi
4.1 - section will include:
Obserri]ngd o Elimination of term “PCG-Eligible”.
Day-Ahea .
Co)rqwmitments 0 Any mention of DA-PCG and schedule of
Market in Real Time record will need to be updated with DAM-
Manual 9 ) MWP and similar private reports replacing
Day-Ahead 4.1.2 - Passing schedule of record.
Commitment, | Modification | DACP .
Part 9.4:RT Commitments 0 Updates required to reflect that
Integration of to Real Time e NQS resources will be scheduled and dispatched
the DACP 449 - no lower than their MLP for the duration of their
Minimum MGBRT in PD through minimum constraints.
anding Point e MLP and MGBRT will be submitted as daily
Price Cap dispatch data.
e The initial PD calculation engine run will now be
at 20:00EST.
This section will be updated to reflect the:
e Elimination of content related to the Day-Ahead
Market Generator Withdrawal charge.
Manual 9 e Elimination of the DA-PCG impact as it specifically
Day-Ahead 421 . s .
. L - discusses day-ahead production cost guarantee.
Commitment, | Modification | Withdraw
Part 9.4:RT Dispatch Data | ®  The fact that the IESO will now consider speed no-
Integration of load costs for the de-commitment of NQS generation
the DACP facilities in the pre-dispatch scheduling process.
Additionally, the pre-dispatch scheduling process will
now automatically notify market participants of any
de-commitment.
Marketl As described in the Grid and Market Operations
Manual 9 Integration detailed design document, changes will
Day-Ahead 4.3 - Day- include:
Commitment, | Modification | Ahead Intertie '
Part 9.4:RT Transactions e Modification to reflect that only intertie transactions
Integration of scheduled in the DAM will be evaluated in the PD
the DACP look-ahead period in hours T+2 and beyond
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Type of
change (no
Procedure change, Section Description
modification
, New)
e  Any mention of the DAM submission windows needs
Marketl to be in EPT.
Manual 9
Day-Ahead 44.1-Pseudo | o  Any mention of dispatch data submitted after the
Commitment | Modification | St Offer 10:00 EPT submission window closes will need to be
' Submission - removed
Part 9.4:RT - :
: Real Time )
Integration of e Updates also required to reflect that PSU offer
the DACP submissions will now be evaluated on the dispatch
day and in the dispatch hour.
Market 4.4.2 - 1IESO
Manual 9 De-
Day-Ahead commitment
Commitment, | Modification | of e Any mention of CMSC needs to be removed.
Part 9.4:RT Dispatchable
Integration of Generation
the DACP Facilities
Market This section will require updates to reflect the following:
Manual 9 ¢ Notification of ADE expansion submission will
Day-Ahead 4.5 Submit be made through the MP-GUI instead of phone.
l():omgnlllt.gﬁ_nt, Modification Dispatch Data | e Registered market participants that operate a
| art 9.4: " dispatchable facility will have the ability to submit an
Etegr':tlopn 0 ADE expansion request when revising dispatch data
the DAC for one or more dispatch hours through the MP-GUI.
Market
Manual 9
Day-Ahead 4.5.6 — Submit ) ) ) ) )
Commitment No change | Outage e  This design does not impact this section of the market
Part 9.4:RT Requests manual.
Integration of
the DACP
Market
Manual 9 4.6 . ) )
Day-Ahead Synchronize e Updates will be required to reflect that constraints to
Commitment. | Modification | Units MLP will be applied for hours to satisfy the minimum
Part 9.4: RT ’ Committed in generation block run-time of a resource that was
Integration of the Day-Ahead committed in DAM.
the DACP
mz;ﬁeatl 9 e  This section will need to be revised to reflect that
Dav-Ahead 5.1 Withdraw PCG’s and the Schedule of Record are being
Co>n/1mitment Modification Offers for a eliminated. The Schedule of Record will be
Part 9.4: RT | Committed replaced by the DAM schedule.
Integration of Resource e  The procedural steps will need to be revised to
the DACP reflect the updated tool names.
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Type of
change (no
Procedure change, Section Description
modification
, New)
Market
g;;_f:]gad 5.2 Respond to e  This section will need to be revised to eliminate
: P IESO request the term PCG and PCG-eligible.
Commitment, | Modification | ¢ . ] ]
Part 9.4: RT . e  The procedural steps will need to be revised to
Integration of decommitment reflect the updated tool names.
the DACP
Market
Manual 9:
Day-Ahead e Asdescribed in the Market Settlement detailed
Commitment design document, this manual will be replaced
Process, Part with a new manual to take into account the
95- Modification | All sections changes related to the day-ahead market.
Settlement for References to Real-Time Intertie Offer Guarantee and
the Day- Real-Time Intertie Failure Charge will need to be
Ahead. included in market manual 5.5.
Commitment
Process
Market
Manual 9 e  This manual will be replaced with a new manual
Day-Ahead Modification to take into account the changes related to the
Commitment, All sections day-ahead market. Refer to the Market
Part [ New Settlement detailed design document for

9.5:Settlement
for the DACP

additional details related to these changes.

5.2

Internal Procedural Impacts

Some of the internal procedures are related to other IESO processes that interact with the DAM
Calculation Engine processes. Changes to the DAM Calculation Engine processes under the market
renewal program will have an impact on other internal manuals related to the day-ahead scheduling
process. However, in some areas this may be contingent upon the tools impact of the day-ahead

market.

In addition, some areas of the current procedures heavily reference relevant market rules and
supporting tools, most of which will be undergoing changes as a result of the new day-ahead market
implementation and other solution enhancements. The existing procedures will be updated to account
for the corresponding changes in the market rules and tools.

Changes or additions to internal IESO procedures are for internal IESO use as documented in
Appendix B and are not included in the public version of this document. Appendix B details the
impacts to internal procedures in terms of existing procedures that support the new market
requirements, existing procedures that need to be updated, and new internal procedures that need to
be created to support the future real-time market and day-ahead market.

— End of Section -
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6 Business Process and Information
Flow Overview

6.1 Market Facing Process Impacts

This section provides an overview to the arrangement of processes required in order to support the
overall Day-Ahead Market Calculation Engine processes and the critical information flows between
them.

The context diagrams presented in Section 2 of this document are considered as level 0 data flow
diagrams and represent the major flows of information into and out of the Day-Ahead Market
Calculation Engine. This section now presents the Day-Ahead Market Calculation Engine processes
at the next level of detail (Level 1). A further break-down of the processes presented in this section
(i.e. levels 2,3,4...) falls into the realm of systems design and is beyond the scope of this document.

The data flow diagram does not illustrate:
o flow of time or sequence of events (as might be illustrated in a timeline diagram);
o decision rules (as might be illustrated in Flowchart); and

o logical architecture and systems architecture (as might be illustrated in a Logical Application and
Data Architecture, and/or Physical Application and Data Architecture).

What it does illustrate however, is a logical breakdown of the sub-processes that constitute a large and
complex system such as the Day-Ahead Market Calculation Engines processes. Specifically, the data
flow diagram presented below illustrates:

o the Day-Ahead Market Calculation Engine processes as a grouping of several major and
tightly coupled sub-processes;

e the key information flows between each of the processes;

o external sources of key information required by the Day-Ahead Market Calculation Engines
processes;

o external destinations of key information from the Day-Ahead Market Calculation Engines
processes; and

e the same logical boundary of the Day-Ahead Market Calculation Engines processes as
illustrated in the Level O context diagram presented in Section 2 of this document.

This section is not meant to impart information systems or technology architecture, but rather to
capture the entire Day-Ahead Market Calculation Engines process as a series of interrelated sub-
processes.

The functional design outlined in Section 3 of this document maps to the business process overview
presented in this section. In any areas where there are inconsistencies between this section and the
description of the business process provided in Section 3, the business process described in Section 3
will take precedence.

The data flow diagram illustrated in Figure 6-1 presents the Day-Ahead Market Calculation Engines
processes. The following sections of this document will provide an overview to each of the main sub-
processes of the Day-Ahead Market Calculation Engines process.
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6.1.1 Day-Ahead Market Calculation Engines Process Map

The process map illustrated in Figure 6-1 and Figure 6-2 presents the context and components of the
Day-Ahead Market Calculation Engines processes.
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Figure 6-1: Day Ahead Market Calculation Engine Market Facing Process
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6.1.2 Detailed Description of Processes and Data Flows
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Figure 6-2: Day Ahead Market Calculation Engine Pass 1 Market Facing Process
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6.1.2.1 Process P1 — As-Offered Scheduling

Description

This process determines an initial set of resource schedules for all market participants and resource
commitments for eligible NQS resources. It maximizes the gains from trade using as-offered dispatch

data from market participants and IESO data inputs, including the constraint violation penalty curves
for meeting the IESQO’s reliability requirements.

Input and Output Data Flows
Table 6-1: Process P1 Input and Output Data Flows

Flow Source Target Frequency
As-Offered Dispatch Market Participants Process P1 Daily
Data
Description:

e The as-offered dispatch data refers to the set of dispatch data that market participants submit into the day-
ahead market, which includes both hourly and daily dispatch data for energy and operating reserve.

e As-offered dispatch data must have successfully passed the validation of non-financial dispatch data and
financial dispatch data upon submission.

e  Market participants will submit dispatch data, ancillary service information and outage information in
order to participate in the day-ahead market.

The dispatch data parameters listed below are submitted by the specified market participants for DAM.

e Hourly energy bids for:
Exports;

o Virtual demand transactions;
0 Price responsive loads;
o0 Dispatchable loads; and
0 Hourly demand response (HDR) resources
. Financial dispatch data parameters which include;

e Hourly energy offers for:
Imports;

o Virtual supply transactions;
o Dispatchable generation facilities including variable generation; and
o0 Non-dispatchable generation facilities
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e Hourly start-up offers for:

0 NQS generation facilities

e Hourly speed no-load offers for:
0 NQS generation facilities

e Hourly offers for operating reserve for:
o Imports
o Exports

o Dispatchable generation resources; and

o Dispatchable loads.

The non-financial dispatch data parameters listed below can be submitted by market participants for each

resource type:

1. For all dispatchable generation facilities:

(0]

(0]

Energy ramp rate;

Maximum daily energy limit.

2. For dispatchable hydroelectric generation facilities:

(o}

3. For

O O O 0O O o o Z2 o 0o o o o o

(o}

Hourly must run;

Minimum hourly output;

Minimum daily energy limit;
Maximum daily energy limit;
Maximum number of starts per day;
Forbidden regions; and

Linked resources, time lag and MWh ratio.

QS generation resources:

Minimum loading point (MLP);
Minimum generation block run-time;
Minimum generation block down-time;
Maximum number of starts per day;

Maximum daily energy limit

Ramp up energy to MLP (ramp hours to MLP; and energy per ramp hour)

Single cycle mode (submitted by market participants and used to build the PSU model as

described in Section 3.12)

Lead time

4. For dispatchable variable generation facilities:

(0]

. For detailed descriptions, attributes and usage of the above dispatch data parameters, refer to Section

Variable generation forecast quantity

3.4.1 from Table 3-1 to Table 3-14
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Flow Source Target Frequency
IESO Data Inputs for IESO Process P1 Daily
Reliability
Description:

The following IESO inputs will be used by Process P1 for the future day-ahead market:

Reliability requirements: Reliability requirements are operational inputs produced by the IESO to satisfy
grid reliability and security standards as per NERC, NPCC and IESO market rules. Reliability requirements
encompass a humber of inputs from the IESO such as operating reserve requirements, security limits and
ancillary services to name a few.

Demand forecasts: The demand forecast produced by the IESO will continue to be used as an input for the
expected load in the DAM calculation engine. The IESO will continue to produce a demand forecast at the
province-wide level but as the sum of four separate area demand forecasts.

0 The type of demand forecasts that will be used in Process P1: As-Offered Scheduling is the
average hourly NDL demand forecast described in Section 3.13.

Network model: The network model contains a detailed topology representation of the IESO-controlled
grid and a simplified representation of power systems in neighbouring jurisdictions.

Flow

Source

Target

Frequency

Constraint Violation
Curves for Reliability

IESO

Process P1

Daily

Description:

e Constraint violation penalty curves will continue to be defined as the penalty functions for the violation of
constraints in the dispatch algorithm. They establish the value placed on satisfying a constraint and indicate
the relative priority of satisfying a certain constraint compared to other constraints.

e The constraint violation penalty curves for reliability will be used by the scheduling algorithm to produce

constrained schedules.

Flow Source Target Frequency
As-Offered Resource Process P1 Process P2 Daily
Schedules Scheduling Processes
Data Archive
Market Settlement
Description:

The as-offered resource schedules for energy and operating reserve are the set of schedules produced by
the As-Offered Scheduling Process P1 for all market participants. These are generated based on as-offered
dispatch data and IESO input data

Energy schedules are produced for:
o0 Dispatchable generation resources;
Variable generation;
Non-dispatchable generation resources;
Dispatchable loads;
Non-dispatchable loads;
Price responsive loads;
Hourly demand response resources;
Virtual supply and demand transactions; and

O O 0O o0 0O Oo0OoOo
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0 Imports and exports.

Operating reserve schedules are produced for:
o Dispatchable generation facilities;
o Dispatchable loads; and

Imports and exports.

e Refer to Section 3.6.1.7(outputs) for details of these schedules

Flow

Source

Target

Frequency

As-Offered Resource
Commitments

Process P1

Process P2

Scheduling Processes
Data Archive

Market Settlement

Daily

Description:

e The as-offered resource commitments are the set of commitments produced by Process P1 for eligible NQS
generation facilities that are generated based on as-offered dispatch data.

e Refer to Section 3.6.1.7(outputs) for details of these schedules

Process P2 — As-Offered Pricing

Description

This process determines a set of shadow prices and locational marginal prices (LMPs) that account for
all resource and system constraints. It uses the same as-offered dispatch data from market participants
and the set of IESO inputs from the As-Offered Scheduling Process P1 with one exception. Instead of
the constraint violation penalty curves for reliability, As-Offered Pricing uses the constraint violation

penalty curves that are relevant for pricing.

Input and Output Data Flows

Table 6-2: Process P2 Input and Output Data Flows

Flow Source Target Frequency
As-Offered Resource Process P1 Process P2 Daily
Schedules
Description:

e  See description in Process P1 above.

Flow Source Target Frequency
As-Offered Resource Process P1 Process P2 Daily
Commitments
Description:

e  See description in Process P1 above.
e These are only used by settlement if Mitigated commitments are NOT produced
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Flow Source Target Frequency
As-Offered Dispatch Market Participant Process P2 Daily
Data
Description:
e  See description in Process P1 above.
Flow Source Target Frequency
IESO Data Inputs for IESO Process P2 Daily
Pricing
Description:

The following IESO inputs will be used by Process P2 for the future day-ahead market:

Reliability requirements - Reliability requirements are operational inputs produced by the IESO to satisfy
grid reliability and security standards as per NERC, NPCC and IESO market rules. Reliability requirements
encompass a number of inputs from the IESO such as operating reserve requirements, security limits and
ancillary services to name a few.

Demand forecasts - The demand forecast produced by the IESO will continue to be used as an input for the
expected load in the DAM calculation engine. The IESO will continue to produce a demand forecast at the
province-wide level but as the sum of four separate area demand forecasts.

0 The type of demand forecasts that will be used in the As-Offered Pricing Process P2 is the average
hourly NDL demand forecast described in Section 3.13.

Network model — The network model contains a detailed topology representation of the IESO-controlled
grid and a simplified representation of power systems in neighbouring jurisdictions.

For the calculation of prices within the DAM Calculation engine, additional pricing inputs will be required.
They include the following:

0 MMCP - The maximum market clearing price (MMCP) will continue to define the maximum allowable
price for energy, and the negative of which will continue to be the minimum allowable price for energy
(negative MMCP);

0 MORP - The maximum operating reserve price (MORP) will continue to define the maximum
allowable price for any class of operating reserve; and

Flow Source Target Frequency

Constraint Violation
Curves for Market
Pricing

IESO

Process P2

Daily

Description:

e Constraint violation penalty curves will continue to be defined as the penalty functions for the violation of
constraints in the dispatch algorithm. They establish the value placed on satisfying a constraint and indicate
the relative priority of satisfying a certain constraint compared to other constraints.

e The constraint violation penalty curves for pricing will be used by the pricing algorithm to produce LMPs.

Flow

Source

Target

Frequency

Shadow Prices

Process P2

Process P3

Scheduling Processes
Data Archive

Daily

Description:
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e Ashadow price reflects the cost savings achieved by relaxing a constraint by a small amount and measuring
the marginal response on the objective function.

e Shadow Prices will be used to calculate the As-offered Locational Marginal Prices.
o Refer to Section Detailed Functional Design, Table 3-16 for details of shadow prices

Scheduling Processes
Data Archive

Flow Source Target Frequency
As-Offered LMPs Process P2 Process P3 Daily
Process P7

Description:

e LMPs represents the cost to supply an incremental load (for energy) or reserve requirement (for operating
reserve) at a specific location on the transmission grid.

As-offered LMPs will be calculated using the pricing formulas provided in Section 3.10, which specify how
constraint shadow prices marginal loss factors and constraint sensitivities are used to determine an LMP and

its subcomponents.
e The as-offered LMPs for energy and operating reserve are used as inputs into the Process P3: Constraint
Area Conditions Test and Process P7: Price Impact Test.

e Refer to Section 3, Table 3-17 for details of LMPs

Process P3 — Constrained Area Conditions Test
Description

When an area is constrained from being supplied by additional resources, competition is reduced and
this creates the potential for the exercise of market power. The constrained area conditions test will
check if resources meet the predefined conditions for a constrained area and use the results of the As-
Offered Pricing Process P2 to determine if Process P4: Conduct Test needs to be initiated.

Each of the following conditions will be tested for separately:
o Local Market Power (Energy), including:
0 Narrow Constrained Area (NCA)
0 Dynamic Constrained Area (DCA)
0 Broad Constrained Area (BCA)
e Global Market Power (Energy)
e Global Market Power (Operating Reserve)
e Local Market Power (Operating Reserve)

Refer to the Market Power Mitigation detailed design document for more information on NCAs, DCAs

and BCA:s.
Input and Output Data Flows

Table 6-3: Process P3 Input and Output Data Flows

Flow

Source

Target

Frequency

Shadow Prices

Process P2

Process P3

Daily

Description:

e  See description in Process P2
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Flow Source Target Frequency
As-Offered LMPs Process P2 Process P3 Daily
Description:

e  See description in Process P2.

Flow Source Target Frequency
Constrained Area MPM Information Process P3 Daily
Designations System

Description:

Depending on how frequently the transmission constraints bind in an area, that area will be classified as
either NCA, DCA or BCA.

0 NCA:s are areas where congestion is expected to be relatively frequent over a long duration. The
IESO will assess NCA designations on an annual basis.

o DCAs will be designated when congestion is expected to be relatively frequent but not for a long
enough duration to warrant the designation of an NCA. An example of such a condition might be a
transmission outage that results in, or is expected to result in, increased congestion leading into a
load pocket for a period of days. In such cases, these load pockets will be designated as a DCA for
the duration of these conditions.

0 BCA are areas where transmission constraints that are not NCA or DCA constraints, result in
supply resources being dispatched up. Transmission constraints that create load pockets that bind
relatively infrequently make up the BCA.

A list of OSLs within a load pocket designated as NCAs and DCAs, along with the associated resources
will be used for the Constrained Area Condition Test Process P3.

Flow Source Target Frequency
Constrained Resources Process P3 Process P4 Daily
Subject to Conduct test Process P14

Description:

e Thisis a list of all resources that met the criteria for each constrained area conditions test. A different set of
resources will be identified for each market power condition. This list of resources will be required as

inputs to the market power mitigation conduct test (Process P3), generate data for pre-settlement

enhancement of mitigated dispatch data (Process P14), and Resource Constrained Area Mitigation Test

Conditions required for Settlement Mitigation of make-whole payments

Flow

Source

Target

Frequency

Resource Constrained
Area Mitigation Test
Conditions

Process P3

Market Settlements
Process P14

Daily

Description:

e Constrained area mitigation condition for each resource at delivery point ‘m’ prevailing during each
settlement hour ‘h” of the next dispatch day.

e The relevant impact threshold used in make-whole payment impact testing for market participant ‘k’ will

be applied depending on the constrained area condition under which the resource failed the conduct test.

See Table 3 3: Mitigation Conditions for Make-Whole Payment Impact Testing from the Market Power
Mitigation detailed design document.
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Process P4 — Conduct Test
Description

This is a conditional test that will take place only if certain conditions related to the restriction of
competition are met. The conduct test will determine if financial dispatch data parameter values for a
resource differ from the IESO-determined registered reference levels by more than the relevant
conduct threshold. If one or more financial dispatch data parameter values for any resource fails the
conduct test, then Process P5: Reference Level Scheduling and Process P6: Reference Level Pricing
will occur to facilitate the Process P7: Price Impact Test. If no financial dispatch data parameter
values fail the conduct test, then no further steps in the ex-ante Market Power Mitigation process are
necessary.

Input and Output Data Flows
Table 6-4: Process P4 Input and Output Data Flows

Flow Source Target Frequency

Constrained Resources Process P3 Process P4 Event-based
Subject to Conduct test

Description:
e  See description in Process P3.

Flow Source Target Frequency

Reference Levels Market Power Mitigation | Process P4 Event-based
Information System

Description:

o Reference levels are IESO-determined estimates of the offer parameters that a resource would have
submitted if it were operating under competitive conditions. Market participants will be able to view their
applicable reference levels on a confidential basis.

e The IESO will determine reference levels for financial dispatch data parameters that describe characteristics
expressed in monetary terms. The financial dispatch data parameters are energy offers, operating reserve
offers, speed-no-load offers and start-up offers. Reference levels for financial dispatch data parameters will
be established in consultation with market participants using a cost-based methodology;

Flow Source Target Frequency

Conduct Thresholds Market Power Mitigation | Process P4 Event-based
Information System

Description:
e Conduct thresholds are allowable tolerances above the established reference levels.

e The conduct threshold determines how much a dispatch data parameter can deviate from its reference level
without failing the conduct test.

e A set of conduct thresholds will be determined for each constrained area designation and used as input for
the conduct test.
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for more information.

Flow Source Target Frequency
As-Offered Dispatch Market Participant Process P4 Daily
Data
Description:

e The same as-offered dispatch data used by Process P1 is used by this process. See description in Process P1

Flow Source Target Frequency
Mitigated for Conduct Process P4 Process P5 Event-based
Dispatch Data Process P6
Market Settlement

Description:

mitigated; and

e Mitigated for conduct dispatch data is the dispatch data for energy and operating reserve produced when
any dispatch data value that failed the conduct test is replaced by the reference level value for that dispatch
data parameter. Mitigated for conduct dispatch data will include:

o Financial dispatch data parameters for resources that failed the conduct test and were mitigated to
their reference level values. See the list of financial dispatch data parameters within the Market
Participant Data Input in Process P1;

o Financial dispatch data parameters for resources that passed the conduct test and were not

o Non-financial dispatch data. See the list of non-financial dispatch data parameters within the

Market Participant Data Input in Process P1

e This data will be used in calculating the Reference Level schedules, commitments and LMPs through
Process P5 and Process P6.

e This data will also be passed to settlement to be used when there is no failure of the price impact test to
support make-whole payment impact testing in the Settlement Mitigation of Make-Whole Payments process
performed as part of the Market Settlement process.

Flow Source Target Frequency
List of Resources That Process P4 Process P7 Event-based
Failed Conduct Test Market Settlement

Description:

e This is a set of resources that failed the conduct test for at least one parameter by condition type. This list of
resources will be required as inputs to perform Process P7: Price Impact Test.

e This list of resources associated with mitigated for conduct dispatch data will also be passed to settlement
to be used make-whole payment impact testing in the Settlement Mitigation of Make-Whole Payments
process performed as part of the Market Settlement process.

Process P5 — Reference Level Scheduling

Description

This process is identical to the Process P1: As-Offered Scheduling except that it will use mitigated
financial dispatch data for resources that failed the conduct test.

The commitments will serve as inputs into Reference Level Pricing. The schedules produced will not
be financially binding.
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Input and Output Data Flows

Table 6-5: Process P5 Input and Output Data Flows

Flow Source Target Frequency
Mitigated for Conduct Process P4 Process P5 Event-based
Dispatch Data
Description:
e  See description in Process P4.

Flow Source Target Frequency
IESO Data Inputs for IESO Process P5 Daily
Reliability
Description:
e  See description in Process P1.

Flow Source Target Frequency
Constraint Violation IESO Process P5 Daily
Curves for Reliability
Description:
e  See description in Process P1

Flow Source Target Frequency
Reference Level Process P5 Process P6 Daily
Resource Schedules Scheduling Processes

Data Archive

Description:

e The reference level resource schedules for energy and operating reserve are the set of resource schedules
generated during Process P5: Reference Level Scheduling. To produce the reference level resource
schedules, any as-offered financial dispatch data value that failed the conduct test will be replaced by the
reference level value for that financial dispatch data parameter. See the list of financial dispatch data
parameters within the Market Participant Data Input in Process P1.

e  These schedules will include the import and export schedules, which are the scheduled transactions between
the IESO-controlled grid (ICG) and each intertie zone.

Flow

Source

Target

Frequency

Reference Level
Resource Commitments

Process P5

Process P6

Scheduling Processes
Data Archive

Daily

Description:

from P5.

e The reference level resource commitments are the set of commitments for eligible NQS resources generated
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Process P6 — Reference Level Pricing

Description

This process will produce LMPs similar to As-Offered Pricing. Reference Level Pricing differs from

As-Offered Pricing in that it will use reference level dispatch data for any inputs from registered

market participants that failed the conduct test. Reference Level Pricing also differs from As-Offered
Pricing in that the price-setting eligibility rules will be applied by taking into account the Reference
Level Scheduling results.

Reference Level Pricing will determine a set of LMPs, which will be used in the Process P7: Price

Impact Test. The prices produced will not be financially binding.
Input and Output Data Flows

Table 6-6: Process P6 Input and Output Data Flows

Flow Source Target Frequency
Reference Level Process P5 Process P6 Daily
Resource Schedules
Description:
e  See description in Process P5 above.

Flow Source Target Frequency
Reference Level Process P5 Process P6 Daily
Resource Commitments
Description:
e  See description in Process P5 above.

Flow Source Target Frequency
IESO Data Inputs for IESO Process P6 Daily
Pricing
Description:
e  See description in Process P2 above.

Flow Source Target Frequency
Constraint Violation IESO Process P6 Daily
Curves for Market
Pricing
Description:
e  See description in Process P2

Flow Source Target Frequency
Mitigated for Conduct Process P4 Process P6 Event-based
Dispatch Data

Description:

e  See description in Process P4 above
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Flow Source Target Frequency

Shadow Prices Process P6 Scheduling Processes Daily
Data Archive

Description:

e  See description in Process P2

e Shadow prices will be used to calculate the Reference Level LMPs and they will not be used as a direct
input into the Price Impact Test.

Flow Source Target Frequency

Reference Level LMPs Process P6 Process P7 Daily

Scheduling Processes
Data Archive

Description:
e  See the definition of LMPs in Process P2.

e Reference Level LMPs will be calculated using the results of Process P6 and the pricing formulas provided
in Section 3.10, which specify how constraint shadow prices are used to determine an LMP and its
subcomponents.

e The Reference Level LMPs for energy and operating reserve are used as inputs into the Price Impact Test.

Process P7 — Price Impact Test
Description

The Price Impact Test compares the LMPs from As-Offered Pricing to the LMPs from Reference
Level Pricing for each resource that failed the Conduct Test. The Price Impact Test is failed if one or
more LMPs in As-Offered Pricing is greater than the corresponding LMP from Reference Level
Pricing by a specified impact threshold. If the impact test is failed, then Mitigated Scheduling and
Mitigated Pricing will occur. If the Price Impact Test does not fail, then no further steps in the Market
Power Mitigation process are necessary and the commitments and prices produced by As-Offered
Scheduling and As-Offered Pricing are used as the inputs to Process P10: Reliability Scheduling and
Commitment.

Input and Output Data Flows
Table 6-7: Process P7 Input and Output Data Flows

Flow Source Target Frequency
As-Offered LMPs Process P2 Process P7 Daily
Description:

e  See description in Process P2 above.

Flow Source Target Frequency

List of Resources that Process P4 Process P7 Daily
Failed Conduct Test

Description:
e  See description in Process P4 above.
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Flow Source Target Frequency
Reference Level LMPs Process P6 Process P7 Daily
Description:

e  See the definition of LMPs in Process P2.

o Reference Level LMPs will be calculated using the mitigated for conduct dispatch data and the pricing
formulas provided in Section 3.10, which specify how constraint shadow prices are used to determine an
LMP and its subcomponents.

e The Reference Level LMPs for energy and operating reserve are used as inputs into the Price Impact Test.

Flow Source Target Frequency

Price Impact Thresholds | Market Power Mitigation | Process P7 Daily
Information System

Description:

e The price impact threshold is the allowance that is used to determine whether prices in the as-offered results
are significantly higher than prices in the reference level results.

e Aset of price impact thresholds for each constrained area designation will be used as input for the Price

Impact Test.
Flow Source Target Frequency
Mitigated for Price Process P7 Process P8 Daily
Impact Dispatch Data Process P9
Market Settlement
Description:

e Mitigated for price impact dispatch data is the energy and operating reserve dispatch data produced when
the Price Impact Test fails and each dispatch data parameter value that also failed the Conduct Test is
substituted with the applicable reference level value for that dispatch data parameter.

e Mitigated for price impact dispatch data will include;

o Financial dispatch data values that failed the Price Impact Test and the Conduct Test and were
mitigated to their reference levels. See the list of financial dispatch data parameters within the
Market Participant Data Input in Process P1;

o Financial dispatch data values that passed the price impact test and were not altered (i.e., as-
submitted); and

o Non-financial dispatch data. See the list of non-financial dispatch data parameters within the
Market Participant Data Input in Process P1.

e This data will also be used in the settlement process for the calculation of energy, operating reserve, make-
whole payments, and other guarantee payment settlement amounts.

e Note that the mitigated for price impact dispatch data is the same as the Reference Level dispatch data.

Process P8 — Mitigated Scheduling
Description

This process will produce security-constrained resource schedules similar to As-Offered Scheduling.
Mitigated Scheduling only differs from As-Offered Scheduling in that it will use reference level
dispatch data for any inputs from registered market participants identified as having failed the
Conduct test and the Price Impact Test.
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If Mitigated Scheduling is performed, it will determine commitment statuses and schedules. These will
comprise the scheduling and commitment results of Pass 1. These commitments will also serve as inputs

into Mitigated Pricing. The schedules produced will not be financially binding.

Input and Output Data Flows

Table 6-8: Process P8 Input and Output Data Flows

Flow Source Target Frequency
Mitigated for Price Process P7 Process P8 Daily
Impact Dispatch Data
Description:
e  See description in Process P7 above,

Flow Source Target Frequency
IESO Data Inputs for IESO Process P8 Daily
Reliability
Description:
e  See description in Process P1 above,

Flow Source Target Frequency
Constraint Violation IESO Process P8 Daily
Curves for Reliability
Description:
e  See description in Process P1

Flow Source Target Frequency
Mitigated Resource Process P8 Process P9 Daily
Schedules Scheduling Processes

Data Archive

Description:

e The mitigated resource schedules for energy and operating reserve are the set of schedules for all market
participants generated using the mitigated for price impact dispatch data. These are the outputs of
Mitigated Scheduling in Pass 1 of the DAM calculation engine.

e These schedules will include the import and export schedules which are the scheduled transactions between
the IESO-controlled grid (ICG) and each intertie zone.

Flow

Source

Target

Frequency

Mitigated Resource
Commitments

Process P8

Process P9

Scheduling Processes
Data Archive

Daily

216

Public

Issue 1.0 — July 27, 2020



Day-Ahead Market Calculation Engine Appendix B: Internal-Facing Procedural Requirements [Internal only]

Description:

e The mitigated resource commitments are the set of commitments for eligible NQS resources generated
based on mitigated for price impact dispatch data. These are outputs of Reference Level Scheduling in Pass
1 of the DAM calculation engine.

e These will only be used by the settlement process if the commitments produced during Mitigated
Scheduling are the terminal commitments.

Process P9 — Mitigated Pricing
Description

This process will produce a set of shadow prices and LMPs similar to As-Offered Pricing. Mitigated

Pricing differs from As-Offered Pricing in that it will use reference level dispatch data for any inputs
from registered market participants identified by the Market Power Mitigation process to have failed
the Conduct test and the Price Impact Test. Mitigated Pricing also differs from As-Offered Pricing in
that the price-setting eligibility rules will be applied by taking into account the Mitigated Scheduling
results.

Mitigated Pricing will determine a set of LMPs. If Mitigated Pricing is performed, the LMPs will
comprise the results of Pass 1. The prices produced will not be financially binding.

Input and Output Data Flows
Table 6-9: Process P9 Input and Output Data Flows

Flow Source Target Frequency
Mitigated Resource Process P8 Process P9 Daily
Schedules
Description:

e  See description in Process P8 above.

Flow Source Target Frequency

Mitigated Resource Process P8 Process P9 Daily
Commitments

Description:
e See description in Process P8 above.

Flow Source Target Frequency
Mitigated for Price Process P7 Process P9 Daily
Impact Dispatch Data
Description:
e  See description in Process P7 above.
Flow Source Target Frequency
IESO Data Inputs for IESO Process P10 Daily
Pricing
Description:

e  See description in Process P2 above.
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Flow Source Target Frequency
Constraint Violation Market Participant Process P10 Daily
Curves for Market
Pricing
Description:
e  See description in Process P2
Flow Source Target Frequency
Shadow Prices Process P9 Market Settlement Daily
Scheduling Processes
Data Archive
Description:
e  See description in Process P2 above.
e Shadow prices will be used to calculate the mitigated LMPs.
Flow Source Target Frequency
Mitigated LMPs Process P9 Scheduling Processes Daily

Data Archive

Description:

e  See the definition of LMPs in Process P2.

e Mitigated LMPs will be calculated using the results of Process P9 and the pricing formulas provided in
Section 3.10, which specify how constraint shadow prices are used to determine an LMP and its

subcomponents.
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Process
Descriptio

P10 — Reliability Scheduling and Commitment
n

This process will produce security-constrained resource schedules similar to As-Offered Scheduling.
However, Reliability Scheduling differs from As-Offered Scheduling in that its intent is to assess the
available supply. To achieve this intent, Pass 2 will assess and consider certain supply and demand
inputs differently from Pass 1.

Peak demand

forecasts will be used in place of average demand forecasts in this process.

Input and Output Data Flows

Table 6-10: Process P10 Input and Output Data Flows

Flow

Source Target Frequency

Terminal Dispatch Data

Pass 1 Process P10 Daily

Description:

(o}

e These are the prevailing DAM dispatch data used at the termination of Pass 1:

If systems conditions are such that the conditions for the potential exercise of market power do not
exist, the as-offered dispatch data are the terminal dispatch data of Pass 1 and these will be used
as inputs to Pass 2.

Similarly, if Process P4: Conduct Test for exercise of market power fails and Process P7: Price
Impact Test for exercise of market power passes, then As-Offered Scheduling and As-Offered
Pricing will still remain as the terminal processes for Pass 1 and the as-offered dispatch data will
be the terminal dispatch data of Pass 1, which will be used as inputs to Pass 2.

If the P4: Conduct Test for exercise of market power fails and P7: Price Impact Test for exercise of

market power fails, then Mitigated Scheduling and Mitigated Pricing will be the terminal processes
for Pass 1, and the mitigated for price impact dispatch data will be used as inputs to Pass 2.

e One important difference between the dispatch data used in Pass 1 and those used in this process is that
PRL bids, virtual bids and virtual offers and variable generation forecast quantity are excluded from the

dispatch data used in this process.
Flow Source Target Frequency
Terminal LMPs Pass 1 Process P10 Daily

Description:

[0}

e These are the prevailing LMPs produced at the termination of Pass 1:

If system conditions are such that the conditions for the potential exercise of market power do not
exist, the as-offered LMPs are the terminal LMPs of Pass 1 and these will be used as inputs to Pass
2.

Similarly, if Process P4: Conduct Test for the exercise of market power fails and Process P7: Price
Impact Test for the exercise of market power passes, then As-Offered Scheduling and As-Offered
Pricing will still remain the terminal processes for Pass 1 and the as-offered LMPs will be the
terminal LMPs of Pass 1, which will be used as inputs to Pass 2

If the Process P4: Conduct Test fails and Process P7: Price Impact Test fails, then Mitigated
Scheduling and Mitigated Pricing will be the terminal processes for Pass 1, and the mitigated
LMPs will be used as inputs to Pass 2.
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Flow Source Target Frequency
Terminal Resource Pass 1 Process P10 Daily
Schedules
Description:

e These are the prevailing resource schedules (including the import and export schedules) produced at the
termination of Pass 1:

o If system conditions are such that the conditions for the potential exercise of market power do not
exist, the as-offered resource schedules are the terminal resource schedules of Pass 1 and these will
be used as inputs to Pass 2.

o Similarly, if Process P4: Conduct Test for the exercise of market power fails and Process P7: Price
Impact Test for the exercise of market power passes, then the As-offered Scheduling and Pricing
processes will still remain the terminal processes for Pass 1 and the as-offered resource schedules
will be the terminal resource schedules of Pass 1, which will be used as inputs to Pass 2

0 If Process P4: Conduct Test fails and Process P7: Price Impact Test fails, then Mitigated
Scheduling and Mitigated Pricing will be the terminal processes for Pass 1, and the mitigated
resource schedules will be used as inputs to Pass 2.

Flow Source Target Frequency

Terminal Resource Pass 1 Process P10 Daily
Commitments

Description:
e These are the prevailing resource commitments produced at the termination of Pass 1:
o If system conditions are such that the conditions for the potential exercise of market power do not
exist, the as-offered resource commitments will be the terminal resource commitments of Pass 1
and these will be used as inputs to Pass 2.
o Similarly, if Process P4: Conduct Test for the exercise of market power fails and Process P7: Price
Impact Test for the exercise of market power passes, then As-Offered Scheduling and As-Offered
Pricing will still remain the terminal processes for Pass 1 and the as-offered resource commitments
will be the terminal resource commitments of Pass 1, which will be used as inputs to Pass 2
0 If Process P4: Conduct Test fails and Process P7: Price Impact Test fails, then the Mitigated
Scheduling and Mitigated Pricing are the terminal processes for Pass 1, and the mitigated resource
commitments will be used as inputs to Pass 2.

Flow Source Target Frequency
IESO Data Inputs IESO Process P10 Daily
Description:

e The IESO data inputs used here are the same as the ones used in Process P1 above with two exceptions:

o The four area demand forecasts used in this process are peak NDL demand forecasts including the
demand for:

= all non-dispatchable loads;
= all price-responsive loads; and

= all dispatchable loads for which no bid was submitted or an entire bid at MMCP was
submitted.

0 The IESO’s centralized variable generation forecast for variable generation resources are used
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Flow Source Target Frequency

Constraint Violation IESO Process P10 Daily

Curves for Reliability

Description:

e  See description in Process P1
Flow Source Target Frequency

Reliability Resource Process P10 Process P11 Daily

Schedules Market Settlements

Description:

e The reliability resource schedules for energy and operating reserve are the set of schedules for all market
participant resources (excluding PRLs and virtual energy traders) generated using the terminal dispatch
data and the peak area demand forecasts.

Flow

Source

Target

Frequency

Reliability Resource
Commitments

Process P10

Process P11
Market Settlements

Daily

Description:

e The reliability resource commitments for energy and operating reserve are the set of commitments for
eligible NQS resources generated based on the terminal dispatch data and the peak demand forecast. These
are outputs from the Reliability Scheduling and Commitment Pass 2 of the DAM calculation engine.

Process P11 — Day Ahead Market Scheduling

Description

This process will determine the financially binding DAM energy and operating reserve schedules for
all supply and load resources. These schedules will include the commitments for NQS generation
facilities determined in Pass 1 and Pass 2. DAM scheduling will also evaluate the demand from
virtual bids, dispatchable loads, price responsive loads, hourly demand response resources and

exports.

The schedules produced by DAM scheduling will comprise the constrained schedules that are used in
the calculation of financially binding DAM settlements and of DAM make-whole payments.

DAM Scheduling will also produce energy schedules for all delivery points for non-dispatchable

loads.

Input and Output Data Flows

Table 6-11: Process P11 Input and Output Data Flows

e  See description in Process P1 above.

Flow Source Target Frequency
IESO Data Inputs for IESO Process P11 Daily
Reliability
Description:
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Flow Source Target Frequency
Constraint Violation IESO Process P11 Daily
Curves for Reliability
Description:
e  See description in Process P1

Flow Source Target Frequency
Terminal Dispatch data Pass 1 Process P11 Daily

Description:

e These are the prevailing DAM dispatch data used at the termination of Pass 1:

o If system conditions are such that the conditions for the potential exercise of market power do not
exist, the as-offered dispatch data are the terminal dispatch data of Pass 1 and these will be used
as inputs to Pass 2.

o Similarly, if Process P4: Conduct Test fails for the exercise of market power and Process P7: Price
Impact Test passes for the exercise of market power, then As-Offered Scheduling and As-Offered
Pricing will still remain the terminal processes for Pass 1 and the as-offered dispatch data will be
the terminal dispatch data of Pass 1, which will be used as inputs to Pass 2.

o0 If the Process P4: Conduct Test fails and Process P7: Price Impact Test fails, then Mitigated
Scheduling and Mitigated Pricing are the terminal processes for Pass 1, and the mitigated for price
impact dispatch data will be used as inputs to Pass 2.

Flow Source Target Frequency
Reliability Resource Process P10 Process P11 Daily
Schedules
Description:

e  See description in Process P10 above.

Flow Source Target Frequency
Reliability Resource Process P10 Process P11 Daily
Commitments
Description:

e  See description in Process P10 above.

Flow Source Target Frequency
Financially binding DAM | Process P11 Process P12 Daily
schedules Process P14

Market Settlement
Market Participants

Description:

e These are a set of financially binding schedules for energy and operating reserve required to meet the
IESO’s average hourly forecast demand as well as demand from virtual bids, dispatchable loads, price
responsive loads, hourly demand response resources and exports.

e These schedules will be calculated using the same set of market participant and IESO inputs used in Pass 1.
Additionally, it will use the NQS commitment decisions and import and export schedules determined in
Pass 1 and Pass 2 to produce a set of financially binding schedules.
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These schedules will include the import and export schedules that are the scheduled transactions between
the IESO-controlled grid (ICG) and each intertie zone.

These financially binding schedules will be made available to dispatchable generation resources, non-
dispatchable generation resources, dispatchable loads, price responsive loads, imports, exports and virtual
energy traders.

These schedules are used by pre-dispatch, market settlement and market participants.
Refer to Section 3, Table 3-31 for details of the financially binding DAM schedules.

Flow Source Target Frequency
Operational Process P11 Process P12 Daily
Commitments Process P14

Pre-Dispatch
Market Settlement
Market Participants

Description:

The operational commitments are the set of commitments for eligible NQS resources generated based on
the results of Process P11.

Flow Source Target Frequency
NDL Schedules Process P11 Market Settlement Daily
Description:

These are DAM schedules for withdrawal of energy at the delivery points for all non-dispatchable loads.
These schedules will be provided to the settlement process for the purpose of calculating the forecast
deviation per MW charge price adjustment of the DAM hourly Ontario zonal price used for the settlement
of the adjusted quantity of energy withdrawn (AQEW) by non-dispatchable loads in real-time.

Refer to Section 3.8.3 for details of the NDL schedules

Flow Source Target Frequency
Schedules for Virtual and | Process P11 Generate Standby Daily
Physical HDR Resources Notices
Description:

Hourly demand response (HDR) schedules represents the quantity of MWs scheduled for:

o virtual hourly demand response resources aggregated within various zones in the distribution
system and

o physical hourly demand response (HDR) resources for which a registered wholesale meter and
delivery point has been defined. These will include:

= physical non-dispatchable load HDR resources; and
= physical price responsive load HDR resources.

These hourly demand response (HDR) resource schedules will be used to generate Standby Notices in the
day-ahead when required.
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Flow

Source

Target

Frequency

HDR Schedules for Load
Facilities Registered as
PRLs

Process P11

Market Settlements

Daily

Description:

settlement of energy.

e HDR resource schedules for load facilities registered as price responsive loads will be used for the

Flow Source Target Frequency
Standby Notices Generate Standby Market Participants Daily
Notices
Description:

e All physical and virtual hourly demand response (HDR) resources receive a Standby Report that may
include a standby notice for one or more hours of the availability window on the dispatch day.

e Standby notices for physical and virtual HDR resources are based on their respective HDR schedules
produced by the P11 process.

e An HDR resource receiving a Standby Report that includes a standby notice is required to be available to
reduce its energy withdrawal during the dispatch day availability window.

Process P12 — Day Ahead Market Pricing

Description

The DAM Pricing will calculate shadow prices for all constraints contributing to locational prices.

These shadow prices will be used in calculating the settlement-ready LMPs that account for all
resource and system constraints.

DAM Pricing uses the same set of market participant and IESO inputs used in As-Offered Pricing, or,

if applicable the reference level dispatch data used in Mitigated Pricing. This includes using the
constraint violation penalty curves that are relevant for pricing. DAM pricing will also evaluate
demand from virtual bids, dispatchable loads, price responsive loads, hourly demand response

resources and exports.

Input and Output Data Flows

Table 6-11: Process P12 Input and Output Data Flows

Flow Source Target Frequency
Terminal Dispatch Data Pass 1 Process P11 Daily
Description:
e  See description in Process P11 above.

Flow Source Target Frequency
IESO Data Inputs for IESO Process P11 Daily
Pricing
Description:
e  See description in Process P2 above.

Flow Source Target Frequency
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Constraint Violation IESO Process P11 Daily
Curves for Market
Pricing
Description:
e  See description in Process P2

Flow Source Target Frequency
Financially Binding Process P11 Process P12 Daily
DAM Schedules
Description:

e See description in Process P11 above.

Flow Source Target Frequency
Operational Process P11 Process P12 Daily
Commitments
Description:

e  See description in Process P11 above.

Flow Source Target Frequency
Shadow Prices Process P12 Process P13 Daily
Description:

e  See description in Process P2 above.

e Shadow prices will be used to calculate the DAM hourly settlement-ready LMPs and DAM hourly zonal
prices.

e Refer to Section 3.8.2.7, Table 3-30 for details of shadow prices

Process P13 — LMP Price Calculation

Description

This process will calculate settlement-ready prices for all pricing nodes using shadow prices and

marginal loss factors produced by the Day-Ahead Market Pricing algorithm.

Input and Output Data Flows

Table 6-13: Process P13 Input and Output Data Flows

Flow

Source

Target

Frequency

Shadow Prices

Process P12

Process P13

Daily

Description:

prices.

e  See description in Process P2.
e Shadow prices will be used to calculate the DAM hourly settlement-ready LMPs and DAM hourly zonal

e Refer to Section 3.8.2.7, Table 3-30 for details of shadow prices
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Flow Source Target Frequency
DAM Hourly Settlement- | Process P13 Market Participants Daily
Ready LMPs Market Settlement
Description:

e  See the definition of LMPs in Process P2.

e DAM settlement-ready LMPs will be calculated using the pricing formulas provided in Section 3.10, which
specify how constraint shadow prices are used to determine an LMP and its subcomponents.

e The DAM settlement-ready LMPs will be calculated using the terminal dispatch data.
e Refer to Section 3.8.3, Table 3-33 for details of DAM Hourly Settlement-ready LMPs

Flow Source Target Frequency
DAM Hourly Zonal Process P13 Market Settlement Daily
Prices
Description:

e Pass 3 of the Day-Ahead Market calculation engine will also produce several settlement-ready zonal prices
that are aggregated based on the weighted average of settlement-ready LMPs at multiple load locations
within the province. The following zonal prices will be produced and used for settlement:

0 The hourly Ontario zonal price is a single province wide price used to settle non-dispatchable
loads; and

0 Nine virtual trading zone prices used to settle virtual transactions.
e Refer to Section 3.8.3, Table 3-33 for details of DAM hourly zonal prices.

Process P14 — Data Generation for Settlement Mitigation
Description

This process will test the relevant resources for make-whole payment impact. If conditions are met
for more than one constrained area for the same resource in the same interval, hour or commitment
period, then the mitigation of make-whole payments will be tested using the most restrictive set of
conduct thresholds.

Input and Output Data Flows
Table 6-14: Process P14 Input and Output Data Flows

Flow Source Target Frequency

Conduct Thresholds Market Power Mitigation | Process P14 Daily
Information System

Description:
e  See description in Process P4.

Flow Source Target Frequency
As-Offered Dispatch Market Participants Process P14 Daily
Data
Description:

e  See description in Process P1.
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e This data will be used for resources that were not mitigated in Pass 1 of the DAM calculation engine but are

required for make-whole payment mitigation.

Flow Source Target Frequency
Financially Binding Process P11 Process P14 Daily
DAM Schedules
Description:

e  See description in Process P11.

Flow Source Target Frequency
Operational Process P11 Process P14 Daily
Commitments
Description:

e  See description in Process P11.

Flow Source Target Frequency
Constrained Resources Process P3 Process P14 Daily
Subject to Conduct test

Description:

e Thisis a list of all resources that met the Constrained Area Conditions Test criteria. A different set of
resources will be identified for each market power condition as the Conduct Test depends on the condition

triggered.
Flow Source Target Frequency
Resource Constrained Process P3 Market Settlements Daily
Area Mitigation Test Process P14
Conditions
Description:

e This is the constrained area mitigation condition for each resource at delivery point ‘m’ prevailing during
each settlement hour ‘h” of the next dispatch day.

e The relevant impact threshold used in make-whole payment impact testing for market participant ‘k’ will
be applied depending on the constrained area condition under which the resource failed the Conduct Test.

e See Table 3-3: Mitigation Conditions for Make-Whole Payment Impact Testing from the Market Power

Mitigation detailed design document.

Flow

Source

Target

Frequency

Enhanced Mitigated for
Conduct Dispatch Data

Process P14

Market Settlement

Daily

Description:

e The enhanced mitigated for conduct dispatch data is the additional dispatch data set that must be

generated for use in the settlement mitigation of make-whole payments process.

e This data set is produced for NQS and dual-fuel resources with financially binding schedules using the

most restrictive constraint conditions over the settlement period.
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6.2 Internal Process Impacts

The internal processes currently used for the Day-Ahead Market calculation engine processes will
continue to have relevance in the future day-ahead market and real-time market.

Internal IESO processes related to the Day-Ahead Market calculation engine processes include:

e Commit Resources

The above internal processes interact with various IESO processes as illustrated in Section 6.1. Some
changes to the DAM calculation engine processes under the market renewal program will impact
other internal IESO processes. This impact will be contingent upon the tools of the future day-ahead
market and real-time market which will be developed during the next phases of the project.

Changes or additions to internal IESO processes are for internal IESO use as documented in Appendix
C, and are not included in the public version of this document. Appendix C details the impacts to
internal processes in terms of existing processes that support the new market requirements, existing
activities that need to be updated, and process and information models that may need to be updated to
support the future market.

— End of Section -
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Appendix A: Market Participant Interfaces

There are no interfaces between market participants and the DAM calculation engine. However,
market participant interfaces with IESO DAM processes are covered in the Offers, Bids and Data
Inputs as well as the Grid and Market Operations Integration detailed design documents.

— End of Appendix—
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Appendix B: Internal-Facing Procedural
Requirements [Internal only]

This section is confidential to the IESO.

— End of Appendix—
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Appendix C: Business Process and
Information Requirements [Internal only]

This section is confidential to the IESO.

— End of Appendix—
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Appendix D: Mathematical Notation and
Conventions

Let A and B be sets. Let n be a positive integer. The following mathematical notation will be adopted.

Table D-1: Mathematical Notation and Conventions

Notation Description Sample Usage
a€A Denotes that item a is an element If B is the set of all buses, then “b € B” denotes that
of set A. b identifies a specific bus.
{1,..,n} Denotes the set of all positive “For hour h € {1,..,24}” denotes that h identifies
integers between 1 and n, one of the hours 1, 2, .., 24 of the day.
inclusive.
ACSB Denotes that set A is a subset of set | If B is the set of all buses and BP? is the set of
B.Thatis, ifa € A4, then a € B. dispatchable load buses, then “BPL € B” indicates

that all dispatchable load buses are also elements of
the set of buses.

ANB Denotes the intersection of sets A If BRECG is the set of buses in operating reserve
and B. Thatis, ifc € Aand ¢ € B, | region r and BP¢ is the set of dispatchable
thenc € An B. generation buses, then “BRE¢ n BP¢” denotes the

set of buses in operating reserve region r that are
also dispatchable generation buses.

AUB Denotes the union of sets A and B. | If BPE is the set of dispatchable load buses and
That is, if c € A or c € B, then ¢ € | BPR is the set of hourly demand response resource
AUB. buses, then “BPL u BHPR” denotes the set

containing all dispatchable load buses and all
hourly demand response resource buses.

AXB Denotes the cross product of sets A | If DX is the set of sink buses and DI is the set of
and B. That is, A X B is the set of | source buses, then DX x DI is the set of all possible
all pairs of elements (a, b) such pairs of source and sink buses.

thata € Aand b € B.

Let n be a positive integer. Let a4, a,, ..., a, be numbers. Then, standard notation for summation,
minimum and maximum will be adopted as follows:

e Yi_1na;denotesa; +ay; + -+ ay;
e min(a,,..,a,) denotes the minimum (i.e. the smallest) of the values a4, ay, ..., a,; and
e max(ay,..,ay,) denotes the maximum (i.e. the largest) of the values a4, ay, ..., a,.

As far as feasible, the following conventions have been adopted for the purposes of naming
parameters, variables and outputs:

e Parameters denoting price quantity pairs will begin with the letters “P” and “Q” respectively
while the remainder of the parameter name is identical;

e Variable names used within the optimization function will begin with the letter “O” or the
letter “I” when such variables must be assigned integer values and will begin with the letter
“S” otherwise;
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Variable and parameters pertaining to a particular resource or transaction type will contain an
indication in the name. For example, many parameters and variables for dispatchable
generation resources will contain “DG” in the name and many parameters for exports will
contain “XL” in the name;

Subsets of a given set will either be denoted by the same name with a superscript or be
prefixed with that name; and

Outputs from the scheduling or pricing algorithm for a specific process will be denoted by the
corresponding variable with a superscript abbreviating the process name.

— End of Appendix—
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Appendix E: Conduct and Impact

Thresholds and Parameters

Market Power Mitigation Conduct Thresholds and

Corresponding Parameters

Table E-1: Conduct Thresholds and Corresponding Parameters

Parameters

Description

Threshold

Reference to
MPM Tables

BCACondThresh

Designates the threshold for the
congestion subcomponent of a
resource’s LMP, above which
the resource will meet the BCA
condition.

$25/MWh

Section
3.6.1.2

IBPThresh

Designates the Intertie Border
Price (IBP) threshold.

$100/MWh

Section
3.6.1.3

ORGCondThresh

Designates the threshold for a
resource’s operating reserve
LMP, above which the resource
will meet the Global Market
Power (Operating Reserve)
condition.

$15/MW

Section
3.6.2.2

CTEnThresh1N¢4

Designates the energy offer
conduct threshold, pertaining to
allowable percent increase above
the reference level, to be used
for resources that are subject to
the NCA conduct test

50%.

Table 3-5

CTEnThresh2N¢A

Designates the energy offer
conduct threshold, pertaining to
allowable $/MWh increase
above the reference level, to be
used for resources that are
subject to the NCA conduct test.

$25/MWh

Table 3-5

CTSUThreshN¢4

Designates the start-up offer
conduct threshold, pertaining to
allowable percent increase above
the reference level, to be used
for resources that are subject to
the NCA conduct test.

25%

Table 3-5

CTSNLThreshN¢4

Designates the speed no-load
offer conduct threshold,
pertaining to allowable percent
increase above the reference

25%

Table 3-5
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Parameters

Description

Threshold

Reference to
MPM Tables

level, to be used for resources
that are subject to the NCA
conduct test.

CTEnThresh1P¢4

Designates the energy offer
conduct threshold, pertaining to
allowable percent increase above
the reference level, to be used
for resources that are subject to
the DCA conduct test.

50%

Table 3-5

CTEnThresh2P¢A

Designates the energy offer
conduct threshold, pertaining to
allowable $/MWh increase
above the reference level, to be
used for resources that are
subject to the DCA conduct test.

$25/MWh

Table 3-5

CTSUThreshP¢4

Designates the start-up offer
conduct threshold, pertaining to
allowable percent increase above
the reference level, to be used
for resources that are subject to
the DCA conduct test.

25%

Table 3-5

CTSNLThreshP¢4

Designates the speed no-load
offer conduct threshold,
pertaining to allowable percent
increase above the reference
level, to be used for resources
that are subject to the DCA
conduct test.

25%

Table 3-5

CTEnThresh15¢4

Designates the energy offer
conduct threshold, pertaining to
allowable percent increase above
the reference level, to be used
for resources that are subject to
the BCA conduct test.

200%

Table 3-7

CTEnThresh2B¢4

Designates the energy offer
conduct threshold, pertaining to
allowable $/MWh increase
above the reference level, to be
used for resources that are
subject to the BCA conduct test.

$100/MWh .

Table 3-7

CTSUThresh5¢4

Designates the start-up offer
conduct threshold, pertaining to
allowable percent increase above
the reference level, to be used
for resources that are subject to
the BCA conduct test.

100%

Table 3-7

CTSNLThreshB¢4

Designates the speed no-load
offer conduct threshold,
pertaining to allowable percent

100%

Table 3-7
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Parameters

Description

Threshold

Reference to
MPM Tables

increase above the reference
level, to be used for resources
that are subject to the BCA
conduct test.

CTEnThresh16MP

Designates the energy offer
conduct threshold, pertaining to
allowable percent increase above
the reference level, to be used
for resources that are subject to
the Global Market Power
(Energy) conduct test.

200%

Table 3-9

CTEnThresh2MP

Designates the energy offer
conduct threshold, pertaining to
allowable $/MWh increase
above the reference level, to be
used for resources that are
subject to the Global Market
Power (Energy) conduct test.

$100/MWh.

Table 3-9

CTSUThresh®MP

Designates the start-up offer
conduct threshold, pertaining to
allowable percent increase above
the reference level, to be used
for resources that are subject to
the Global Market Power
(Energy) conduct test.

100%

Table 3-9

CTSNLThreshGMP

Designates the speed no-load
offer conduct threshold,
pertaining to allowable percent
increase above the reference
level, to be used for resources
that are subject to the Global
Market Power (Energy) conduct
test.

100%

Table 3-9

CTORThresh19RL

Designates the operating reserve
offer conduct threshold,
pertaining to allowable percent
increase above the reference
level, to be used for resources
that are subject to the Local
Market Power (OR) conduct test.

10% .

Table 3-11

CTORThresh20RE

Designates the operating reserve
offer conduct threshold,
pertaining to allowable $/MW
increase above the reference
level, to be used for resources
that are subject to the Local
Market Power (OR) conduct test.

$25/MW

Table 3-11

CTEnThresh1°RL

Designates the energy offer for
energy to MLP conduct

10%

Table 3-11
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Parameters

Description

Threshold

Reference to
MPM Tables

threshold, pertaining to
allowable percent increase above
the reference level, to be used
for resources that are subject to
the Local Market Power (OR)
conduct test.

CTEnThresh2°RL

Designates the energy offer for
energy to MLP conduct
threshold, pertaining to
allowable $/MWh increase
above the reference level, to be
used for resources that are
subject to the Local Market
Power (OR) conduct test.

$25/MWh

Table 3-11

CTSUThresh®RL

Designates the start-up offer
conduct threshold, pertaining to
allowable percent increase above
the reference level, to be used
for resources that are subject to
the Local Market Power (OR)
conduct test.

10%

Table 3-11

CTSNLThresh©R:

Designates the speed no-load
offer conduct threshold,
pertaining to allowable percent
increase above the reference
level, to be used for resources
that are subject to the Local
Market Power (OR) conduct test.

10%

Table 3-11

CTORThresh198¢

Designates the operating reserve
offer conduct threshold,
pertaining to allowable percent
increase above the reference
level, to be used for resources
that are subject to the Global
Market Power (OR) conduct test.

50%

Table 3-13

CTORThresh2°RG

Designates the operating reserve
offer conduct threshold,
pertaining to allowable $/MW
increase above the reference
level, to be used for resources
that are subject to the Global
Market Power (OR) conduct test.

$25/MW

Table 3-13

CTEnThresh19%¢

Designates the energy offer for
energy to MLP conduct
threshold, pertaining to
allowable percent increase above
the reference level, to be used
for resources that are subject to

50%

Table 3-13
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Reference to

Parameters Description Threshold MPM Tables

the Global Market Power (OR)
conduct test.

CTEnThresh29R¢ | Designates the energy offer for $25/MWh Table 3-13
energy to MLP conduct
threshold, pertaining to
allowable $/MWh increase
above the reference level, to be
used for resources that are
subject to the Global Market
Power (OR) conduct test.

CTSUThreshOR¢ Designates the start-up offer 25% Table 3-13
conduct threshold, pertaining to
allowable percent increase above
the reference level, to be used
for resources that are subject to
the Global Market Power (OR)
conduct test.

CTSNLThresh®R¢ | Designates the speed no-load 25% Table 3-13
offer conduct threshold,
pertaining to allowable percent
increase above the reference
level, to be used for resources
that are subject to the Global
Market Power (OR) conduct test.

CTEnMinOf fer Designates the minimum energy $25/MWh Table 3-5,
offer value for the offer Table 3-7,
lamination to be included in the Table 3-9
conduct test. Energy offer
laminations below this value are
excluded from the conduct test.

CTORMinOf fer Designates the minimum $5/MW Table 3-11,
operating reserve offer value for Table 3-13
the offer lamination to be
included in the conduct test.
Operating reserve offer
laminations below this value are
excluded from the conduct test.
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Market Power Mitigation Price Impact Thresholds and
Corresponding Parameters

Table E-2: Price Impact Thresholds and Corresponding Parameters

Parameter

Description

Threshold

Reference to
MPM Tables

ITThresh1N¢A

Designates the price impact
threshold, pertaining to allowable
percent increase in the energy
LMP from As-Offered Pricing
above the energy LMP from
Reference Level Pricing, to be
used for resources that are subject
to the NCA price impact test.

50%

Table 3-6

ITThresh2N¢4

Designates the price impact
threshold, pertaining to allowable
$/MWh increase in the energy
LMP from As-Offered Pricing
above the energy LMP from
Reference Level Pricing, to be
used for resources that are subject
to the NCA price impact test.

$25/MWh

Table 3-6

ITThresh1P¢4

Designates the price impact
threshold, pertaining to allowable
percent increase in the energy
LMP from As-Offered Pricing
above the energy LMP from
Reference Level Pricing, to be
used for resources that are subject
to the DCA price impact test.

50%

Table 3-6

ITThresh2P¢4

Designates the price impact
threshold, pertaining to allowable
$/MWh increase in the energy
LMP from As-Offered Pricing
above the energy LMP from
Reference Level Pricing, to be
used for resources that are subject
to the DCA price impact test.

$25/MWh

Table 3-6

ITThresh1B¢4

Designates the price impact
threshold, pertaining to allowable
percent increase in the energy
LMP from As-Offered Pricing
above the energy LMP from
Reference Level Pricing, to be
used for resources that are subject
to the BCA price impact test.

100%

Table 3-8

ITThresh28¢4

Designates the price impact
threshold, pertaining to allowable
$/MWh increase in the energy
LMP from As-Offered Pricing
above the energy LMP from

$50/MWh

Table 3-8
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Parameter

Description

Threshold

Reference to
MPM Tables

Reference Level Pricing, to be
used for resources that are subject
to the BCA price impact test.

ITThresh16MP

Designates the price impact
threshold, pertaining to allowable
percent increase in the energy
LMP from As-Offered Pricing
above the energy LMP from
Reference Level Pricing, to be
used for resources that are subject
to the Global Market Power
(Energy) price impact test.

100%

Table 3-10

ITThresh26MP

Designates the price impact
threshold, pertaining to allowable
$/MWh increase in the energy
LMP from As-Offered Pricing
above the energy LMP from
Reference Level Pricing, to be
used for resources that are subject
to the Global Market Power
(Energy) price impact test.

$50/MWh

Table 3-10

ITThresh19R¢

Designates the price impact
threshold, pertaining to allowable
percent increase in the operating
reserve LMP from As-Offered
Pricing above the operating
reserve LMP from Reference
Level Pricing, to be used for
resources that are subject to the
Global Market Power (OR) price
impact test.

50%

Table 3-14

ITThresh29R¢

Designates the price impact
threshold, pertaining to allowable
$/MW increase in the operating
reserve LMP from As-Offered
Pricing above the operating
reserve LMP from Reference
Level Pricing, to be used for
resources that are subject to the
Global Market Power (OR) price
impact test.

$25/MW

Table 3-14

e End of Appendix -
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for the DACP
Market Rules for the Ontario Electricity Market (Market Rules) MDP_RUL_0002
— End of Document —
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